


Series Editor: Richard Riegelman
ES

SE
N

T
IA

L 
P

U
B

LI
C

 H
EA

LT
H Environmental 

Health
Robert H. Friis, PhD
Emeritus Professor and Chair,  
Department of Health Science - California State University, Long Beach

Essentials of

THIRD
EDITION



World Headquarters 
Jones & Bartlett Learning 
5 Wall Street 
Burlington, MA 01803 
978-443-5000 
info@jblearning.com 
www.jblearning.com

Jones & Bartlett Learning books and products are available through most bookstores and online booksellers. To contact Jones & Bartlett 
Learning directly, call 800-832-0034, fax 978-443-8000, or visit our website, www.jblearning.com.

Substantial discounts on bulk quantities of Jones & Bartlett Learning publications are available to corporations, professional associations, 
and other qualifed organizations. For details and specifc discount information, contact the special sales department at Jones & Bartlett 
Learning via the above contact information or send an email to specialsales@jblearning.com.

Copyright © 2019 by Jones & Bartlett Learning, LLC, an Ascend Learning Company

All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in any form, electronic or mechanical, 
including photocopying, recording, or by any information storage and retrieval system, without written permission from the copyright owner.

Te content, statements, views, and opinions herein are the sole expression of the respective authors and not that of Jones & Bartlett 
Learning, LLC. Reference herein to any specifc commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not constitute or imply its endorsement or recommendation by Jones & Bartlett Learning, LLC and such reference shall 
not be used for advertising or product endorsement purposes. All trademarks displayed are the trademarks of the parties noted herein. 
Essentials of Environmental Health, Tird Edition is an independent publication and has not been authorized, sponsored, or otherwise 
approved by the owners of the trademarks or service marks referenced in this product.

Tere may be images in this book that feature models; these models do not necessarily endorse, represent, or participate in the activities 
represented in the images. Any screenshots in this product are for educational and instructive purposes only. Any individuals and scenarios 
featured in the case studies throughout this product may be real or fctitious, but are used for instructional purposes only.

13693-7

Production Credits
VP, Product Management: David D. Cella
Director of Product Management: Michael Brown
Product Specialist: Carter McAlister 
Production Manager: Carolyn Rogers Pershouse
Production Editor: Kelly Sylvester
Senior Marketing Manager: Sophie Fleck Teague
Marketing Communications Manager: Katie Hennessy
Production Services Manager: Colleen Lamy
Manufacturing and Inventory Control Supervisor: Amy Bacus

Composition: codeMantra U.S. LLC
Cover Design: Kristin E. Parker
Director of Rights & Media: Joanna Gallant 
Rights & Media Specialist: Wes DeShano
Media Development Editor: Shannon Sheehan
Cover Image (Title Page, Part Opener, Chapter Opener):  

© Jean-Luc Rivard/EyeEm/Getty Images
Printing and Binding: LSC Communications
Cover Printing: LSC Communications

Library of Congress Cataloging-in-Publication Data
Names: Friis, Robert H., author.
Title: Essentials of environmental health / Robert H. Friis.
Description: Tird edition. | Burlington, MA: Jones & Bartlett Learning, 
   [2019] | Includes bibliographical references and index.
Identifers: LCCN 2017058190 | ISBN 9781284123975 (paperback)
Subjects: LCSH: Environmental health.
Classifcation: LCC RA565 .F75 2019 | DDC 362.1—dc23
LC record available at https://lccn.loc.gov/2017058190

6048

Printed in the United States of America  
22  21  20  19  18     10  9  8  7  6  5  4  3  2  1



To C.A.F.





v

© Jean-Luc Rivard/EyeEm/Getty Images

Contents

Prologue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Acknowledgments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

About the Author . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii

Abbreviations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xix

PART I Background of the Field 1

Chapter 1  Introduction: The Environment  

At Risk . . . . . . . . . . . . . . . . . . . . . . . . . 3

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Progress and Challenges in Protecting Our 
Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Signifcance of the Environment for  
Human Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Population and the Environment  . . . . . . . . . . . . . . . . . . . 9
Defnitions Used in the Environmental  
Health Field  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16

Historical Background  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
Careers in the Environmental Health Field . . . . . . . . . .22
Conclusion and Overview of the Text . . . . . . . . . . . . . .26
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . . .26
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27

Chapter 2 Environmental Epidemiology . . . . . 29

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29
Research Topics for Environmental Epidemiology . .30
Defnition of Environmental Epidemiology . . . . . . . . .30
Contributions of Epidemiology to Environmental 
Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32

Brief History of Environmental Epidemiology . . . . . . .35

Strategies of Environmental Epidemiology . . . . . . . . .38
Causality in Epidemiologic Studies . . . . . . . . . . . . . . . . .43
Bias in Environmental Epidemiologic Studies . . . . . . .45
Limitations and Defciencies of Environmental 
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46

Summary of Characteristics, Weaknesses, and 
Strengths of Environmental Epidemiology . . . . . . .48

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . . .49
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49

Chapter 3 Environmental Toxicology . . . . . . . 51

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51
Toxicology, a Cornerstone of Environmental  
Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51

Description of Toxicology . . . . . . . . . . . . . . . . . . . . . . . . . .52
Terminology Used in the Field of Toxicology  . . . . . . .53
The Concept of a Dose and Related Terms . . . . . . . . .56
Factors that Afect Responses to a Toxic  
Chemical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58

Links Between Toxicology and Risk  
Assessment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . . .67
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68

Chapter 4  Environmental Policy and  

Regulation . . . . . . . . . . . . . . . . . . . . . 69

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69
The Role of Policy and Environmental  
Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Overview of the Environmental Policy Process . . . . .70
Risk Assessment and Policy Development . . . . . . . . . .76



vi Contents

Case Studies: Environmental Policies to Protect 
Human Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .78

Agencies Involved in the Adoption,  
Implementation, and Enforcement of 
Environmental Policies . . . . . . . . . . . . . . . . . . . . . . . . . . .82

Major US Environmental Health Laws . . . . . . . . . . . . . .87
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .91
 Study Questions and Exercises . . . . . . . . . . . . . . . . . . . . .92
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .92
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93

PART II  Agents of Environmental 

Disease 95

Chapter 5  Zoonotic and Vector-Borne  

Diseases . . . . . . . . . . . . . . . . . . . . . . . 97

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .97
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .97
Terminology Used in the Context of Zoonotic  
and Vector-Borne Diseases . . . . . . . . . . . . . . . . . . . . . . .97

Examples of Vector-Borne Diseases  . . . . . . . . . . . . . . . .99
Viral Hemorrhagic Fevers  . . . . . . . . . . . . . . . . . . . . . . . . 109
Arthropod-Borne Viral Diseases  
(Arboviral Diseases) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

Emerging and Reemerging Infectious  
Diseases/Emerging Zoonoses . . . . . . . . . . . . . . . . . . 112

Other Zoonotic Diseases . . . . . . . . . . . . . . . . . . . . . . . . . 118
Control and Prevention of Mosquito-Borne  
Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 125
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

Chapter 6 Toxic Metals and Elements  . . . . . . 129

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Signifcance of Heavy Metals for the Human 
Population  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

The CERCLA Priority List of Hazardous  
Substances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

Overview of Sources and Efects of Exposure to 
Metals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Toxic Heavy Metals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Essential Metals with Potential for Toxicity . . . . . . . . 147
Metals for Use in Medical Therapy . . . . . . . . . . . . . . . . 149
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 150
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

Chapter 7  Pesticides and Other 

Organic Chemicals  . . . . . . . . . . . . . 153

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
How Likely are We to be Exposed to Hazardous 
Chemicals? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

Chemicals Among the Top 20 in the ATSDR  
List of 275 Hazardous Substances . . . . . . . . . . . . . . 157

Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
Dioxins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Polychlorinated Biphenyls  . . . . . . . . . . . . . . . . . . . . . . . 170
Organic Solvents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
Chemicals Used in the Manufacture of  
Plastics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Cleaning and Household Products . . . . . . . . . . . . . . . 175
Environmental Estrogens . . . . . . . . . . . . . . . . . . . . . . . . 175
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 176
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

Chapter 8  Ionizing and Nonionizing  

Radiation . . . . . . . . . . . . . . . . . . . . . 181

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Some Preliminary Defnitions . . . . . . . . . . . . . . . . . . . . 181
Overview of Ionizing Radiation  . . . . . . . . . . . . . . . . . . 182
Types of Ionizing Radiation  . . . . . . . . . . . . . . . . . . . . . . 183
Measurement of Ionizing Radiation Dose  
Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

Health Efects of Exposure to Ionizing  
Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

Sources of Environmental Exposure to Ionizing 
Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

Medical Uses of Ionizing Radiation . . . . . . . . . . . . . . . 195
Nuclear Waste Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . 196



Contents vii

Nonionizing Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
Sources of Exposure to Nonionizing Radiation  . . . 197
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 205
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206

PART III  Applications of 

Environmental Health 209

Chapter 9 Water Quality  . . . . . . . . . . . . . . . . . 211

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Water Quality and Public Health  . . . . . . . . . . . . . . . . . 211
The Water Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Treatment of Water for Residential  
Consumption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

Drinking Water Contamination . . . . . . . . . . . . . . . . . . . 222
Beach and Coastal Pollution  . . . . . . . . . . . . . . . . . . . . . 232
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 238
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

Chapter 10 Air Quality . . . . . . . . . . . . . . . . . . . . 241

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Overview: Causes and Efects of Poor  
Air Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241

Notorious Air Pollution Episodes in  
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243

Sources and Causes of Air Pollution . . . . . . . . . . . . . . 245
Components of Air Pollution . . . . . . . . . . . . . . . . . . . . . 247
Air Quality Standards  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Health Efects of Air Pollution . . . . . . . . . . . . . . . . . . . . 255
Indoor Air Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Global Climate Change and Global Warming . . . . . 262
Controlling Air Pollution and Global Warming . . . . 266
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 268
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

Chapter 11 Food Safety . . . . . . . . . . . . . . . . . . 273

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
The Global Burden of Foodborne Illness . . . . . . . . . . 273
Categories of Food Hazards . . . . . . . . . . . . . . . . . . . . . . 276
Common Microbial Agents of Foodborne Illness . . . . 276
Bacterial Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Worms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Viral Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Other Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290
Chemically Related Foodborne Hazards  . . . . . . . . . 291
Regulation of Food Safety. . . . . . . . . . . . . . . . . . . . . . . . 298
Foodborne Disease Prevention  . . . . . . . . . . . . . . . . . . 302
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 307
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308

Chapter 12 Solid and Liquid Wastes . . . . . . . 311

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
Defnitions of Waste  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
Historical Background—Solid Waste Disposal . . . . 312
Components of the Municipal Solid  
Waste Stream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

Solid Waste Management . . . . . . . . . . . . . . . . . . . . . . . . 314
Disposal of Hazardous Materials and Wastes  . . . . . 321
Sewage Processing and Disposal. . . . . . . . . . . . . . . . . 324
Animal Wastes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 330
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331

Chapter 13 Occupational Health  . . . . . . . . . . 333

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Occupational Health Concepts  . . . . . . . . . . . . . . . . . . 333
Background and History . . . . . . . . . . . . . . . . . . . . . . . . . 334
Signifcance of the Occupational Environment  
for Health  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338

Overview of Agents of Occupational Disease  . . . . 340



viii Contents

Specifc Occupationally Associated Diseases  
and Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

Prevention of Occupational Disease . . . . . . . . . . . . . . 356
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 361
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362

Chapter 14  Injuries With a Focus 

on Unintentional Injuries 

and Deaths  . . . . . . . . . . . . . . . . . . 365

Learning Objectives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
The Signifcance of Injuries. . . . . . . . . . . . . . . . . . . . . . . 365

How Injuries are Classifed . . . . . . . . . . . . . . . . . . . . . . . 367
Unintentional Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . 370
Motor Vehicle Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Unintentional Injuries Among Children . . . . . . . . . . 377
Injuries Among the Elderly . . . . . . . . . . . . . . . . . . . . . . . 382
Schema for Injury Prevention . . . . . . . . . . . . . . . . . . . . 383
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
Study Questions and Exercises . . . . . . . . . . . . . . . . . . . 385
For Further Reading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395



ix

© Jean-Luc Rivard/EyeEm/Getty Images

Prologue

Dr. Robert Friis’ Essentials of Environmental Health 
was the frst text in the Essential Public Health Series. 
In the decade since the frst edition was published, the 
importance of environmental health has been brought 
to the world’s attention by crises and challenges rang-
ing from oil spills to climate change, and from lead in 
water to pandemic infuenza to Zika.

Te third edition of Essentials of Environmental 
Health builds upon the previous editions. It keeps up 
with the changes in environmental health to produce 
a state-of-the-art introductory text. Te third edition 
has been updated extensively to refect the rapidly 
changing context of the environmental health feld. 
Many new charts and fgures have been added. Exam-
ples of new topics in this edition are the following:

 ■ Healthy People 2020 environmental objectives
 ■ Expanded coverage of climate change
 ■ Current status of population growth
 ■ Mushroom poisoning
 ■ Cap-and-trade policies in California
 ■ Zika virus infection
 ■ Lead contamination of water supply in Flint, 

Michigan
 ■ Colony collapse disorder among honey bees
 ■ Fukushima Daiichi Nuclear Power Plant
 ■ Changing distribution of unintentional injury 

deaths

Dr. Friis also has produced a comprehensive set of 
ancillary materials accessible in the Navigate 2 Advan-
tage package that accompanies this text. Tese resources 
provide the most recent information to broaden stu-
dents’ knowledge of environmental health. Tey also 
provide faculty with resources to challenge students and 
deepen their understanding of environmental health.

Te Essential Public Health Series now includes 
over 20 books covering the full range of introductory 
texts. Dr. Friis has also authored Epidemiology 101 as 
part of the series. Epidemiology 101 is a core under-
graduate public health text and a key component of 
the “101” approach to undergraduate public health 
education that also includes Public Health 101 and 
Global Health 101. Essentials of Environmental Health 
has rapidly become a core text as well, key to a com-
prehensive curriculum in public health.

Dr. Friis brings to all his writing in environmen-
tal health and epidemiology a lifetime commitment 
to teaching, a personal connection to students as they 
begin their study of public health, and an impressive 
ability to clearly present complex subjects. I know that 
you will enjoy and beneft from this text.

Richard Riegelman, MD, MPH, PhD  
Series Editor—Essential Public Health
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Preface

When you follow the media, dramatic pictures 
and accounts of chemical spills, industrial 
fres, and other environmental disasters 

are not unusual. If you read the newspaper, surf the 
Internet, watch television, or merely observe what is 
happening around you, you will become aware of the 
environmental threats that are occurring on a world-
wide scale. Since the publication of the frst edition of 
Essentials of Environmental Health in 2007, our aware-
ness of how threats to the environment endanger the 
survival of all life on the planet has continued to grow.

Within the past decade, public debate about 
global warming—a controversial topic—has esca-
lated. Some worldwide climate changes such as 
extreme weather events have been attributed to global 
warming. Te devastation caused by the August 2005 
Hurricane Katrina in New Orleans was particularly 
moving. Other examples of extreme climate variations 
are increases in desertifcation in some parts of the 
world; at the same time, other areas such as Pakistan 
and China have experienced periodic massive food-
ing, for example, during the summer of 2010. In 2017, 
hurricanes devastated Puerto Rico and other Carib-
bean islands as well as Texas and Florida on the United 
States mainland.

As a consequence of the warming of the earth’s 
temperature, mountain glaciers, masses of ice in 
Greenland, and glaciers and sea ice in the Arctic and 
Antarctic regions have been melting. Everyone should 
be concerned about the potential impact of these 
dramatic trends and incidents on the global physical 
environment and the health and survival of the world’s 
population. At the same time, a hopeful attitude is 
warranted because of the progress that has been made 
in protecting environmental quality.

I have always been interested in the environment, 
especially the impact of rapid growth in California, my 
home state. During my lifetime, I have witnessed the 
conversion of pastoral northern California farmlands 
and orchards into densely populated urban zones with 
consequential environmental degradation. Although 
destruction of Brazilian rainforests is a focus of envi-
ronmental advocates, wide swaths of the redwood for-
ests of northern California and the wooded areas of 

the Pacifc Northwest also are impacted by deforesta-
tion and are in need of protection.

In addition to urbanization in my home state, 
rapid population growth has also been a global phe-
nomenon. In my travels over the past decades, I have 
observed this phenomenon in Mexico and some parts 
of Europe. One example is the transformation of small 
cities in Baja, California into booming metropolises. 
Another example is the residential and commercial 
development that now fll the open, snow-covered 
felds that I traipsed through as a student in western 
Germany on the way to language classes. Despite 
urban growth, German cities have adopted exemplary 
programs for urban planning and recycling solid 
wastes. Other northern European countries, such as 
Sweden, have implemented development policies that 
preserve open space and encourage citizens to use 
public transportation. Member states of the European 
Union have been leaders in the development of wind 
and solar power, alternative fuels such as biodiesel, 
and energy-saving technologies.

Increasing population and development pressures 
afect southern Europe as well. As a result of water 
overdraf, some European cities along the Mediter-
ranean have had salt water intrude into their public 
water supplies. When I frst traveled to Europe as a 
student, I was impressed with the fact that people 
used bottled water instead of tap water, and later I 
began to understand why—most of the time, the tap 
water simply was not as palatable as bottled water. 
Nowadays, however, it is also common for people in 
the United States to tote around bottles of “prestige 
water,” perhaps because of their fear of contaminants 
and microbes that may be present in the tap water. (In 
most cases, this fear is unwarranted because the qual-
ity of municipal tap water is highly regulated.)

Back in California, we now know that because of 
the introduction of toxic chemicals and pesticides, 
sewage contamination, and overfshing, our once 
abundant fsheries are declining and fshing must be 
limited. For example, it was once possible to con-
sume fresh abalone, but now this delicious crustacean 
is almost unavailable from the wild due to excessive 
human predation. Seafood lovers are advised not to 



xii Preface

consume certain species of fsh, which may be contam-
inated with mercury and other harmful substances.

During the spring and summer of 2010, a catastro-
phe at the Deepwater Horizon oil rig of the  Louisiana 
coast caused the largest marine oil spill up to that 
time—about 5 million barrels. Aside from the imme-
diate impact on wildlife and the fshing and tourism 
industries, the long-term environmental efects will 
require years to be ascertained. Tis catastrophe has 
called into question the safety of ofshore oil drilling 
operations and focused attention on the adverse envi-
ronmental consequences of oil extraction in general.

Still another concern is the impact of environ-
mental factors on the safety of the global food supply. 
During late summer 2010, millions of eggs produced 
in the midwestern United States and sold widely by 
supermarket chains were found to be contaminated 
with Salmonella bacteria. Inspection of the poultry 
farms revealed that chickens were raised in despica-
ble environmental conditions, which could contrib-
ute to the proliferation of Salmonella contamination. 
Within the past decade, other foodborne disease out-
breaks in the United States have been associated with 
tomatoes (Salmonella) as well as lettuce and ground 
beef (Escherichia coli). Noteworthy is the increasing 
internationalization of the world’s food supply—
adulterated and unsafe foodstufs produced in one 
country can be shipped globally and threaten all of 
humanity. An example is the melamine-contami-
nated baby formula manufactured in China.

Since 2010, environmental issues have contin-
ued to command our attention. Global political con-
ficts and war have been an impetus for migration to 
the European Union and North America. Migration 
impacts the environment and taxes the resources of 
host countries. Another continuing issue is the lack of 
clean water in many countries. Unsafe water provides 
an avenue for the transmission of cholera, amebiasis, 
and other deadly waterborne scourges. Ofen, many 
of the same countries that do not have reliable water 
supplies also lack sanitary toilet facilities. 

An ongoing environmental topic involves the 
safety of nuclear power plants. In 2011, an earthquake 
and tsunami caused a meltdown of the Fukushima 
Daiichi Nuclear Reactor in northern Japan and release 

of radioactive materials into the surrounding area. 
Tis event followed the earlier meltdowns of the reac-
tors at Tree Mile Island in Pennsylvania (1979) and 
Chernobyl, Ukraine (1986). 

Te picture is not entirely bleak, however; much 
progress has been made in informing the public about 
environmental health hazards and introducing regula-
tions and procedures for the control of these hazards. 
Notable are the use of unleaded fuels and catalytic 
converters in automobiles to control air pollution and 
lead contamination. Not only have important environ-
mental protections such as these been implemented 
in the United States, they also have been adopted by 
European countries and elsewhere. Global recognition 
of the adverse impacts of climate change has led the 
world community, especially countries that are heavy 
users of fossil fuels, to formulate and adopt protocols 
that aim to reduce emissions of greenhouse gases.

Another example of a successful environmen-
tal policy that is now enforced in many parts of the 
world is the regulation of smoking in alcohol-serving 
establishments. Tis policy originated as California’s 
Smokefree Bars Law, which controls occupational 
exposure to environmental tobacco smoke and also 
protects bar and restaurant patrons. At national and 
international levels, regulatory agencies conduct 
research and develop and enforce laws that control 
environmental health hazards. Although these eforts 
hold much promise for maintaining environmental 
quality, it must be kept in mind that policy and regu-
lation are strongly infuenced by the political process. 
Ofen economic considerations such as the need to 
maintain jobs and the prospect of increased taxation 
must be balanced against environmental protections.

Tis text addresses the important topics and meth-
odological approaches in the environmental health 
feld in order to provide a diversity of learners (from 
the beginning student to the experienced health pro-
fessional) with an overview of the feld. I believe that 
knowledge of environmental health issues can lead 
to an appreciation of humankind’s connection with 
the earth and the precarious balance between human 
activities and environmental resources.

Robert H. Friis, PhD
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Te purpose of this text is to inform the reader about 
the key areas of environmental health and instill aware-
ness about the crucial role of the environment in the 
health of the planet and all living creatures. Organized 
according to three major domains—background, 
environmental disease agents, and applications—the 
text begins with background material and “tools of 
the trade” (environmental epidemiology, environ-
mental toxicology, and environmental policy and 
regulation). Te text then covers specifc agents (e.g., 
microbial agents, toxic metals, pesticides, and ionizing 
and nonionizing radiation) of environmentally related 
diseases. Finally, applications and domains of envi-
ronmental health are addressed (water and air quality, 
food safety, waste disposal, occupational health, and 
injuries).

Tis work is intended for graduate and under-
graduate students who take environmental health 
courses in a variety of settings. Ofen, these courses 
are ofered by schools of public health and health sci-
ence departments. Te text can also be used in online 
courses and instruction in intensive courses ofered 
in a nontraditional format. Taking a nontechnical 
approach, the text should be accessible and interesting 
to students who have not had a great deal of previous 
introductory background, especially in the sciences. 
Nevertheless, the text should appeal to more advanced 
students as well. In order to generate interest in the 
subject matter, the author has included many exam-
ples and illustrations of environmental health issues. 
Text boxes throughout provide detailed information 
on selected topics. Other instructional aids are a list 
of learning objectives at the beginning of each chapter 
and study questions and exercises at the end. 

A summary of the content of each chapter follows. 
Part I: Background of the Field, includes Chapters 1 
through 4. Chapter 1 illustrates the role of environ-
mental health in contemporary society, presents 
examples from the history of environmental health, 
and delimits the scope of the environmental health 

feld; in addition, career opportunities are featured. 
Chapter 2 covers environmental epidemiology, one 
of the fundamental disciplines used in the study of 
environmental health. Te subject of Chapter 3 is 
environmental toxicology, which, along with environ-
mental epidemiology, is one of the key disciplines of 
the environmental health feld. Chapter 4 focuses on 
environmental policy and regulation. Sometimes this 
content is placed near the end of environmental health 
texts. Te author has elected to move it closer to the 
beginning because an appreciation of policy issues is 
crucial to the understanding of specifc domains of 
environmental health. In addition, Chapter 4 contains 
extensive coverage of major environmental regulatory 
agencies and major US environmental health laws. 
It is important to cover these topics early in the text 
because references to agencies and laws are made in 
the chapters that follow. Te reader may want to use 
this material for reference and consult it later while 
reading the remaining chapters. 

Te next group of chapters, Part II: Agents of 
Environmental Disease, Chapters 5 through 8, covers 
agents of environmental disease. Te respective topics 
are zoonotic and vector-borne diseases, toxic metals 
and elements, pesticides and other organic chemi-
cals, and ionizing and nonionizing radiation. Part III: 
Applications of Environmental Health, Chapters 9 
through 14 deals with applications of environmental 
health: water quality, air quality, food safety, solid and 
liquid wastes, occupational health, and injuries. 

Other components of the text are a glossary of 
key defnitions and a list of abbreviations. For addi-
tional information and learning aids that reinforce 
the didactic content of the text, the author recom-
mends that readers access the Navigate 2 Advantage 
Access online component. Some instructors enhance 
the learning experience by conducting feld visits to 
environmentally relevant sites in the community (e.g., 
the municipal water plant). Other means to support 
the course are the use of videos and online resources.

Introduction
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Abbreviations

Term  Definition
APHIS Animal and Plant Health Inspection 

Service (of USDA) 
AQI air quality index 
ATSDR Agency for Toxic Substances and Disease 

Registry 
BHA butylated hydroxyl anisole 
BHT butylated hydroxytoluene 
BLL blood lead level 
BLS Bureau of Labor Statistics 
BRI building-related illness 
BSE bovine spongiform encephalopathy 
CAA Clean Air Act 
CDC Centers for Disease Control and 

Prevention 
CERCLA  Comprehensive Environmental 

Response, Compensation, and Liability 
Act, 1980 

CFR case fatality rate 
CFSAN  Center for Food Safety and Applied 

Nutrition 
CHD coronary heart disease 
Ci  Curie 
CNS central nervous system 
CO carbon monoxide 
COHb carboxyhemoglobin 
COPD chronic obstructive pulmonary disease 
Cr (VI) hexavalent chromium 
CTS carpal tunnel syndrome 
CWP coal workers’ pneumoconiosis 
dB  decibel
DBPs disinfection byproducts (of water) 
DDT dichlorodiphenyltrichloroethane 
DES diethylstilbestrol 
DHF/DSS dengue hemorrhagic fever/dengue shock 

syndrome 
DHHS Department of Health and Human 

Services 
DNA deoxyribonucleic acid 
EBCLIS EMF and Breast Cancer on Long Island 

Study 
EDTA ethylenediaminetetraacetic acid 
EEA European Environment Agency 

EIA environmental impact assessment 
ELF extremely low frequency radiation 
EMF electromagnetic feld 
EPA U.S. Environmental Protection Agency 
ETS environmental tobacco smoke 
EU European Union 
FAO Food and Agricultural Organization  

(of United Nations) 
FDA Food and Drug Administration 
FEMA Federal Emergency Management Agency 
FIFRA Federal Insecticide, Fungicide, and 

Rodenticide Act, 1996 
FoodNet Foodborne Diseases Active Surveillance 

Network (of CDC) 
FSIS Food Safety and Inspection Service  

(of USDA) 
FWS Fish and Wildlife Service 
GM genetically modifed 
GRAS generally recognized as safe 
HACCP hazard analysis of critical control points 
HAV hepatitis A virus 
HBV hepatitis B virus 
HCV hepatitis C virus 
HIA health impact assessment 
HIV/AIDS human immunodefciency virus/

acquired immunodefciency syndrome 
HPS hantavirus pulmonary syndrome 
HSEES Hazardous Substances Emergency 

Events Surveillance (of ATSDR) 
HUS hemolytic uremic syndrome 
IARC International Agency for Research on 

Cancer 
LD50 lethal dose 50 
MIC methyl isocyanate 
MM malignant melanoma 
MSD musculoskeletal disorder
MSG monosodium glutamate 
MSHA Mine Safety and Health Administration 
MSW municipal solid waste 
NAAQS National Ambient Air Quality Standards 
NCHS National Center for Health Statistics 
NEPA National Environmental Policy Act, 1969 



xx Abbreviations

NIEHS National Institute of Environmental 
Health Sciences 

NIH National Institutes of Health 
NIOSH National Institute for Occupational 

Safety and Health 
NMSC non-melanoma skin cancer 
NOx nitrogen oxides 
NORA National Occupational Research Agenda 
NPL National Priorities List 
NRDC Natural Resources Defense Council 
NTOF National Traumatic Occupational 

Fatalities Surveillance System 
NTP National Toxicology Program 
O3 ozone 
OAQPS Ofce of Air Quality Planning and 

Standards (of EPA) 
OECD European Organization for Economic 

Cooperation and Development 
OPs organophosphates 
OR odds ratio 
OSCAR Osteoporosis with Cadmium as a Risk 

Factor [study] 
OSHA Occupational Safety and Health 

Administration 
PAHs polycyclic aromatic hydrocarbons 
PAYT pay-as-you-throw 
PCBs polychlorinated biphenyls 
PEP post-exposure prophylaxis 
PM particulate matter 
POPs persistent organic pollutants 
ppb parts per billion 
PPCPs pharmaceutical and personal care 

products 
PPE personal protective equipment 
ppm parts per million 

PSP paralytic shellfsh poison 
RCRA Resource Conservation and Recovery 

Act, 1976 
RDD radiological dispersal device 
RF radio frequency 
RMSF Rocky Mountain spotted fever
RR relative risk 
RVF Rif Valley fever 
SARA Superfund Amendments and 

Reauthorization Act 
SBS sick building syndrome 
SCE sister chromatid exchange 
SDWD Safe Drinking Water Act 
SI System International 
SMR standardized mortality ratio 
SO2 sulfur dioxide 
SPL sound pressure level 
TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin 
TCE trichloroethylene 
TFR total fertility rate 
TLV threshold limit value 
TSCA Toxic Substances Control Act, 1976 
UNEP United Nations Environment 

Programme 
USDA U.S. Department of Agriculture 
USGS United States Geological Survey 
USPHS U.S. Public Health Service 
UVR ultraviolet radiation 
vCJD Creutzfeldt-Jakob disease, new variant 
VHF viral hemorrhagic fever 
VOCs volatile organic compounds 
VSP Vessel Sanitation Program (operated  

by CDC) 
WHO World Health Organization 
WNV West Nile virus
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CHAPTER 1

Introduction:  
The Environment At Risk

LEARNING OBJECTIVES

By the end of this chapter the reader will be able to:

 ■ Describe how environmental health problems infuence our lives.
 ■ Discuss the potential impacts of population growth upon the environment.
 ■ State a defnition of the term environmental health.
 ■ List at least fve major events in the history of environmental health.
 ■ Summarize employment opportunities in the environmental health feld.

 ▸ Introduction

This chapter will illustrate how the environment 
impacts the health of people and survival of 
every living being on the planet. You will learn 

about key terms used in environmental health and the 
scope of the feld. Te focus will be on distinguishing 
features of the feld and the basic concepts, which are 
essential to this discipline. For example, one of these 
concepts is the relationship between world popula-
tion growth and the environment. Another concept 
relates to historically signifcant environmental events 
and how they infuenced the topics that are of cur-
rent importance to the environmental health feld. 
An additional topic involves employment classifca-
tions, career roles, and opportunities for environmen-
tal health workers. Te chapter will conclude with an 
overview of the textbook: the roles of environmental 

epidemiology and toxicology, policy aspects of 
environmental health, examples of environmentally 
related agents and diseases, and specifc content areas 
of environmental health such as air quality, water 
quality, food safety, and waste disposal.

▸ Progress and Challenges in 

Protecting Our Environment
Although much progress has been made in protecting 
our environment, many lingering challenges confront 
humanity. Maintaining environmental quality is a 
pressing task for the 21st century. Ofen achievements 
in environment quality are limited primarily to the 
developed world, which has the fnancial wherewithal 
to address environmental health.

By the end of this chapter the reader will be able to:

■ Describe how environmental health problems infuence our lives.
■ Discuss the potential impacts of population growth upon the environment.
■ State a defnition of the term environmental health.
■ List at least fve major events in the history of environmental health.
■ Summarize employment opportunities in the environmental health feld.
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Improvement in environmental quality is an of-
cial goal of the US government, as articulated in Healthy 
People 2020. Tis goal (number 8, Environmental 

Health) is formatted as follows: “Promote health for 
all through a healthy environment.”1 A list of environ-
mental objectives is shown in TABLE 1.1.

TABLE 1.1 Objectives for Healthy People 2020—Environmental Health Goal: Promote Health for  

All through a Healthy Environment

Outdoor Air Quality

EH-1 Reduce the number of days the Air Quality Index (AQI) exceeds 100, weighted by population and AQI.

EH-2 Increase use of alternative modes of transportation for work.

EH-3 Reduce air toxic emissions to decrease the risk of adverse health efects caused by mobile, area, and major sources 
of airborne toxics.

Water Quality

EH-4 Increase the proportion of persons served by community water systems who receive a supply of  
drinking water that meets the regulations of the Safe Drinking Water Act.

EH-5 Reduce waterborne disease outbreaks arising from water intended for drinking among persons served by 
community water systems.

EH-6 Reduce per capita domestic water withdrawals with respect to use and conservation. 

EH-7 Increase the proportion of days that beaches are open and safe for swimming.

Toxics and Waste

EH-8 Reduce blood lead levels in children.

EH-9 Minimize the risks to human health and the environment posed by hazardous sites.

EH-10 Reduce pesticide exposures that result in visits to a health care facility.

EH-11 Reduce the amount of toxic pollutants released into the environment. 

EH-12 Increase recycling of municipal solid waste.

Healthy Homes and Healthy Communities

EH-13 Reduce indoor allergen levels.

EH-14 Increase the proportion of homes with an operating radon mitigation system for persons living  
in homes at risk for radon exposure. 

EH-15 Increase the proportion of new single-family homes (SFH) constructed with radon-reducing features,  
especially in high-radon-potential areas.

EH-16 Increase the proportion of the Nation’s elementary, middle, and high schools that have ofcial school  
policies and engage in practices that promote a healthy and safe physical school environment.

EH-17 (Developmental) Increase the proportion of persons living in pre-1978 housing that has been  
tested for the presence of lead-based paint or related hazards.
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According to Healthy People 2020:

Humans interact with the environment con-
stantly. Tese interactions afect quality of life, 
years of healthy life lived, and health dispari-
ties…. Maintaining a healthy environment is 
central to increasing quality of life and years 
of healthy life. Globally, nearly 25 percent of 
all deaths and the total disease burden can 
be attributed to environmental factors. Envi-
ronmental factors are diverse and far reach-
ing.… Poor environmental quality has its 
greatest impact on people whose health status 
is already at risk. Terefore, environmental 
health must address the societal and environ-
mental factors that increase the likelihood of 
exposure and disease.1

Protecting the environment means creating a 
world in which the air is safe to breathe, the water is 
safe to drink, the land is arable and free from toxins, 
wastes are managed efectively, infectious diseases are 
kept at bay, and natural areas are preserved. FIGURE 1.1 
illustrates a beautifully maintained natural area in the 
United States. Crucial environmental dimensions also 
include the impacts of disasters, the built environ-
ment, and availability of nutritious foods.1

Te requirements of a growing world population 
need to be balanced against the demands for envi-
ronmental preservation. Although developed coun-
tries such as the United States have made substantial 
progress in clearing the air and reducing air pollution, 

signifcant challenges to the environment and human 
health remain. For example, among the current and 
persistent threats to the environment in the United 
States are the following: trash that fouls our beaches, 
hazardous wastes (including radioactive wastes) 
leaching from disposal sites, continuing episodes of air 
pollution, exposures to toxic chemicals, destruction of 
the land through deforestation, and global warming.

Te hallmarks of environmental degradation are not 
difcult to fnd: Warning signs posted on beaches advise 
bathers not to enter ocean water that is unsafe because 
of sewage contamination. In some areas of the United 
States, drinking water is threatened by toxic chemicals 

EH-18 Reduce the number of U.S. homes that are found to have lead-based paint or related hazards.

EH-19 Reduce the proportion of occupied housing units that have moderate or severe physical problems.

Infrastructure and Surveillance

EH-20 Reduce exposure to selected environmental chemicals in the population, as measured by blood and  
urine concentrations of the substances or their metabolites.

EH-21 Improve quality, utility, awareness, and use of existing information systems for environmental health.

EH-22 Increase the number of States, Territories, Tribes, and the District of Columbia that monitor diseases or  
conditions that can be caused by exposure to environmental hazards.

EH-23 Reduce the number of public schools located within 150 meters of major highways in the United States.

Global Environmental Health

EH-24 Reduce the global burden of disease due to poor water quality, sanitation, and insufcient hygiene.

Modifed from US Department of Health and Human Services. Ofce of Disease Prevention and Health Promotion. Healthy People 2020: Environmental Health. Available at:  

https://www.healthypeople.gov/2020/topics-objectives/topic/environmental-health/objectives. Accessed January 17, 2017.

FIGURE 1.1 A natural ecosystem in the United States. 
Maintaining environmental quality is a pressing task for the 
21st century.
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that are leaching from disposal sites. Too many facto-
ries continue to belch thick, black smoke or emit unseen 
pollutants. Avoidance of air pollution, which at best 
insults our aesthetic senses and at worst endangers our 
health, is ofen impossible. Society’s appetite for lumber 
and new housing to satisfy the burgeoning population 
has resulted in clear-cutting of forests and destruction of 
wildlife habitats in order to accommodate new habita-
tions for humans. Continued use of fossil fuels contrib-
utes to poor air quality and climate change.

Pollution and population growth, ofen associated 
with adverse economic circumstances, are closely con-
nected with environmental health. In his classic article, 
the late Professor Warren Winkelstein wrote that “the 
three P’s—pollution, population, and  poverty—are 
principal determinants of health worldwide. . . .”2(p932) 

Te three P’s are interrelated: Population growth is 
associated with poverty, and both poverty and popula-
tion growth are associated with pollution.

An example of the frst “P” is pollution from com-
bustion of fossil fuels (e.g., petroleum and coal), which 
disperses greenhouse gases along with other pollutants 
into the atmosphere. Tis process is believed to be a cause 
of global warming that in turn may have wide-ranging 
adverse efects. One such efect is to advance the range 
of disease-carrying insects, bringing them into new 
geographic areas; for example,  mosquito-borne diseases 
such as the West Nile virus and dengue fever may appear 
in areas that previously were free from these conditions. 
(Refer to the chapter on zoonotic and  vector-borne dis-
eases for more information.) Te second “P” is popula-
tion, which is growing exponentially in many parts of 
the world, especially the less-developed areas, and may 
result in a worldwide population of up to 10 to 12  billion 
people during the 21st century; the presence of so many 
people may exceed the carrying capacity (defned later 
in the chapter) of the earth by a factor of two. Te third 
“P,” poverty, is linked to population growth; poverty 
is one of the well-recognized determinants of adverse 
health outcomes. 

A recent environmentally related adverse health 
outcome may be attributed, at least in part, to one 
of the three P’s: population growth (which is associ-
ated with urban crowding). As a result of known and 
unknown environmental and other factors, threats to 
the human population periodically arise from infec-
tious disease agents. (Tis topic is discussed in the 
chapter on zoonotic and vector-borne diseases.) For 
example, infuenza viruses threaten the world’s pop-
ulation from time to time. Environmental factors that 
are likely to advance the spread of infuenza viruses 
include intensive animal husbandry practices needed 
to supply food to the world’s growing population. 
Tese practices create extremely crowded conditions 

among food animals coupled with their close residen-
tial proximity to humans. Ofen such farm animals are 
treated with antibiotics that contribute to the prolifer-
ation of antibiotic resistant strains of bacteria.

Several years ago, public health ofcials became 
concerned about the possible occurrence of a human 
pandemic of avian infuenza, caused by the avian infu-
enza A (H5N1) virus. Large outbreaks of avian infu-
enza occurred on poultry farms in Asia. Apparently, 
some transmission of the virus from birds to humans 
also occurred. Te disease (called bird fu) produces 
a severe human illness that has a high fatality rate. 
Health ofcials were concerned that the virus might 
mutate, enabling human-to-human transmission; if 
human-to-human transmission of the virus erupted, 
a pandemic might result. Contributing to the possible 
epidemic transmission of infuenza (and other com-
municable diseases) is the ability of human beings to 
travel rapidly from one area of the globe to another. 

An example of a global outbreak of infuenza was 
the pandemic caused by swine fu (H1N1 infuenza). 
In 2009, swine fu spread through North America to 
other parts of the globe. Te World Health Organization 
(WHO) declared a pandemic of infuenza was underway. 

Another example of a condition that threatens the 
human population as well as all life on earth is global 
climate change. EXHIBIT 1.1 presents a case study of 
global climate change. More information on this topic 
appears in the chapter on air quality. Refer to  FIGURE 1.2
for ways climate change threatens your health.  

FIGURE 1.2 Climate change threatens your health.
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 ▸ Signifcance of the 

Environment for Human Health
Te environment is intimately connected with human 
health, illness, and mortality. For example, although 
fgures on the role of environmental factors in global 
mortality vary considerably, the environment is 
undoubtedly a salient infuence on human deaths. 
Some estimates from the 1990s placed the toll of the 
world’s deaths caused by environmental factors at 
around 40%.3 World Health Organization data from 
2012 suggested that almost one-quarter of global 
deaths result from an unhealthy environment. Expo-
sures to potentially hazardous agents such as microbes, 
toxic chemicals and metals, pesticides, and ionizing 
radiation account for many of the forms of environ-
mentally associated morbidity (acute and chronic 
conditions, allergic responses, and disability) and mor-
tality that occur in today’s world. Tese environmen-
tally related determinants are believed to be important 

for the development of chronic diseases such as cancer, 
although most chronic diseases are thought to be the 
result of complex interactions between environmental 
and genetic factors.4 All human beings are afected in 
some way by exposure to environmental hazards asso-
ciated with lifestyle: at work, at home, during recre-
ation, or while traveling on the expressway. TABLE 1.2 
provides examples of the scope of disease burden asso-
ciated with exposure to environmental hazards.

Vulnerable Subgroups of the Population
Te elderly, persons with disabilities and chronic dis-
eases, pregnant women, and children are more likely 
to be afected by environmental hazards than are 
members of the general population. With respect to 
age, research from WHO underscored the diferen-
tial efects of environmental infuences across the life 
course.5 Age groups most likely to be impacted are chil-
dren younger than 5 years, children as old as 10 years 
to a lesser degree, and older adults from 50 to 75 years. 

Modifed and reproduced from Portier CJ, Thigpen TK, Carter SR, et al. A Human Perspective on Climate Change: A Report Outlining the Research Needs on the Human Health Efects of Climate 

Change. Research Triangle Park, NC: Environmental Health Perspectives/National Institute of Environmental Health Sciences; 2010; and World Health Organization. Climate change and health. June 

2016. Available at: http://www.who.int/mediacentre/factsheets/fs266/en/. Accessed March 22, 2017

EXHIBIT 1.1

Case Study: Climate Change: the Most Pressing Environmental Health Issue  
for the 21st Century

Two leading health bodies, a US governmental agency and a global health organization, have made the following 
declarations:

Climate change endangers human health, afecting all sectors of society, both domestically and globally. The environmental con-
sequences of climate change, both those already observed and those that are anticipated, such as sea-level rise, changes in pre-
cipitation resulting in fooding and drought, heat waves, more intense hurricanes and storms, and degraded air quality, will afect 
human health both directly and indirectly. Addressing the efects of climate change on human health is especially challenging 
because both the surrounding environment and the decisions that people make infuence health. For example, increases in the 
frequency and severity of regional heat waves—likely outcomes of climate change—have the potential to harm a lot of people.

—National Institute of Environmental Health Sciences

* * * * *

 ■ “Climate change afects the social and environmental determinants of health—clean air, safe drinking water, 
sufcient food and secure shelter.

 ■ Between 2030 and 2050, climate change is expected to cause approximately 250 000 additional deaths per year, 
from malnutrition, malaria, diarrhea, and heat stress.

 ■ The direct damage costs to health (i.e., excluding costs in health-determining sectors such as agriculture and water 
and sanitation), is estimated to be between US$ 2–4 billion/year by 2030.

 ■ Areas with weak health infrastructure—mostly in developing countries—will be the least able to cope without 
assistance to prepare and respond.

 ■ Reducing emissions of greenhouse gases through better transport, food, and energy-use choices can result in 
improved health, particularly through reduced air pollution.”

—World Health Organization
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TABLE 1.2 The Scope of Environmental Health Problems in the World and the United States

Children represent an especially vulnerable group with 
respect to exposure to hazardous materials, including 
pesticides and toxic chemicals. Teir immune systems 
and detoxifying organs are still developing and are not 
fully capable of responding to environmental toxins.6 
Children may be exposed more ofen than adults to 
toxic chemicals in the ambient outdoor air and in the 
soil because they spend more time outside.7,8

Environmental Health and the  

Developing World
Residents of developing countries sufer far more 
from problems associated with environmental degra-
dation than do those who live in developed countries; 
this observation holds true despite the fact that devel-
oped countries are highly industrialized and dissemi-
nate vast quantities of pollutants into the environment 
from industrial processes and motor vehicles. In com-
parison with developing countries, wealthy nations 
provide better access to medical care and are better 
able to fnance pollution controls.

In the developing world, the pursuit of natu-
ral resources has caused widespread deforestation 
of tropical rain forests and destruction of wild-
life habitat. Although these two issues have been 
the focus of much publicity, less widely publicized 

environmental hazards such as water contamination, 
air pollution, unsanitary food, and crowding take a 
steep toll in both morbidity and mortality in devel-
oping countries.9

One region of the world that at present confronts 
serious environmental threats is Asia. Many of the 
countries in this region are experiencing declines in 
the amount of forest land, unintentional conversion 
of arable land to desert, and rising levels of pollution. 
In order to meet the demands of the rapidly increasing 
populations of South Asia, rural farmers clear forests 
and cultivate land that erodes easily and eventually 
becomes useless for agriculture.10 Runof from the 
land contributes to water pollution. Te world’s most 
populous country, China, faces many challenging 
environmental problems including water shortages 
in the northwest; severe air pollution in major cities, 
such as Beijing; and increasing desertifcation.11

Environmental Risk Transition
Te term environmental risk transition has been 
used to characterize changes in environmental risks 
that happen as a consequence of economic devel-
opment in the less-developed regions of the world. 
Environmental risk transition is characterized by the 
following circumstances:

 ■ The World Health Organization (WHO) estimated that in 2012, approximately 12.6 million deaths across the globe 
(23% of all deaths) were linked to environmental sources.a

 ■ The US Environmental Protection Agency reported that in 2015, industry released 881 million pounds (400 million 
kilograms) of toxic chemicals into the air and water (690 million pounds [313 million kilograms] into the air and 
191 million pounds [87 million kilograms] into the water). On the positive side, a declining trend in the release of 
these chemicals occurred between 2005 and 2015.b

 ■ Elevated blood levels of lead continue to be an important problem in the United States, with children living in at 
least 4 million households that expose them to excessive amounts of lead.c

 ■ The number of people with asthma in the United States increased to 8% of the population in 2009; environmental 
factors such as tobacco smoke and air pollution are asthma triggers.d

 ■ “Strong evidence exists that industrial chemicals widely disseminated in the environment are important contributors 
to… the global, silent pandemic of neurodevelopmental toxicity.”e

 ■ “Using air quality standards established by WHO, experts have estimated that 1.3 billion of the world’s urban 
inhabitants breathe air that exceeds these quality standards.”f

 ■ Environmental factors are thought to contribute signifcantly to various forms of cancer, including cervical cancer, 
prostate cancer, and breast cancer.

Data from:
aPrüss-Üstün A, Wolf J, Corvalan CF, et al. Preventing disease through healthy environments. Geneva, Switzerland: World Health Organization; 2016.
bUS Environmental Protection Agency. Introduction to the 2015 TRI national analysis. Available at: https://www.epa.gov/sites/production/fles/2017-01/documents/tri_na_2015_complete_

english.pdf. Accessed June 29, 2017.
cCenters for Disease Control and Prevention. Lead home page. Available at: https://www.cdc.gov/nceh/lead. Accessed June 30, 2017.
dCenters for Disease Control and Prevention. Vital signs. Asthma in the US. Available at: https:// www.cdc.gov/vitalsigns/asthma/index.html. Accessed June 30, 2017.
eGrandjean P, Landrigan PJ. Neurobehavioural efects of developmental toxicity. Lancet Neurol. 2014;13(3):330-338.
fButterfeld PG. Upstream refections on environmental health: An abbreviated history and framework for action. Advances in Nursing Science. 2002;25:34.
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In the poorest societies, household risks 
caused by poor food, air, and water qual-
ity tend to dominate. Te major risks exist-
ing in developing countries today are of this 
type— diarrhea is attributable to poor water/ 
sanitation/hygiene, acute respiratory diseases 
to poor housing and indoor air pollution from 
poor quality household fuels, and malaria to 
poor housing quality, although all are of course 
infuenced by other factors as well (malnu-
trition in particular). . . . As these problems 
are brought under control, a new set tends 
to be created at the regional and global level 
through long-term and long-range pollutants, 
such as acid rain precursors, ozone-depleting 
chemicals, and greenhouse gases.12(p38)

 ▸ Population and the 

Environment
Currently increasing at a geometric rate, the human 
population threatens to overwhelm available 
resources; some areas of the world face periodic food 
scarcity and famine. A number of factors have con-
tributed to population growth, including increases in 
fertility and reductions in mortality. One of the conse-
quences of population growth has been to encourage 
the conversion of large rural and forested areas of the 
earth into cities. Urbanization is linked to numerous 
adverse implications for the health of populations, 
including increasing rates of morbidity and mortality. 
Refer to the following text box, which discusses the 
consequences of continued population growth. 

Population Growth Trends
Te human population has grown exponentially over 
the past 200 years and reached 6 billion in June 1999.14 
By 2017, this number reached 7.5 billion. Te current 
trend is for world population growth to continue at a 
high rate, as noted in the following passage:

Every day we share the earth and its resources 
with 250,000 more people than the day before. 
Every year there are another 90 million 
mouths to feed. Tat is the equivalent of add-
ing a city the size of Philadelphia to the world 
population every week; a Los Angeles every 
two weeks; a Mexico every year; and a United 
States and Canada every three years.15(p30)

FIGURE  1.3 characterizes this burgeoning growth for 
a single year—2002. During that year the world pop-
ulation increased by 2⅓ persons per second, or 141 
persons per minute. Tis annual growth rate would 
be equivalent to a Boeing 737 jetliner carrying a new 
group of 141 passengers each minute.

HOMO SAPIENS—A SUICIDAL SPECIES?

Largely as a result of human action, profound changes 
are occurring in our environment. . . . The basic cause 
of almost all of these problems is the world’s large and 
growing human population, which consumes so much 
energy and produces such large quantities of toxic 
wastes. . . . Environmental changes, if accompanied 
by economic and political instability, could lead to 
the collapse of organized health services. In an era of 
scarcities of food, water, and other resources, and of a 
threat to survival, priorities should be reassessed.13(pp121,123)

FIGURE 1.3 Net additions to the world: 2002. In 2002, the world gained 21/3 people per second.
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Modifed from US Census Bureau. International Population Reports WP/02. Global Population Profle: 2002. Washington, DC: US Government Printing Ofce; 2004:14. 



From the origin of the species Homo sapiens (assumed 
to be about 250,000 years ago) to ce 1800, the population 
of the world grew by 1 billion individuals.16 From 1800 to 
1922 (122 years), the population added another 1  billion 
persons. Since 1922, the population has increased at a 
phenomenal rate: Another billion persons were added 
afer 37 years, 15 years, and 13 years, respectively. Only 
12 years elapsed before an additional billion persons were 
added between 1987 and 1999. See FIGURE 1.4. 

Another perspective on population growth is the 
time that it takes for the population to double. From 
1931 to 1974 (a 43-year interval), the earth’s popula-
tion doubled; it is projected to double again during 
approximately the same interval (1974 to 2018).17 Esti-
mates suggest that the world’s population will reach 
8 billion persons between the years 2018 and 2028.

In 1950, the world’s fve most populous coun-
tries were China, India, the United States, Russia, and 
Japan; at the turn of the 21st century, Russia and Japan 
were replaced by Indonesia and Brazil. In 2050, India 
will become the world’s most populous country; China 
will fall to second place, the United States will remain 
in third place, Indonesia will be in fourth place, and 
Brazil will be replaced by Nigeria.

Around the 1960s, annual rates of population increase 
topped out at slightly more than 2% (an 81  million abso-
lute increase annually since the 1980s).18 Demographers 
project that the human population eventually may 

stabilize at a size—about 10  billion persons—that is about 
three quarters larger than it was around 2000.

Population Dynamics
Te term population dynamics refers to the 
ever-changing interrelationships among the set of vari-
ables that infuence the demographic makeup of popu-
lations as well as the variables that infuence the growth 
and decline of population sizes. Among the factors that 
relate to the size as well as the age and sex composition 
of populations are fertility, death rates, and migration.

Fertility
One of the measures of fertility is the completed 
 fertility rate (total fertility rate), which is the  
“[n]umber of children a woman has given birth to when 
she completes childbearing.”19(p2) In the United States, 
the completed fertility rate in 2012 was around 2.0 
 children per woman;19 the natural population replace-
ment rate is estimated to be around 2.1. (See the break-
ing news box about the decline in fertility). 

During the baby boom era at the end of the 1950s, 
the US fertility rate exceeded 3.5 births per woman. 
Presently, western European countries have low fertility 
rates; also, the rates are declining in most regions of the 
developing world.20 Te United States, Canada, Japan, 
South Korea, Tailand, China, and many countries in 

FIGURE 1.4 Time to successive billions in world population: 1800 to 2050.
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Europe are at or below the replacement rate for fertil-
ity. Despite the declines in fertility rates in some Asian 
countries to levels approaching replacement rates, the 

populations in these countries will continue to increase 
because of births among the large cohort of persons of 
childbearing age who were born when fertility rates 
were high. Tose individuals form a substantial pro-
portion of the population in China and other rapidly 
industrializing countries. However, the overall trend is 
for the world’s population to age and be composed of 
increasing numbers of older individuals.

In comparison with the developed world, the fer-
tility rates are considerably higher (at about 4.0 births 
per woman) in many Asian countries, Latin American 
countries, and African countries. In the future, their 
relatively higher fertility rates will enable these regions 
of the developing world to claim the largest popula-
tion sizes. (See FIGURE 1.5.) 

BREAKING NEWS:

“The US fertility rate fell [in 2016] to the lowest point 
since record keeping started more than a century 
ago, according to statistics released by the Centers 
for Disease Control and Prevention.” (CNN, August 11, 
2016). The general fertility rate (total number of births 
per 1,000 women aged 15–14) declined to 62.0 in the 
fourth quarter of 2016. In comparison, the general 
fertility rate was 118.0 in 1960.

FIGURE 1.5 Regional distribution of global population: 1950, 2002, and 2050.
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Mortality
Mortality has declined markedly over time in both 
industrialized and less-developed countries. Adult 
mortality and infant and child mortality have demon-
strated downward trends. Declining mortality in the 
developed world began approximately 200 years ago; in 
the developing world, substantial declines in mortality 
have occurred more recently during the past 50 years or 
so. Te reduction in mortality has been accomplished 
through measures that have included public health 
improvements, famine control, and increased availabil-
ity of drugs and vaccines. Some additional terms related 
to mortality are burden of disease, life expectancy, and 
disability-adjusted life years. (Refer to the text box.) 

Migration
Migration has continued to feed global population 
growth; more than 1 billion of the world’s residents 
are migrants. Census estimates indicate that by the 
year 2050, the US population will grow by another 
100 million and that about one-third of this growth 
will be from migration. Persons who migrate tend to 
cluster in a limited group of 10 countries. In 2015, 
the three leading countries for receiving international 
migrants were the United States, Germany, and the 
Russian Federation.21 Reasons for migration include 
the search for economic betterment; a large pro-
portion of those who relocate are migrant workers. 
Forced migration (forcible displacement of persons) 
is a means of escaping from persecution for religious 
and political reasons and to obtain relief from unsta-
ble conditions in one’s home country. Toward the con-
clusion of 2015, more than 65 million persons were 

displaced. Many were refugees from Syria, Afghani-
stan, and Somalia.21

Demographic Transition
Demographic transition is the alteration over time 
in a population’s fertility, mortality, and makeup.14 
(Note that demographic transition theory does not 
include the efects of migration upon the age and sex 
composition of a population.) According to the demo-
graphic transition theory, developed societies have 
progressed through three stages that have afected 
their age and sex distributions.

Te three phases can be demonstrated by hypo-
thetical population pyramids, which are graphs that 
show the distribution of a population according to 
age and sex. Examples of the population pyramids at 
stages 1 through 3 are shown in FIGURE 1.6. Stage 1 
characterizes a population at the frst stage of demo-
graphic transition when most of the population is 
young and fertility and mortality rates are high; over-
all, the population remains small. Stage 2 shows a drop 
in mortality rates that occurs during the demographic 
transition; at this stage fertility rates remain high, and 
there is a rapid increase in population, particularly 
among the younger age groups. In comparison with 
the narrow triangular shape of the population distri-
bution at stage 1, this population pyramid also is tri-
angular in shape but has a wider base. Stage 3 refects 
dropping fertility rates that cause a more even distri-
bution of the population according to age and sex.

Epidemiologic Transition
Te term epidemiologic transition is used to 
describe a shif in the pattern of morbidity and mor-
tality from causes related primarily to infectious and 
communicable diseases to causes associated with 
chronic, degenerative diseases. Te epidemiologic 
transition accompanies the demographic transition. 
Te epidemiologic transition already has taken place 
in the populations of most developed countries (a pro-
cess that required approximately one century) but has 
not occurred yet in many developing countries.

One refection of the epidemiologic transition 
is the growing burden of chronic, degenerative dis-
eases, especially in developed countries and to a lesser 
extent in developing countries, as a consequence of 
population aging. Chronic, degenerative diseases 
include cardiovascular diseases, cancer, neuropsy-
chiatric conditions, and injuries; these conditions are 
becoming the major causes of disability and prema-
ture death in many nations. Nevertheless, in develop-
ing countries communicable and infectious diseases 
remain the leading causes of morbidity and mortality.

Porta M, ed. A Dictionary of Epidemiology. 6th ed. New York, NY: Oxford University Press; 2014.

MORTALITY TERMS

Burden of disease is defned as “[t]he impact of 
disease in a population. An approach to the analysis 
of health problems, including loss of healthy years of 
life.” One measure of the burden of disease is disability-
adjusted life years (DALYs).

Life expectancy (expectation of life) refers to “[t]he 
average number of years an individual is expected to live if 
current mortality rates continue to apply.” Life expectancy at 
birth is the “[a]verage number of years a newborn baby can 
be expected to live if current mortality trends continue.” 

Disability-adjusted life years (DALYs) refer to 
“adjustment of life expectancy to allow for long-term 
disability as estimated from ofcial statistics.” “A DALY 
lost is a measure of the burden of disease on a defned 
population.”
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Consequences of Population Increases
Rapid growth of the world’s population contributes to 
the deterioration of the environment through wide-
spread depletion of natural resources and by causing 
the levels of air, water, and other forms of pollution 
to increase. Also, the resources available per person 
decrease as the total number of individuals on the 
planet continues to increase geometrically. Conse-
quently, population growth is a determinant of the 
number of persons who live in poverty. In already 
crowded regions, an even larger population means that 
the size of most people’s living spaces must decline and 
population density must increase. Population density 
and associated urban crowding are dimensions of envi-
ronmental degradation associated with increases in the 
spread of infectious and communicable diseases.

Unless signifcant technological innovations can 
be introduced, merely feeding the world’s hungry pop-
ulation will become problematic. Many developing 
countries, where population growth rates are among 
the highest in the world, are reaching the limit of their 
abilities to provide for the economic and social needs of 
their citizens. Te United Nations Secretariat states that:

…excessive population pressure in specifc 
geographical areas can pose serious ecological 
hazards, including soil erosion, desertifcation, 
dwindling supplies of frewood, deforestation 

and the degradation of sources of fresh water. 
Ofen the link between  population pressure 
and those types of environmental stress is the 
growth in the relative and absolute number of 
persons living in poverty. Te result is margin-
alization of small-scale farmers and pressure 
on larger numbers to migrate from distressed 
areas. In many cases the result is also the preva-
lence of environmentally related diseases.22(p32)

Te efects of rapid growth of the world’s popula-
tion include:

 ■ Urbanization
 ■ Overtaxing carrying capacity (defned later in this 

chapter)
 ■ Food insecurity
 ■ Loss of biodiversity

Urbanization and the Environment
Te past two centuries have seen a rapid increase in 
the number of cities over the entire globe.23 Te pro-
portion of urban residents has increased from about 
5% in 1800 to 50% in 2000 and is expected to reach 
about 66% by 2030.22 FIGURE 1.7 illustrates the growth 
of the world’s urban population between 1975 and 
2015 for low- and middle-income countries in com-
parison with high-income countries. Although the 
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FIGURE 1.6 The demographic transition in three stages of age and sex composition: stage 1 (left), stage 2 (middle), and stage 3 (right).
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proportion of urban residents has increased in both 
categories, a relatively larger growth in the num-
ber of urban residents is projected to occur among 
low-income countries. Tis trend is apparent in the 
fgure and is forecast to continue into the future. 
On average, the total urban population will grow 
by 1.84% annually between 2015 and 2020. (See 
Figure 1.7.) 

Te factors that lead to urbanization include indus-
trialization, availability of food, employment opportu-
nities, lifestyle considerations, and escape from political 
confict.23 Tied to increases in urbanization are numer-
ous adverse health impacts, particularly in developing 
countries. Among the most important causes of mor-
bidity and early death in urban environments of devel-
oping countries are environmentally related diseases 
and accidents.24 According to McMichael:

Large cities in the least developed countries 
typically combine the traditional environ-
mental health problems of poverty, particu-
larly respiratory and enteric infections, with 
those of poor quality housing and unregu-
lated industrialization. Residents therefore are 
ofen at risk from diseases and injuries asso-
ciated with poor sanitation, unsafe drinking 
water, dangerous roads, polluted air, indoor 
air pollution and toxic wastes.23(p1119)

Te following text box lists hazards associated 
with the urban environment. 

Megacities
Te term megacity denotes an urbanized area that 
has 10 million or more inhabitants; in 2016, there were 
31 megacities that contained slightly more than 6.8% 
of the world’s population.25 Examples of megacities 
and their respective 2016 populations (in millions) 
are Tokyo (38.1), Shanghai (24.5), Mumbai (for-
merly known as Bombay; 21.4), Sao Paulo (21.3), and 
 Mexico City (21.2). Te two megacities in the United 
States are New York (18.6) and Los Angeles (12.3). 

Modifed and reproduced with permission from Satterthwaite D. The impact on health of urban environments. Environ Urban. 1993;5:88.

HAZARDS TO HEALTH WITHIN THE URBAN ENVIRONMENT

1. Biological pathogens or pollutants within the human environment that impair human health—including 
pathogenic agents and their vectors (and reservoirs); for instance, the many pathogenic microorganisms 
in human excreta, airborne pathogens (for instance, those responsible for acute respiratory infections and 
tuberculosis), and disease vectors such as malaria-carrying (Anopheline) mosquitoes

2. Chemical pollutants within the human environment, including those added to the environment by human 
activities (e.g., industrial wastes) and chemical agents present in the environment independent of human activities

3. The availability, cost, and quality of natural resources on which human health depends—for instance, food, 
water, and fuel

4. Physical hazards (e.g., high risks of fooding in houses and settlements built on foodplains or of mud slides or 
landslides for houses on slopes)

5. Aspects of the built environment with negative consequences on physical or psychosocial health (e.g., overcrowding, 
inadequate protection against noise, inadequate provision of infrastructure, services, and common areas)

6. Natural resource degradation (e.g., of soil and water quality) caused by wastes from city-based producers or 
consumers that impacts on the health/livelihoods of some urban dwellers

7. National/global environmental degradation with more indirect but long-term infuences on human health

FIGURE 1.7 Urban population by country income level, 
1975-2015 (1.84% total annual urban population growth 
between 2015 and 2020).
Reproduced from World Health Organization. Urban population growth. Available at: http://who.int 

/gho/urban_health/situation_trends/urban_population_growth/en/index1.html. Accessed  

July 2, 2017.
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Megacities have major infuences upon the environ-
ment in a number of ways (e.g., demands for energy, 
potable water, construction materials, food, sewage 
processing, and solid waste disposal). FIGURE 1.8 shows 
street life in a crowded megacity. 

Carrying Capacity
Carrying capacity is “[t]he maximum number of 
individuals that can be supported sustainably by a 
given environment.”26 Both human and nonhuman 
populations may be threatened with disastrous conse-
quences when available resources are exhausted. “Like 
a bacterial colony in a culture medium, we are suscep-
tible to depletion of nutriments and to poisoning by 
our own waste products.”15(p123)

Animal Populations
In the animal kingdom, the carrying capacity of an envi-
ronment governs population size. In nature, the factors 
of food availability, reproductive behavior, and infec-
tious diseases tend to keep animal populations in check. 
An example of an animal population kept in check by 
food availability follows: Te U.S. Coast Guard shipped 
29 reindeer to St. Matthew Island in the Bering Sea 
during the World War II era.26 Te deer were intended 
as a source of meat for personnel on the island; however, 
no deer were ever culled and all 29 remained when the 
war ended. An abundance of deer fodder was available 
on the island. By the early 1960s, the original deer pop-
ulation had swelled to 6,000 animals. Soon aferward, as 
a result of overgrazing and depletion of food sources for 
the deer, the  population—having declined to fewer than 
50 animals in 1966—faced extinction. 

In a given area, the growth of animal populations 
appears to be sequenced according to the following 
characteristic patterns:

“Logistic growth, responding to immediate nega-
tive feedback, as carrying capacity is approached
Domed or capped growth, responding to deferred 
negative feedback but necessitating a period of 
excess mortality
Irruptive growth, with a chaotic post-crash 
pattern.”18(p978)

Human Populations
Te factors that lead to the crash of animal popula-
tions are similar to those that could threaten the sur-
vival of the human race. Human life is not possible 
without adequate food, breathable air, and safe water. 
Agricultural land must continue to be arable. Tere 
needs to be a diversity of plant and animal species. 
If these components of the human life support sys-
tem are disrupted by overpopulation of the planet, 
the species Homo sapiens could sufer a population 
crash. Tis outcome would be in line with Malthusian 
predictions.

In 1798, Tomas Malthus authored First Essay 
on Population, which theorized that the human pop-
ulation had the potential to grow exponentially.16 
According to this scenario, the population could out-
strip available resources. Malthus suggested that “pos-
itive checks” for excessive population growth rates 
were epidemics of disease, starvation, and population 
reduction through warfare. Te growth of the popu-
lation could be constrained also through “preventive 
checks” such as not allowing people to marry.

Endangerment of the human population through 
ecological damage is not far fetched: Previous history 
has recorded incidents of decimation and collapse of 
civilizations that were associated with disruption of the 
environment. It is believed that approximately 5,000 
years ago, Mesopotamia, a renowned ancient civiliza-
tion, declined as a result of agricultural practices that 
caused soil erosion, buildup of salt in the soil, and the 
flling of irrigation channels with silt.27 During medi-
eval times, crowded cities of Europe were devastated 
by plague and other infectious diseases. In the interval 
between the 13th and 16th centuries, global tempera-
tures declined by approximately 1°C (1.8°F), contrib-
uting to the decimation of societies that were located 
in the far north (e.g., Viking settlements in Greenland).

Food Insecurity and Famine
Te term food insecurity refers to a situation in 
which supplies of wholesome foods are uncertain or 
may have limited availability. Food insecurity and 
famine may occur when the carrying capacity in a 

FIGURE 1.8 Street scene in a crowded megacity (Mexico City).
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particular geographic area is exceeded. An illustration 
of the efect of exceeding the carrying capacity in a 
local geographic area is the occurrence of a local sub-
sistence crisis, which follows when the ability of land 
and available water to produce food are overtaxed.18 
In theory, low nutritional levels that accompany local 
subsistence crises may cause population mortality 
to increase so that mortality is brought into balance 
with fertility, stabilizing the population size. Period-
ically, food insecurity is a reality in some developing 
regions. For example, food insecurity endangers as 
much as one-third of Africa, and the prognosis for 
increasing the food supply in some African countries 
is poor.27

Loss of Biodiversity
Te word biodiversity is formed from the combination 
of biological and diversity. An adequate defnition of 
biodiversity is not readily available. Nevertheless, the 
term biodiversity generally refers to the diferent 
types and variability of animal and plant species and 
ecosystems in which they live.28 With respect to a par-
ticular geographic area, biodiversity involves diversity 
in the genes of a population of a given species, diver-
sity in the number of species, and diversity in habitats. 
Biodiversity is considered to be an essential dimen-
sion of human health.29

Te dramatic human population growth during 
the past few decades and concomitant increases in 
urbanization and industrialization have caused the 
physical environment to be degraded substantially; one 
of the consequences of unchecked population growth 
is hypothesized to be accelerated loss of biodiversity. 
Human activities are thought to be related to the spread 
of harmful insect vectors, extinctions of species, and 
loss of fora; some of these plants and trees could be 
the source of valuable commodities such as new phar-
maceuticals. Ultimately, loss of biodiversity may pose 
a danger to food production as a result of the growth 
in numbers of invasive species and the eradication of 
helpful plants and insects. An example of the loss of 
biodiversity is the destruction of tropical rain forests 
that has culminated in the extinction of some fower-
ing plants that may have had future medical value.29

 ▸ Defnitions Used in the 

Environmental Health Field

The Environment
Te term environment refers to “the complex of 
physical, chemical, and biotic factors (as climate, soil, 
and living things) that act upon an organism or an 

ecological community and ultimately determine its 
form and survival.”30 Tis defnition pertains to the 
physical environment. Examples of physical environ-
mental factors (as noted previously) that afect human 
health include toxic chemicals, metallic compounds, 
ionizing and nonionizing radiation, and physical and 
mechanical energy. Tese factors will be discussed in 
more detail later in the text.

Te term environment captures the notion of fac-
tors that are external to the individual, as opposed to 
internal factors such as genetic makeup. In contrast 
to the physical environment, described in the forego-
ing defnition, the social environment encompasses 
infuences upon the individual that arise from societal 
and cultural factors. Among the major determinants 
of health are the environment (physical and social), 
personal lifestyle factors, constitutional factors such as 
heredity and human biology, and healthcare systems 
dimensions such as access to and quality of medical 
care and methods for organization of healthcare sys-
tems.31 A model that describes these aspects of health 
is the ecological model, which proposes that the 
determinants of health (environmental, biological, 
and behavioral) interact and are interlinked over the 
life course of individuals. (Refer to FIGURE 1.9.) From 
the model it may be inferred that the environment is 
one component of many interacting dimensions that 
afect the health of populations. 

Ecological System (Ecosystem)
Ecosystems are one of the important dimensions 
of life in the biosphere. All life on earth survives in 
the biosphere, which consists of the atmosphere and 
the earth’s surface and oceans. Te biosphere covers 
a narrow range from about 6 miles (9.6 kilometers) 
above the earth to the surface of the earth to the 
deepest ocean trenches, some of which are 36,000 
feet deep (about 11,000 meters). One of the crucial 
aspects of the earth’s biosphere is energy fow; the 
ultimate source of energy for all living beings on earth 
is the sun. Energy fows from the sun in the form of 
electromagnetic radiation (e.g., ultraviolet radiation, 
infrared radiation, and visible light). Only a small per-
centage of the energy produced by the sun impinges 
upon the earth. Plants absorb some portions of the 
sun’s electromagnetic radiation and convert them 
into nutrients and oxygen via the process known as 
photosynthesis. Tis energy is then transferred to 
other life forms through the food chain, for example, 
via herbivores that eat the plants themselves or carni-
vores that eat other animals.

“An ecosystem is a dynamic complex of plant, 
animal, and microorganism communities and the 
nonliving environment interacting as a functional 
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unit. Humans are an integral part of ecosystems. Eco-
systems vary enormously in size: a temporary pond 
in a tree hollow and an ocean basin can both be eco-
systems.”32(p3) Te interconnected components of an 
ecosystem are in a steady state; disrupting one of 
the components can disrupt the entire ecosystem. 
 FIGURE 1.10 suggests that the health of the ecosystem is 
associated with the health of human beings as well as 
that of domestic animals and wildlife.

Survival of the human population depends upon 
ecosystems, which aid in supplying clean air and 
water as part of the earth’s life support system.33 Eco-
systems are being degraded with increasing rapidity 
because of human environmental impacts such as 
urbanization and deforestation. Degradation of eco-
systems poses environmental dangers such as loss of 
the oxygen- producing capacity of plants and loss of 
biodiversity. 

Environmental Health
Te feld of environmental health has a broad focus 
and includes a number of subspecializations. For exam-
ple, occupational health ofen is regarded as a topic that is 
closely allied with environmental health and is a subset of 
broader environmental health concerns. Consequently, 
in view of its broad reach, the term environmental health 
does not have a single defnition, nor is it easy to defne. 
According to the World Health Organization:

Environmental health addresses all the phys-
ical, chemical, and biological factors external 
to a person, and all the related factors impact-
ing behaviours. It encompasses the assess-
ment and control of those environmental 
factors that can potentially afect health. It is 
targeted towards preventing disease and cre-
ating health-supportive environments.34
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FIGURE 1.9 The ecological model of population health.
Modifed and reproduced with permission from Who Will Keep the Public Healthy? Educating Public Health Professionals for the 21st Century, © 2003 by the National Academy of Sciences, courtesy of the 
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 ▸ Historical Background
Tis section presents a brief review of environmental 
health history, categorized as follows: ancient history, 
occupational health (contributions from about 1500 
to the mid-1800s), and environmental history post-
1800. FIGURE 1.11 summarizes some of the highlights 
in environmental health history. 

Ancient History
Negative human impacts on the environment are 
thought to have begun many thousands of years ago. 
One of the initial targets of human activity was forests, 
which were cut down for use as timber and burned 
to clear land for agriculture and human settlements. 
Deforestation subsequently led to soil erosion that 
caused rivers and bays to be fouled with silt.

Te observations, insights, and writings of the 
ancient Greeks are noteworthy for the history of envi-
ronmental health.35 Around the 5th century bce, the 
ancient Greek philosophers had developed the con-
cept of the relationship between environmental fac-
tors and human health; instead of advocating for the 
workings of supernatural factors and the belief that 
magic potions would have curative powers, their phil-
osophical position linked the infuence of environ-
ment to disease.

Hippocrates, who lived between 460 and 370 
bce, ofen is referred to as “the father of medicine.” 
(See FIGURE 1.12.) Hippocrates emphasized the role 
of the environment as an infuence on people’s health 
and health status in his work titled On Airs, Waters, 

and Places (ca 400 bce). Te Greek philosopher 
proposed that environmental and climatic factors 
such as the weather, seasons, and prevailing winds; 
the quality of air, water, and food; and one’s geo-
graphic location were infuential in causing changes 
in human health. He espoused the doctrine of main-
taining equilibrium among the body’s four humors, 
known as yellow bile, black bile, phlegm, and blood; 
imbalance among the four humors caused by envi-
ronmental infuences led to the onset of infectious 
diseases. 

Many of the principles identifed by Hippocrates 
regarding the impact of the environment on human 
health and disease remain credible despite the great 
increases in medical knowledge that have occurred 
since Hippocrates’ time.35 For example, now it is 
known that polluted water is associated with many 
types of waterborne infections (e.g., cholera and cryp-
tosporidiosis [discussed later in this text]). Consistent 
with the belief that air is a factor in diseases is the 
origin of the term malaria (bad air), a disease that is 
carried by airborne mosquitoes that dwell in standing 
pools of water.

For many years, people have known about the 
harmful efects of heavy metals.36 Hippocrates iden-
tifed the toxic properties of lead.37 Te toxic prop-
erties of sulfur and zinc were pointed out by the 
Roman scholar Pliny the Elder (ce 29–79) during the 
1st century ce; Pliny invented a mask constructed 
from the bladder of an animal for protection against 
dusts and metal fumes. During the 2nd century ce, 
the renowned Greek physician Galen (ce 129–200) 
outlined the pathological aspects of lead toxicity and 
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FIGURE 1.10 Ecosystem health.
Reproduced from Friend M. Disease Emergence and Reemergence. The Wildlife-Human Connection. Reston, VA: US Geological Survey, Circular 1285, p. 131. Illustration by John M. Evans.
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suggested that mists from acids could endanger the 
health of copper miners.37

Te ancient Romans developed the frst infra-
structure for maintaining public health. Among their 
innovations were systems for the transport of water 
and sewage, heating devices for water and for rooms, 
and communal baths.38,39 Beginning about 500 bce, 
the Etruscans constructed a sewer called the Cloaca 
Maxima in Rome. As the city grew, a system of aque-
ducts that supplied fresh water and a web of sewers 
called cloacae were installed.

Te Romans brought many of these innovations 
to their settlements all over Europe. Roman aque-
ducts and baths can been seen today in many parts 
of Europe. An example of the Roman baths at Baden-
Baden, Germany is shown in FIGURE 1.13. Te Romans 
used lead pipes to supply the homes of the afuent, 
who probably sufered from chronic lead poisoning. 
Afer the decline of their empire (possibly due, in 
part, to chronic lead poisoning), many of the hygiene- 
related contributions of the Romans were forgotten; 
for several centuries, the European world endured 
the abhorrent sanitary conditions of the medieval era, 
with its periodic outbreaks of epidemics of plague, 
cholera, and other pestilence. 

FIGURE 1.11 Brief environmental history time line: ancient history to the present.

FIGURE 1.12 Hippocrates.
Courtesy of US National Library of Medicine, National Institutes of Health. History of medicine 

division. Available at: http://ihm.nlm.nih.gov/luna/servlet/view/search?q=B014553.  

Accessed July 1, 2017.

Historical Background 19
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Occupational Health (Contributions from 

About 1500 to the Mid-1800s)
Te feld of occupational health has made numer-
ous contributions to environmental health history. 
From about 1500 to the mid-1800s, recognition 
grew regarding the contribution of occupationally 
related exposures to adverse health conditions. Tere 
are many examples of explorations of the impacts of 
unsafe and hazardous working environments on the 
health of workers, especially the efects of exposures 
to toxic metals and hazards that occurred among 
miners. Among the historically important fgures in 
occupational health were Paracelsus (1493–1541), 
Agricola (1494–1555), Bernardino Ramazzini (1633–
1714), Percival Pott (1714–1788), and Alice Hamilton 
(1869–1970). See the chapter on environmental toxi-
cology for information on Paracelsus, the chapter on 
environmental epidemiology for information about 
Percival Pott, and the chapter on occupational health 
for a discussion of Agricola, Ramazzini, and Hamil-
ton; the chapter on occupational health also provides 
information on other historically important individu-
als in the feld of occupational health.

Although his contributions were not limited specif-
ically to occupational health, John Graunt (one of the 
early compilers of vital statistics data) published Natural 
and Political Observations Made upon the Bills of Mor-
tality in 1662. Sometimes Graunt is referred to as the 
Columbus of statistics because his book made a funda-
mental contribution by attempting to demonstrate the 
quantitative characteristics of birth and death data.

Environmental History Post-1800
Just before the commencement of the 1800s, Jenner (in 
1796) devised a method for vaccinating against small-
pox; in 1798, Malthus wrote his well-known essays 
on population, mentioned earlier in this chapter. Te 

history of environmental health since 1800 may be 
classifed into three major eras:40 the frst wave of envi-
ronmental concern (19th century to mid-20th cen-
tury), the second wave of environmental awareness 
(mid-20th century to the 1980s), and the third period 
of environmental concern (1980s to the present).

Te period of approximately 1850 to 1950 was 
marked by growing awareness of existing threats to 
public health from unsanitary conditions, detrimental 
social conditions, and hazardous work environments. 
For example, a common employment practice in Europe 
was the use of child labor. Tis era coincided approxi-
mately with the Industrial Revolution and marked the 
introduction of public health reforms to improve envi-
ronmental conditions. In 1800, construction began on 
sewers that served the city of London. Te British Par-
liament enacted the Public Health Act in 1848 to pro-
mote clean water and control infectious diseases. Tere 
were major outbreaks of cholera, including an outbreak 
in New York City in 1849 that killed 5,000 people.

About the same time, John Snow hypothesized 
that sewage-contaminated water was associated with 
cholera and conducted a “natural experiment” to 
demonstrate the cause of an outbreak in the present 
Soho district of London. John Snow (1813–1858) was 
an English anesthesiologist who innovated several of 
the key epidemiologic methods that remain valid and 
in use today. In Snow’s time, the mechanism for the 
causation of infectious diseases was largely unknown. 
Te Dutchman Anton van Leeuwenhoek (1632–1723) 
had used the microscope to observe microorganisms 
(bacteria and yeast). However, the connection between 
microorganisms and disease had not yet been ascer-
tained. During Snow’s time, one of the explanations 
for infectious diseases such as cholera was the mias-
mic theory of disease, which alleged that illnesses were 
caused by clouds of noxious matter. Snow rejected the 
miasmatic theory and showed the connection between 
polluted water and cholera. Because of his pioneering 
work, Snow is regarded as an icon in the history of pub-
lic health and continues to be infuential during the 21st 
century. (More information about Snow’s work is pro-
vided in the chapter on environmental epidemiology.)

In the United States, Lemuel Shattuck published 
the 1850 Report on the Sanitary Conditions of Mas-
sachusetts. Shattuck argued for the creation of a state 
health department and local health boards. Among 
other issues, Shattuck’s report dealt in detail with the 
topic of environmental sanitation and its connection 
with health. Although not implemented by the state 
legislature at the time, Shattuck’s proposed recommen-
dations were extremely farsighted and innovative and 
became a major infuence in the development of sub-
sequent public health practice. Ultimately, years later, 

FIGURE 1.13 Roman baths at Baden-Baden, Germany.
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