ENVIRONMENTAL
TOXICOLOGY

AND HUMAN HEALTH

Current

Challenges
n and Future
¥ Perspectives

& Edited by
s Ashish Kumar
8 Veer Singh :

7~ Publishing WILEY



Environmental Toxicology
and Human Health

Aq Brewy

a1 885 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISY:

PiE YO N jo

5UBD1 SUOWILIOD A IES.D 2 1GEAIde L Ad pou.



Scrivener Publishing
100 Cummings Center, Suite 541]
Beverly, MA 01915-6106

Publishers at Scrivener
Martin Scrivener (martin@scrivenerpublishing.com)
Phillip Carmical (pcarmical@scrivenerpublishing.com)

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0


mailto:martin@scrivenerpublishing.com
mailto:pcarmical@scrivenerpublishing.com

Environmental Toxicology
and Human Health

Current Challenges and Future
Perspectives

Edited by
Ashish Kumar
Veer Singh

and

Maulin P. Shah

7

évener

Publishing

WILEY

Aq erewy

a1 885 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISY:

PiE YO N jo

5UBD1 SUOWILIOD A IES.D 2 1GEAIde L Ad pou.



This edition first published 2026 by John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
and Scrivener Publishing LLC, 100 Cummings Center, Suite 541], Beverly, MA 01915, USA

© 2026 Scrivener Publishing LLC

For more information about Scrivener publications please visit www.scrivenerpublishing.com.

All rights reserved. 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, or other-
wise, except as permitted by law. Advice on how to obtain permission to reuse material from this title
is available at http://www.wiley.com/go/permissions.

Wiley Global Headquarters
111 River Street, Hoboken, NJ 07030, USA

For details of our global editorial offices, customer services, and more information about Wiley prod-
ucts visit us at www.wiley.com.

The manufacturer’s authorized representative according to the EU General Product Safety Regulation
is Wiley-VCH GmbH, Boschstr. 12, 69469 Weinheim, Germany, e-mail: Product_Safety@wiley.com.

Limit of Liability/Disclaimer of Warranty

While the publisher and authors have used their best efforts in preparing this work, they make no rep-
resentations or warranties with respect to the accuracy or completeness of the contents of this work and
specifically disclaim all warranties, including without limitation any implied warranties of merchant-
ability or fitness for a particular purpose. No warranty may be created or extended by sales representa-
tives, written sales materials, or promotional statements for this work. The fact that an organization,
website, or product is referred to in this work as a citation and/or potential source of further informa-
tion does not mean that the publisher and authors endorse the information or services the organiza-
tion, website, or product may provide or recommendations it may make. This work is sold with the
understanding that the publisher is not engaged in rendering professional services. The advice and
strategies contained herein may not be suitable for your situation. You should consult with a specialist
where appropriate. 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.
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.

Library of Congress Cataloging-in-Publication Data
ISBN 9781394399826

Cover image: Generated with Al using Adobe Firefly
Cover design by Russell Richardson

Set in size of 11pt and Minion Pro by Manila Typesetting Company, Makati, Philippines
Printed in the USA

10 987 654321

q eyewy,

wouy

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0


http://www.scrivenerpublishing.com
http://www.wiley.com/go/permissions
http://www.wiley.com
mailto:Product_Safety@wiley.com

Dedication

To my family: For their unwavering love and belief in my dreams.
To my mentors and colleagues, for inspiring and guiding me through this
journey of discovery.
And to all those striving for a healthier, cleaner world: may this work con-
tribute in some small way to your mission.

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



Contents

Preface

Acknowledgement

XXV

xxvii

1 Introduction to Environmental Toxicology and Human Health 1

Ridam Dhiman, Nancy Setia, Hargun Kaur, Harshika Joshi,
Harish Chandra Joshi and Gaurav Pant
1.1 Introduction
1.1.1 Types of Toxins
1.1.1.1 Man-Made Toxins
1.1.1.2 Natural Toxins
1.1.2  Toxic Threats: The Need for Research
1.2 Sources of Environmental Toxins
1.2.1 Air Pollutants
1.2.2  Water Pollutants
1.2.3 Soil Contamination
1.2.4 Food Contamination
1.3 Types of Pollutants
1.3.1 Chemical Pollutants
1.3.2 Biological Pollutants
1.3.3  Physical Pollutants
1.4 Environmental Exposure Pathways
1.4.1 Inhalation
1.4.2 Ingestion
1.4.3 Dermal Exposure
1.5 Health Effects of Environmental Toxins
1.5.1 Acute Toxicity: Immediate Health Effects
1.5.2  Chronic Toxicity: Long-Term Health Consequences
1.5.3 Specific Diseases: Linked to Environmental Toxins
1.5.3.1 Respiratory Diseases
1.5.3.2 Neurological Disorders

O O O \O 00 0 0 0 O\ Ul i W W I

vii

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



viii

CONTENTS

1.5.3.3 Cancer
1.5.3.4 Reproductive and Developmental Issues
1.6 Current and Emerging Issues in Environmental Toxicology
1.6.1 Climate Change: Effects on the Spread of Toxins
1.6.2 Microplastics: Growing Concern in Water
and Food Supplies
1.6.3 Endocrine-Disrupting Chemicals (EDCs): Impact
on Reproductive Health
1.6.4 Nanotechnology: Potential New Toxicological Risks
1.7 Conclusion
Acknowledgment
References

Sources and Types of Environmental Contaminants
Priya Shukla, Pradeep Srivastava and Abha Mishra
2.1 Introduction
2.2 Emerging Contaminants and Associated Health Hazards
2.2.1 Minuscule Contaminants
2.2.2  ECs Centered Around Personal Hygiene Commodities
2.2.3 ECs Based on Pharmaceutical Residues
2.2.4 ECs Based on Pesticides, Biocides, and Antibiotics
2.2.5 ECs Based on Polycyclic Aromatic Hydrocarbons
2.3 Hazardous Pollution Containing Colors and Dyes
2.4 Techniques for Detecting and Quantifying ECs
2.5 Technologies for Treatment
2.6 Conclusion
Acknowledgment
References

Air Pollution: Sources, Toxic Impacts, and Strategies
for Reduction
Rajal Dave and Abhijeet Joshi
3.1 Introduction
3.2 Source of Pollution
3.2.1 Outdoor Pollution
3.2.1.1 Industrial Emission
3.2.1.2 Wildfire
3.2.1.3 Microbial Decaying Processes
3.2.1.4 Transportation
3.2.1.5 Burning of Garbage Waste

16
16
16
17

17

17
18
19
20
20

27

28
29
29

31
32
33
33
34
35
39
40
40

45

46
48
48
48
49
49
49
50

0T

q eyewy,

wouy

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



3.3

34

CONTENTS

3.2.2 Indoor Pollution
3.2.2.1 Household Air Pollution
3.2.2.2 Air Pollution by Hospitals
Critical Air Pollutants and Their Impact on Human Health
3.3.1 Ground-Level Ozone (GLO) and Impact on Human
Health
3.3.1.1 Characteristics and Source of Emission
3.3.1.2 Risk Group
3.3.1.3 Impact on Human Health
3.3.1.4 GLO Exposure Regulatory Standards
3.3.1.5 Ground-Level Ozone Measurement Tools
and Techniques
3.3.2 Carbon Monoxide and Impact on Human Health
3.3.2.1 Characteristics and Source of Emission
3.3.2.2 Risk Group
3.3.2.3 Impact on Human Health
3.3.2.4 Carbon Monoxide (CO) Exposure
Regulatory Standards
3.3.3 Nitrogen Oxide and Impact on Human Health
3.3.3.1 Characteristics and Source of Emission
3.3.3.2 NO, Impact on Human Health
3.3.3.3 NO, Exposure Regulatory Standards
3.3.4 Particulate Matter (PM)
3.3.5 Particulate Matter (PM) and Its Impact on Human
Health
3.3.5.1 Particulate Matter (PM) Exposure Regulation
3.3.6  Sulphur Dioxide and Impact on Human Health
3.3.6.1 Characteristics and Source of Emission
3.3.6.2 Sulfur Dioxide and Its Impact on Human
Health
3.3.6.3 SO, Exposure Regulation
3.3.7 Lead and Impact on Human Health
3.3.7.1 Effect of Lead in Children and Adults
3.3.7.2 Effect of Lead in Pregnant Women
3.3.7.3 Preventive Measures for Lead Exposure
Toxicology of Air Pollution
3.4.1 Impact on Lungs and Heart
3.4.2 Impact on Brain
3.4.3 Air Pollution and Cancer

ix

50
50
50
51

51
51
52
52

52
54
54
54
54

55
55
55
55
55
56

56

57
57

57
58
58
59
60
60
61
61
62
63

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



x CONTENTS

3.5 Risk Factors and Preventive Measures Associated
with Health Damage Associated with Air Pollution
Indoor Air Pollution Prevention Control Strategies

3.6

3.7

3.6.1

Heating, Ventilation, and AC Systems (HVAC)

3.6.2 Air Filters and Air Purifiers

3.6.3 Standalone Air Purifiers

3.6.4 Ventilation and Air Conditioning Systems (VAC)
3.6.5 UV Air Purifier

3.6.6 lonizer Air Purifier

3.6.7 Activated Charcoal Air Purifier

3.6.8 Pulse Radio Wave Air Cleaners

Conclusion

Acknowledgement

Bibliography

4 Air Pollution: Health Impacts and Environmental Challenges
Ulfat Jan and Navida Akhter

Introduction

4.2 Toxicology of Air Pollution

4.1

4.3

4.2.1 Particle Pollutants

4.2.2 Ground-Level Ozone

4.2.3 Carbon Monoxide (CO)
4.2.4 Sulfur Dioxide (SO,)

4.2.5 Nitrogen Oxide (NO,)

4.2.6 Lead (Pb)

Conclusions and Recommendations
Acknowledgement

References

5 Natural and Anthropogenic Source of Air Pollution,
and Mechanism of Toxicity
Kaustav Dasgupta, Avik Banerjee and Shikha Kumari

Introduction

Overview of Sources

Global and Local Impacts

Types of Air Pollutants

Mechanisms of Impact on Human Health

5.1
5.2
53
54
5.5

5.5.1
552
5.5.3
554

Respiratory System

Cardiovascular System

Neurological Effects

Reproductive and Developmental Effects

65
66
66
66
67
67
68
68
68
68
69
69
70

73

74
75
76
76
77
78
78
78
79
79
79

81

82
83
84
86
91
93
94
97
98

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



5.6

5.7
5.8
59

5.5.5 Immune System and Cancer
Vulnerable Populations
5.6.1 Children and the Elderly

5.6.2 Pre-Existing Diseases or Health Conditions

5.6.3 Socio-Economic Conditions
Global Burden of Disease

Mitigation and Public Health Interventions
Conclusion

Acknowledgment

References

Recent Updates in Water Contaminants
Ananya Dave, Pratham Prasad and Shikha Kumari

6.1
6.2

6.3

6.4

6.5
6.6

6.7

Introduction

Overview of Water Contamination

6.2.1 Sources

6.2.2 Global and Local Impact

Types of Water Contaminants

6.3.1 Physical/Mechanical Contaminants
6.3.2 Chemical Contaminants

6.3.3 Pesticides and Herbicides

6.3.4 Pharmaceuticals and Personal Care Products (PPCPs)

6.3.5 Industrial Chemicals
6.3.6 Biological Contaminants
6.3.7 Radiological Contaminants

Health Risks Associated with Water Contaminants

6.4.1 Acute Health Effects
6.4.1.1 Gastrointestinal Illnesses
6.4.1.2 Acute Poisoning
6.4.2 Chronic Health Effects
6.4.2.1 Cancer
6.4.2.2 Neurological Disorders
6.4.3 Reproductive and Developmental Issues
6.4.4 Endocrine Disruption
Vulnerable Populations
Case Studies
6.6.1 Flint Water Crisis
6.6.2 Bangladesh Arsenic Contamination
6.6.3 Agricultural Runoff in the U.S. Midwest
6.6.4 Emerging Contaminants
Mitigation Strategies

xi

99
100
100
102
102
103
105
107
108
108

113

114
114
115
116
117
117
117
117
119
120
121
121
121
121
121
123
124
124
124
125
125
126
128
128
128
129
130
131

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



xii

CONTENTS

6.7.1 Water Treatment Technologies
6.7.2 Government Regulations
6.7.2.1 Safe Drinking Water Act
6.7.2.2 National Primary Drinking Water
Regulations
6.7.2.3 Health Advisories
6.7.3 'WHO Regulation and Guidelines
6.7.4 Public Health Interventions
6.7.4.1 Water Supply
6.7.4.2 Sanitation
6.7.4.3 Hygiene
6.8 Emerging Technologies
6.8.1 Nano-Based Materials for Water Purification
6.8.2 Point-of-Use (POU) Purification Systems
6.9 Conclusion
Acknowledgment
References

Sources of Water Contaminants: Toxic Impacts
and Remediation Approaches
Harshvadan Patel
7.1 Introduction
7.2 Types of Water Contaminants
7.2.1 Chemical Contaminants
7.2.1.1 Heavy Metals
7.2.1.2 Pesticides
7.2.1.3 Industrial Chemicals
7.2.1.4 Pharmaceuticals
7.2.2 Biological Contaminants
7.2.3 Physical Contaminants
7.2.4 Emerging Contaminants
7.3 Sources of Water Contamination
7.3.1 Natural Sources
7.3.1.1 Geological Leaching
7.3.1.2  Volcanic Activity
7.3.1.3 Weathering
7.3.2  Anthropogenic Sources
7.3.2.1 Industrial Discharges
7.3.2.2  Agricultural Runoff
7.3.2.3 Urban Wastewater
7.3.2.4 Mining Operations

131
132
132

133
133
133
134
135
135
136
138
139
140
142
142
143

145

146
147
147
147
148
148
148
148
150
150
152
152
152
152
152
153
153
153
153
153

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



7.4

7.5

7.6

7.7

CONTENTS

Pathways of Exposure
7.4.1 Direct Consumption
7.4.2 Dermal Contact
7.4.3 Bioaccumulation
Health Impacts of Water Contaminants
7.5.1 Heavy Metals
7.5.2 Biological Contaminants
7.5.3 Emerging Contaminants
Mitigation Strategies
7.6.1 Policy and Regulation
7.6.2 Technological Solutions
7.6.2.1 Advanced Water Treatment
7.6.2.2 Bioremediation
7.6.3 Community Participation
Conclusion
Acknowledgement
References

Soil Pollution: Sources of Pollution and Bioremediation
Pollutants from Contaminated Soil
Pooja Dhiman, Anita Rani and Ranjna Chauhan

8.1
8.2
8.3
8.4

8.5
8.6

Introduction
Sources of Soil Pollution
Effect of Soil Pollution on the Health of Human Beings
Soil Pollutant Remediation Techniques
8.4.1 In Situ Mitigation Techniques
8.4.1.1 Surface Capping
8.4.1.2 Encapsulation
8.4.1.3 Electrokinetic Extraction
8.4.1.4 Soil Flushing
8.4.1.5 Chemical Immobilization
8.4.1.6 Phytoremediations
8.4.1.7 Bioremediation
8.4.2 Ex Situ Remediation Techniques
8.4.2.1 Landfilling
8.4.2.2 Soil Washing
8.4.2.3 Solidification
8.4.2.4 Vitrification
Decision of Appropriate Remediation Strategy
Conclusion

xiii

155
155
155
155
156
156
156
156
157
157
157
157
158
158
158
159
159

163

164
165
169
169
169
169
175
176
176
177
179
179
180
180
181
182
183
184
191

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



xiv CONTENTS

Acknowledgment
References

9 Hazardous Health Impacts of Soil Pollution
Sujata Rathi and Deepak Kumar

10

9.1 Introduction
9.2 Soil: A Natural Ecosystem
9.3 Soil and Human Health
9.4 Main Threats to Soil Health and Their Deleterious Impacts
on Human Health
9.4.1 Deforestation
9.4.2 Heavy Metal Toxicity
9.4.3 Pesticides
9.44 Microplastic
9.5 Strategies and Practices for Healthy Soil for Healthy Human
9.6 Acknowledgement
References
Heavy Metals Contamination: Exposure and Remediation
Methods
Mamta Bisht, Manoj Shrivastava, Pooja L.R., Priyanka Meena
and Shemeem Shah
10.1 Introduction
10.2 Exposure of Heavy Metals

10.3

10.4
10.5

10.6

10.2.1 Heavy Metals in Food and Water
10.2.2 Heavy Metals in Cosmetics
Effect of Heavy Metals

10.3.1 Neurotoxicity

10.3.2  Carcinogenicity

10.3.3 Cardiovascular Toxicity

10.3.4 Genotoxicity

10.3.5 Immunological Toxicity
Mechanisms of Heavy Metal Toxicity
Strategies for Managing Heavy Metal Toxicity
10.5.1 Bioremediation

10.5.2 Biosorption

Conclusion

Acknowledgment

References

192
192

199

200
202
203

206
206
208
215
217
218
219
219

229

230
231
232
233
234
235
236
237
238
238
242
244
244
246
247
248
248

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



11

12

CONTENTS

Toxicity of Heavy Metals
Priyanka Yadav, Diksha Singh, Shivani Mishra, Kusum Yadav,
Ravi Yadav, Alok Das, Gyanendra Tripathi and Ashish
11.1 Introduction
11.2 Major Sources of the Heavy Metal Exposure
11.3 Common Heavy Metals Along with Their Toxicity
11.3.1 Arsenic
11.3.2 Lead
11.3.3 Cadmium
11.3.4 Mercury
11.3.5 Chromium
11.4 Health Effects of Heavy Metal Exposure
11.5 Conclusion
Acknowledgment
References

Silent Killers: The Impact of Heavy Metal Contamination
on Human Health
Rajni Lasyal and Brijesh Chauhan
12.1 Introduction
12.2  Sources of Heavy Metal Contamination
12.2.1 Natural Sources of Heavy Metal Contamination
12.2.2 Anthropogenic Sources of Heavy Metal
Contamination
12.2.3 Case Studies of Major Heavy Metal
Contamination Events
12.3 Pathways of Exposure
12.3.1 Environmental Pathways of Heavy Metal Exposure
12.3.2  Occupational Exposure in High-Risk Industries
12.4 Biological Impact on Human Health
12.4.1 Interaction of Heavy Metals with Biological
Systems
12.4.2  Cellular and Molecular Mechanisms
12.4.3 Acute and Chronic Health Effects
12.4.4 Vulnerable Populations
12.5 Detection and Monitoring
12.5.1 Environmental Monitoring
12.5.2 Biological Monitoring
12.6 Health Risk Assessment and Management
12.6.1 Risk Assessment Methods

XV

257

257
259
260
261
261
262
262
263
264
265
265
265

267

268
269
269

270

273
275
275
277
278

278
279
280
282
283
283
284
286
286

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



Xvi

13

14

CONTENTS

12.6.2 Strategies for Risk Management
12.7 Global Perspectives and Future Challenges
12.7.1 Global Distribution and Trends
12.7.2  Challenges in Addressing Heavy Metal
Contamination
12.7.3 'The Way Forward
12.8 Conclusion
12.9 Acknowledgment
References

Pesticides as Endocrine-Disrupting Chemicals: Effects
on Human Health and Environment
Ivan Aranha
13.1 Introduction
13.2  Pesticide Use in Agriculture
13.3 Impact of Pesticides on the Endocrine System
13.4 Reproductive Health Risks of Pesticides
13.5 Common Pesticide EDCs
13.6  Conclusions
Acknowledgments
References

Pesticide Contamination: Classification and Adverse Effects
on Human Health
Neeraj Kumar, Piyus K. Pathak, Girish C. Sharma,
Om Prakash, Rayeesh Ahmad Bhat and Arti Sharma
14.1 Introduction
14.2  History of Pesticides
14.3 Definition and Application of Pesticides
14.3.1 The Food and Agriculture Organization (FAO)
14.3.2  As Stated by WHO
14.4 Types or Classification of Pesticides
14.4.1 Classification Based on Toxicity
14.4.2 Classification Based on Target Pest
14.4.3 Pesticide Classification Based on Chemical
Composition
14.4.4 Classification on the Basis of Source of Origin
14.4.5 Mode of Action-Based Classification
14.4.6 Mode of Entry-Based Classification
14.5 Pesticide’s Adverse Effects on Human Health
14.6 Remedial Measures

289
291
291

293
294
295
296
296

301

302
304
306
308
310
312
313
313

317

318
319
321
321
321
322
323
324

324
324
325
326
327
329

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



15

16

CONTENTS

14.7 Conclusion
Acknowledgments
References

Pesticide Contamination in Soil and Water: Type of Pesticide,
Route of Expose, and Its Toxic Impacts
Priyanka Yadav, Diksha Singh, Shivani Mishra, Kusum Yadav,
Ravi Yadav, Alok Das, Gyanendra Tripathi, Ashish
and Alvina Farooqui
15.1 Introduction
15.2 Types of Pesticides
15.2.1 Herbicides
15.2.2 Insecticides
15.2.3 Fungicides
15.2.4 Rodenticides
15.3 Pesticide Application Methods
15.3.1 Hydraulic Sprayers
15.3.2 Backpack Sprayers
15.3.3 Basal Trunk Sprayers
15.3.4 Aerial Sprayers
154 Mechanisms of Pesticide Action
15.5 Exposure Pathways
15.6 Acute and Chronic Health Effects
15.7 Pesticide Regulation and Safety
15.8 Conclusion
Acknowledgement
References

Environmental Carcinogens and Cancer Risk
Santvana Tyagi, Brij Kishore Tiwari, Ali Akbar,
Vaishnavi Srivastava, Richa Saxena and Dipti Bharti
16.1 Introduction
16.2 Types of Carcinogens
16.2.1 Physical Carcinogens
16.2.2 Biological Carcinogens
16.2.3 Endogenous Carcinogens
16.2.4 Carcinogens in the Environment
16.3 Mechanism of Carcinogenesis
16.3.1 DNA Damage
16.3.1.1 Initiation
16.3.1.2 Progression

xvii

330
331
331

335

336
337
338
338
339
340
340
341
341
341
341
342
342
345
345
346
347
347

351

352
352
352
353
353
353
353
355
355
356

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



xviii CONTENTS

16.4 Polycyclic Aromatic Hydrocarbons (PAHs) 358

16.4.1 Nitroarenes 358

16.4.2 Particulate Matter (PM2.5) 358

16.4.3 Combined Effects of Carcinogens in Air Pollution 359

16.4.4 Polycyclic Aromatic Hydrocarbons (PAHs) 359

16.4.5 Nitroarenes 359

16.4.6 Particulate Matter (PM 2.5) 359

16.5 Water Pollution and Related Carcinogenic Hazards 361
16.5.1 Types of Contaminants and Associated Risks

Heavy Metals 361

16.5.2 Soil Contamination 362

16.5.3 Health Impacts of Environmental Carcinogens 365

16.6 Strategies for Prevention and Management 366

16.7 Conclusion 367

Acknowledgement 367

Bibliography 367

17 Nanomaterials: Environmental Presence and Health Effects 371
Misba Khan, Mariyam Rafi, Nisha Ali, Archana Vimal
and Reena Vishvakarma

Abbreviations 372
17.1 Introduction 372
17.2  Nanomaterials: Types and Properties 373
17.2.1 Classification Based on Dimensions 373

17.2.2 Categorization According to Chemical
Composition 374
17.2.3 Nanomaterial Classification Based on Origin 376
17.2.4 Fundamental Properties of Nanomaterials 376
17.2.4.1 Optical and Electronic Properties 376
17.2.4.2 Mechanical Properties 377
17.2.4.3 Magnetic Properties 377
17.2.4.4 Thermal Properties 377
17.2.4.5 Catalytic Reactivity 378
17.3 Environmental Presence and Fate of Nanomaterials 378
17.3.1 Sources of Nanomaterials in the Environment 380
17.3.1.1 Natural Nanomaterials 381
17.3.1.2 Incidental Nanomaterials 382
17.3.1.3 Engineered Nanomaterials 382
17.3.2 Fate and Transport in the Environment 383

17.3.2.1 Fate of ENMs in Wastewater Treatment 383

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



CONTENTS

17.3.2.2 Accumulation and Damaging Effect
on the Environment

17.3.2.3 Positive Effects on the Environment

17.3.2.4 Harmful Impact on the Environment

17.4 Toxic Effect of Nanomaterials on Human Health

17.5

17.6

17.4.1
17.4.2

17.4.3
17.4.4
17.4.5

Mechanism of Nanomaterials Toxicity
Factors Influencing Toxicity

17.4.2.1 Size of Nanoparticles

17.4.2.2  Shape of Nanoparticles

17.4.2.3 Functionalization of Nanoparticles
17.4.2.4 Exposure Period

17.4.2.5 Dosage of Nanoparticles

Cytotoxic Effect

Neurotoxic Effect

Disruptive Effect on Respiratory System

Regulatory Framework and Guidelines to Attenuate Toxic
Effects of Nanomaterials

17.5.1 Twenty-First Century Nanotechnology
and Development Act of 2003

17.5.2 Consolidated Appropriations Act of 2001

17.5.3  Steps to Regulate Nanotechnology

Conclusion

Acknowledgement

References

18 Toxicity Impacts of Heavy Metals and Potential
Bioremediation Techniques
Azad Yadav and Rajesh Dhankhar

18.1

18.2

18.3

Introduction

18.1.1 Occurrence of Heavy Metals
18.1.2 Characteristics of Heavy Metals
Toxicity of Heavy Metals

18.2.1 Hepatotoxicity

18.2.2 Neurotoxicity

18.2.3 Nephrotoxicity

18.2.4 Skin Toxicity

18.2.5 Carcinogenic Toxicity

18.2.6 Reproductive Toxicity

18.2.7 Genotoxicity
Bioremediation

18.3.1 Types of Bioremediation

Xix

385
385
386
386
387
388
388
389
389
389
390
390
391
391

395

396
396
396
397
398
398

407

408
409
411
413
413
413
415
415
416
417
418
419
420

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



XX

19

CONTENTS

18.3.1.1 In Situ Bioremediation
18.3.1.2 Ex Situ Bioremediation
18.3.2 Phytoremediation
18.3.3 Microbial Based Heavy Metal Remediation
18.4 Conclusion
Acknowledgments
References

Effect of Heavy Metal Pollution on Aquatic Microbiome
Khalid Umar Fakhri, Vani Sharma, Sugandh Kumar,
Bhavya Trivedi, Durdana Yasin, Shiwali Bisht, Beenish Mirza,
Syed Tauqeer Anwer, Ram Kumar Singh, Anil Kumar Mavi,
Farhan Jalees Ahmad and Moshahid Alam Rizvi
19.1 Introduction
19.2  Sources of Heavy Metals

19.2.1 The Toxic Effect of Heavy Metals on Aquatic

Microbes
19.3 Mechanism of Heavy Metals Detoxification by Micro-
Organisms
19.4 Factors Influencing Microbial Remediation of Heavy

Metals
19.4.1 Heavy Metals Impacting Human Health
19.4.2  Social Relationships, Isolation, and the Gut
Microbiome of Humans

19.4.3 The Gut Microbiome: A Delicate Balance
19.4.4 Social Relationships and the Gut Microbiome
19.4.5 Future Directions and Potential Interventions
19.4.6 Longitudinal and Interventional Studies

19.5 Microbial Sharing and Cohabitation
19.5.1 Relationship Closeness and Microbial Diversity
19.5.2 Social Isolation and the Gut Microbiome
19.5.3  Stress and Inflammation

19.6 Behavioral and Environmental Factors
19.6.1 The Gut-Brain Axis and Social Behavior
19.6.2 Microbial Influence on Social Behavior

19.7 Implications for Human Health
19.7.1 Inflammation and Immune Regulation
19.7.2  Metabolic and Neurological Implications

19.8 Personalized Approaches and Precision Microbiome
Modulation
19.8.1 Integrating Social and Biological Perspectives

420
421
422
424
426
426
426

435

436
438

441

443

446
446

449
449
449
449
450
450
450
450
451
451
451
451
452
452
452

452
453

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



19.9

19.10

19.11

19.12

19.13

19.14

19.15

CONTENTS

19.8.2 Neurotoxicity

19.8.3 Carcinogenicity

19.8.4 Kidney Damage

19.8.5 Cardiovascular Effects

19.8.6 Hematological Effects

19.8.7 Hepatotoxicity

19.8.8 Reproductive and Developmental Effects

19.8.9 Mechanisms of Toxicity

The Role of Microbiomes in Heavy Metal Toxicity Gut

Microbiome and Heavy Metal Absorption

19.9.1 Microbial Detoxification Mechanisms

Mitigation Strategies and Future Perspectives

Bioremediation and Phytoremediation

19.10.1 Probiotic Interventions

19.10.2 Regulatory Measures and Public Awareness

Global Perspectives on the Human Gut Microbiome

19.11.1 The Global Landscape of Gut Microbial Diversity

Daily and Seasonal Rhythms: The Dynamic Nature

of the Gut Microbiome

19.12.1 Ancient Origins and Co-Evolution: Tracing
the Roots of the Gut Microbiome

19.12.2 Global Implications and Future Directions

19.12.3 The Global Structure of the Gut Microbiome

19.12.4 Daily and Seasonal Rhythms in the Gut
Microbiome

19.12.5 Ancient Origins and Co-Evolution of the Gut
Microbiome

19.12.6 Implications for Human Health

The Gut-Brain Axis and Social Behavior

19.13.1 Future Directions and Potential Interventions

19.13.2 Gut Microbiome Alterations in COVID-19 Patients
19.13.2.1 Decreased Microbial Diversity
19.13.2.2 Increased Opportunistic Pathogens
19.13.2.3 Gut-Lung Axis and Respiratory

Dysfunction

Mechanisms Underlying Gut Microbiome Alterations

Immune System Dysregulation

19.14.1 Direct Viral Effects

19.14.2 Antibiotic Use

Implications for Patient Management and Recovery

19.15.1 Probiotics and Prebiotics

xxi

454
454
454
454
455
455
455
455

456
456

456
457
457
457
458

458

458
459
459

460

460
461
461
462
463
463
463

463

463
464
464
464
464

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



xxii

20

CONTENTS

19.16

19.17

19.15.2 Microbiota-Based Interventions

Long-Term Health Implications

19.16.1 Post-Acute COVID-19 Syndrome (PACS)
19.16.2 Chronic Inflammation and Immune Dysregulation
Future Research Directions

19.17.1 Understanding Microbial Risk Factors

19.17.2 Exploring the Gut Virome and Mycobiome

19.17.3 Developing Novel Therapeutics

Conclusion

Acknowledgments

References
Future Directions in Environmental Toxicology and Health
Research
Richa Gupta, Neeraj Choudhary, Meena Sorout, Richa Saxena
and Punita Jain
20.1 Introduction
20.2 Advances in Research Models

20.3

20.4

20.5
20.6
20.7
20.8
20.9

20.2.1 3D Cell Cultures

20.2.2 Organ-on-Chip

Technological Innovations in Environmental Health

Monitoring

20.3.1 AI-Driven Data Analytics and Machine Learning

20.3.2 Wearable Technologies for Real-Time Exposure
Monitoring

20.3.3 High-Throughput Screening and In Silico Models

20.3.4 Integration of Omics Technologies

Global Collaboration on Climate Change

and Environmental Toxicology

20.4.1 Exposure to Pollutants Due to Climate Change

20.4.2 Differential Impact on Vulnerable Groups

20.4.3 Transboundary Movement of Pollutants

20.4.4 Climate Change as a Multiplier of Environmental
Health Hazards

20.4.5 International Data Sharing and Research
Collaboration

Personalized Environmental Health

Risk Profile Adjustment

Building Targeted Interventions

Exploring the Exposome

Definition and Importance

465
465
465
465
466
466
466
466
466
467
467

477

478
479
479
480

481
481

482
482
484

485
485
486
486

487

487
488
488
489
490
491

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



20.10
20.11

20.12

CONTENTS

Integration of Genetic and Environmental Data
Significance of Collaboration

20.11.1 Interdisciplinary Collaboration

20.11.2 Public-Private Partnerships

20.11.3 International Collaboration

20.11.4 Policy Engagement

20.11.5 Community Involvement

Conclusion

Acknowledgment

Bibliography

About the Editors

Index

xxiii

492
494
494
494
495
495
495
497
498
498

503
505

0T

q eyewy,

‘OT/1opAw00 A3

Aq BrRWYy

0 PUE SWLB | 341 385 *[9202/70/60] U0 ARIGITBUIUO ABIIM * ALISHIAINN TvHOILNI -

35US01 SUOWILIOD SAER.I0 3IGE01IAdE B A POURAD .12 SBPILE WO 'S80 JO SN 103 ARIGIT BUIIUO /31 U0



Preface

The rapid progress of industrialization, urbanization, and technology over
the past century has elevated human life to unprecedented levels. However,
this transformation has also brought significant human and environmental
costs. This book, Environmental Toxicology and Human Health: Current
Challenges and Future Perspectives, addresses the environmental contam-
ination, understanding, and addressing the complex challenges posed by
environmental contamination to both human and ecosystem health. This
book also explores innovative, eco-friendly solutions.

The release of hazardous substances—including heavy metals, persistent
organic pollutants, industrial effluents, agricultural runoffs, and pharma-
ceutical residues—into the environment has led to widespread contamina-
tion of air, water, and soil. These pollutants pose significant risks not only
to ecosystem health but also to human populations, contributing to a range
of chronic and acute health conditions. The intricate relationship between
environmental pollutants and public health necessitates an interdisciplin-
ary and collaborative approach, integrating scientific research, technologi-
cal innovation, and policy development.

This book has been conceived to provide a comprehensive overview
of the key issues, emerging trends, and innovative strategies related to
environmental toxicology. It brings together contributions from leading
researchers, scientists, and practitioners working at the intersection of
environmental science, toxicology, microbiology, public health, and reme-
diation technologies.

The chapters presented in this volume cover a wide range of topics,
including the toxicological effects of heavy metals and emerging contam-
inants, advanced biosorption and bioremediation techniques, microbial
responses to pollutants, and the valorization of waste materials for sustain-
able environmental management. Particular emphasis is placed on recent
advances in green technologies, low-cost adsorbents, and microbial sys-
tems that offer promising solutions for the remediation of contaminated
environments.
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xxvi PREFACE

This book not only reflects the maturity and evolution of environ-
mental toxicology as a scientific discipline but also highlights the urgent
need for sustainable solutions to mitigate pollution and safeguard public
health. It is intended to serve as a valuable resource for researchers, stu-
dents, policy-makers, and environmental professionals who are striving
to understand and address the multifaceted challenges of environmental
contamination.

We believe that this volume will foster a deeper understanding of envi-
ronmental toxicology and stimulate future research and innovation aimed
at creating a cleaner, healthier, and more resilient world.

We extend our sincere gratitude to all contributing authors, editors,
reviewers, publishing team members, and supporters who have made this
book possible. Their dedication, insight, and collaborative spirit are the
foundation of this work.
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Summary

One important concept in the sphere of agricultural development is pesticides.
Consequently, the use of pesticides results in both acute and chronic toxicities in humans,
and their detrimental impacts on the environment along with human health continue to be
major concerns in the modern world. Therefore, there needs to be discussion about the
methods for applying pesticides, the routes via which they are exposed to them, and the
health hazards connected to their use. The health dangers posed by pesticide applications
and exposure in developing countries are among the primary concerns. In addition to being
physically exposed to pesticides through their work in agriculture and the home, along with
other industries, people were also exposed indirectly to them through environmental
media, for example, food, trash, and soil. The pesticides were administered to humans
orally, respiratorily, and topically. Humans who are indirectly or directly exposed to
pesticides may contract the effects of acute toxicity as well as chronic diseases.
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