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Dr. Robert Friis’ Essentials of Environmental Health was the first book in the Essential Public Health Series. In the 4 years since 
the first edition was published, the importance of environmental health has been brought to the world’s attention by crises and 
challenges ranging from oil spills to climate change, lead in toys, and pandemic influenza.

The second edition of Essentials of Environmental Health builds upon the first edition. It keeps up with the changes in en-
vironmental health to produce a state-of-the-art introductory text. The second edition provides a wide range of additions and 
updates including a new chapter on injuries, updates on pandemic flu, and coverage of recent environmental controversies, 
such as use of bisphenol A in plastics.

Dr. Friis also has produced a comprehensive website to accompany the text. The website provides the most recent infor-
mation to broaden students’ knowledge of environmental health. It also provides faculty with resources to challenge students 
and deepen their understanding of environmental health.

The Essential Public Health Series will soon include over 20 books, readers, and workbooks covering the full range of 
introductory texts. Dr. Friis has also authored Epidemiology 101 as part of the series. Epidemiology 101 is a core undergradu-
ate 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 
comprehensive curriculum in public health.

Dr. Friis brings to all his writing in environmental 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 benefit from this book.

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

Prologue
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When you follow the media, dramatic pictures and accounts of chemical spills, industrial fires, and other environmental di-
sasters 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 worldwide scale. Within the past 
decade, public debate about global warming—a controversial topic—has escalated. Some worldwide climate changes such as 
extreme weather events have been attributed to global warming. The devastation caused by the August 2005 Hurricane Ka-
trina in New Orleans was particularly moving. Other examples of extreme climate variations are increases in desertification 
in some parts of the world, while at the same time, other areas have experienced periodic massive flooding, such as Pakistan 
and China during summer 2010. 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 region 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 environmental advocates, wide swaths of the redwood forests of northern California and the wooded areas of the Pacific 
Northwest also are impacted by deforestation and are in need of protection.

In addition to urbanization in my home state, rapid growth has also been a global phenomenon. 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 fills the open, snow-covered fields 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 affect southern Europe as well. As a result of water overdraft, some 
European cities along the Mediterranean have had salt water intrude into their public water supplies. When I first 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 

Preface
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	 xvi	 Preface

and microbes that may be present in the tap water. (In most cases, this fear is unwarranted because the quality of municipal 
tap water is highly regulated.)

Back in California, we now know that because of the introduction of toxic chemicals and pesticides, sewage contamina-
tion, and overfishing, our once abundant fisheries are declining and fishing must be limited. For example, it was once pos-
sible to consume fresh abalone, but now this delicious crustacean is almost unavailable from the wild due to excessive human 
predation. Seafood lovers are advised not to consume certain species of fish, which may be contaminated with mercury and 
other harmful substances.

During the spring and summer of 2010, a catastrophe at the Deepwater Horizon oil rig off the Louisiana coast caused the 
largest marine oil spill up to that time—about 5 million barrels. Aside from the immediate impact on wildlife and the fishing 
and tourism industries, the long-term environmental effects will require years to be ascertained. This catastrophe has called 
into question the safety of offshore oil drilling operations and focused attention on the adverse environmental consequences 
of oil extraction in general.

Still another concern is the impact of environmental 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 despicable envi-
ronmental conditions, which could contribute to the proliferation of Salmonella contamination. Within the past decade, other 
foodborne disease outbreaks in the United States have been associated with tomatoes (Salmonella) as well as lettuce and ground 
beef (E. coli). Noteworthy is the increasing internationalization of the world’s food supply—adulterated and unsafe foodstuffs 
produced in one country can be shipped globally and threaten all of humanity. An example is the melamine-contaminated 
baby formula manufactured in China.

The picture is not entirely bleak, however; much progress has been made in informing the public about environmental 
health hazards and introducing regulations 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 envi-
ronmental protections such as these been implemented in the United States, they also have been adopted by European coun-
tries and elsewhere.

Another example of a successful environmental policy that is now enforced in many parts of the world is the regulation of 
smoking in alcohol-serving establishments. This policy originated as California’s Smokefree Bars Law, which controls occupa-
tional 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 efforts hold much promise for maintaining environmental quality, it must be kept in mind that policy and regulation are 
strongly influenced by the political process. Often economic considerations such as the need to maintain jobs and the prospect 
of increased taxation must be balanced against environmental protections.

This textbook addresses the major topics and methodological approaches in the environmental health field in order to 
provide a diversity of learners (from the beginning student to the experienced health professional) with an overview of the 
field. 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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The purpose of this text is to inform the reader about the key areas of environmental health and instill awareness about the 
crucial role of the environment in the health of the planet and all living creatures. The second edition has been updated ex-
tensively to reflect the rapidly changing context of the environmental health field. Organized according to three major do-
mains—background, environmental disease agents, and applications—the text begins with background material and “tools of 
the trade” (environmental epidemiology, environmental toxicology, and environmental policy and regulation). The text then 
covers specific agents of environmental diseases (e.g., microbial agents, toxic metals, pesticides, and ionizing and nonionizing 
radiation). Finally, applications and domains of environmental health are addressed (water and air quality, food safety, waste 
disposal, occupational health, and injuries).

This work is intended for graduate and undergraduate students who take environmental health courses in a variety of 
settings. Often, these courses are offered by schools of public health and health science departments. The text can also be used 
in online courses and instruction in intensive courses offered in a nontraditional format. Taking a nontechnical approach, 
the book 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 inter-
est in the subject matter, the author has included many examples and illustrations of environmental health issues. Text boxes 
provide detailed information on selected topics. Other learning 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 environmental health in contemporary society, presents examples from the history of environmental 
health, and delimits the scope of the environmental health field; in addition, career opportunities are featured. Chapter 2 cov-
ers environmental epidemiology, one of the fundamental disciplines used in the study of environmental health. The subject 
of Chapter 3 is environmental toxicology, which, along with environmental epidemiology, is one of the key disciplines of the 
environmental health field. Chapter 4 focuses on environmental policy and regulation. Sometimes this content is placed near 
the end of environmental health textbooks. The author has elected to move it closer to the beginning because an appreciation 
of policy issues is crucial to the understanding of specific domains of environmental health. In addition, Chapter 4 contains 
extensive coverage of major environmental regulatory agencies and major U.S. environmental health laws. It is important to 
cover these topics early in the book because references to agencies and laws are made in the chapters that follow. The reader 
may want to use this material for reference and consult it later while reading the remaining chapters.

The next group of chapters, Part II: Agents of Environmental Disease, Chapters 5 through 8, covers agents of environ-
mental disease. The respective topics are zoonotic and vector-borne diseases, toxic metals and elements, pesticides and other 
organic chemicals, and ionizing and nonionizing radiation. Part III: Applications of Environmental Health, Chapters 9 through 

Introduction
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	 xxii	 Introduction

14 (Chapter 14 is new to the second edition), deals with applications of environmental health: water quality, air quality, food 
safety, solid and liquid wastes, occupational health, and injuries.

Other components of the textbook are a glossary of key definitions and a list of abbreviations. For additional informa-
tion and learning aids that reinforce the didactic content of the textbook, the author recommends that readers access http://
go.jblearning.com/friisEH. Some instructors enhance the learning experience by conducting field 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.
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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

Abbreviations
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	 xxiv	 Abbreviations

Term Definition

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 field
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 modified
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 immunodeficiency virus/acquired immunodeficiency 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
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	 Abbreviations	 xxv

Term Definition

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
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 Office 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 shellfish poison
RCRA Resource Conservation and Recovery Act, 1976
RDD radiological dispersal device
RF radio frequency
RMSF Rocky Mountain spotted fever
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	 xxvi	 Abbreviations

Term Definition

RR relative risk
RVF Rift 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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