Microbes Based Approaches
for the Management of
Hazardous Contaminants

Edited by
Ajay Kumar - Livieen Shukla
Joginder Singh - Luiz Fernando Romanhol

WILEY






Microbes Based Approaches for the Management
of Hazardous Contaminants






Microbes Based Approaches for the Management
of Hazardous Contaminants

Edited by

Ajay Kumar

Amity Institute of Biotechnology
Amity University

Noida, India

Livleen Shukla
ICAR-Indian Agricultural Research Institute

New Delhi, India

Joginder Singh
Nagaland University
Nagaland, India

Luiz Fernando R. Ferreira

Catholic University of Brasilia
Brasilia, Brazil

WILEY



Copyright © 2024 by John Wiley & Sons, Inc. All rights reserved, including rights for text and data mining and training of artificial technologies
or similar technologies.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording, scanning, or otherwise, except as permitted under Section 107 or 108 of the 1976 United States Copyright Act,
without either the prior written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the Copyright
Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web at www.copyright.com.
Requests to the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street,
Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permission.

Trademarks: Wiley and the Wiley logo are trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates in the United States
and other countries and may not be used without written permission. All other trademarks are the property of their respective owners. John Wiley & Sons, Inc.
is not associated with any product or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in preparing this book, they make no
representations or warranties with respect to the accuracy or completeness of the contents of this book and specifically disclaim any implied
warranties of merchantability or fitness for a particular purpose. No warranty may be created or extended by sales representatives or written
sales materials. The advice and strategies contained herein may not be suitable for your situation. You should consult with a professional where
appropriate. Further, readers should be aware that websites listed in this work may have changed or disappeared between when this work was
written and when it is read. Neither the publisher nor authors shall be liable for any loss of profit or any other commercial damages, including
but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact our Customer Care Department within the
United States at (800) 762-2974, outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in electronic formats.
For more information about Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data applied for:
Hardback ISBN: 9781119851127

Cover Design: Wiley
Cover Image: © Jeffery Kent/Alamy Stock Photo

Set in 9.5/12.5pt STIXTwoText by Straive, Pondicherry, India


http://www.copyright.com
http://www.wiley.com/go/permission
http://www.wiley.com

Contents

List of Contributors xix
Preface xwii

1 Mycobial Nanotechnology in Bioremediation of Wastewater 1
Vikanksha Thakur, Arun Kumar, and Jatinder Singh

1.1 Fungi 1

1.2 Nanotechnology Aspects 2

1.3 The Production of Nanoparticles Using an Origin of Fungi 2

1.3.1  Silver Nanoparticles 2

1.3.2  Gold Nanoparticles 3

1.3.3  Additional Nanoparticles 4

1.4 Categories and Characteristics of Synthesized Nanoparticles 4

1.4.1 Characteristics on Nanoparticles 5

1.4.2  Physical Characteristics 5

1.4.3  Biological Characteristics 5

1.44  Medical Benefits 5

1.4.5  Mechanical Characteristics 6

1.4.6  Optical Characteristics 6

1.4.7  Electrical Characteristics 6

1.5 Various Usage of Nanomaterials 6

1.6 Mycobial Bioremediation of Heavy Metals from Wastewater 7
1.7 Benefits of Mycobial Bioremediation 8

1.8 Constraints of Mycobial Bioremediation 9

1.9 Conclusion and Future Prospects 9

References 9

2 Microbial Enzymes in Biodegradation of Organic Pollutants: Mechanisms and Applications 12
Bharati Lap, Ashim Debnath, Gourav Kumar Singh, Priyank Chaturvedi, Joy Kumar Dey, and Sajal Saha

2.1 Introduction 12

2.1.1  Mechanism of Microbial Enzymes in Bioremediation of Organic Pollutants 13

2.1.1.1 Fungi 13

2.1.1.2 Bacteria 14

2.1.1.3 Algae 15

2.1.1.4 Other Microbes 15

2.1.2  Applications of Microbial Enzymes Mediated Bioremediation 17

2.1.3  Factors Affecting Enzymatic Biodegradation 17

2.2 Conclusion 18
References 18



vi | Contents

3 Microbe Assisted Remediation of Xenobiotics: A Sustainable Solution 20
Azha Ufaq Nabi, Faamiya Shajar, and Reiaz Ul Rehman
3.1 Introduction 20

3.1.1 Sources of Xenobiotics 20

3.1.2  The Effects of Xenobiotics on Environment 22
3.1.2.1 Effect of Xenobiotics on Soil 22

3.1.2.2 Effect of Xenobiotics on Water 22

3.1.2.3 Effect of Xenobiotics on Plants 22

3.1.2.4 Effect of Xenobiotics on Marine Life 23

3.1.2.5 Effect of Xenobiotics on Terrestrial Animals 23
3.1.2.6 Effect of Xenobiotics on Human Health 23

3.2 Bioremediation 24
3.21  Factors Affecting Bioremediation 24
3.3 Environmental Factors 25

3.3.1  Strategies for Bioremediation 25
3.3.1.1 In Situ Bioremediation Strategies 25
3.3.2  Bioventing 26
3.3.3  Biosparging 26
3.3.4  Bioaugmentation 26
3.3.5 Biostimulation 27
34 Ex Situ Bioremediation Strategies 27
341  Landfarming 27
3.4.2  Composting 27
3.4.3  Biopiling 27
3.5 Genetic Engineering Approaches 28
3.6 The Beneficial Role of Microbes in Degradation of Different Pollutants 29
3.6.1 In Heavy Metal Bioremediation 29
3.7 Mechanism of Heavy Metal Detoxification by Microbes 30
371  Biosorption Mechanisms 30
3.8 Intracellular Sequestration 30
39 Extracellular Sequestration 30
39.1  Metal Methylation 31
3.10 Reduction of Heavy Metal Ions by Microbial Cell 31
3.10.1 In Dye Bioremediation 31
3.11 The Degradation Mechanism of the Complex Dye Structure by Microbes 31
3.11.1 In Pesticide Bioremediation 32
3.11.2 In Petroleum Hydrocarbons and Chlorinated Compound Bioremediation 32
3.12 In Domestic and Agricultural Lignocellulose Wastes Remediation 33
313 Conclusion 34
References 34

4 Bioremediation Strategies as Sustainable Bio-Tools for Mitigation of Emerging Pollutants 42
Hamza Rafeeq, Zainab Riaz, Anum Shahzadi, Shazaf Gul, Fatima Idress, Sidra Ashraf,
and Asim Hussain

4.1 Introduction 42

4.2 Bioremediation by Microbial Strains 43

4.2.1  Aerobic 44

4.2.2  Anaerobic 44

43 Factors Affecting Microbial Bioremediation 44

4.3.1  Principle of Bioremediation 45

4.4 Classification of Bioremediations 46



Contents | vii

441  Land Farming 46
442  Biopile 46
4.4.3  Bioreactor 46
4.43.1 In Situ Bioremediation Techniques 47
4.4.3.2 Intrinsic In Situ Bioremediation 47
4.4.3.3 Engineered In Situ Bioremediation 48
444  Windrows 48
4.4.5  Bioslurping 48
44.6  Bioventing 49
447  Phytoremediation 49
4.4.8  Biosparging 50
4.5 Bioremediation of Various Pollutants 50
4.5.1  Bioremediation for Inorganic Pollutants 50
4.5.2  Bioremediation for Organic Pollutants 52
4.6 Recent Advancement and Challenges in Bioremediation 53
4.6.1 Bioinformatics Approaches in Bioremediation 53
4.6.2  Bioremediation Tools Based on Omics 53
4.6.2.1 Transcriptomics and Metatranscriptomics 53
4.6.2.2 Genomics 54
4.6.2.3 Proteomics and Metabolomics 54
4.6.3  Bioremediation Using Nanotechnological Methods 54
4.6.3.1 Designing the Synthetic Microbial Communities 54
4.6.3.2 Engineered Polymeric Nanoparticles for Hydrophobic Contaminant Bioremediation 56
4.6.3.3 Nanotechnology and Microbes 56
4.6.3.4 Genetic and Metabolic Engineering 56
4.7 Advantages and Disadvantages 57
4.8 Conclusion 58
4.9 Future Perspective 58
References 58

5 How Can Plant-microbe Interactions be used for the Bioremediation of Metals in Water Bodies? 65
Gabriela Petroceli-Mota, Emilane Pinheiro da Cruz Lima, Mariana Miranda de Abreu, Glacielen Ribeiro de Souza,
Jussara Tamires de Souza Silva, Gabriel Quintanilha-Peixoto, Alessandro Coutinho Ramos, Rachel Ann Hauser-Davis,
and Aline Chaves Intorne

5.1 Water Contamination Issues 65

5.2 Metal Contamination Effects 66

53 Metal Bioremediation 69

5.4 Aquatic Macrophytes in Metal Phytoremediation Processes 70

5.5 Microorganisms in Metal Remediation 72

551  Microorganism Metal Resistance Mechanisms 73

5.6 Interaction Between Aquatic Macrophytes and Microorganisms 74
5.7 Conclusion 76

References 76

6 Extremophilic Microorganisms for Environmental Bioremediation 82
Nazim Hussain, Mehvish Mumtaz, Warda Perveez, and Hafsa

6.1 Introduction 82

6.2 Extremophiles 82

6.3 Extremophilic Microorganisms Under Extreme Conditions 83

6.3.1  Acidophilic Microorganisms 83
6.3.2  Alkaliphilic Microorganisms 85



viii | Contents

6.3.3  Halophilic 86

6.3.4  Thermophiles 87

6.3.5  Piezophile Microorganism 88
6.3.6  Psychrophilic Microorganisms 88
6.3.7  Radiophiles 90

6.4 Extremophiles Applications for Environmental Bioremediation 90
6.4.1 Treatment of Radioactive Waste 90
6.5 Bioremediation of Petroleum Product 92

6.5.1  Petroleum Hydrocarbon Microbial Degradation in Hypersaline Environments 92
6.5.2  Low-Temperature Environments, Microbial Degradation of Petroleum Hydrocarbons Occurrence 93
6.5.3  In High-Temperature Environments, Microbial Degradation of Petroleum Hydrocarbons 93
6.5.4  Removal of Heavy Metal Pollutants 93
6.5.5  Degradation of Organic Pollutants 95
6.5.6  Wastewater Treatment 96
6.5.7  Textile Dye Degradation 97
6.5.8  Bioremediation of Pesticides 98
6.6 Conclusion and Future Perspective 99
References 99

7 Bacterial/Fungal Inoculants: Application as Bio Stimulants 108
V. Mamtha, Swati, K. Sowmiya, and Haralakal Keerthi Kumari
7.1 Introduction 108

7.1.1  Biological Nitrogen Fixation (BNF) 109
7.1.2  Production of an Iron Chelating Compound 109
7.1.3  Phytohormone Production 110
7.1.4  Solubilization of Phosphate (P) 110
7.2 Arbuscular Mycorrhizal Fungi (AMF) 111
7.2.1  Microbial Inoculants as Pathogens or Parasites 112
7.2.2  Other than Bacterial/Fungal Inoculants Algal Extracts also Play Important Role 113
7.2.3  Disruption of Ecosystem Services 114
7.2.4  World Market for PGPR-Based Biostimulants 114
7.3 Conclusion 114

References 114

8 Microbial Inoculants and Their Potential Application in Bioremediation: Emphasis on Agrochemicals 118
Shriniketan Puranik, Kallinkal Sobha Sruthy, Menpadi Manoj, Konaghatta Vijayakumar Vikram, Praveen Karijadar,
Sandeep Kumar Singh, and Livleen Shukla

8.1 Introduction 118

8.2 Pollution of Different Matrices by Agrochemicals 119

8.2.1 Soil 119

8.2.2 Water 120

8.2.3 Air 121

8.3 Different Strategies Employed in Bioremediation 122

8.3.1  In Situ Biodegradation Strategies 122

8.3.2  Ex Situ Biodegradation Strategies 126

8.4 Microbe-Mediated Bioremediation and Recent Advances 127

8.4.1  Bacterial Bioremediation 127

8.4.2  Fungal Bioremediation 129

8.4.3  Microalgae and Diatom-Based Bioremediation 130

8.5 Novel Enzymes or Genes Involved in Bioremediation of Pollutants 131

8.6 Conclusion 135
References 135



9.1
9.2
9.3
9.3.1
9.3.2
9.3.3
9.34
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.10.1
9.10.2
9.10.3
9.11
9.12
9.13
9.14

10

10.1
10.2
10.3
10.3.1
10.3.1.1
10.3.1.2
10.3.2
10.3.3
10.3.4
10.4
10.5
10.5.1
10.5.2
10.5.3
10.5.4
10.6
10.7

11

11.1
11.2

Contents

Porous Nanomaterials for Enzyme Immobilization and Bioremediation Applications 146
Nazim Hussain, Areej Shahbaz, Hafiza Ayesha Malik, Farhana Ehsan, José Cleiton Sousa dos Santos,
and Aldona BalCignaité

Introduction 146

Enzyme Immobilization 147

Model Enzymes With Multifunctional Attributes 149

Laccases 149

Tyrosinases 149

Peroxidases, i.e., Lignin and Manganese 149

Horseradish Peroxidases 149

Supports for Enzyme Immobilization 150

Inorganic Materials as Support Matrices 150

Organic Materials as Support Matrices 152

Synthetic Polymers as Support Matrices 152

Nanomaterials as Supports for Enzyme Immobilization 153

Porous Nanomaterials as Supports for Enzyme Immobilization 154

Advantages of Enzyme Immobilization 154

Stabilization 154

Recovery and Reusability 154

Flexibility 155

Metal-Organic Frameworks as Supports for Enzyme Immobilization 155
Bioremediation Applications of Enzyme Immobilized Porous Nanomaterials 156
Future Directions 156

Conclusion 157

References 157

Effects of Microbial Inoculants on Soil Nutrients and Microorganisms 162
D. Vijaysri, Konderu Niteesh Varma, Haralkal Keerthi Kumari, D. Sai Srinivas, S.T.M. Aravindharajan, Dilbag Singh,
Livleen Shukla, T. Kavya, and Sandeep Kumar Singh

Introduction 162

Microbial Inoculants and Soil Nutrients 163

Influence of Microbial Inoculants on Soil Nutrient Quality 163

Nitrogen 163

Symbiotic Nitrogen Fixation 164

Nonsymbiotic Nitrogen Fixation 164

Phosphorous 164

Potassium 165

Zinc 165

Impact of Microbial Inoculants on Natural Soil Microbial Communities 166
Microbial Inoculants: Mechanisms Involved in Affecting the Resident Microbial Community 166
Competition 166

Antagonism 167

Synergism 167

Indirect Effect Through Root Exudation 167

Effect of Monoinoculation Versus Coinoculation 167

Conclusion 168

References 168

Bacterial Treatment of Industrial Wastewaters: Applications and Challenges 171

Christina Saran, Anuradha Devi, Ganesh Dattatraya Saratale, Rijuta Ganesh Saratale, Luiz Fernando R. Ferreira,
Sikandar I. Mulla, and Ram Naresh Bharagava

Introduction 171

Composition and Nature of Various Industrial Wastewater 172



x| Contents

11.2.1  Types and Sources of Wastewater on the Basis of Wastewater Production 172
11.2.2  Characteristics of Industrial Wastewater 173
11.2.2.1 Physical Characteristics of Wastewater 173
11.2.2.2 Chemical Characteristics of Wastewater 173
11.2.3  Biological Characteristics of Wastewater 174
11.3 Role of Bacteria in Biodegradation of Specific Pollutant Found in Wastewater 174
11.4 Different Approaches and Mechanism of Bacterial Bioremediation in Industrial Wastewater 177
11.41  In-Situ Bioremediation 178
11.4.1.1 Intrinsic In-Situ Bioremediation 178
11.4.1.2 Enhanced In-Situ Bioremediation 179
11.4.2  Ex-Situ Bioremediation 180
11.4.2.1 Bio-Piling 180
11.4.2.2 Land Farming 180
11.4.2.3 Composting 181
11.4.2.4 Biofilters 181
1143  Bioreactors 181
11.4.3.1 Microbial Fuel Cells 181
11.5 Factors Influencing Bacterial Degradation Efficiency 182
11.5.1  Biological Factors 182
11.5.1.1 Bacterial Community Structure and Diversity 182
11.5.1.2 Biofilm Formation 183
11.5.1.3 Redox Potential of the Bacteria 183
11.5.2  Environmental Factors 183
11.5.2.1 Nutrient Availability 183
11.5.2.2 Aeration/Oxygen Availability 184
11.5.2.3 Effect of Temperature 184
11.5.2.4 Effectof pH 184
11.5.2.5 Effect of Salinity 184
11.6 Conclusion and Future Prospects 185
References 185

12 Sustainable Algal Industrial Wastewater Treatment: Applications and Challenges 190
Anuradha Devi, Christina Saran, Ganesh Dattatraya Saratale, Rijuta Ganesh Saratale,
Luiz Fernando R. Ferreira, Sikandar I. Mulla, and Ram Naresh Bharagava

12.1 Introduction 190

12.2 Characteristics and Composition of Industrial Wastewater (IWW) 191

12.3 Perks of Microalgae in Wastewater Treatment (WWT) 193

12.4 Cultivation System for IWW Treatment 194

12.4.1  Open Cultivation Systems 194

1242  Closed Cultivation System for IWW Treatment 195

12.4.3  Hybrid Cultivation System for IWW Treatment Systems 195

12.5 Algal Nutrient Uptake Mechanisms 195

12.5.1 Biosorption 195

12.5.2  Bioaccumulation 196

12.5.3  Biodegradation 197

12.6 Bioremediation of Industrial Effluents 198

12.6.1  Removal of Heavy Metals 198

12.6.2 Removal of Pharmaceuticals 199

12.6.3  Removal of Dyes 199

12.7 Recovery of Valuable Nutrients 200

12.7.1 Fertilizers and Biofertilizers 200

12.7.2  Animal Feed 200

12.7.3 Biofuel 200



12.7.4
12.8
12.9

13

13.1
13.2
13.3
13.4
13.4.1
13.4.2
13.4.2.1
13.4.2.2
13.4.2.3
13.4.3
13.4.4
13.5

14

14.1
14.2
14.2.1
14.2.2
14.3
14.4
14.4.1
14.4.2
14.4.2.1
14.4.2.2
14.4.2.3
14.5
14.6
14.7
14.8
14.8.1
14.8.2
14.8.3
14.8.4
14.8.5
14.8.6
14.8.7
14.9

15

15.1

15.2
15.2.1

Bioactive Compounds 201

Future Directions and Research Frontiers 201
Conclusion 202

References 202

Immobilization of Microbial Inoculants for Improving Soil Nutrient Bioavailability 206
Swati, V. Mamtha, and Haralakal Keerthi Kumari

Introduction 206

History of Immobilization 207

Support Material Selection 207

Support Materials Used for Immobilization of Microbes 207

Modifications of the Support Material for Immobilization of Microbial Inoculants 208
Types of Immobilization 208

Adsorption 208

Types of Adsorption 209

Covalent Bonding 209

Mode of Action of Immobilized Microorganisms in Improving Soil Bioavailability 210
Characteristics of Immobilized Microorganisms 210

Conclusion 211

References 211

Insight Into the Factors Inhibiting the Anammox Process in Wastewater 213
Surbhi Sinha, Anamika Singh, and Rachana Singh
Introduction 213

Substrate Inhibition 214

Ammonium Inhibition 214

Nitrite Inhibition 214

Heavy Metals Inhibition 214

Organic Matter Inhibition 215

Nontoxic Organic Matter Inhibition 215

Toxic Organic Matter Inhibition 215

Alcohol and Aldehydes 215

Phenols 215

Antibiotics 216

Salinity Inhibition 216

Microplastic Inhibition 216

Nanoparticle (NPs) Inhibition 217

Control Strategies 217

Temperature 217

pH Control 218

Nitrogen Loading Rate and Substrate Concentration 218
Dissolved Oxygen (DO) Control 219
Oxidation-Reduction Potential (ORP) Control 219
Sludge/Biofilm Acclimatization 219

Addition of Fresh Anammox Sludge 220
Conclusion and Prospects 220

References 220

Chitinolytic Microbes for Pest Management in Organic Agriculture: Challenges and Strategies 224
Vikram Poria, Sandeep Kumar, Babett Greff, Pawan Kumar, Prakriti Jhilta, Balkar Singh, and Surender Singh

Introduction 224
Alternatives to Agrochemicals in Organic Agriculture for Pest Management 225
Climate-Friendly Practices 225

Contents

Xi



xii | Contents

15.2.2  Use of Microbial Enzymes 225
15.2.3  Use of Biocontrol and Plant Growth-Promoting Microorganisms 226
15.3 Pest Management in Organic Agriculture Using Chitinolytic Microbial Agents 228
15.4 Challenges Associated With the Use of Chitinolytic Microorganisms 230
15.4.1 Challenges Associated With the Formulations and Delivery Systems of Chitinolytic Microorganisms 230
15.4.2 Challenges Associated With Integration With Other Pest Management Strategies 231
15.4.3 Environmental Challenges 231
15.4.4 Other Challenges 231
15.5 Strategies for Sustainable Use of Chitinolytic Microorganisms in Organic Agriculture 232
15.5.1 Development of Novel Formulations and Delivery Systems 232
15.5.2 Integration With Other Pest Management Strategies 232
15.5.3 Importance of Education and Training 233
15.6 Conclusion and Prospects 233
Acknowledgments 233
References 234

16 Microbial Bioremediation of Metals and Radionuclides: Approaches and Advancements 242
Sobia Riaz, Muhammad Sohail, and Rashba Sahar

16.1 Introduction 242

16.2 Sources and Effects of Heavy Metals 243

16.3 Biotic and Abiotic Factors Affecting Microbial Bioremediation 244

16.4 Approaches for Bioremediation of Heavy Metals Through Microbial Processes: An Introduction 245

16.4.1 Biostimulation 246

16.4.2 Bioattenuation 246

16.4.3 Bioaugmentation 247

16.4.4 Bioventing 247

16.4.5 Biopiles 247

16.5 Approaches for the Bioremediation of Radionuclide 247

16.5.1 Bioreduction 248

16.5.2 Biosorption 248

16.5.3 Bioaccumulation 248

16.5.4 Bioremediation’s Benefits and Drawbacks 249

16.6 Novel Technologies in Bioremediation 249

16.6.1 Genetic Engineering 249

16.6.2 Nanotechnology 250

16.6.3 Metagenomics 250

16.7 Future Perspectives and Conclusions 250
References 251

17 Chapter Role of Microbial Biofilms in Bioremediation: Current Perspectives 257
Sahaya Nadar and Tabassum Khan

17.1 Introduction 257

17.2 Formation of Biofilm 258

17.2.1 Reversible Adhesion 258

17.2.2 Irreversible Adhesion 259

17.2.3 Formation of Biofilm Matrix 259

17.2.4 Biofilm Maturation and Diffusion 259

17.3 Microbes Forming Biofilm 259

17.3.1 Bacteria 259

17.3.2  Algae 260

17.3.3 Fungi 260

17.4 Biofilms in Bioremediation 261



17.4.1
17.4.2
17.4.3
17.4.4
17.4.5
17.5
17.6
17.7

18

18.1
18.2
18.3
18.4
18.5
18.6
18.6.1
18.6.2
18.6.3
18.6.4
18.7
18.7.1
18.7.2
18.7.3
18.8
18.9
18.10

18.11
18.12
18.12.1
18.12.2
18.13
18.14

19

19.1
19.2
19.2.1
19.2.2
19.2.3
19.2.4
19.3
19.4
19.4.1
19.4.2
19.4.3
19.5

Biofilms in Polycyclic Aromatic Hydrocarbons Remediation 261
Biofilms in Chlorinated Compounds Remediation 261

Biofilms in Petroleum Remediation 262

Biofilms in Heavy Metals Remediation 263

Other Applications 264

Emerging Opportunities 264

Challenges in Bioremediation Using Biofilms 266

Conclusions 266

References 267

Green Nanoparticles for Textile Wastewater Treatment: The Current Insights 277

Irfan Haidri, Aneeza Ishfag, Muhammad Shahid, Tanvir Shahzad, Sabir Hussain, and Faisal Mahmood
Introduction 277

Sources and Composition of Textile Wastewater 278

Environmental Effects of Textile Wastewater 278

Nanotechnology in Environmental Pollution Remediation 278

Types of Biologically Synthesized Nanoparticles Used in the Treatment of Textile Wastewater 279
Green Synthesis Methods 280

Plant Synthesis of Nanoparticles 280

Microbial Synthesis of Nanoparticles 281

Synthesis of Nanoparticles by Using Biodegradable Polymers 282

Characterization of Biologically Synthesized Nanoparticles 282

Treatment of Textile Wastewater by Different Process 283

Treatment of Textile Wastewater by Adsorption Process 283

Photocatalytic Degradation of Textile Wastewater 284

Filtration and Membrane Processes 285

Degradation of Dyes by Green Synthesized Nanoparticles 285

Removal Efficiency of Green Synthesized Nanoparticles for the Treatment of Textile Wastewater 285
Toxicity and Safety Considerations for the Treatment of Textile Wastewater Using Green Synthesized
Nanoparticles 286

Cost-effectiveness 287

Challenges and Limitations 287

Long-Term Environmental Impact 287

Scalability and Commercial Viability 287

Future Trends and Research Directions 288

Conclusion 288

References 288

Microbial Inoculants: Application in the Management of Metal Stress 293
Poulomi Ghosh and Saprativ P. Das

Introduction 293

Microbial Inoculants 293

Bacterial Inoculants 294

Fungal Inoculants 294

Algal Inoculants 294

Archaeal Inoculants 295

Factors Influencing Microbial Inoculants’ Efficacy 295
Sources of Heavy Metals 298

Natural Sources 298

Anthropogenic Sources 298

Electronic Waste (e-Waste) Generating Heavy Metals 299
Effects of Heavy Metals 300

Contents

xiii



Xiv

Contents

19.5.1
19.5.2
19.5.3
19.6
19.6.1
19.6.2
19.6.3
19.6.4
19.6.5
19.7
19.7.1
19.7.2
19.7.3
19.7.4
19.7.5
19.7.6
19.7.7
19.7.8
19.8
19.9
19.9.1
19.9.2
19.9.3
19.9.4
19.10

20

20.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8
20.9

21

21.1
21.2
21.2.1
21.2.2
21.2.3
213
21.3.1
21.3.2
21.3.3
21.4
21.4.1

Plants 301

Microorganisms 301

Human Health 302

Microbial Mechanisms of Metal Tolerance and Remediation 302
Biosorption 302

Bioaccumulation 303

Biomineralization 303

Enzymatic Transformations 303

Chelation and Complexation 303

Other Remediation Approaches 304
Phytoremediation 304

Rhizoremediation 305

Chemical Precipitation 305

Ion Exchange 305

Electrokinetic Remediation 305

Soil Washing 305

Nanotechnology 305

Constructed Wetlands 305

Metal Remediation in Co-contaminated Soils 305
Concomitant Strategies for Metal Stress Management 306
Biosurfactant-Based Metal Remediation 306
Biofilms-Based Metal Remediation 307
Chemotaxis-Based Metal Remediation 308
Melanin-Based Metal Remediation 308

Challenges, Impending Visions, and Conclusions 308
References 309

Harnessing In Silico Techniques for Bioremediation Solutions 312
Nischal Pradhan and Ajay Kumar

Introduction 312

Emergence of In Silico Approaches 313

Genome-Scale Models 314

Molecular Modeling 315

QSAR Models 316

Metabolic Modeling for Engineering Microbes 317

Development of In Silico Platforms for Bioremediation Research 318
Challenges and Limitations 318

Conclusion 319

References 319

Microbial Inoculants and Their Potential Application in Bioremediation
Ankita Agrawal, Jitesh Kumar Maharana, and Amiya Kumar Patel
Introduction 321

Overview of Bioremediation 322

Definition and Principle 322

Types of Bioremediation 322

Advantages and Challenges 325

Microbial Inoculants: Concept and Types 325

Microbes Used as Bioremediation Drivers 326

Types of Microbial Inoculants 326

Selection Criteria of Microbial Inoculants 326

Mode of Action of Microbial Inoculants in Bioremediation 328
Biosorption 329

321



21.4.2
21.4.3
21.4.4
21.4.5
21.5
21.6
21.6.1
21.6.2
21.7
21.8
21.8.1
21.8.2
21.8.3
21.8.4
21.8.5
21.9
21.10
21.10.1
21.10.2
21.10.3
21.10.4
21.11
21.12

22

22.1
22.2
22.2.1
22.2.2
22.2.3
22.2.4
22.2.5
22.2.6
22.2.7
22.2.8
223
22.3.1
22.3.2
22.3.2.1
22.3.2.2
224
22.5
22.6

23

23.1
23.2

Bioleaching 329

Bioprecipitation 329

Bioaccumulation 329

Biotransformation 329

Applications of Microbial Inoculants 329

Process Optimization for Enhanced Bioremediation 330
Optimization of Microbial Inoculants and Environmental Parameters 330
Genetic Modification in Microbial Inoculants 330
Challenges and Future Prospects of Microbial Inoculants 331
Ecological Consequences 331

Disruption of Indigenous Microbial Communities 332

Shift in Microbial Community Structure 332

Gene Transfer and Modification 332

Ecological Niche Alteration 332

Potency for Unintended Effects 332

Assessment and Implementation of Microbial Inoculants 332
Case Studies and Success of Restoration Efforts 333

Oil Spill Remediation 333

Heavy Metal Contaminated Sites 334

Pesticide and Herbicide Degradation 334

Industrial Waste Treatment 335

Conclusion 336

Future Perspectives 336

Acknowledgment 336

References 337

Microbial Inoculant Approaches for Disease Management 345

S.TM. Aravindharajan, Sivaprakasam Navarasu, Velmurugan Shanmugam, S.S. Deepti Varsha, D. Vijaysri,
Sandeep Kumar Singh, and Livleen Shukla

Introduction 345

Approaches of Various Microbial Inoculants for Controlling the Economically Important Disease 346
Fungi 346

Competition 346

Parasitism 347

Antibiosis 347

Bacteria 348

Nematode 348

Virus 349

Transgenic Micro-Organisms 350

Central Role of Micro Organisms to Induced the Innate Immunity 351
ISR Induction 351

Role of Antioxidant Against Plant Pathogens 353

Nonenzymatic Antioxidants: Phenolics 353

Enzymatic Antioxidants During Stress 354

Synthetic Microbial Communities in Plant Disease Management 355
Recent Trends of Biocontrol Agent 356

Conclusion 357

References 358

Impact of Microbial Inoculants on the Secondary Metabolites Production of Medicinal Plants 367
Haralakal Keerthi Kumari, D. Vijaysri, T. Chethan, Swati, and V. Mamtha

Introduction 367

Biosynthesis of Plant Secondary Phytochemicals and Their Classification 367

Contents

XV



xvi | Contents

23.3 General Mechanism of Microbial Inoculants-Induced Production of Secondary Compounds 369
234 Determinants of Secondary Phytochemical Synthesis 370
23.5 Ideal Characteristics of Microbial Inoculants 370
23.6 Fungi 370
23.7 Mechanism of Fungal Elicitors 371
23.7.1 Bacteria 372
23.7.2 Algae 372
23.7.3 Yeast 373
23.7.4 Virus 373
23.8 Advantages of Microbial Inoculants over Chemical Inoculants for Metabolite Production 374
23.9 Applications of Plant Secondary Metabolites 374
23.10 Conclusion 374
References 375

24 Bioremediation of High Molecular Weight Polycyclic Aromatic Hydrocarbons 378
Fahad S. Alotaibi, Abdullah Alrajhi, and Saif Alharbi
24.1 Introduction 378
24.2 Polycyclic Aromatic Hydrocarbons (PAHs): Sources, Pollution, and Exposure Routes 379
24.3 Biodegradation Pathways 380
2431 Algae, Co-Culture 381
24.3.2 Fungi 381
24.3.3 Bioremediation Strategies 381
24.3.4 Factors Influencing Bioremediation 382
24.3.5 Emerging Technologies 383
24.4 Challenges and Future Directions 384
List of Abbreviations 385
References 385

25 Microbial Indicators for Monitoring Pollution and Bioremediation 390
Vijay Kumar, Ashok Chhetri, Joy Kumar Dey, and Ashim Debnath

25.1 Introduction 390

25.1.1 Microbial Indicators for Air Pollution 391

25.1.2 Microbial Indicators for Terrestrial and Aquatic Pollution 391

25.1.3 Microbial Indicators 391

25.1.4 Bio-Indicators of Bacterial Origin 391

25.1.5 Fungal Indicators 392

25.1.6  Algal Indicators 392

25.1.7 Microbial Indicators for Bioremediation 393

25.2 Biosensors for Microbial Remediation 393

25.2.1 Biosensors Based on Nucleic Acid 393

25.2.2 Transcription Factor-Based Biosensors 393

25.2.3 Biosensors Based on Transcription-Independent Protein 394
References 394

26 PGPRs: Toward a Better Greener Future in Sustainable Agriculture 397
Soham Das, V.H.S. Vaishnavee, Anshika Dedha, Priya Yadav, Rahul Prasad Singh, and Ajay Kumar
26.1 Introduction 397
26.2 Brief Introduction of PGPRs 398
26.3 Role of PGPRs 398
26.3.1 Nitrogen Fixation 398
26.3.2 Phosphate Solubilization 400
26.3.3 Chelation of Nutrients 401



26.3.4
26.3.5
26.3.6
26.3.7
26.3.8
26.4

26.5

27

27.1
27.2
27.3
27.4
27.5

Prevent Nutrient Losses

401

Improve Crop Quality 402

Plant Hormones Regulation 402

Soil Heath Improvement

Environmental Protection 404
Social and Economic Impact of PGPRs
Challenges, Future Perspectives and Conclusion 405

References

Role of MATE Transporters in Xenobiotics Tolerance 411

Arathi Radhakrishnan, Shakshi, Raj Nandini, Ajay Kumar, Raj Kishor Kapardar, and Rajpal Srivastav
Introduction 411

Degradation and Management of Xenobiotics
Role of MATE in Xenobiotics’ Extrusion and Metabolism 413
OMIC-Based Analysis for Xenobiotics Degradation and Metabolism 416
Conclusive Remarks
Acknowledgments

References

Index 421

406

417

417
417

403

404

411

Contents

xvii






List of Contributors

Mariana Miranda de Abreu

Laboratory of Physiology and Biochemistry of
Microorganisms, Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Biotechnology and Environmental Microbiology
Laboratory

Universidade Vila Velha (UVV)

ES, Brazil

Ankita Agrawal

Department of Biotechnology and Bioinformatics
Sambalpur University

Burla, Odisha

India

Saif Alharbi

King Abdulaziz City for Science and Technology
Riyadh

Saudi Arabia

Fahad S. Alotaibi

King Abdulaziz City for Science and Technology
Riyadh

Saudi Arabia

Abdullah Alrajhi

King Abdulaziz City for Science and Technology
Riyadh

Saudi Arabia

S.T.M. Aravindharajan

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Sidra Ashraf

Department of Biochemistry
University of Agriculture
Faisalabad

Pakistan

Aldona Balciiinaité

Department of Catalysis

Center for Physical Sciences and Technology
Vilnius

Lithuania

Ram Naresh Bharagava

Laboratory of Bioremediation and Metagenomics
Research (LBMR), Department of Environmental
Microbiology (DEM)

Babasaheb Bhimrao Ambedkar University

(A Central University)

Lucknow

India

Priyank Chaturvedi

Department of Environmental Science
ITM University

Gwalior, Madhya Pradesh

India

T. Chethan

Department of Agricultural Entomology
University of Agricultural Sciences, GKVK
Bengaluru

India

Xix



xx | List of Contributors

Ashok Chhetri

Department of Plant Protection & Department of

Horticulture, Multi-Technology Testing Centre &
Vocational Training Centre

Central Agricultural University (Imphal Manipur)

Agartala, Tripura
India

Emilane Pinheiro da Cruz Lima
Laboratory of Physiology and Biochemistry of

Microorganisms, Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy

Ribeiro (UENF)
RJ, Brazil

Saprativ P. Das

Department of Chemical Engineering
Indian Institute of Technology Bombay
Mumbai, Maharashtra

India

Soham Das

Amity Institute of Biotechnology
Amity University

Noida

India

Ashim Debnath

Department of Genetics and Plant Breeding
Faculty of Agricultural Sciences

Rajiv Gandhi University

Doimukh, Arunachal Pradesh

India

Anshika Dedha

Amity Institute of Biotechnology
Amity University

Noida

India

S.S. Deepti Varsha

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Anuradha Devi

Laboratory of Bioremediation and Metagenomics
Research (LBMR), Department of Environmental

Microbiology (DEM)

Babasaheb Bhimrao Ambedkar University
(A Central University)

Lucknow

India

Joy Kumar Dey

Krishi Vigyan Kendra-Sepahijala
CAU (D)

Latiacherra, Tripura

India

Farhana Ehsan

Center for Applied Molecular Biology (CAMB)
University of the Punjab

Lahore

Pakistan

Luiz Fernando R. Ferreira

Post Graduate Program in Genomic Sciences and
Biotechnology

Genomic Sciences and Biotechnology Lab
Catholic University of Brasilia

Brasilia

Brazil

Poulomi Ghosh
Department of Biotechnology

Institute of Genetic Engineering (affiliated to MAKAUT)

Kolkata, West Bengal
India

Babett Greff

Department of Food Science

Faculty of Agricultural and Food Sciences
Széchenyi Istvan University
Mosonmagyarovar

Hungary

Shazaf Gul

Department of Biochemistry
University of Agriculture
Faisalabad

Pakistan

Irfan Haidri

Department of Environmental Sciences
Government College University
Faisalabad

Pakistan

Hafsa

Centre for Applied Molecular Biology (CAMB)
University of Punjab

Lahore

Pakistan



Rachel Ann Hauser-Davis

Ambiental Environmental Health Assessment and
Promotion Laboratory

Instituto Oswaldo Cruz

Fundacdo Oswaldo Cruz, RJ

Brazil

Asim Hussain

Department of Biochemistry
University of Agriculture
Faisalabad

Pakistan

Nazim Hussain

Centre for Applied Molecular Biology (CAMB)
University of Punjab

Lahore

Pakistan

Sabir Hussain

Department of Environmental Sciences
Government College University
Faisalabad

Pakistan

Fatima Idress

Department of Biochemistry
University of Agriculture
Faisalabad

Pakistan

Aline Chaves Intorne

Laboratory of Physiology and Biochemistry of
Microorganisms, Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Chemistry and Biology Laboratory, Departamento
de Ensino

Instituto Federal de Educacio

Ciéncia e Tecnologia do Rio de Janeiro, RJ,

Brazil

Aneeza Ishfaq

Department of Environmental Sciences
Government College University
Faisalabad

Pakistan

List of Contributors

Prakriti Jhilta

Department of Microbiology
Central University of Haryana
Mahendergarh, Haryana
India

Raj Kishor Kapardar

Microbial Biotechnology Division
The Energy and Resources Institute
New Delhi

India

Praveen Karijadar

Department of Agricultural Microbiology
University of Agricultural Sciences, GKVK
Bengaluru

India

T. Kavya

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Ajay Kumar

Amity Institute of Biotechnology
Amity University

Noida

India

Haralakal Keerthi Kumari

Department of Agricultural Microbiology
University of Agricultural Sciences
Bangalore

India

Tabassum Khan

Department of Pharmaceutical Chemistry

SVKMs Dr. Bhanuben Nanavati College of Pharmacy
Vile-Parle, Mumbai

Mabharashtra

India

Arun Kumar

Department of Horticulture

School of Agriculture Lovely Professional University
Phagwara

Jalandhar

Punjab

India

XXi



xxii

List of Contributors

Pawan Kumar

Department of Microbiology,
Central University of Haryana
Mahendergarh, Haryana
India

Sandeep Kumar

Department of Microbiology
Central University of Haryana
Mahendergarh, Haryana
India

Vijay Kumar

Department of Plant Protection & Department of
Horticulture, Multi-Technology Testing Centre &
Vocational Training Centre

Central Agricultural University (Imphal Manipur)
Agartala, Tripura

India

Bharati Lap

Department of Genetics and Plant Breeding
Faculty of Agricultural Sciences

Rajiv Gandhi University

Doimukh, Arunachal Pradesh

India

Jitesh Kumar Maharana

Department of Biotechnology and Bioinformatics
Sambalpur University

Burla, Odisha

India

Faisal Mahmood

Department of Environmental Sciences
Government College University
Faisalabad

Pakistan

Hafiza Ayesha Malik

Center for Applied Molecular Biology (CAMB)
University of the Punjab

Lahore

Pakistan

V. Mamtha

Department of Agricultural Microbiology
University of Agricultural Sciences
Bangalore

India

Menpadi Manoj

Department of Agricultural Microbiology
University of Agricultural Sciences, GKVK
Bengaluru

India

Sikandar 1. Mulla

Department of Biochemistry, School of Applied Sciences
REVA University

Bangalore

India

Mehvish Mumtaz

Centre for Applied Molecular Biology (CAMB)
University of Punjab

Lahore

Pakistan

Azha Ufaq Nabi

Department of Bioresources, School of Biological Sciences
University of Kashmir

Srinagar

India

Sahaya Nadar

Department of Pharmaceutical Chemistry

SVKMs Dr. Bhanuben Nanavati College of Pharmacy
Vile-Parle, Mumbai

Maharashtra

India

Department of Pharmaceutical Chemistry
St. John Institute of Pharmacy and Research
Palghar, Maharashtra

India

Raj Nandini

Amity Institute of Biotechnology
Amity University

Noida

India

Sivaprakasam Navarasu
Department of Plant Pathology
Tamil Nadu Agricultural University
Coimbatore

India

Konderu Niteesh Varma

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India



Amiya Kumar Patel

Department of Biotechnology and Bioinformatics
Sambalpur University

Burla, Odisha

India

Warda Perveez

Centre for Applied Molecular Biology (CAMB)
University of Punjab

Lahore

Pakistan

Gabriela Petroceli-Mota

Laboratory of Cellular and Tissue Biology

Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Vikram Poria

Department of Microbiology
Central University of Haryana
Mahendergarh, Haryana
India

Nischal Pradhan

Amity Institute of Biotechnology (AIB)
Amity University Uttar Pradesh

Noida

India

Shriniketan Puranik

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Gabriel Quintanilha-Peixoto

Laboratory of Chemistry and Function of Proteins and
Peptides, Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Laboratory of Molecular and Computational Biology

of Fungi

Instituto de Ciéncias Biologicas, Universidade Federal de
Minas Gerais (UFMG)

MG, Brazil

Arathi Radhakrishnan

Amity Institute of Biotechnology
Amity University

Noida

India

List of Contributors

Hamza Rafeeq

Department of Biochemistry
Riphah International University
Faisalabad

Pakistan

Department of Biochemistry
University of Agriculture
Faisalabad

Pakistan

Alessandro Coutinho Ramos

Biotechnology and Environmental Microbiology
Laboratory

Universidade Vila Velha (UVV)

ES, Brazil

Sobia Riaz

Institute of Soil & Environmental Sciences
University of Agriculture Faisalabad
Faisalabad

Pakistan

Zainab Riaz

Department of Biochemistry
Riphah International University
Faisalabad

Pakistan

Sajal Saha

Department of Genetics and Plant Breeding, SAS,
Nagaland University

Medziphema, Nagaland

India

Rashba Sahar

Department of Plant Pathology
University of Agriculture
Faisalabad

Pakistan

Velmurugan Shanmugam

Division of Plant Pathology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Shakshi

Amity Institute of Biotechnology
Amity University

Noida

India

XXiii



XXiv

List of Contributors

D. Sai Srinivas

Department of Microbiology, School of

Life Sciences

JSS Academy of Higher Education and Research
Mysore

India

Christina Saran

Laboratory of Bioremediation and Metagenomics
Research (LBMR), Department of Environmental
Microbiology (DEM)

Babasaheb Bhimrao Ambedkar University

(A Central University)

Lucknow

India

Ganesh Dattatraya Saratale

Department of Food Science and Biotechnology
Dongguk University-Seoul

Goyang-si

Republic of Korea

Rijuta Ganesh Saratale

Department of Food Science and Biotechnology
Research Institute of Biotechnology and
Medical Converged Science

Dongguk University-Seoul

Goyang-si

Republic of Korea

Muhammad Shahid

Department of Bioinformatics & Biotechnology
Government College University

Faisalabad

Pakistan

Areej Shahbaz

Center for Applied Molecular Biology (CAMB)
University of the Punjab

Lahore

Pakistan

Tanvir Shahzad

Department of Environmental Sciences
Government College University
Faisalabad

Pakistan

Anum Shahzadi

Department of Biochemistry
Riphah International University
Faisalabad

Pakistan

Faamiya Shajar

Department of Bioresources, School of
Biological Sciences

University of Kashmir

Srinagar

India

Livleen Shukla

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Anamika Singh

Amity Institute of Biotechnology
Amity University Uttar Pradesh
Noida

India

Balkar Singh
Department of Botany
Arya PG College
Panipat, Haryana
India

Dilbag Singh

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Gourav Kumar Singh

Department of Environmental Science
ITM University

Gwalior, Madhya Pradesh

India

Jatinder Singh

Department of Horticulture, School of Agriculture Lovely

Professional University Phagwara
Jalandhar

Punjab

India

Rachana Singh

Amity Institute of Biotechnology
Amity University Uttar Pradesh
Noida

India

Rahul Prasad Singh

Laboratory of Algal Research, Department of Botany

Institute of Science, Banaras Hindu University
Varanasi
India



Sandeep Kumar Singh

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Surender Singh

Department of Microbiology
Central University of Haryana
Mahendergarh, Haryana
India

Surbhi Sinha

Amity Institute of Biotechnology,
Amity University Uttar Pradesh
Noida

India

Muhammad Sohail

Department of Forestry and Range Management
University of Agriculture Faisalabad

Faisalabad

Pakistan

K. Sowmiya

Department of Agricultural Microbiology
University of Agricultural Sciences
Bangalore

India

José Cleiton Sousa dos Santos

Instituto de Engenharias e Desenvolvimento Sustentavel
Universidade da Integracdo Internacional da Lusofonia
Afro-Brasileira

Campus das Auroras, Redengdo

Brazil

Glacielen Ribeiro de Souza

Laboratory of Biotechnology, Centro de Biociéncias
e Biotecnologia

Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Jussara Tamires de Souza Silva

Laboratory of Physiology and Biochemistry of
Microorganisms, Centro de Biociéncias e Biotecnologia
Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

Phytotechnics Laboratory, Centro de Ciéncias

e Tecnologias Agropecudrias

Universidade Estadual do Norte Fluminense Darcy
Ribeiro (UENF)

RJ, Brazil

List of Contributors

Rajpal Srivastav

Amity Institute of Biotechnology
Amity University Uttar Pradesh
Noida

India

Kallinkal Sobha Sruthy

Division of Microbiology, ICAR-Indian Agricultural
Research Institute

New Delhi

India

Swati

Department of Agricultural Microbiology
University of Agricultural Sciences
Bangalore

India

Vikanksha Thakur

Department of Horticulture

School of Agriculture Lovely Professional University
Phagwara

Jalandhar, Punjab

India

Reiaz Ul Rehman

Department of Bioresources, School of Biological Sciences
University of Kashmir

Srinagar

India

V.H.S. Vaishnavee

Amity Institute of Biotechnology
Amity University

Noida

India

Konaghatta Vijayakumar Vikram

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

D. Vijaysri

Division of Microbiology

ICAR-Indian Agricultural Research Institute
New Delhi

India

Priya Yadav

Laboratory of Algal Research, Department of Botany
Institute of Science, Banaras Hindu University
Varanasi

India

XXV






Preface

Hazardous contaminants in waste from the industrial, home, and agricultural sectors inflict enormous harm to the ecosystem
and the lives of those who live nearby. These hazardous contaminants can exist in a variety of forms that are inclined by
climate features like the presence of various types of organic matter, pH, water system hardness, transformation, and bio-
availability. Since majority of them are mobile and soluble, they have the potential to bioaccumulate in the food chain and
cause serious harm above certain concentrations. Microbe-based approaches are an important tool for removing toxic
contaminants from the ecosystem and have piqued the concern of investigators over the centuries. Hence, the use of appro-
priate microorganisms in the remediation of pollutants is critical to effectively reducing the negative effects of toxic pollut-
ants. Several microorganisms were discovered as promising candidates for bioremediation of hazardous contaminants via
biotransformation, bioremediation, bioaccumulation, or biosorption processes. Hazardous contaminants degradation
mechanisms exhibited by microorganisms are primarily determined by their degradative plasmids and spores. The book
entitled Microbes Based Approaches for the Management of Hazardous Contaminants is focused on the most insightful
aspects of microbe-based approaches for addressing hazardous contaminants in our ecosystem. This book covers novel and
indigenous microbes and microbial products. Biofilms, exopolysaccharides, bio-surfactants, enzymes, metabolites, micro-
bially synthesized nanoparticles, and the latest genetic and other metabolic engineering approaches based on microbial
technologies that are utilized in the remediation and management of hazardous contamination from the environment and
surroundings are covered. The book details many methods used, including degradation and remediation of hazardous pol-
lutants, genetically engineered microorganisms for the removal of toxic organic compounds, metabolic engineering as
alternative strategies for microbial bioremediation, microbial immobilization and use of microbial surfactants, microor-
ganisms as the indicator for pollutants, biochemical approaches in microbial biodegradation, to name a few. The chapters
provide readers with rich sources of reference information on important topics in this field. There are several illustrations
so that the scholars can grasp the flow of the content and the transition to the next topic.

Chapters are written by active researchers and presented in an accessible way to the public beyond those specialists in
the topic dealt with. The content aims to bridge the gap between advanced research and general understanding, providing
clear explanations and practical insights that can be appreciated by a broader audience. This book serves as a helpful tool
for scientists, industrial professionals, and experts working in diverse aspects to understand the various microbial-based
methodologies toward hazardous waste management with proper resource management and technological applications.
We are honored that the leading experts with extensive, in-depth experience and expertise in diverse microbial technolo-
gies have taken the time and effort to develop outstanding chapters.

We thank team Wiley for their generous assistance, constant support, and patience in initializing the book. The authors
are also grateful to our esteemed friends, well-wishers, and faculty colleagues.

Editors:

Dr. Ajay Kumar

Dr. Livleen Shukla

Prof. Joginder Singh

Prof. Dr. Luiz Fernando R. Ferreira
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