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Doctors Nemerow and Agardy would like to dedicate this fifth edition of
Environmental Engineering to Joseph A. Salvato, Jr., who passed away at
the age of 87 in November of 2001. Joseph Salvato was largely responsible
for much of the material in this text. He was a highly respected Sanitary
Engineer who published extensively in this field and was known personally
to be an energetic, conscientious, thorough worker for the cause of our
field, known now as environmental engineering. He should be remembered
as one of the original sanitation researchers of our time. He was a licensed
Registered Professional Engineer, a Principal Public Health Engineer, a
Grade 1 Public Water Supply Operator, and a Grade 1 Sewage Treatment
Plant Operator. He held many memberships in most of the active public
health organizations and received many honorary awards from these same
organizations. He was also an army veteran of World War II.
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PREFACE

Workers in environmental health and in environmental protection who have
had experience with environmental sanitation and engineering problems have
noted the need for a book that is comprehensive in its scope and more directly
applicable to conditions actually encountered in practice.

Many standard texts adequately cover the specialized aspects of environ-
mental health, engineering, and sanitation, but little detailed information is
available in one volume dealing with the urban, suburban, and rural environ-
ment and community.

In this text emphasis is placed on the practical application of sanitary
science and engineering theory and principles to comprehensive environmen-
tal control. This is necessary if available knowledge is to benefit humans now
and in future generations without transferring an environmental problem from
one media (air, water, or land) to another. In addition, and in deliberate con-
trast to complement other texts, empirical formulas, rule of thumb, experience,
and good practice are identified and applied when possible to illustrate the
“best” possible solution under the particular circumstances. It must be rec-
ognized, however, that knowledge and conditions change and that this may
be hazardous when blindly applied by the practitioner. It is sincerely hoped,
however, that individual ingenuity and investigation will not be stifled by such
practicality but will be challenged and stimulated to always consider new
developments and alternatives.*

A special effort was made to include general design, construction, main-
tenance, and operation details as they relate to plants and structures. Examples
and drawings are used freely to help in the understanding and use of the
subject matter. The reader is referred to the references and bibliography in
each chapter for more information on complex designs and problems that are
beyond the scope of this text.

Since the field is a very broad one, the following subjects are specifically
covered in this new revised edition:

control of communicable and certain noninfectious diseases,
environmental engineering planning and impact analysis,
water supply,

wastewater treatment and disposal,

b S

* “Education is a continuing process, the distillation of life experiences, and not only something
dispensed in schools and based on books alone.” [Author unknown.]
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solid waste management,

air pollution and noise control,

radiation uses and protection,

food protection,

recreation areas and temporary residences,

10. the residential and institutional environment,

11. environmental emergencies and environmental preparedness, and
12. soil and groundwater remediation.

R

The objectives of the fifth edition were to eliminate information and prac-
tices that have become either nonapplicable or obsolete and to insert new data
and practices that are now available and useful for the beginning of the
twenty-first century. Relevant data and practices that are still pertinent and/
or used were left in this edition purposely to offer the reader a broader per-
spective of the subject material. The reader will have the choice of utilizing
this information or foregoing it in favor of other alternative data.

In this edition, each chapter is either updated or written by one or more
individual contributors deemed to be knowledgeable experts in their subject
material. Although the 12 chapter contributors had the primary responsibility
for presenting the contents of their chapters, Nelson L. Nemerow and Franklin
J. Agardy suggested subject material and reviewed the entire chapter contents.

The control of diseases is discussed to emphasize the health basis for en-
vironmental regulation and the proper application of sanitary and epidemio-
logical principles in disease prevention. This is particularly important for areas
of the world where communicable and related diseases have not yet been
brought under control; what can happen in the more advanced countries when
basic sanitary safeguards are relaxed is also discussed. Without discussing
this important subject, this text would be as incomplete as one dealing with
preventive medicine or planning that failed to discuss water supply, sewage
disposal, solid waste management, air pollution control, and other phases of
environmental health, engineering, and sanitation. Also, in view of the pro-
gress made in most developed areas of the world in the control of the com-
municable diseases, attention is given to the environmental factors associated
with the noninfectious diseases. Although complete knowledge concerning
the specific cause and the prevention of many noninfectious diseases is lack-
ing, it is considered desirable to identify and apply such knowledge that does
exist so that it can be expanded and refined with time.

Teachers and students of environmental health and the environmental sci-
ences, as well as of civil, chemical, mechanical, environmental, sanitary, mu-
nicipal, and public health engineering, will find much of direct and general
value in this text. Others too will find the contents especially useful. These
would include the health officer, professional sanitarian, environmental sci-
entist, social scientist, ecologist, biologist, conservationist, public health
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nurse, health educator, environmental health technician, and sanitary inspec-
tors of towns, villages, cities, counties, states, and federal governments both
in the United States and abroad. City and county engineers and managers,
consulting engineers, architects, planners, industry representatives, equipment
manufacturers and installers, contractors, farm extension personnel, and in-
stitution, resort, and camp directors can all benefit from the contents. The
many environmentalists who are interpreting and appying the principles of
sanitary science and environmental health, engineering, sanitation, and hy-
giene to both the advanced and the developing areas of the world will find
the material in this text particularly helpful in accomplishing their objectives.

In view of new knowledge, environmental legislation on both the federal
and state levels, and higher expectations of the people, many professionals,
public officials, and individuals concerned with protection of the public health
and the environment are finding themselves unprepared to deal effectively
with the current and emerging problems. These people will find Environmen-
tal Engineering a valuable reference for continuing education and career de-
velopment.

This fifth edition omits obsolete material, refines and updates existing ma-
terial, and adds new information to the fourth edition. Some of the highlights
follow.

Chapter 9 has remained as it was written in the fourth edition and Chapters
10 and 12 have been removed from this edition. Two completely new chapters
have been added to the fifth edition and become Chapter 11, Environmental
Emergencies and Environmental Preparedness and Chapter 12, Soil and
Groundwater Remediation. The other chapters have been reviewed and up-
dated from the fourth edition by known experts in their fields. Their names
appear at the beginning of each chapter.

Chapter 1, on the control of communicable and certain noninfectious dis-
eases, adds more definitions of terms, rate calculations used in epidemiology,
survival of pathogens, newly recognized pathogens, and discussions of envi-
ronmentally related illnesses, in addition to communicable and noncommun-
icable diseases. Some historical waterborne disease background and
information on the impact of environmental factors on cancer mortality are
given.

Chapter 2, on environmental engineering planning and impact analysis,
reemphasizes the commonality of the planning process elements in compre-
hensive community planning, planning for community or regional solid waste
management, wastewater disposal, water supply, and other institutional needs.
The discussion of site investigation, environmental assessment, and environ-
mental audit is expanded.

Chapter 3, on water supply, expands on pollution travel; updates the federal
Safe Drinking Act standards, regulations, and treatment requirements; ex-
plains the new wellhead protection regulations; expands on microbiological,
physical, and inorganic and organic chemical standards and their significance;
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adds limitations of household treatment units; and discusses removal and
treatment of organic chemicals from groundwater as well as bioremediation.

Chapter 4, on wastewater treatment and disposal, adds some definitions:
discusses nonpoint pollution, water quality classification, and groundwater
contamination; updates and adds information dealing with onsite sewage dis-
posal for unsuitable soil conditions; small- and medium-size treatment sys-
tems; sludge disposal; water quality classification; biomonitoring; and the
National Pollutant Discharge Elimination System.

Major changes have been made in Chapter 5, on solid waste management,
to reflect the U.S. Environmental Protection Agency changes to the Resource
Conservation and Recovery Act as amended. Many definitions have been
added. The prevention, reduction, recovery, and recycling of solid wastes,
including hazardous wastes, are emphasized. The new regulations governing
the siting, design, operation, and maintenance of solid waste landfills and
incinerators are explained, illustrated, and summarized; and the handling,
treatment, and disposal of medical wastes, including infectious and patholog-
ical wastes, are discussed. The storage of bulk petroleum and hazardous ma-
terials is also reviewed.

Chapter 6, on air pollution and noise control, adds and updates information
on global warming, ozone destruction, acid rain, sampling and measurement,
emission control equipment, and the Clean Air Act of 1990.

Chapter 7, on radiation uses and protection, updates material on ionizing
and nonionizing radiation, waste management, and emergency planning and
response and adds information on new equipment and effects of electromag-
netic fields.

Chapter 8, on food protection, discusses newly recognized food pathogens
and their survival; summarizes information on food preservation, including
food irradiation; outlines the hazard analysis critical control point procedure;
and reemphasizes the importance of refrigeration and proper heat treatment
at all stages of food handling, storage, preparation, and service. The milk
control section recognizes the new Grade A Pasteurized Milk Ordinance
(1989), and the shellfish section is updated to reflect the 1988 National Shell-
fish Sanitation Program Manual of Operations, Parts I and Part II.

Information on swimming pool, spa, and hot-tub design and operation in
Chapter 9, on recreational areas and temporary residences, is still considered
current, so it stands as it was in the fourth edition.

Chapter 10, on the residential and institutional environment, adds World
Health Organization principles of health needs and information on housing
and health and Public Health Service/Centers for Disease Control and Pre-
vention Recommended Minimum Housing Standards. A major addition is a
section on indoor air quality, including radon, formaldehyde, biological con-
taminants, ventilation, thermal and moisture requirements, and respiratory ill-
ness control. The handling of hospital and related wastes is added to the
institutions discussion.
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Chapters 11 and 12 are entirely new chapters also written by qualified
experts in their respective fields.

As a general note, the editors point out that although chapters have been
updated as regards to current references, the older references remain so as to
add an historic and still valid perspective to each chapter.

Nelson Leonard Nemerow
Franklin J. Agardy
Encinitas and San Mateo, California
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INTRODUCTION

In many parts of the world, simple survival and the prevention of disease and
poisoning are still serious concerns. In other areas, maintenance of an envi-
ronment suited to efficient performance by human beings and the preservation
of comfort and enjoyment of living are the goals for the future. These levels
of life and progress can be the basis for action programs in environmental
health.! As urbanization increases, our impact on the environment and the
impact of the environment on us, must be controlled to protect the human
and natural resources essential to life while at the same time enhancing the
well-being of humans. However, the simultaneous movement of people from
the cities to suburban and rural areas, often to uncontrolled environments,
makes it important that the environmental sanitation lessons of the past are
not lost and the environmental impact of human activity on individuals and
our natural resources is controlled.

The environment encompasses ‘‘the aggregate of all the external conditions
and influences affecting the life and development of an organism.”? This
definition includes the air, water, and land and the interrelationship that exists
among and between them and all living things. This means that our goal
should be “‘the control of all those factors in man’s physical environment
which exercise or may exercise a deleterious effect on his physical develop-
ment, health, and survival.”® Required is ‘‘the application of environmental
sciences and engineering principles to the control, modification, or adaptation
of the physical, chemical, and biological factors of the environment in the
interest of man’s health, comfort and social well-being.”*

Environmental health has been defined as “the systematic development,
promotion, and conduct of measures which modify or otherwise control those
external factors in the indoor and outdoor environment which might cause
illness, disability or discomfort through interaction with the human system.
This includes not only health and safety factors, but also aesthetically desir-
able conditions in accordance with community demands and expectations.”>
This calls for control of ‘“‘the causative agents of disease while they are in
the environment before they get to man and possibly overcome the body’s
defense to the point where it requires therapeutic medicine.” The prevention
of disease and the achievement of a better quality of life requires competent
implementation of programs such as those described in the chapters of this
book.

The chapters that follow point out major areas of concern to be attacked
by a host of disciplines working in close harmony. Effective, comprehensive,
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xxxviii INTRODUCTION

and balanced control and management of these concerns will help achieve
the highest possible quality of environment and living, keeping in mind the
physical, social,* and economic factors involved and their interdependence.

REFERENCES

1. F. M. Stead, “‘Levels in Environmental Health,” Am. J. Public Health, March 1960,
p- 312; WHO Tech. Rep. Ser, 77,9 (1954).

2. Webster’s New International Dictionary of the English Language, G. & C. Merriam
Company, Springfield, MA, 1929.

3. “WHO Expert Committee on Environmental Sanitation,” WHO Tech. Rep. Ser., 10,
5 (1950).

4. “The Education of Engineers in Environmental Health,” WHO Tech. Rep. Ser., 376,
6 (1967).

5. Evaluating the Environmental Health Work Force, U.S. DHHS, PHS, Health Re-
sources and Services Administration, Rockville, MD, January 1988, p. A-16.

6. M. T. Morgan, “A World Fit to Live In,” in World Health, WHO, May 1989, pp.
25-27.

*This includes political, cultural, educational, biological, medical, and public health. Social health
is the “ability to live in harmony with other people of other kinds, with other traditions, with
other religions, and with other social systems throughout the world” (ref. 3). “The enjoyment of
the highest attainable standard of health is one of the fundamental rights of every human being
without distinction of race, religion, political belief, economic or social condition” (ref. 3).



CONTENTS

Contributors

Preface
Acknowledgments

INTRODUCTION

1 Control of Communicable and Certain Noninfectious

Diseases
GENERAL
Definitions

==

Common Rates Used in Public Health

Life Expectancy and Mortality

Disease Control

Control of Source (Agent Factors)

Control of Mode of Transmission or Contributing Factor
(Environmental Factors)

Control of Susceptibles (Host Factors)

Typical Epidemic Control

RESPIRATORY DISEASES
Definition
Group
Control
WATER- AND FOODBORNE DISEASES

General

Survival of Pathogens

Substance Dose to Cause Illness

Summary of Characteristics and Control of Water- and Foodborne
Diseases

Reservoir or Source of Disease Agents

Food Spoilage

Mycotoxins

Vehicle or Means by Which Water- and Foodborne Diseases
Are Spread

R5)

REREREERIERRER

bl

E

-

vi



viii CONTENTS

Historical Waterborne Disease Background

Waterborne Disease Outbreaks

Foodborne Disease Outbreaks

Control and Prevention of Water- and Foodborne Diseases
Prevention of Foodborne Diseases

Prevention of Waterborne Diseases

BIOTERRORISM

Smallpox
Anthrax

INSECTBORNE DISEASES AND ZOONOSES

General

Insectborne Diseases

Zoonoses and Their Spread

Animal Rabies Control

Control of Zoonoses and Insectborne Diseases
MISCELLANEOUS DISEASES AND ILLNESSES

Ringworm

Hookworm Disease or Ancylostomiasis

Tetanus or Lockjaw

NONINFECTIOUS AND NONCOMMUNICABLE DISEASES AND
CONDITIONS ASSOCIATED WITH THE ENVIRONMENT,
INCLUDING AIR, WATER, AND FOOD

Background 96
Prevention and Control 102
Environmental Control Legislation 111
Lead Poisoning 116
Carbon Monoxide Poisoning 12
Mercury Poisoning 121
Illnesses Associated with Air Pollution—Lung Diseases 124
Asbestos Diseases 125
Malignant Neoplasms (Cancer) 127
Cardiovascular Diseases 128
Methemoglobinemia 133
Dental Caries 133
Hypothermia 134
High Environmental Temperatures 13
Skin Damage from Sunlight 136
Tap Water Scalds 136
Sporotrichosis 137
Nutritional Deficiency and Related Diseases 13
Other Noncommunicable or Noninfectious Diseases and Conditions
Associated with the Environment 141

INVESTIGATION OF WATER- AND FOODBORNE DISEASE
OUTBREAKS 142



CONTENTS

General

Sanitary Survey

Medical Survey

Samples and Specimens
Preliminary Recommendations
Epidemiologic Report

Other

Useful Internet Web Sites
References

Bibliography

2 Environmental Engineering Planning and Impact Analysis

INTRODUCTION
Definitions
Environmental Engineering Multimedia Considerations
TYPES OF PLANNING
Comprehensive Community Planning
Functional Regional Planning
Definitive or Project Planning
PROCESS OF COMPREHENSIVE COMMUNITY PLANNING
Option 1: Traditional Process
Option 2: Process That Emphasizes Scope and Alternatives
Conclusion

REGIONAL PLANNING FOR ENVIRONMENTAL, HEALTH, AND

ENGINEERING CONTROLS
General
Content of a Regional Planning Report
Project Study
Financing
ENVIRONMENTAL FACTORS TO BE EVALUATED IN SITE
SELECTION AND PLANNING

Desirable Features
Topography and Site Surveys
Geology, Soil, and Drainage
Utilities

Meteorology

Location

Resources

Animal and Plant Life
Improvements Needed

Site Planning
Environmental Assessment

ix

142
143

144

147
149
149
150

150

151

L6

167

167

168

171
174
174

175

184

185

186
187
189
195

198

199

206

206

207

208

208

208

209
09
211




X

CONTENTS

ENVIRONMENTAL IMPACT ANALYSIS 212

National Environmental Policy Act (NEPA)

Terminology

Recommended Format for Environmental Impact Statement
(NEPA)

Environmental Impact Statement (ELS)

Selection and Analysis of Alternatives

Some Methods of Comprehensive Analysis

FRINGE AND RURAL AREA HOUSING DEVELOPMENTS

Growth of Suburbs and Rural Areas

Facilities and Services Needed

Causes and Prevention of Haphazard Development
Cooperative Effort Needed

Subdivision Planning

Design of Water and Sewage Service for Subdivisions
References

Bibliography

3  Water Supply

INTRODUCTION
Groundwater Pollution Hazard

TRAVEL OF POLLUTION THROUGH THE GROUND
Disease Transmission

WATER QUANTITY AND QUALITY

Water Cycle and Geology

Groundwater Flow

Groundwater Classification

Water Quality

Sampling and Quality of Laboratory Data
Sanitary Survey and Water Sampling
Sampling Frequency

Water Analyses

Heterotrophic Plate Count—The Standard Plate Count
Bacterial Examinations

Biological Monitoring

Virus Examination

Protozoa and Helminths Examination
Specific Pathogenic Organisms

Physical Examinations

Microscopic Examination

Chemical Examinations

Drinking Water Additives

Water Quantity

[NS]
— =
~1 ||

N N
SIS NS
[S]—=

239)

D [ IN N )
|~ NN HAN
f— (@)Y FEN ()

||
) 9| N

[
AN
|98

71 51 %1 21 )
EEERIE
=

\O [I\O [\ o0
E o0 |




CONTENTS xi

Water Conservation 328
Water Reuse 334
SOURCE AND PROTECTION OF WATER SUPPLY
General 335
Groundwater 338
Dug Well 34
Bored Well 344
Driven and Jetted Well 345
Drilled Well 347
Well Development 349
Grouting 52
Well Contamination—Cause and Removal 355
Spring 357
Infiltration Gallery 358
Cistern 60
Domestic Well-Water Supplies—Special Problems 362
Household Treatment Units (Point-of-Use and Point-of-Entry) [B65
Desalination 368

TREATMENT OF WATER—DESIGN AND OPERATION
CONTROL

Surface Water

Treatment Required

Disinfection

Gas Chlorinator

Testing for Residual Chlorine

Chlorine Treatment for Operation and Microbiological Control

Distribution System Contamination

Plain Sedimentation

Microstraining

Coagulation, Flocculation, and Settling

Filtration

Slow Sand Filter

Rapid Sand (Granular Media) Filter

Direct Filtration

Pressure Sand Filter

Diatomaceous Earth Filter

Package Water Treatment Plant

Water Treatment Plant Wastewater and Sludge

Causes of Tastes and Odors

Control of Microorganisms

Zebra Mussel and Its Control

Aquatic Weed Control

Other Causes of Tastes and Odors

Methods to Remove or Reduce Objectionable Tastes and
Odors 114




xii CONTENTS

Iron and Manganese Occurrence and Removal %)
Corrosion Cause and Control 428
Water Softening 433
Fluoridation 138
Removal of Inorganic Chemicals 139
Prevention and Removal of Organic Chemicals 443
WATER SYSTEM DESIGN PRINCIPLES 448
Water Quantity 448
Design Period 448
Watershed Runoff and Reservoir Design 449
Intakes and Screens 451
Pumping 45
Distribution Storage Requirements 153
Peak Demand Estimates 457
Distribution System Design Standards 459
Small Distribution Systems 463
Fire Protection 164
Cross-Connection Control 466|
Hydropneumatic Systems 470)
Pumps 474
Displacement Pump 474
Centrifugal Pump, Also Submersible and Turbine 477
Jet Pump 479
Air-Lift Pump 480
Hydraulic Ram 181
Pump and Well Protection 481
Pump Power and Drive 482
Automatic Pump Control 483
Water Hammer 484
Rural Water Conditions in the United States 485
Design of a Household Water System 486
Residential Fire Sprinkler Design 486
EXAMPLES
Design of Small Water Systems 486
Design of a Camp Water System 500)
CLEANING AND DISINFECTION
Wells and Springs
Pipelines 504
Storage Reservoirs and Tanks 507
EMERGENCY WATER SUPPLY AND TREATMENT
Boiling 508
Chlorination 09
Iodine 10




CONTENTS xiii

Filtration in an Emergency 513
Bottled, Packaged, and Bulk Water 513
References 515
Bibliography 531
4 Wastewater Treatment and Disposal 535
DISEASE HAZARD
Definitions
STREAM POLLUTION AND RECOVERY
Nonpoint Pollution 544]
Pollution Measurement 545
Stream Degradation and Recovery 45
Measurement of Water Quality 1547
WATER QUALITY CLASSIFICATION
Biomonitoring
EUTROPHICATION
SMALL WATERBORNE WASTEWATER DISPOSAL
SYSTEMS

D
o)
(98]

Wastewater Characteristics

General Soil Characteristics

Maintenance of Soil Infiltrative Capacity

Site Investigation, Soil Profile, and Suitability

Travel of Pollution from Septic Tank Absorption Systems
Soil Percolation Test

Estimate of Sewage Flow

House Sewer and Plumbing

Grease Trap

Septic Tank

Care of Septic Tank and Subsurface Absorption Systems
Division of Flow to Soil Absorption System

Subsurface Soil Absorption Systems

Absorption Field System

D
W
D

558

Leaching or Seepage Pit
Cesspool
Dry Well
SMALL WASTEWATER DISPOSAL SYSTEMS FOR UNSUITABLE
SOILS OR SITES
General 604
Modified Septic Tank Soil Absorption System 605
Capillary Seepage Trench 607
Built-Up or Raised-Bed Septic Tank Absorption—Evapotranspiration
System 608
Septic Tank Sand Filter System 612




Xiv

CONTENTS

Sand Filter Design

Aerobic Sewage Treatment Unit

Septic Tank Mound System

Electric Osmosis System

Septic Tank Evapotranspiration System

Lift Station

Pressure, Vacuum, and Cluster Sewer Systems
Water Conservation

SEWAGE WORKS DESIGN—SMALL TREATMENT PLANTS

Preparation of Plans and Reports
Design Details
Disinfection—Chlorination

Trickling Filter

Rotating Biological Contactors
Physicochemical Treatment

Extended Aeration

Oxidation Ditches

Stabilization Pond

High-Rate Filtration

Wastewater Reuse and Aerosol Hazards
Wastewater Disposal by Land Treatment and Reuse
Advanced Wastewater Treatment
Inspection During Construction
Operation Control

TYPICAL DESIGNS OF SMALL PLANTS

Design for a Small Community
Children’s Camp Design

Town Highway Building Design
Small Restaurant and Hotel Designs
Elementary School Design

Design for a Subdivision

Toll Road Service Area Design

SEWAGE WORKS DESIGN: LARGE SYSTEMS

General

Plans and Report

Sewers

Inverted Siphons

Pumping Stations

Sewage Treatment

Biosolids Treatment and Disposal

Hydraulic Overloading of Sanitary Sewers and Treatment

Plants
Combined Sewer Overflow
Separate Storm Sewers
Sanitary Sewer Infiltration and Connection Control

618
621]
621]
632
632
645
46
48

648
650
651
657
659
660
61
662
le63
665
667
672
le75
679
679)
680
683
686
688
688
690
694

697
700
702]
704
704
704
705

710
711
711
712




CONTENTS XV

Odor and Corrosion Control 714
Safety 716
Cost of Sewage Treatment and Sewerage 717
LOW-COST SANITATION
Problem 725]
Privies, Latrines, and Waterless Toilets 725
Low-Cost Treatment 726
INDUSTRIAL WASTES
Industrial Wastewater Surveys and Waste Reduction 732
Hazardous and Toxic Liquid Wastes 733
Pretreatment (734
Separate Treatment or Discharge to a Municipal Plant 735
References 38
Bibliography 749
Solid Waste Management
DEFINITION OF TERMS 756
INTEGRATED WASTE MANAGEMENT 759
Source Reduction 760
Recycling and Composting 761
Combustion (Waste-to-Energy) 762
Landfills 63
Implementing Integrated Solid Waste Management [763
SOURCES, CHARACTERISTICS, AND QUANTITIES OF SOLID
WASTE
Sources of Solid Waste 765
Characteristics of Solid Waste 765
Commercial and Household Hazardous Waste 770
Construction and Demolition Debris 772
Special Wastes Collected Separately 773
ON-SITE HANDLING AND STORAGE
Low-Rise Residential Areas (775
Low- and Medium Rise Apartments (775
High-Rise Apartments 775
Commercial and Institution 777
SOLID WASTE COLLECTION
Type of Service 779
Collection Frequency 779
Types of Collection Systems 779
Personnel Requirements 783
Health Issues 786
TRANSFER AND TRANSPORT 786

Economic Analysis of Transfer Operations 788



Xvi CONTENTS

Types of Transfer Stations [788]
Vehicles for Uncompacted Wastes 1790
Transfer Station Siting Issues
WASTE REDUCTION AND MATERIALS RECOVERY
Waste Reduction 93
Materials Recovery and Recycling 796
Processing Technologies for the Recovery of Materials 797
Implementation of Materials Recovery Facilities 797
Technical Considerations in the Planning and Design of MRFs 802
COMPOSTING 803
Use of Compost and Constraints to Its Use 805
Composting Process 809
Composting Technologies 810
Compost Process Design and Operational Considerations 314
Issues in the Implementation of Composting Facilities 817
Health Hazard 819
SANITARY LANDFILL PLANNING, DESIGN, AND
OPERATION
Sanitary Landfill Planning 821
Sanitary Landfill Methods 824
General Landfill Design Issues 829
Leachate Generation, Control, and Treatment @
Landfill Gas Generation, Control, and Recovery and _
Utilization EREE|
Management of Surface Waters 841
Landfill Mining 845
Landfill Facilities and Equipment for Disposal by Sanitary
Landfill 84
Landfill Operation and Supervision 852
Site Closure or Conversion 85
INCINERATION 857
Description of Operation of MSW Incinerator 57
Combustion Products and Residues 859
Types of Incinerators 861
Control of the Incineration Process 866
Residue Management 869
Site Selection, Plant Layout, and Building Design 870
Issues in the Implementation of Incineration Facilities 871
HAZARDOUS WASTES
Definition of Hazardous Waste 873
Legislation 875
Generation of Hazardous Waste 877
Hazardous Waste Management 381

References 885)



CONTENTS xvii

6 Air Pollution and Noise Control 889
AIR POLLUTION AND NOISE CONTROLS 889
Health Effects 889
Economic Effects 893
Effects on Plants 894
Effects on Animals 895
Aesthetic, Climatic, and Related Effects 895
SOURCES AND TYPES OF AIR POLLUTION 000)
Man-made Sources 001
Natural Sources [901
Types of Air Pollutants 907]
SAMPLING AND MEASUREMENT
Particulate Sampling—Ambient Air 910
Gas Sampling 911
Smoke and Soiling Measurement 914
Stack Sampling 015
Measurement of Materials’ Degradation 915
ENVIRONMENTAL FACTORS
Meteorology 916
Topography 921
AIR POLLUTION SURVEYS 023
Inventory 023]
Air Sampling [924
Basic Studies and Analyses 924
AMBIENT AIR QUALITY STANDARDS 925
Federal Standards 026
Clean Air Act of 1990 929
Clean Air Act Amendments of 1997 930
Pollutant Standards Index (PSI) 930
CONTROLS 931
Source Control 931
Emission Control Equipment 934
Particulate Collectors and Separators 934
Gaseous Collectors and Treatment Devices 940
Dilution by Stack Height P41
Planning and Zoning 043
Air Quality Modeling 044
PROGRAM AND ENFORCEMENT 946
General 946
Organization and Staffing 948
Regulation and Administration 948




xviii

CONTENTS

NOISE CONTROL

Definitions and Explanations of Selected Terms and Properties of

Sound
Effects of Noise—A Health Hazard
Sources of Noise
Measurement of Noise
Methods for Noise Control
Control of Industrial Noise
Control of Transport Noise
Noise Reduction
Federal Regulations
State and Local Regulations

References
Bibliography

Radiation Uses and Protection

RADIATION FUNDAMENTALS
Radiation and Ionization
Atoms and Ions
Radiation Dose
Radioactivity
Activity and Half-Life (7%,)
Types of Radiation
ORIGIN OF HUMAN EXPOSURE TO IONIZING
RADIATION
External and Internal Radiation Exposure
Sources of Exposure
BIOLOGICAL EFFECTS OF RADIATION
Effects of Ionizing Radiation on Cells
Biological Effectiveness and Organ Sensitivity
Deterministic and Stochastic Effects
RADIATION PROTECTION PRINCIPLES AND
STANDARDS
Basic Principles of Radiation Protection 1003

U.S. Government Agencies Responsible for Radiation Use and

Protection
METHODS OF RADIATION PROTECTION
Distance
Duration of Exposure
Shielding
Contamination Control
Waste Management

051
058
959
061
062
064
065
066
063
071

97
97

979
082
983




CONTENTS xix

Space and Personnel Surveillance and Monitoring 1016
Environmentaol Surveillance and Monitoring

GUIDELINES FOR MEDICAL USE OF RADIATION
SOURCES
Diagnostic X-ray Equipment
Therapeutic X-ray Equipment
Medical Therapy Using Radioisotopes
X-ray and Other Radiation Sources Used in Industrial, Commerci

— === —
(=) (=] («] | (e (e
[\F [\ [N | [\S] [y
= [ [S1|\S) ~

o
=

and Other Settings
NONMEDICAL RADIATION PROTECTION
Nuclear Reactor Waste Management 1028
Radiological Emergency Response 1029

NONIONIZING RADIATION

Nonionizing Electromagnetic Radiations
Ultrasound

References

Bibliography

Food Protection

INTRODUCTION
FOOD SAFETY AND PROTECTION BACKGROUND
FOOD PROTECTION, QUALITY, AND PRESERVATION

Disease Control

Food Handling and Temperature Control

Personal Hygiene and Sanitary Practices

Food Handler Examination and Responsibilities

Food Quality Inspection

Food Additives

Food Preservation Technologies

Foodborne Pathogenic Organisms

Microbiological and Chemical Standards, Guidelines, or

Criteria 1064
Ice 1068
Dry-Food Storage 106
Compliance with and Enforcement of Sanitary Regulations 1070
Management Responsibility 1070
Food Protection Program Objectives 1071

FOOD COMMODITY QUALITY AND SAFETY PROGRAMS
Milk Quality 1074
Dairy Farm Sanitation 1075
Barn 1077,
Pen Stabling 1078
Pipeline Milker 1078




XX

CONTENTS

Dairy Equipment
Milkhouse
Milking Parlors
Bulk Cooling and Storage
Transportation
Pasteurization
Cooler
Cleaning and Sanitizing Milk Plant Equipment
Bottle Washer
Cooler and Boiler Capacity
Quality Control
Testing
Temperature
MILK PROGRAM ADMINISTRATION

Certified Industry Inspection

1079
1080
1080
1L082]
[1083]
1084
1086
1089
1091
1092
1093
1093
1097

1103
1103

Cooperative State—PHS/FDA Program for Certification of Interstate

Milk Shippers (IMS)
Official Local Program Supervision and Inspection
Official State Surveillance and Program Evaluation
Federal Marketing Orders for Milk

PRODUCE, JUICES, AND SEAFOOD

Fruits and Vegetables
Juices
Seafood
MEAT AND POULTRY
HACCP and Pathogen Control
Sanitation and Performance Standards
Risk Assessment
Microbiological Testing
HOSPITAL INFANT FORMULA

1104
1104
1105
1106

1106
1107

REGULATION OF RESTAURANTS, MEAT AND POULTRY, AND

OTHER FOOD ESTABLISHMENTS

Basic Requirements

Inspection and Inspection Forms

Shellfish

Sanitary Survey of Growing Areas

Classification of Growing Areas
DESIGN OF STRUCTURES

Location and Planning

Structural and Architectural Details

Mechanical Details

Washing Facilities, Toilets, and Locker Rooms

Water Supply




CONTENTS

Liquid and Solid Waste Disposal
DESIGN DETAILS

Typical Kitchen Floor Plans

General Design Guides

Lighting

Ventilation

Uniform Design and Equipment Standards
Space and Storage Requirements
Refrigeration

Thawing Frozen Foods

Refrigeration Design

Cleansing and Sanitizing

Hand Dishwashing, Floor Plans, and Designs
Machine Dishwashing, Floor Plans, and Designs
Hot Water for General Utility Purposes
References

Bibliography

9 Recreational Areas and Temporary Residences

BEACH AND POOL STANDARDS AND REGULATIONS

Health Considerations

Bathing Beaches

Regulations and Standards

Accident Prevention and Life Saving
SWIMMING POOL TYPES AND DESIGN

Recirculating Swimming Pool

Fill-and-Draw Pool

Flow-Through Pool

Partly Artificial Pool

Summary of Pool Design

Small-Pool Design
SWIMMING POOL OPERATION

Disinfection

Control of pH, Corrosion, and Scale

Clarity

Swimming Pool Water Temperature

Condensation Control

Testing for Free Available Chlorine and pH

Algae Control

Prevention of Ringworm and Other Skin Infections
Personnel

Pool Regulations

SWIMMING POOL MAINTENANCE

xxi

1139

1139
1140
1143
1144
1145
1146
1146
1149
1149
1153
1158
1163
1178
1179
1184




xxii

10

CONTENTS

Recirculating Pump

Hair Catcher

Filters

Chemical Feed Equipment
Pool Structure

WADING POOLS
Types

BATHING BEACHES
Disinfection and Water Quality
Control of Algae

Control of Aquatic Weeds
Control of Swimmer’s Itch

Evaluation of Bathing Beach Safety and the Impact of Closing a

Beach
TEMPORARY RESIDENCES

Operation of Temporary Residences
Camps

Compliance Guide

Travel-Trailer Parks

Campgrounds

Migrant-Labor Camps

Mass Gatherings

Highway Rest Areas

Marinas and Marine Sanitation

References
Bibliography

Residential and Institutional Environment

SUBSTANDARD HOUSING AND ITS EFFECTS

Growth of the Problem

Critical Period

Health, Economic, and Social Effects
APPRAISAL OF QUALITY OF LIVING

APHA Appraisal Method

Census Data

Health, Economic, and Social Factors

Planning

Environmental Sanitation and Hygiene Indices

Other Survey Methods

Health Principles

Basic Health Principles of Housing and Its Environment
Minimum Standards Housing Ordinance




CONTENTS xxiii

HOUSING PROGRAM
Approach 1313
Components of a Good Housing Program 1313
Outline of a Housing Program 1316
Solutions to the Problem 1317
Selection of Work Areas 1319
Enforcement Program 1320
Enforcement Procedures 1323

HOUSING FORM PARAGRAPHS FOR LETTERS
Structural Safety 1328
Incomplete Bathroom 1329
No Hot Water 1329
Leaking Water Closet 1329
Floors Not Water Repellent 1331
Exterior Paint Needed 1331
Rotted and Missing Siding 1333]
Sagging Wall 1333
Loose Plaster 1334
Leaking Roof 1334
No Gutters or Rain Leaders 1335
No Handrails 1335
Lead Paint 1333
Refuse in Attic 1335
Water-Closet Flush Tank Not Operating Correctly 1335
Garbage Stored in Paper Box or Bag 1336
Dilapidated Garbage Shed 1336]
Debris in Yard or Vacant Lot 1336
Dirty Apartment 1337
Overcrowded Sleeping Room 1337
No Window in Habitable Room 1337
Unlawful Third-Floor Occupancy 1337
Unlawful Cellar Occupancy 1337
Clogged Sewer 1337
Unvented Heater 1338
Furnace Flue Defective 133§
Rubber-Hose Gas Connection 133§
Rat Infestation 1338
Roach Infestation 1338
Overflowing Sewage Disposal System 1339
Improperly Protected Well-Water Supply 1339
Major Repairs 1339
Minor Repairs 133
Obtain at Least Three Estimates 1340

PLUMBING 1340



XXiv

11

CONTENTS

Plumbing Code
Backflow Prevention
Indirect Waste Piping
Plumbing Details
Other

INDOOR AIR QUALITY

Causes and Sources of Indoor Air Pollution
Biological Contaminants and Health Effects
Other Contaminants
Thermal and Moisture Requirements
Ventilation
Respiratory Illness Control
Venting of Heating Units

MOBILE HOME PARKS

INSTITUTION SANITATION

Definition

Institutions as Small Communities
Hospitals and Nursing Homes
Schools, Colleges, and Universities
Correctional Institutions

Day-Care Centers

References
Bibliography

Environmental Emergencies and Emergency Preparedness

INTRODUCTION
EMERGENCY PLANNING FOR INDUSTRIAL FACILITIES

Resources

Emergency Operations Centers (EOCs)

Media Center

Communication Equipment and Alarm Systems
Personal Protective Equipment (PPE)
Firefighting Facilities, Equipment, and Supplies
Spill and Vapor Release Control Equipment
Medical Facilities, Equipment, and Supplies
Meteorological Equipment

Security and Access Control Equipment
Environmental Testing

EMERGENCY ACTION LEVELS
EMERGENCY RESPONSE ORGANIZATION
Initial-Response organization

Full Emergency Response Organization
Emergency Director (Site Emegency Coordinator)

1340
1341
1349
1350
1350

1350
1354
1355
1360
1361
1364
1364

1368
1369

1369|

1369
1370
1377
1378
1384

1384

1389

1393
139

1395

1395

1397

1397,

1398

1398

1399
1399
1399

1400,

1400

-
1401
1402
1402

140



12

CONTENTS

Response Operations Coordinator
Incident Response Commander (IRC, Field Operations
Coordinator)
Emergecy Functions
EMERGENCY RESPONSE ACTIONS

Concept of Operations
Emergency Response Implementing Procedures
Environmental Considerations
Recovery, Reentry, and Restoration
TRAINING, EXERCISES, AND PLAN MAINTENANCE
EMERGENCY PLANNING AT THE LOCAL LEVEL

Emergency Management
Leadership Commitment

Planning Team

Planning Process

Planning Team Tasks

Resources

Content of the Plan and Procedures

PUBLIC INFORMATION

Public Education
Emergency Public Information

References

Soil and Groundwater Remediation

INTRODUCTION
CONTAMINATION HISTORY
REGULATORY REVIEW
SOURCES OF CONTAMINATION
SITE INVESTIGATIONS
REMEDIATION OBJECTIVES
REMEDIAL METHODS

Physical Methods
HAZARDOUS WASTE TREATMENT TECHNOLOGIES

Soil Vapor Extraction

In Situ Treatment Processes

Bioremediation

Chemical Treatment

External Treatment Processes
REMEDIATION COSTS

Thermal Destruction of Fumes

Recovery Wells

Sheet Piles

XXV




XXVi CONTENTS

Slurry Walls 1433
Grout Curtains 1434
Capping 1434
REMEDIATION EXPERIENCES 1434
EXAMPLES 1435
SUMMARY 1439
References 1440
Bibliography 1442
Appendix I ABBREVIATIONS AND ACRONYMS 1443
Appendix I  GENERAL ENGINEERING DATA 1447
Appendix I ENGLISH-METRIC CONVERSION FACTORS FOR
COMMON UNITS

Index 1467



1 Control of Communicable and
Certain Noninfectious Diseases

GLEN NEMEROW

Department of Immunology, The Scripps Research Institute, La Jolla,
California

LAUREEN BLOOMER, retired
Technical Services Department, Invitrogen Corp., Carlsbad, California

GENERAL

Definitions

Certain terms with which one should become familiar are frequently used in
the discussion of communicable and noninfectious or noncommunicable dis-
eases. Some common definitions are given here.

Age-Adjusted Death Rate Shows what the level of mortality would be if
there were no changes in the age composition of the population from year
to year and is therefore a better indicator than the unadjusted rate of change
over time in the risk of dying. Age-adjusted rates are computed by applying
the age-specific death rates for a given cause of death to the standard
population distributed by age, such as children, adults, and senior citizens.

Antigen(s) Foreign substance(s) inducing the formation of antibodies. In
some vaccines, the antigen is highly defined (e.g., pneumococcal polysac-
charide, hepatitis B surface antigen, tetanus, or diphtheria toxoids); in oth-
ers, it is complex or incompletely defined (e.g., killed pertussis bacteria;
live, attenuated viruses).! Antibodies are specific substances formed by the
body in response to stimulation by antigens.

Antisepsis The application of chemical agents to living tissue to kill or
control microorganisms.

Environmental Engineering, fifth edition, Edited by Joseph A. Salvato, Nelson L. Nemerow,
and Franklin J. Agardy
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Body Burden The total effect on the body from ingestion or exposure to a
toxic chemical in the air, water, or food. Can be determined by examination
of samples of human hair, tissue, blood, urine, and milk, also by measure-
ment of the amount in air, water, and food, and then the intake from these
sources, including contact.

Carcinogen Any factor or combination of factors that increases the risk of
cancer. Cancer is a disease in which derangement of body cells is involved.
The effects of carcinogens on human tissue, if exposure is sufficient, are
irreversible. Carcinogens that produce cancer in experimental animals are
found in low concentrations in food, food additives, some air and water
pollutants, and certain pesticides. The carcinogenic potential of many car-
cinogenic substances acting singly or in combination with other carcino-
gens and chemicals is unknown.? Most scientists agree that a chemical
causing cancer in animals is a potential cancer hazard for humans; however,
many chemicals carcinogenic to animals are not carcinogenic to humans.
But chemicals known to cause cancer in humans have been found to do
so in animal species.

Carrier A person or animal that harbors a specific infectious agent in the
absence of discernible clinical disease and serves as a potential source of
infection. The carrier state may exist in an individual with an infection that
is inapparent throughout its course (commonly known as healthy or asymp-
tomatic carrier) or during the incubation period, convalescence, and
postconvalescence of an individual with a clinically recognizable disease
(commonly known as incubatory carrier or convalescent carrier). Under
either circumstance, the carrier state may be of short or long duration
(temporary or transient carrier, or chronic carrier).>*

Communicable Disease An illness due to a specific infectious agent or its
toxic products arises through transmission of that agent or its products from
an infected person, animal, or inanimate reservoir to a susceptible host,
either directly or indirectly through an intermediate plant or animal host,
vector, or the inanimate environment.? Illness may be caused by pathogenic
bacteria, bacterial toxins, viruses, protozoa, spirochetes, parasitic worms
(helminths), poisonous plants and animals, chemical poisons, prions (in-
fectious proteinlike particles)*, rickettsias, and fungi, including yeasts and
molds. In this text, communicable diseases are grouped and discussed un-
der respiratory diseases, waterborne diseases, foodborne diseases, insect-
borne diseases, zoonoses, and miscellaneous diseases. The terms
communicable disease and infectious disease are used interchangeably.

Contact A person or animal that has been in an association with an infected
person or animal or a contaminated environment that might provide an
opportunity to acquire the infective agent.

*From ref. 3. Copyright by the American Public Health Association. Reprinted with permission.
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Contamination The presence of an infectious agent on a body surface; also
on or in clothes, bedding, toys, surgical instruments or dressings, or other
inanimate articles or substances, including water and food. Pollution is
distinct from contamination and implies the presence of offensive, but not
necessarily infectious, matter in the environment. Contamination on a body
surface does not imply a carrier state.’

Disease In its broadest sense, the communicable and noninfectious diseases.
Disease may be considered the antithesis of health, defined as ‘““a state of
physical, mental and social well-being and ability to function, and not
merely the absence of illness or infirmity.” (WHO definition as modified
in ref. 5, p. 1037.)°

Disinfection The application of microbicidal chemicals to materials (sur-
faces as well as water), which come into contact with or are ingested by
humans and animals, for the purpose of killing pathogenic microorganisms.
Disinfection may not be totally effective against all pathogens.

Disinfestation Any physical or chemical process serving to destroy or re-
move undesired small animal forms, particularly arthropods or rodents,
present upon the person or the clothing, in the environment of an individ-
ual, or on domestic animals. Disinfestation includes delousing for infes-
tation with Pediculus humanus, the body louse. Synonyms include the
terms disinsection and disinsectization when only insects are involved.?

Endemic The constant presence of a disease or infectious agent within a
given geographic area; may also refer to the usual prevalence of a given
disease within such area. Hyperendemic expresses a persistent intense
transmission and holoendemic a high level of infection beginning early in
life and affecting most of the population, e.g., malaria in some places. See
Zoonosis. (ref. 3, p. 505).

Endotoxin The toxin produced by a microorganism that is retained within
the cell but is liberated when the cell disintegrates (as in the intestine)
causing intoxication. Intoxication may also be produced by the ingestion
of a poisonous chemical. The toxin withstands autoclaving.®

Enterotoxin A toxin produced by certain microorganisms. It is associated
with the symptoms of food poisoning and is heat stable.

Epidemic The occurrence in a community or region of cases of an illness
(or an outbreak) clearly in excess of expectancy. The number of cases
indicating the presence of an epidemic will vary according to the infectious
agent, size and type of population exposed, previous experience or lack of
exposure to the disease, and time and place of occurrence; epidemicity is
thus relative to usual frequency of the disease in the same area, among the
specified population, at the same season of the year. A single case of a
communicable disease long absent from a population or the first invasion
by a disease not previously recognized in that area requires immediate
reporting and epidemiologic investigation; two cases of such a disease as-
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sociated in time and place are sufficient evidence of transmission to be
considered an epidemic (ref. 3, p. 505).

Epidemiology The study of the occurrence, frequency, and distribution of
disease (communicable and noncommunicable) in selected human popu-
lations, leading to the discovery of the cause and an informed basis for
preventive action—social, biological, chemical, or physical.

Exotoxin A toxin produced by a microorganism and secreted into the sur-
rounding medium, inactivated at 142 to 176° F (61-80°C).°

Host

A person or other living animal, including birds and arthropods, that

affords subsistence or lodgment to an infectious agent under natural (as
opposed to experimental) conditions. Some protozoa and helminths pass
successive stages in alternate hosts of different species. Hosts in which the
parasite attains maturity or passes its sexual stage are primary or definitive
hosts; those in which the parasite is in a larval or asexual state are sec-
ondary or intermediate hosts. A transport host is a carrier in which the
organism remains alive but does not undergo development.?
Immunobiologic Immunobiologics include vaccines, toxoids, and antibody
containing preparations from human or animal donors, including globulins
and antitoxins. These products are used for immunization (ref. 1, pp. 1-2):

1.

Vaccine: A suspension of attenuated live or killed microorganisms (bac-
teria, viruses, or rickettsias) or fractions thereof administered to induce
immunity and thereby prevent infectious disease.

Toxoid: A modified bacterial toxin that has been rendered nontoxic but
retains the ability to stimulate the formation of antitoxin.

. Immunoglobulin (IG): A sterile solution containing antibody from hu-

man blood. It is a 15 to 18 percent protein fraction obtained by cold
ethanol fractionation of large pools of blood plasma. It is primarily
indicated for routine maintenance of certain immunodeficient persons
and for passive immunization against measles and hepatitis A.
Specific immunoglobulin: Special preparations obtained from donor
pools preselected for a high antibody content against a specific disease
[e.g., hepatitis B immunoglobulin (HBIG), varicella zoster immuno
globulin (VZIG), rabies immunoglobulin (RIG), and tetanus immuno
globulin (TIG)].

. Antitoxin: A solution of antibodies derived from the serum of animals

immunized with specific antigens (diphtheria, tetanus) used to achieve
passive immunity or effect a treatment.

Incubation Period The interval between effective exposure of a susceptible
host to an agent (infection) and the onset of clinical signs and symptoms
of disease in that host.

Infection The entrance and growth of a pathogen in humans or animals
that, under favorable conditions, grows and causes illness.

Infectious Disease Any disease caused by the growth of pathogenic micro-
organisms in the body; may or may not be contagious (communicable).’
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LC,, The median lethal concentration of a substance in the air, causing
death in 50 percent of the animals exposed by inhalation; a measure of
acute toxicity.

LD,, The median lethal dose, causing death in 50 percent of the animals
exposed by swallowing a substance; a measure of acute toxicity.

Mutagen A chemical capable of producing a heritable change in genetic
material; it can cause miscarriage, stillbirth, or birth defects (ref. 2, p. 17).
Many chemicals that pollute the environment in large doses are mutagenic,
but their hazard is not known for the levels found in the environment.

Neurotoxin A toxin that attacks nerve cells (i.e., botulism).

Noninfectious or Noncommunicable Disease The chronic, degenerative,
and insidious disease that usually develops over an extended period and
whose cause may not be entirely clear. In its broad sense, cancer, alco-
holism, mental illnesses, tooth decay, ulcers, and lead poisoning are re-
garded as noncommunicable or noninfectious diseases. Also included are
cardiovascular diseases, pulmonary diseases, diabetes, arthritis, nutritional
deficiency diseases, malignant neoplasms, kidney diseases, injuries, and
illnesses associated with toxic organic and inorganic chemicals and phys-
ical agents in air, water, and food. For the purposes of this text, discussion
of noninfectious diseases emphasizes the environmental media or factors
serving as the vehicle for transmission of the disease. The usual environ-
mental media are air, food, water, and land (soil, flora, fauna); other factors
leading to injuries and contact may also be involved.

In contrast to communicable diseases, chronic diseases may be caused
by a variety or combination of factors that are difficult to identify, treat,
and control. The resulting illness may cause protracted or intermittent pain
and disability with lengthy hospitalization. A degenerative condition is the
result of the deterioration or breaking down of a tissue or part of the body
(aging).

No-Observed-Effect Level (NOEL) The no-observed-effect level, or the
minimal-effect level, expressed as a dose in milligrams of chemical per
kilogram of body weight, is divided by a safety or uncertainty factor to
obtain an acceptable daily intake (ADI). The magnitude of this factor will
generally range from 10 to 1000 and reflects the quantity and quality of
the toxicologic data, the degree of confidence in the data, and the nature
of the effects of concern.

Pathogen An infectious agent capable of causing disease.

Pathogenic The potential for producing disease, if the organism is suffi-
ciently virulent to enter the body and overcome the defense mechanism of
the host.

Personal Hygiene Those protective measures, primarily within the respon-
sibility of the individual, that promote health and limit the spread of in-
fectious diseases, chiefly those transmitted by direct contact. Such
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measures encompass (a) washing hands in soap and water immediately
after evacuating bowels or bladder and always before handling food or
eating; (b) keeping hands and unclean articles, or articles that have been
used for toilet purposes by others, away from the mouth, nose, eyes, ears,
genitalia, and wounds; (c) avoiding the use of common or unclean eating
utensils, drinking cups, towels, handkerchiefs, combs, hairbrushes, and
pipes; (d) avoiding exposure of other persons to spray from the nose and
mouth, as in coughing, sneezing, laughing, or talking; (e) washing hands
thoroughly after handling a patient or his belongings; and (f) keeping the
body clean by sufficiently frequent soap-and-water baths (ref. 3, p. 506).

Pollution The undesirable change in the physical, chemical, or biological
characteristics of air, land, and water that may or will harmfully affect
human life or that of other desirable species, industrial processes, living
conditions, and cultural assets or that may or will waste or deteriorate raw-
material resources.® Examples of pollution are inadequately treated munic-
ipal and industrial waste discharges, leachate and runoff, toxic discharges
from incinerators and industrial processes, discharge of a liquid causing an
increase in water temperature that does not support sport fish, algae, and
decaying aquatic weeds in bathing areas, and drainage from abandoned
mines. See Contamination.

Prevention, Primary Prevention of an etiologic agent, substance, or action
from causing disease or injury in humans; intervention; regulation of ex-
posure to environmental hazards that cause disease or injury to decrease
morbidity and mortality. Action to promote health and prevent disease or
injury. Includes immunization, adequate supply of safe water and basic
sanitation, prevention education, food and nutrition, and maternal and child
care.

Prevention, Secondary Early detection and treatment to cure or control
disease. Surveillance, screening, and monitoring the environment. Also
measures to protect the public (e.g., treatment of public water supplies,
fluoridation for dental control).

Prevention, Tertiary Amelioration of a disease to reduce disability or de-
pendence resulting from it. Conventional medical treatment and restoration
of health and well-being to the extent possible. Voluntary action by the
individual.

Primary Health Care Application of the principles of health education,
nutrition, immunization, water and sanitation, maternal and child care and
family planning, control of endemic diseases, treatment of common dis-
eases, and provision of essential drugs [World Health Organization
(WHO)].

Prospective Study (Forward in Time) Interprets information collected on
disease prevalence in a selected exposed population for a finite period of
time in the future, after a study starts; also called cohort study. It is then



GENERAL 7

compared with a nonexposed population or control group. See Retrospec-
tive Study.

Public Health “‘Public health is the science and art of preventing disease,
prolonging life, and promoting physical and mental health and efficiency
through organized community efforts for the sanitation of the environment,
the control of community infections, and education of the individual in
principles of personal hygiene, the organization of medical and nursing
services for the early diagnosis and preventive treatment of disease, and
the development of the social machinery which will ensure every individual
in the community a standard of living adequate for the maintenance of
health.”?

Reservoir (of Infectious Agents) Any person, animal, arthropod, plant, soil,
or substance (or combination of these) in which an infectious agent nor-
mally lives and multiplies, on which it depends primarily for survival, and
where it reproduces itself in such manner that it can be transmitted to a
susceptible host.?

Retrospective Study (After the Fact, Back in Time) Draws conclusions
from events or information (people with and without disease) that occurred
in the past, in which the related facts are likely to be vague and inaccurate.
In either type of study, individual physiologic and environmental differ-
ences and other uncontrolled variables usually limit the validity of the
results; nevertheless, the study can be very valuable. See Prospective Study.

Sanitation The effective use of measures that create and maintain healthy
environmental conditions. Among these measures are the safeguarding of
food and water, proper sewage and excreta disposal, and the control of
disease-carrying insects and animals.

Sanitize To reduce microorganism level to an acceptable level, usually by
the continuous application of heat or chemicals at suitable concentrations
and times.

Source of Infection The person, animal, object, or substance from which
an infectious agent passes to a host. Source of infection should be clearly
distinguished from source of contamination, such as overflow of a septic
tank contaminating a water supply or an infected cook contaminating a
salad. See Reservoir (ref. 3, pp. 506-507).

Sterilization The process of killing all microorganisms, including spores.

Susceptible A person or animal presumably not possessing sufficient resis-
tance against a particular pathogenic agent to prevent contracting infection
or disease if or when exposed to the agent.’

Teratogen An agent (radiation, virus, drug, chemical) that acts during preg-
nancy to produce a physical or functional defect in the developing off-
spring. Substances that have caused defects are methylmercury and
thalidomide. Some environmental pollutants may be both carcinogenic and
teratogenic (ref. 2, p. 17).
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TLV (Threshold Limit Value) The average 8-hr occupational exposure
limit. This means that the actual exposure level may sometimes be higher,
sometimes lower, but the average must not exceed the TLV. TLVs are
calculated to be safe exposures for a working lifetime.

Toxicity, Acute Condition Adverse effects occurring shortly after the ad-
ministration or intake of a single or multiple dose of a substance (oral rat
LD,,). Conditions classified as acute include viruses, colds, flu, and other
respiratory conditions; headaches, gastrointestinal disorders, and other di-
gestive conditions; accidental injuries; genitourinary disorders; diseases of
the skin; and other acute conditions. A condition that has lasted less than
three months and has involved either a physician visit (medical attention)
or restricted activity.'°

Toxicity, Chronic Condition An injury that persists because it is irrevers-
ible or progressive or because the rate of injury is greater than the rate of
repair during a prolonged exposure period (cancer or liver damage). Con-
ditions classified as chronic include major categories of chronic illnesses
such as heart disease, hypertension, arthritis, diabetes, ulcers, bronchitis,
and emphysema. Any condition lasting three months or more or one of
certain conditions classified as chronic regardless of their time of onset.'°

Toxin A poisonous substance of animal or plant origin.’

Transmission of Infectious Agents Any mechanism by which an infectious
agent is spread from a source or reservoir to a person. These mechanisms
are:

(a) Direct transmission. Direct and essentially immediate transfer of in-
fectious agents to a receptive portal of entry through which human or
animal infection may take place. This may be by direct contact, such
as touching, biting, kissing, or sexual intercourse, or by the direct pro-
jection (droplet spread) of droplet spray onto the conjunctiva or the
mucous membranes of the eye, nose, or mouth during sneezing, cough-
ing, spitting, singing, or talking (usually limited to a distance of about
1 m or less).

(b) Indirect transmission

(1) Vehicleborne: Contaminated inanimate materials or objects (fo-
mites) such as toys, handkerchiefs, soiled clothes, bedding, cook-
ing or eating utensils, surgical instruments, or dressings (indirect
contact); water, food, milk, biological products including blood,
serum, plasma, tissues, or organs; or any substance serving as an
intermediate means by which an infectious agent is transported and
introduced into a susceptible host through a suitable portal of entry.
The agent may or may not have multiplied or developed in or on
the vehicle before being transmitted.

(2) Vectorborne

(i) Mechanical: Includes simple mechanical carriage by a crawl-
ing or flying insect through soiling of its feet or proboscis or
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by passage of organisms through its gastrointestinal tract. This
does not require multiplication or development of the organism

(i1) Biological: Propagation (multiplication), cyclic development,
or a combination of these (cyclopropagative) is required before
the arthropod can transmit the infective form of the agent to
humans. An incubation period (extrinsic) is required following
infection before the arthropod becomes infective. The infec-
tious agent may be passed vertically to succeeding generations
(transovarian transmission); transstadial transmission indi-
cates its passage from one stage of life cycle to another, as
nymph to adult. Transmission may be by injection of salivary
gland fluid during biting or by regurgitation or deposition on
the skin of feces or other material capable of penetrating
through the bite wound or through an area of trauma from
scratching or rubbing. This transmission is by an infected non-
vertebrate host and not simple mechanical carriage by a vector
as a vehicle. However, an arthropod in either role is termed a
vector.

(c) Airborne: The dissemination of microbial aerosols to a suitable portal
of entry, usually the respiratory tract. Microbial aerosols are suspen-
sions of particles in the air consisting partially or wholly of microor-
ganisms. They may remain suspended in the air for long periods of
time, some retaining and others losing infectivity or virulence. Particles
in the 1- to 5-um range are easily drawn into the alveoli of the lungs
and may be retained there. Not considered as airborne are droplets and
other large particles that promptly settle out (see Direct Transmission).

(1) Droplet nuclei: Usually the small residues that result from evap-
oration of fluid from droplets emitted by an infected host (see
above). They also may be created purposely by a variety of at-
omizing devices or accidentally as in microbiology laboratories or
in abattoirs, rendering plants, or autopsy rooms. They usually re-
main suspended in the air for long periods of time.

(2) Dust: The small particles of widely varying size that may arise
from soil (e.g., fungus spores separated from dry soil by wind or
mechanical agitation), clothes, bedding, or contaminated floors
(ref. 3, p. 507).

Vaccination and Immunization Today, these terms are often used inter-
changeably. The words vaccination and vaccine derive from vaccinia, the
cowpox virus once used as smallpox vaccine. Thus, vaccination originally
meant the inoculation of vaccinia virus to render individuals immune to
smallpox. Some people still prefer that the term vaccination be restricted
to this use, but many have come to use the term in a more general sense
to denote the administration of any vaccine or toxoid without regard to
whether the recipient is successfully made immune.
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Immunization is a more inclusive term denoting the process of inducing
or providing immunity artificially by administering an immunobiologic.
Immunization can be active or passive.

Active immunization denotes the production of antibody or antitoxin in
response to the administration of a vaccine or toxoid. Passive immunization
denotes the provision of temporary immunity by the administration of pre-
formed antitoxin or antibodies (e.g., immunoglobulin, maternal antibodies).
Three types of immunobiologics are used for passive immunization: (1)
pooled human immuno globulin (IG), (2) specific IG preparations, and (3)
antitoxin.

Although there is lack of consensus that vaccination and immunization
are completely synonymous, these words are used interchangeably in Im-
munization Practices Advisory Committee (ACIP) statements when refer-
ring to active immunization. Regardless of which term is used, it must be
emphasized that administration of an immunobiologic cannot be automat-
ically equated with the development of (or conferring of) adequate im-
munity because of a variety of specific factors, many of which are
discussed in this statement (ref. 1, pp. 1-2).

YPLL Total years of potential life lost, a measure of premature mortality
from all causes over the span from age 1 to 65 years based on age-specific
death rates (MMWR, “Annual Summary 1984, p. 118).

Zoonosis An infection or infectious disease transmissible under natural con-
ditions from vertebrate animals to humans, may be enzootic or epizootic.'!

Common Rates Used in Public Health

Data are used to compare rates at different times or in different areas. Data
must be reliable and carefully analyzed for differences in, for example, pop-
ulation, age distribution, geography, and employment. Statistical tests should
be made to determine significance of data (the asterisks indicate that rates are
also expressed as per 100,000 population):

Age-specific death rate

death in a specific age group in a specific

population in a calender year
=— . - X 1000*
estimated midyear population of that age

group in the specific population

Age-specific mortality rate

number of people in a given age group
_ who died during a given time period (year) % 1000%
average number of people in a given age

group during that time inteval (at midyear)
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Birth rate

live births in a population during a given

_ _ time interval (ye'ar) ' . % 1000*
average population during that time

interval (year)

individuals dying from a certain disease

Case-fatality rate (in percent) = individuals who have the disease

Cause-specific mortality rate

deaths due to a certain cause in a given
population during a specified time period
average number of people in that
population during that time interval

X 100,000

Incidence rate
new cases of a disease in a population
_ during a specified time period
persons at risk of developing the disease
during that time period

X 1000*

Infant mortality rate

deaths occurring under the age of 1 year
in a population

= 1000%*
live births in that year in that population

Morbidity rate
cases of a disease existing at a particular
time or cases occurring in a defined period of time

100,000

Mortality rate (crude death rate)
deaths from all causes occurring in a
population during a given time period (year)

- X 1000*
average number of people in that
population during that period (at midyear)
Prevalence rate
total cases of a disease existing (new
_ and old) in the population at a given time % 1000%

persons in the population at that time

11
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Standardized mortality ratio

deaths due to a given cause in a given
group
= X 100
deaths expected in that group based on
adjustment for demographic variables

Life Expectancy and Mortality

The life expectancy at birth has varied with time, geography, and the extent
to which available knowledge concerning disease prevention and control
could be applied. Table 1-1 shows the trend in life expectancy with time. The
gains in life expectancy in the United States between 1900 and 1990 shown
in Table 1-2 have occurred mostly in the early years (26.2 years at birth and
16.2 years at age 5), reducing to 17.5 at age 25, 13.2 years at age 45, and
6.8 years at age 75. The life expectancy gains since 1900 are typical of
developed countries and are due primarily to better sanitation (water filtration
and chlorination, sanitary excreta and sewage disposal, milk pasteurization,
hygiene) and nutrition, immunization and chemotherapy, and improved med-
ical care and surgical procedures. These measures have led to a reduction in
infant mortality, the conquest of epidemic and infectious diseases, and an
improved quality of life. Developing countries can also achieve such gains if
similar preventive measures can be instituted.

The vital statistics in Table 1-3 are of interest in that they show the changes
in major causes of death in 1900 related to 1999 and the net reduction in the
total death rate. Table 1-4 shows the leading causes of death in recent years.
Future increase in life expectancy in the United States (and other developed
countries) is dependent in part on our ability to identify the causes and control
the chronic and degenerative noninfectious diseases such as cardiovascular
diseases, malignant neoplasms, and cerebrovascular diseases, provided we
maintain and strengthen existing barriers to infectious diseases as needed.

The prevention of deaths from a particular disease does not increase the
life expectancy in direct proportion to its decreased mortality.'* Keyfitz'? gives
an example showing that if a general cure for cancer were found, there would
be nearly 350,000 fewer deaths per year (cancer deaths in 1970). It would
seem, then, that the mortality would be lowered by one-sixth, since cancer
deaths were one-sixth of all deaths, and the life expectancy increased by one-
sixth. But this would hold true only for a homogeneous population (ref. 13,
p- 954): “Only in such a population would the reduction of the deaths and
of the death rate by one-sixth extend the expectation of life by one-sixth.
Only then could each of us expect to live 12 more years (assuming a life
expectancy of 72 years) as a result of the discovery of a cure for cancer.”
But because the population is not homogeneous and the risk factors for cancer,
and other diseases, vary with age [such as for a 20-year-old man (1 : 10,000)
compared to a 70-year-old man (1 : 100)], the “universal elimination of can-
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TABLE 1-1 Life Expectancy at Birth

Life
Period or Year Expectancy
Neanderthal (50,000 B.c.—35,000 B.C.) 29 .44
Upper Paleolithic (600,000 B.c.—15,000 B.C.) 32.44
Mesolithic 31.5¢
Neolithic Anatolia (12,000 B.c.—10,000 B.C.) 38.2¢
Bronze Age, Austria 384
Greek Classical (700 B.c.—460 B.c.) 35¢
Roman Classical (700 B.c.—A.D. 200) 324
Roman empire (27 B.c.—A.D. 395) 24
1000 32
England (1276) 48
England (1376-1400) 38«
1690 33.5
1800 35
1850 40
1870 40
1880 45
1900 47.3%
1910 50.0°
1920 54.1°
1930 59.7°
1940 62.9°
1950 68.2¢
1960 69.7°
1970 70.8°
1980 73.7°
1988 74.9°
1999 76.5¢

Source: J. A. Salvato, Jr., “Environmental Health,” in Encyclopedia of Environment Science
and Engineering, E. N. Ziegler and J. R. Pfafflin (Eds.), Gordon Breach Science, London,
1976, p. 286.

Note: The 1981-1982 average life expectancy for Japan was 77.0, Sweden 76.1, and Neth-
erlands and Norway 76.0.

Life expectancy figures after 1690 are for the United States. The average life expectancy for
the world in 1984 was 61 years and for Africa in 1975 it was 45 years. The world population
was reported by the United Nations as 4 billion in 1975 and projected to 6.25 billion in
2000. The U.S. Census Bureau in 1986 predicted 6.2 million.

“E. S. Deevy, Jr., “The Human Population,” Sci. Am., 203(3), 200 (September 1960).

b Health United States 1989, U.S. Department of Health and Human Services, Public Health
Service, March 1990, p. 106.

“From ref. 12.
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TABLE 1-2 Increase in Life Expectancy between 1900 and 1990 at Selected
Ages, U.S. Total Population

Life Expectancy

Gain During

Age 1900 1990¢ 1900-1990
0 49.2 75.4 26.2
1 55.2 75.1 19.9
5 55.0 71.2 16.2
15 46.8 66.3 19.5
25 39.1 56.6 17.5
35 31.9 47.2 15.3
45 24.8 38.0 13.2
55 17.9 29.0 11.1
60 14.8 24.8 10.0
65 11.9 20.8 8.9
70 9.3 17.2 7.9
75 7.1 13.9 6.8
80 — 10.9 —
85 and over — 6.1 —

“Department of Commerce, U.S. Census Bureau, United States Life Tables 1890, 1901, 1910,
and 1901-1910, by J. W. Glover, U.S. Government Printing Office, Washington, D.C., 1921, pp.
52-53.

> National Center for Health Statistics, Viral Statistics of the United States, 1990, Vol. II: Mortality,
Sec. 6, Life Tables, p., U.S. Department of Health and Human Services, U.S. Government Printing
Office, Washington, DC, 1994.

cer would increase life expectancy by only about two years—not the 12 years
that would apply if the population were homogeneous” (ref. 13, p. 955).
Keyfitz'? goes on to say, “But even the gain so calculated (two years if cancer
is eliminated) is almost certainly an overestimate of the benefit. For within
any given age group, the people subject to any one ailment tend to have higher
than average risks from other ailments” (p. 955). To extend average life ex-
pectancy beyond 70 years, Keyfitz feels it is necessary to focus on prevention
of ““deterioration and senescence of the cells of the human body” (p. 956).
Taeuber'* estimates that the life expectancy of a 65-year-old man would
be increased by 1.4 years if there were no cancer; 23 years would be added
to the average life expectancy for 35-year-olds. Also, of the nearly 2 million
deaths that occurred in 1973, 356,000 were attributed to cancer. Two-thirds
of those saved lives, according to Taeuber, would have died of heart condi-
tions or strokes.'* It would seem, then, that a general improvement in the
“quality of life”’* to slow down premature aging, together with prevention

*In addition to elimination, insofar as possible, of the communicable and noninfectious diseases,
a desirable quality of life implies a decent home, comprehensive health care, adequate preventive
services, adequate and safe water and food supply, proper waste disposal, clean air and water,
absence of poverty, a suitable level of education and cultural opportunity, balanced diet, nonde-
structive life style, safe working conditions, safe and adequate recreation and transportation fa-
cilities. See Chapter 2, Statement of Goals and Objectives.
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TABLE 1-3 Leading Causes of Death, 1900, 1960, 1970 and 1999 in the
United States

Deaths per Percentage

100,000 of All
Rank Cause of Death Population” Deaths
1900
All causes 1719
1 Pneumonia and influenza 202.2 11.8
2 Tuberculosis (all forms) 194.4 11.3
3 Gastritis, etc. 142.7 8.3
4 Diseases of the heart 137.4 8.0
5 Vascular lesions affecting the central nervous 106.9 6.2
system
6 Chronic nephritis 81.0 4.7
7 All accidents? 72.3 4.2
8 Malignant neoplasma (cancer) 64.0 3.7
9 Certain diseases of early infancy 62.5 3.6
10 Diphtheria 40.3 23
11 All other and ill-defined causes 615.3 36
1960
All causes 955
1 Diseases of the heart 366.4 38.7
2 Malignant neoplasms (cancer) 147.4 15.6
3 Vascular lesions affecting the central nervous 107.3 11.3
system
4 All accidents® 51.9 5.5
5 Certain diseases of early infancy 37.0 39
6 Pneumonia and influenza 36.0 3.5
7 General arteriosclerosis 20.3 2.1
8 Diabetes mellitus 17.1 1.8
9 Congenital malformations 12.0 1.3
10 Cirrhosis of the liver 11.2 1.2
11 All other and ill-defined causes 148.4 15
1970
All causes 945.3
1 Diseases of the heart 362.0 38.3
2 Malignant neoplasms (cancer) 162.8 17.2
3 Cerebrovascular diseases (stroke) 101.9 10.8
4 Accidents 56.4 6.0
5 Influenza and pneumonia 30.9 33
6 Certain causes of mortality in early infancy? 21.3 2.2
7 Diabetes mellitus 18.9 2.0
8 Arteriosclerosis 15.6 1.6
9 Cirrhosis of the liver 15.5 1.6
10 Bronchitis, emphysema, and asthma 15.2 1.6
11 All other and ill-defined causes 144.8 15
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TABLE 1-3 (Continued)

Deaths per Percentage

100,000 of All
Rank Cause of Death Population” Deaths
1999
All causes 877.0
1 Diseases of the heart 265.9 30.3
2 Malignant neoplasms 201.6 23.0
3 Cerebrovascular diseases 61.4 7.0
4 Chronic lower respiratory diseases 45.5 5.2
5 Accidents (unintentional injuries) 35.9 4.1
6 Diabetes mellitus 25.1 2.9
7 Influenza and pneumonia 23.4 2.7
8 Alzheimer’s disease 16.3 1.9
9 Nephritis, nephrotic syndrome, and nephro- 13.0 1.5
sis

10 Septicemia 11.3 1.3
11 All other and ill-defined causes 177.6 20.1

Sources: For 1900, 1960, and 1970 data: President’s Science Advisory Committee Panel on Chem-
icals, Chemicals and Health, U.S. Government Printing Office (GPO) Washington, DC, 1973, p.
152; DHEW, PHS, ‘“‘Facts of Life and Death,” DHEW Pub. No. (HRA) 74-1222, GPO, Wash-
ington, DC, 1974, p. 31. For 1999 data: “Deaths: Final Data for 1999, Natl. Vital Statist. Rep.,
49(8), 6 (September 21, 2001). Cause of death is based on International Classification of Diseases,
10th rev. 1992, WHO, Geneva.

“Crude death rate. Cannot be compared among populations differing in relative age distribution.
Does not reflect high percentage of older population dying of natural causes.

®Violence would add 1.4%; horse, vehicle, and railroad accidents provide 0.8%.

“Violence would add 1.5%; motor vehicle acidents provide 2.3%; railroad accidents provide less
than 0.1%.

4Birth injuries, asphyxia, infections of newborn, ill-defined diseases, immaturity, etc.

and control of the noninfectious as well as communicable diseases, will ac-
complish a greater increase in life expectancy than concentrating solely on
elimination of the major causes of death. This appears to be a sound approach
since it is known that “mortality levels are determined by the complicated
interplay of a variety of sociocultural, personal, biological, and medical fac-
tors” (ref. 15, p. 966). On the other hand, if the causes of a disease are also
contributing factors to other diseases, then elimination of the cause of one
disease may, at the same time, eliminate or reduce morbidity and mortality
from other diseases, thereby resulting in an additional overall increase in life
expectancy. For example, the ready availability of potable water can not only
greatly reduce gastrointestinal diseases but also promote personal hygiene and
cleanliness, prevent impetigo, reduce stress, and save time.

There seems to be a consensus that further increase in life expectancy in
developed countries is dependent primarily on the extent to which personal
behavior will be changed—obesity, poor nutrition, lack of exercise, smoking,
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TABLE 1-4 Causes of Death in the United States, 1975, 1980, 1986, 1990, 1999
Crude Death Rate per 100,000

Population

Cause 1975 1980 1986 1990 1999

Diseases of the heart 336.2 336.0 317.5 289.5 265.9

Malignant neoplasms (cancer) 171.7 183.9 194.7 203.2 202.7

Cerebrovascular diseases 91.1 75.1 62.1 57.9 61.4

Chronic lower respiratory disea- — — — — 45.5
ses”

Accidents 48.4 46.7 39.5 37.0 —
Unintentional injuries” — — — — 359
Motor vehicle (21.5) (235 (199 (18.8)

All other accidents (26.8) (23.2) (19.7) (18.2)
Influenza and pneumonia 26.1 241 29.0 32.0 234
Certain diseases of early infancy 12.5 7.4 — 7.1 —
Arteriosclerosis 13.6 13.0 9.4 7.3 —
Diabetes mellitus 16.5 15.4 15.4 19.2 25.1
Alzheimer’s disease” — — — — 16.3
Nephritis, nephrotic syndrome, and — 7.4 — 8.3 13.0

nephosis®

Septicemia“ — 4.2 — 7.7 11.3

Bronchitis, emphysema, asthma 12.0 — — — —

Chronic obstructive pulmonary — 24.7 31.8 34.9 —
diseases

Chronic liver disease and cirrhosis 14.8 13.5 10.9 10.4 9.6

Suicide 12.7 11.9 12.8 — 10.7

Congenital malformations 6.2 6.2 — — —

Homicide 10.0 10.7 — 10.0 6.2

Essential (primary) hypertension — — — — 6.2
and hypertensive renal disease”

Other hypertensive diseases 3.0 — — — —

Aortic aneurysm and dissection® — — — — 5.8

Human immunodeficiency virus — — — 10.1 —

Other and ill-defined 112.2 106.8 150.1 116.9 139.0

Total, all causes 885.5 878.3 873.2 863.8 877.0

Population in millions 214.9 226.6 241.2 2454 281.4

Sources: For 1975, 1980, 1986, and 1990 data: National Center for Health Statistics, Vital Sta-
tistics of the United States, 1975, 1980, 1986, 1990, Vol. 1I: Mortality, Part A, Sec. 1, Tables
1-5, 1-5, 1-5, 1-6, U.S. Department of Health and Human Services, Washington, DC, 1979, 1985,
1988, 1994. For 1888 datal. “‘Deaths: Final Data for 1999,” Natl. Vital Statist. Rept., 49(8)
(September 21, 2001). Cause of death is based on International Classification of Diseases, 10th
rev., WHO, Geneva, 1992.

Data not available for 1975, 1980, 1986, and 1990.

Note: Although the above data list a specific cause of death, multiple chronic conditions may be
the major contributing cause. This is important in interpreting the data and designing preventive
programs.
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alcohol and drug intake, stress—and environmental pollutants will be con-
trolled—industrial and auto emissions, chemical discharges into our air and
waters, use of pesticides and fertilizers, interaction of harmless substances
forming hazardous compounds'®—together with a reduction of accidental and
violent deaths and an improvement in living and working conditions. The
average biological life expectancy in 1990 is estimated to be 85 years of age.

It must also be recognized that although life expectancy is a measure of
health progress, it does not measure the morbidity levels and the quality of
life.

Disease Control

The communicable diseases (malaria, yellow fever, pneumonia, tuberculosis,
cholera, schistosomiasis, onchocerciasis, trachoma, intestinal parasitosis, and
diarrheal diseases) and malnutrition are considered the core health problems
of developing countries, many of which are aggravated by contaminated
drinking water, unhygienic housing, and poor sanitation. However, illnesses
associated with contaminated drinking water and food and poor personal hy-
giene are not uncommon in the so-called developed countries. In 1975 dis-
eases of the heart, cancers, and cerebrovascular diseases caused 67 percent
of all deaths in the United States. In 1988 they accounted for 65 percent of
all deaths and in 1999 they accounted for 60 percent (Table 1-4). The age-
adjusted death rates (Table 1-5) for the same diseases totaled 63 percent of
all deaths in 1970 and 64 percent in 1984. However, there was a significant
decrease in deaths due to diseases of the heart and cerebrovascular diseases.
For overall comparison, the crude death rate for all causes decreased from
888.5 in 1975 to 863.8 in 1990 and to 877 in 1999. The age-adjusted death
rate for all causes decreased from 714.3 in 1970 to 520.2 in 1990. See Tables
1-2 to 1-5. The major age-adjusted reductions in causes of death between
1970 and 1990 were those related to diseases of the heart, cerebrovascular
diseases, pneumonia and influenza, chronic liver disease and cirrhosis, dia-
betes mellitus, and accidents. Overall, deaths due to malignant neoplasms
increased somewhat and deaths due to chronic obstructive pulmonary diseases
increased significantly. Tables 1-4 and 1-5 give an indication of where pre-
ventive efforts should be directed.

Sound factual information upon which to base programs for the prevention
and control of morbidity and mortality associated with chronic diseases, ag-
ing, mental stress, destructive life styles, environmental hazards, and injury
in many cases is not adequate or available. Multiple causes of disease and
delayed effects compound the uncertainties. Nevertheless, it is prudent to
apply and update known preventive environmental, physiologic—medical, and
health education—motivational measures, including screening for early disease
detection and treatment, with the full knowledge of their limitations and with-
out raising unreasonable expectations of the public. The environmental pre-
ventive measures for disease control are elaborated on here, but the
importance of the other measures is not to be minimized.
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TABLE 1-5 Age-Adjusted Death Rates” per 100,000 Resident Population for Selected Causes of Death According to Sex and Race:

United States, Selected Years

Sex, Race, and Cause of Death 19507 1960”7 1970 1980 1985 1990 1992
All Races, Both Sexes
All causes 840.5 760.9 714.3 585.8 546.1 520.2 504.5
Diseases of the heart 307.2 286.2 253.6 202.0 180.5 152.0 144.3
Ischemic heart disease — — — 149.8 125.5 102.6 95.7
Cerebrovascular diseases 88.6 79.7 66.3 40.8 32.3 27.7 26.2
Malignant neoplasms 125.3 125.8 129.8 132.8 133.6 135.0 133.1
Respiratory system 12.8 19.2 28.4 36.4 38.8 41.4 40.8
Colorectal 19.0 17.7 16.8 15.5 14.8 — —
Prostate© 13.4 13.1 13.3 14.4 14.6 — —
Breast? 222 223 23.1 227 232 23.1 12.0
Chronic obstructive pulmonary diseases 4.4 8.2 13.2 15.9 18.7 19.7 19.9
Pneumonia and influenza 26.2 28.0 22.1 12.9 13.4 14.0 12.7
Chronic liver disease and cirrhosis 8.5 10.5 14.7 12.2 9.6 8.6 8.0
Diabetes mellitus 14.3 13.6 14.1 10.1 9.6 11.3 11.9
Accidents and adverse effects 57.5 49.9 53.7 42.3 347 32.5 29.4
Motor vehicle accidents 23.3 22.5 27.4 22.9 18.8 18.5 15.8
Suicide 11.0 10.6 11.8 11.4 11.5 11.5 11.1
Homicide and legal intervention 54 52 9.1 10.8 8.3 10.2 10.5
White Males
All causes 963.1 917.7 893.4 745.3 688.7 644.3 620.9
Diseases of the heart 381.1 375.4 347.6 277.5 244.5 202.0 190.3
Ischemic heart disease — — — 218.0 180.8 145.3 134.8
Cerebrovascular diseases 87.0 80.3 68.8 41.9 32.8 27.7 26.3
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TABLE 1-5 (Continued)

Sex, Race, and Cause of Death 19507 1960”7 1970 1980 1985 1990 1992
White Males
Malignant neoplasms 130.9 141.6 154.3 160.5 159.2 160.3 157.3
Respiratory system 21.6 34.6 49.9 58.0 58.2 59.0 56.7
Colorectal 19.8 18.9 18.9 18.3 17.6 — —
Prostate 13.1 12.4 12.3 13.2 13.3 — —
Chronic obstructive pulmonary diseases 6.0 13.8 24.0 26.7 28.5 27.4 26.8
Pneumonia and influenza 27.1 31.0 26.0 16.2 17.4 17.5 15.8
Chronic liver disease and cirrhosis 11.6 14.4 18.8 15.7 12.6 11.5 11.1
Diabetes mellitus 11.3 11.6 12.7 9.5 9.2 11.3 11.6
Accidents and adverse effects 80.9 70.5 76.2 62.3 50.4 46.4 41.9
Motor vehicle accidents 359 34.0 40.1 34.8 27.6 26.3 27.2
Suicide 18.1 17.5 18.2 18.9 19.9 20.1 19.5
Homicide and legal intervention 39 39 7.3 10.9 8.1 8.9 9.3
Black Males
All causes 1373.1 1246.1 1318.6 1112.8 1024.0 1061.3 1026.9
Diseases of the heart 415.5 381.2 3759 327.3 301.0 275.4 264.1
Ischemic heart disease — — — 196.0 164.9 147.1 138.2
Cerebrovascular diseases 146.2 141.2 122.5 77.5 60.8 56.1 52.0
Malignant neoplasms 126.1 158.5 198.0 229.9 231.6 248.1 238.1
Respiratory system 16.9 36.6 60.8 82.0 84.4 91.0 86.7
Colorectal 13.8 15.0 17.3 19.2 19.5 — —
Prostate 16.9 222 254 29.1 30.2 — —
Chronic obstructive pulmonary diseases — — — 20.9 23.9 26.5 24.8
Pneumonia and influenza 63.8 70.2 53.8 28.0 26.8 28.7 25.0
Chronic liver disease and cirrhosis 8.8 14.8 33.1 30.6 23.4 20.0 17.2
Diabetes mellitus 11.5 16.2 21.2 17.7 17.7 23.6 24.2
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Accidents and adverse effects
Motor vehicle accidents

Suicide

Homicide and legal intervention

All causes
Diseases of the heart
Ischemic heart disease
Cerebrovascular diseases
Malignant neoplasms

Respiratory system

Colorectal

Breast
Chronic obstructive pulmonary diseases
Pneumonia and influenza
Chronic liver disease and cirrhosis
Diabetes mellitus
Accidents and adverse effects
Motor vehicle accidents
Suicide
Homicide and legal intervention

105.7
39.8
7.0
51.1

645.0
223.6

79.7
119.4
4.6
19.0
22.5
2.8
18.9
5.8
16.4
30.6
10.6
53
1.4

Black Males

100.0
38.2
7.8
44.9

119.5
50.1
9.9
82.1

White Females

555.0
197.1
68.7
109.5
5.1
17.0
22.4
33
19.0
6.6
13.7
25.5
11.1
53
1.5

501.7
167.8
56.2
107.6
10.1
153
23.4
53
15.0
8.7
12.8
272
14.4
7.2
22

82.0
32.9
11.1
71.9

411.1
134.6
974
35.2
107.7
18.2
133
22.8
9.2
9.4
7.0
8.7
214
12.3
5.7
32

66.7
27.7
11.3
49.9

390.6
121.7
82.9
27.9
110.3
22.6
123
233
12.9
9.8
5.6
8.1
18.4
10.8
53
29

62.4
28.9
12.4
68.7

369.9
103.1
68.6
23.8
111.2
26.5

22.9
15.2
10.3
4.8
9.5
17.6
11.0
4.8
2.8

56.7
25.0
12.4
68.1

359.9
98.1
64.1
225

110.3
274

21.7
16.1
9.7
4.6
9.6
16.1
9.6
4.6
2.8
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TABLE 1-5 (Continued)

Sex, Race, and Cause of Death 19507 1960”7 1970 1980 1985 1990 1992
Black Females
All causes 1106.7 916.9 814.4 631.1 589.1 581.6 568.4
Diseases of the heart 349.5 292.6 251.7 201.1 186.8 168.1 162.4
Ischemic heart disease — — — 116.1 100.8 88.8 84.9
Cerebrovascular diseases 155.6 139.5 107.9 61.7 50.3 42.7 39.9
Malignant neoplasms 131.9 127.8 123.5 129.7 130.4 137.2 136.6
Respiratory system 4.1 5.5 10.9 19.5 22.5 275 28.5
Colorectal 15.0 154 16.1 15.3 16.1 — —
Breast 19.3 21.3 21.5 23.3 253 27.5 27.0
Chronic obstructive pulmonary diseases — — — 6.3 8.7 10.7 11.2
Pneumonia and influenza 50.4 43.9 29.2 12.7 12.4 13.7 12.2
Chronic liver disease and cirrhosis 5.7 8.9 17.8 14.4 10.1 8.7 6.9
Diabetes mellitus 22.7 27.3 30.9 22.1 21.1 25.4 25.8
Accidents and adverse effects 38.5 35.9 353 25.1 20.7 20.4 19.3
Motor vehicle accidents 10.3 10.0 13.8 8.4 8.2 9.3 8.7
Suicide 1.7 1.9 2.9 2.4 2.1 2.4 2.1
Homicide and legal intervention 11.7 11.8 15.0 13.7 10.8 13.0 13.0

Sources: National Center for Health Statistics, Vital Statistics Rates in the United States, 1940—1960, by R. D. Grove and A. M. Hetzel, DHEW Pub. No. (PHS)
1677, Public Health Service, U.S. Government Printing Office, Washington, DC, 1968; National Center for Health Statistics, Vital Statistics of the United States,
1970, 1980, 1985, 1990, 1992, Vol. 11 Mortality, Part A, Sec. 1, Tables 1-6, 1-7, 1-7, 1-8, 1-8, U.S. Department of Health and Human Services, Washington, DC,

1974, 1985, 1989, 1994, 1996.

Notes: For data years shown, the code numbers for cause of death are based on the then-current International Classification of Diseases, Appendix 1I, Tables IV
and V. Some numbers in this table have been revised and differ from previous editions of Health United States. As reported in Health United States 1989, U.S.
Department of Health and Human Services, Public Health Service, Centers for Disease Control and Prevention, Hyattsville, MD, March 1990, Table 23, pp. 121—

122.

“These are total rates in which differences between two or more populations in age distribution have been removed. Only age-specific differences remain.

’Includes deaths of nonresidents of the United STates.

“Male only.
4Female only.
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The goal of environmental health programs is not only the prevention of
disease, disability, and premature death but also the maintenance of an en-
vironment that is suited to humanity’s efficient performance and the preser-
vation of comfort and enjoyment of living today and in the future. The goal
is the prevention of not only communicable diseases but also the noncom-
municable diseases, the chronic and acute illnesses, and the hazards to life
and health. This requires better identification and control of the contributing
environmental factors in the air, water, and food at the home and the place
of work and recreation as well as changes in personal behavior and reduced
individual assumption of risk. Lacking complete information, the best possible
standards based on the available knowledge must be applied for the public
good. Standards adoption and regulatory effort should be based on the risk
that society or the individual is willing to assume and pay for, taking into
consideration other risk factors and needs.

Communicable and certain noninfectious diseases may be controlled or
prevented by taking steps to regulate the source, the mode of transmission,
or the susceptibility of persons as appropriate and feasible based on the knowl-
edge available. This is shown in Figure 1-1 and for communicable diseases
is sometimes pictured as a three-link chain. Although the diseases can be
brought under control by eliminating one of the links, it is far better to direct
one’s attack simultaneously toward all three links and erect ‘“‘barriers” or
“dams’ where possible. Phelps called this the principle of multiple barriers.
It recognizes as axiomatic the fact that ‘““all human efforts, no matter how
well conceived or conscientiously applied, are imperfect and fallible” (ref.
17, p. 347). Sometimes it is only practical to control or break one link in the
chain. Therefore, the number and type of barriers or interventions should be
determined by the practicality and cost of providing the protection, the ben-
efits to be derived, and the probable cost if the barriers are not provided. Cost
is used not only in the sense of dollars but also in terms of human misery,
loss of productiveness, ability to enjoy life, and loss of life. Here is a real
opportunity to apply professional judgment to the problems at hand to obtain
the maximum return for the effort expended.

Communicable and certain noninfectious diseases can usually be regulated
or brought under control. A health department having a complete and com-
petent staff to prevent or control diseases that affect individuals and animals
is usually established for this purpose. The preventive and control measures
conducted by a health department might include supervision of water supply,
wastewater, and solid wastes; housing and the residential environment; milk
and food production and distribution; stream pollution; recreational areas,
including camps, swimming pools, and beaches; occupational health and ac-
cident prevention; insects and rodents; rural and resort sanitation; air pollu-
tion; noise; radiological hazards; hospitals, nursing homes, jails, schools, and
other institutions; medical clinics, maternal and child health services, school
health, dental clinics, nutrition, and medical rehabilitation; medical care; dis-
ease control, including immunizations, cancer, heart disease, tuberculosis, and
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Source

Mode of
transmission

Susceptibility

Figure 1-1 Spread of communicable and noninfectious diseases.

Source (agent factors—physical, chemical biologic); food and infected or infested an-
imals; poisonous plants and animals; parasites; toxic solid, liquid, and gaseous sub-
stances and natural deposits; genetic and inherited materials; ionizing and monionizing
radiations; noise.

Mode of transmission or contributing factors (environmental factors):; environmental
pollutants; contact; animals; personal behavior; level of hygiene, sanitation, standard
of living; work, recreation, travel, home, climate.

Susceptibility (host factors):; all animals or susceptibles, resulting in acute, chronic, or
delayed effects; depending on portal of entry, dose, and virulence or toxicity of the
agent; natural and acquired resistance of the host, and life-style.

Animals include humans and arthropods. Arthropods include insects, arachnids, crus-
taceans, and myriapods. Environmental pollutants may be transmitted by air, water,
food, or contact. Personal behavior may involve cigarette smoking, drug use, poor
nutrition, stress, lack of exercise, cultural habits, and obesity. Physical agents may be
heat, cold, precipitation, and causes of accidents. Biologic agents include arthropods,
helminths, protozoa, fungi, bacteria, rickettsiae, and viruses. Chemical agents include
inorganic and organic chemicals.

venereal diseases; vital statistics; health education; epidemiology; and nursing
services. Personnel, fiscal, and public relations support functions would be
carried out by the office of business management. In some states, certain
environmental and medical activities are combined with the activities of other
agencies and vice versa, making the achievement of a comprehensive and
coordinated preventive services program difficult.
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Control of Source (Agent Factors)

General sources of disease agents are noted in Figure 1-1. Elimination or
control of the source and environmental exposure to disease agents or vectors
is a primary step carried out to the extent feasible. Individuals frequently are
not aware that they are being exposed to a potential source of disease, par-
ticularly when it is a minute, insidious and cumulative substance, such as
certain chemicals in the air, water, and food. This calls for regulatory action
as noted in the discussion of noninfectious diseases under Prevention and
Control in this chapter.

In many instances control at the source is not only possible but practical.
Some measures that might be taken are as follows:

1. Change the raw material or industrial process to eliminate or ade-
quately minimize the offending substance. For example, use low-sulfur
fuel or substitute natural gas; terminate production of a chemical such
as polychlorinated byphenyl (PCB); or remove waste products, such
as by means of air pollution control devices or wastewater treatment
plants, to reduce toxic discharges into the environment to acceptable
levels. The U.S. Environmental Protection Agency (EPA) “‘zero-dis-
charge” goal is a step in this direction.

2. Select the cleanest available source of drinking water, as free as pos-
sible from microbiological and toxic organic and inorganic chemicals.

3. Make available water with optimum mineral content, such as through
fluoridation and water hardness control.

4. Prohibit taking of fish and shellfish from contaminated (pathogen,
methylmercury, PCB) waters.

5. Regulate food production, processing, and service to ensure freedom

from toxic substances and pathogens and to assure food of good nu-

tritional content.

Provide decent housing in a suitable living environment.

Provide a safe and healthful work and recreational environment.

Promote recycling, reuse, and zero discharge of hazardous wastes.

X »®No

Eliminate disease vectors (arthropods and other animals, including ro-

dents) at the source. Practice integrated pest management.

10. Isolate infected persons and animals from others during their period
of communicability and treat to eliminate disease reservoir.

11. Educate polluters, legislators, and the public to the need for regulation
and funding where indicated.

12. Adopt and enforce sound standards.

13. Support comprehensive environmental health, engineering, and sani-

tation planning, surveillance, and regulation programs at the state and

local levels.
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See also Disease Control and Control of Susceptibles (Host Factors) in this
chapter and Future Preventive Environmental Program Activities.

Control of Mode of Transmission or Contributing Factor
(Environmental Factors)

The means whereby specific agents or factors may become the vehicle or
vector for the transmission of disease are numerous. Prevention of disease
requires the continual application of control measures such as those listed
below and elimination of the human element to the extent feasible:

1. Prevent the travel of disease vectors and control disease carriers.

2. Assure that all drinking water is at all times safe to drink and adequate
for drinking, culinary, laundry, and bathing purposes.

3. Provide adequate spatial separation between sources of disease (and
pollution) and receptors.

4. Assure that food processing, distribution, preparation, and service do
not cause disease.

5. Control air, land, and water pollution, hazardous wastes, accidents,
carcinogens, and toxics.

6. Prevent access to disease sources—polluted bathing waters and disease
vector—infested areas.

7. Adopt and enforce environmental standards—air, water, land, noise,
land use, housing.

8. Educate polluters, legislators, media, and the public to the need for
regulation and funding where indicated.

9. Support comprehensive environmental health, engineering, and sani-
tation planning, protection, surveillance, and regulation programs at
the state and local levels.

10. Adjust personal behavior to counteract cigarette smoking, poor nutri-
tion, stress, overeating, and lack of exercise. Promote personal hygiene
and handwashing to prevent person-to-person transmission of patho-
genic or toxic agents.

Control of Susceptibles (Host Factors)

The more susceptible individuals are the very young, the elderly, those with
cardiovascular and respiratory disease, the immunocompromised, those oc-
cupationally exposed to air and other pollutants, those who smoke heavily,
the obese, and those who underexercise. There are many diseases to which
all persons are considered to be generally susceptible. Among these are mea-
sles, streptococcal diseases caused by group A streptococci, the common cold,
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ascariasis, chickenpox, amebic dysentery, bacillary dysentery, cholera, ma-
laria, trichinosis, and typhoid fever. There are other diseases, such as influ-
enza, meningococcus meningitis, pneumonia, human brucellosis (undulant
fever), and certain water- and foodborne illnesses, to which some people
apparently have an immunity or resistance. To these should be added the
noninfectious diseases such as diseases of the heart, malignant neoplasms,
and cerebrovascular diseases.

In order to reduce the number of persons who may be susceptible to a
disease at any one time, certain fundamental disease prevention principles are
followed to improve the general health of the public. This may be accom-
plished by instructions in personal hygiene and immunization; avoidance of
smoking; maintenance of proper weight; minimal liquor consumption; and
conserving or improving the general resistance of individuals to disease by a
balanced diet and nutritious food, fresh air, moderate exercise, sufficient sleep,
rest, and the avoidance of stress, fatigue, and exposure. In addition, all indi-
viduals should be educated and motivated to protect themselves to the extent
feasible from biological, physical, chemical, and radiation hazards and envi-
ronmental pollutants.

Immunization can be carried out by the injection of vaccines, toxoids, or
other immunizing substances to prevent or lessen the severity of specific dis-
eases. Typhoid and paratyphoid fevers, poliomyelitis, and tetanus are some
of the diseases against which all in the armed forces are routinely immunized.
Children are generally immunized against diphtheria, tetanus, pertussis
(whooping cough), poliomyelitis, rubeola (measles), mumps, and rubella
(German measles). Revaccination of students and others born after January
1, 1957, against measles is recommended and may be required prior to school
admission. It is now possible to discontinue smallpox vaccination as a routine
measure in view of the global eradication of smallpox.'®* Individuals at in-
creased risk of hepatitis A and B, rabies, influenza, tuberculosis, and pneu-
mococcal disease can also be immunized. Vaccination with BCG can prevent
serious forms of tuberculosis in children with an efficacy of up to 80%, but
the effectiveness in adolescents and adults has not been shown to be as high,
and it interferes with the most used clinical test for the presence of tubercu-
losis, the tuberculin test. Therefore, the Centers for Disease Control and Pre-
vention (CDC) only recommends its use in children and adults who are living
or working in conditions that expose them to the disease.'” A meningococcal
vaccine in single-dose vials is available for travelers to areas with excessive

*WHO Director-General Gro Harlem Brundtland is asking the WHO Smallpox Advisory Group
to review guidelines on smallpox vaccination in light of the current concern that populations
might be deliberately infected with the smallpox virus. The guidelines recommend that only
individuals at risk of exposure (e.g., laboratory researchers working on smallpox) should be vac-
cinated. Brundtland has asked the advisory group to consider whether WHO should modify this
guidance to take account of any potential situation in which the smallpox virus is deliberately
used to cause infection (WHO press release October 19, 2001).
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or epidemic meningococcal disease and for persons at high risk. It replaces
a previously available 10-dose vial. The vaccine has a protective efficacy of
85 to 95 percent for serogroups A, C, Y and W-135.%°

Typhoid bacilli may be found in the feces and urine of cases and carriers.
Individuals who have or had schistosomiasis (bilharziasis) are more likely to
have a urinary infection. Leptospires may be found in the urine of those
suffering from leptospirosis.

Typhoid immunization is reported to be about 70 to 90 percent effective,
depending on degree of exposure,*!*? and then only against small infective
doses. Routine typhoid vaccination is indicated only when a person is in
intimate contact with a known carrier or travels in areas where there is a
recognized risk of exposure, but precautions should still be taken with water
and food. Routine vaccination of sewage sanitation workers is warranted only
in areas with endemic typhoid fever. There is no reason to use typhoid vaccine
for persons in areas of natural disaster such as floods or for persons attending
rural summer camps.>'*> There are currently two typhoid vaccines available
in the United States, an oral live-attenuated vaccine (Vivotif Berna) and an
injected capsular polysaccharide vaccine (Typhim Vi). Both vaccines have
been shown to protect 50 to 80 percent of recipients Boosters are required,
every five years for the oral vaccine and every two years for the injected
form.?

Cholera vaccine is not available in the United States. It has not been rec-
ommended for travelers because of the brief and incomplete immunity it
offers. No cholera vaccination requirements exist for entry or exit of any
country. Yellow fever vaccine offers protection for at least 10 years and pos-
sibly up to 35 years. A certificate of vaccination is required for entry into
some countries.”® The WHO is recommending the use of five anthelmintic
agents—albendazole, mebendazole, diethylcarbamazine, ivermectin, and pra-
ziquantel—to control parasitic worm infections that affect over 25 percent of
the world’s population.**

Good housing, sanitation (water, sewerage, solid wastes, and vermin con-
trol), and personal hygiene provide long-term protection against many dis-
eases whereas an immunization protects only against a specific disease and
must be repeated to remain effective. Individual and community performance,
environmental hygiene, and economic levels are also improved,* in addition
to the quality of life. This is not to minimize the importance of immunization
against the childhood diseases and epidemic control where indicated.

Typical Epidemic Control

Outbreaks of illnesses such as influenza, measles, dysentery, poliomyelitis,
and other diseases can still occur. At such times the people become appre-
hensive and look to the health department for guidance, assurance, and in-
formation to calm their fears.



An example of the form health department assistance can take is illustrated
in the precautions released June 1, 1951, in the Illinois Health Messenger for
the control of poliomyelitis. These recommendations are quoted here, even
though the disease now can be controlled, for the principles are generally
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applicable to outbreaks of other disease.

General Precautions during Outbreaks

1.

The Illinois Department of Public Health will inform physicians and the
general public as to the prevalence or increase in the incidence of the
disease.

. Early diagnosis is extremely important. Common early signs of polio are

headache, nausea, vomiting, muscle soreness or stiffness, stiff neck, fever,
nasal voice, and difficulty in swallowing, with regurgitation of liquids
through the nose. Some of these symptoms may be present in several other
diseases, but in the polio season they must be regarded with suspicion.

. All children with any of these symptoms should be isolated in bed, pending

diagnosis. Early medical care is extremely important.

4. Avoid undue fatigue and exertion during the polio season.

. Avoid unnecessary travel and visiting in areas where polio is known to be

prevalent.

. Pay special attention to the practices of good personal hygiene and sani-

tation:

a. Wash hands before eating.

b. Keep flies and other insects from food.

c. Cover mouth and nose when sneezing or coughing.

Surgical Procedures Nose, throat, or dental operations, unless required as an
emergency, should not be done in the presence of an increased incidence of
poliomyelitis in the community.

General Sanitation (Including Fly Control)

1. Although there has been no positive evidence presented for the spread of

poliomyelitis by water, sewage, food, or insects, certain facts derived from
research indicate that they might be involved in the spread.

a. Water. Drinking water supplies can become contaminated by sewage
containing poliomyelitis virus. Although no outbreaks have been con-
clusively traced to drinking water supplies, only water from an assuredly
safe source should be used to prevent any possible hazards that might
exist.

b. Sewage. Poliomyelitis virus can be found for considerable periods of
time in bowel discharges of infected persons and carriers and in sewage
containing such bowel discharges. Proper collection and disposal facil-
ities for human wastes are essential to eliminate the potential hazard of
transmission through this means.

c. Food. The infection of experimental animals by their eating of foods
deliberately contaminated with poliomyelitis virus has been demon-
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strated in the laboratory, but no satisfactory evidence has ever been
presented to incriminate food or milk in human outbreaks. Proper han-
dling and preparation of food and pasteurization of milk supplies should
reduce the potential hazard from this source.

d. Insects. Of all the insects studied, only blowflies and houseflies have
shown the presence of the poliomyelitis virus. This indicates that these
flies might transmit poliomyelitis. It does not show how frequentl