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Preface

This handbook, in two volumes, is designed to provide a comprehensive but
concise discussion of each of the important environmental health areas, including
energy, ecology and people, environmental epidemiology, risk assessment and
risk management, environmental law, air quality management, food protection,
insect control, rodent control, pesticides, the chemical environment, environmen-
tal economics, human disease and injury, occupational health and safety, noise,
radiation, recreational environment, indoor environments, medical care institu-
tions, schools and universities, prisons, solid and hazardous waste management,
water supply, plumbing, swimming areas, sewage disposal, soils, water pollution
control, environmental health emergencies, and nuisance complaints.

Sufficient background material is introduced throughout these books to pro-
vide students, practitioners, and other interested readers with an understanding of
the areas under discussion. Common problems and potential solutions are de-
scribed; graphs, inspection sheets, and flow charts are utilized as needed to
consolidate or clarify textual material. All facts and data come from the most
recent federal government documents, many of which date from the late 1980s
and early 1990s. Rules and regulations specified will continue to be in effect into
the late 1990s. For rapidly changing areas in which the existing material used is
likely to become dated, the reader is referred to the appropriate sources to update
a given environmental health area or portion of an area as needed. This enhances
the value of the text by providing basic and current materials that will always be
needed and secondary sources that will enable the reader to keep up to date.

These books are neither engineering texts nor comprehensive texts in each area
of study. The purpose of these books is to provide a solid working knowledge of
each environmental health area with sufficient detail for practitioners. The text
can be used in basic courses in environmental health, environmental pollution,
ecology, and the environment and people that are offered at all universities and
colleges in the United States and abroad. These courses are generally taught in
departments of Life Science, Geology, Science Education, Environmental Health,
and Health and Safety. For general areas of study, the instructor can omit specific
details, such as resources, standards, practices and techniques, and modes of
surveillance and evaluation. This same approach may be used by schools of
medicine, nursing, and allied health sciences for their students. These texts are
also suitable for basic introductory courses in schools of public health, environ-



mental health, and sanitary science, as well as junior colleges offering 2-year
degree programs in sanitary Science and Environmental Science.

Practitioners in a variety of environmental health and occupational health and
safety fields will find these books handy references for resolving current prob-
lems and for obtaining a better understanding of unfamiliar areas. Practitioners
and administrators in other areas, such as food processing, water-quality control,
occupational health and safety, and solid and hazardous waste management, will
also find these reference books useful.

High school teachers often must introduce environmental health topics in their
classes and yet have no specific background in this area. These books could serve
as a text in graduate education courses for high school teachers as well as a
reference source.

Public interest groups and users of high school and community libraries will
obtain an overall view of environmental problems by reading Chapter 1 and the
Background and Status, Problems, Potential for Intervention, Resources, and
Control sections in each chapter. This volume will also supply a concise reference
for administrators in developing nations, for it explains tested controls and pro-
vides a better understanding of environmental problems, various standards, prac-
tices and techniques, and a variety of available resources.

The material divides easily into two separate courses. Course I would correspond
to the content of Volume I and would include Chapter 1. Environment and Humans;
Chapter 2. Food Protection; Chapter 3. Food Technology; Chapter 4. Insect Control;
Chapter 5. Rodent Control; Chapter 6. Pesticides; Chapter 7. Indoor Environment;
Chapter 8. Institutional Environment; Chapter 9. Recreational Environment; Chap-
ter 10. Occupational Environment; and Chapter 11. Instrumentation.

Course II, corresponding to the content of the Volume II, would include
Chapter 1. Air Quality Management; Chapter 2. Solid and Hazardous Waste
Management; Chapter 3. Private and Public Water Supplies; Chapter 4. Swim-
ming Areas; Chapter 5. Plumbing; Chapter 6. Private and Public Sewage
Disposal and Soils; Chapter 7. Water Pollution and Water Quality Controls;
Chapter 8. Environmental Health Emergencies, Nuisance Complaints, and Spe-
cial Problems; and Chapter 9. Instrumentation.

Since the problems of the environment are so interrelated, certain materials
must be presented at given points in order to give clarity and cohesiveness to the
subject matter. As a result, the reader may encounter some duplication of materials
throughout the text.

With the exception of Volume I, Chapters 1, 10, and 11 and Volume II,
Chapters 8 and 9, all of the chapters have a consistent style and organization,
facilitating retrieval. The introductory nature of Volume I, Chapter 1 and the
unusual nature of Volume II, Chapter 8 do not lend themselves to the standard
format. Volume I, Chapter 11 and Volume II, Chapter 9 discuss Instrumentation
for the specific areas of each volume and therefore do not follow standard
format.



In Volume I, Chapter 1, the reader is introduced to the underlying problems,
basic concerns, and basic philosophy of environmental health. The ecologic,
economic, energy, toxicologic, and epidemiologic bases provided help the indi-
vidual to understand his or her relationship to the ecosystem and to the real world
of economic and energy concerns; and to understand the relationship between
biological, physical, and chemical agents and disease and injury causation. It also
provides an understanding of the role of government and the environmental health
practitioner in helping to resolve environmental and ecological dilemmas created
by humans.

In Volume II, Chapter 8, the many varied facets of environmental emergencies,
nuisances, and special problems are discussed. Students may refer to other chap-
ters of the text to obtain a complete idea of each of the problems and the potential
solutions.

The general format of Volume I, Chapters 2—10 and Volume II, Chapters -
7 is as follows:

STANDARD CHAPTER OUTLINE

Background and Status (Brief)
Scientific, Technological, and General Information
Problem
A. Types
B. Sources of Exposure
C. Impact on Other Problems
D. Disease Potential
E. Injury Potential
F. Other Sources of Exposure Contributing to Problems
G.  Economics
4. Potential for Intervention
A. General
B. Specific
5. Resources
A.  Scientific and Technical; Industry. Labor, University; Research Groups
B. Civic
C.  Governmental
6. Standards, Practices, and Techniques
7. Modes of Surveillance and Evaluation
A. Inspections and Surveys
B.  Sampling and Laboratory Analysis
C. Plans Review
8. Control
A.  Scientific and Technological
B. Governmental Programs
C.  Other Programs
D.  Education

W =



9.
10.

Summary
Research Needs

The Background and Status section of each chapter presents a brief introduction to,
and the current status of, each problem area. An attempt has been made in each case
to present the current status of the problem.

The Problem section is subdivided into several important areas to give the reader a
better grasp of the total concerns. To avoid disruption in continuity of the standard
outline, the precise subtitles listed may not be found in each chapter. However, the
content of the subtitles will be present. The subtitle, Impact on Other Problems, is
given as a constant reminder that one impact on the environment may precipitate
numerous other problems.

The Potential for Intervention section is designed to succinctly illustrate whether a
given problem can be controlled, the degree of control possible, and some tech-
niques of control. The reader should refer to the Controls section for additional
information.

Resources is a unique section providing a listing of scientific, technical, civic, and
governmental resources available at all levels to assist the student and practitioner.
The section of Standards, Practices, and Techniques is specifically geared to the
reader who requires an understanding of some of the specifics related to surveys,
environmental studies, operation, and control of a variety of program areas.

The Modes of Surveillance and Evaluation Section explains many of the techniques
available to determine the extent and significance of environmental problems.
The Control section presents existing scientific, technological, governmental, edu-
cational, legal, and civic controls. The reader may refer to the Standards, Practices,
and Techniques section in some instances to get a better understanding of controls.
The Summary presents the highlights of the chapter.

Research Needs is another unique section that is intended to increase reader aware-
ness to the constantly changing nature of the environment and of the need for
continued reading or in-service education on the future concerns of our society.
The Reference section is extensive and as current as possible. It appears as the last
chapter in each volume. It provides the reader with sources for further research and
names of individuals and organizations involved in current research.



Acknowledgments

To Boris Osheroff, my friend, teacher, and colleague, for opening the numerous
doors needed to obtain the most current information in the environmental health field,
and for his many fine suggestions and ideas before and after reading the manuscript;
to Ed O’Rourke for his intensive review of the manuscript and his recommendations
for revisions and improvements; to Karol Wisniewiski for his review and comments
on the manuscript; to Dr. John Hanlon for his encouragement and for helping a young
teacher realize his potential; to all the environmental health administrators, supervi-
sors, practitioners, and students who have shared their experiences and problems with
me and have given me the opportunity to test many of the practical approaches used
in the book; to the National Institute of Occupational Safety and Health, National
Institutes of Health, National Institute of Environmental Health Science, U.S. Envi-
ronmental Protection Agency, U.S. Food and Drug Administration, Cunningham
Memorial Library, Indiana State University, Indiana University Library, Purdue
University Library, and the many other libraries and resources for providing the
material that was used in developing the manuscript; to my wife, Donna Koren, and
my student, Evelyn Hutton, for typing substantial portions of the manuscript; to my
daughter, Debbie Koren, for helping me organize the materials and for working along
with me throughout the night at the time of deadlines to complete the work.

In the second edition, Kim Malone has typed portions of the new manuscript,
retyped the entire manuscript, and has been of great value to me. Pat Ensor,
Librarian, Indiana State University, has been of considerable value in helping gather
large numbers of references in all areas of the book. A very special thanks to my
sister-in-law, Betty Gardner, for typing a substantial portion of the new manuscript,
despite recurring severe illness. Her cheerfulness during my low periods has helped
me complete my work. Finally, thanks to my wife Donna for putting up with my
thousands of hours of seclusion in the den, while I was working, and for encouraging
me throughout the project and my life with her. She has truly been my best friend.

In the third edition, Alma Mary Anderson, CSC, and her assistants, Carlos
Gonzalez and Brian Flynn, redid the existing illustrations and added new ones to
enhance the manuscript. Professor Anderson directed the production of all of the
new artwork. In addition, thanks to Bill Farms for his assistance with the original
computer assisted drawings for the Instrumentation chapters in both volumes. My
wife Donna typed much new material, and the previously mentioned libraries,



Contents

Volume |
1. Environment and Humans ... 1
The BEOSYSTEI csussnumenssorsmmvsiassinssnssoisvisidars s ssa st saeryosasss 1
ERNETEY icssussusanssvimsirassinrosssimisssss 40506650 Sou o345 6540 S8pm0 6 sulo st ¥6380 3 HoN8 4 S0 bR 258 7
Transport and Alteration of Chemicals in the Environment .............. 19
Environmental Problems and Human Health ... 26
Human Systems and Toxicological Principles ..........ccccoooiciiiiiiiins 29
Toxicological PrinCiples ..o 41
Epidemiological Principles and Approaches to
Environmental. Health PHODISIIS .c.cccmunimismsinissmasmsssosmssssinsssmsn DD
Risk Assessment and Risk Management............ccccooiiiiiiiiiiinnnn. 67
Environmental Health Problems and the Economy ............c.cccoceeee. 69
Risk-Benefit ANalySes .......cccoooieriiriiiiiiiiice e e 70
Environmental Health Problems and the Law ..., 76
Environmental Impact Statements ............cccovvvreiioiicninniiiiccee 90
The Environmental Health Field ..., 93
SUBINATY 5.0155ss55550msn 55svs 500 24805 45650455685 4555 098 HRA 95 S5 E4 S oSS SRS RG0S 555 103
ThE PAHTE: s cociessossmsimmsiansuassnimmissssass s s ias s wasassmas s s posesin dotoss 103
2. Food Protection ... 107
Background and Status ............cccooviiiiiiiiiiiee 107
Scientific and Technological Background ............ccccccooiiiinnnnnn. 108
Problems in Food Protection ... 115
Special Food Problems ... 131
Poteiitidl for INFErVEHION wuvamssmsvmmsinduinisenassiamss s i 132
RESOMLCES! couisomsiviessiussarsmiansssiasassss msrastssimm s reies s sessss s es o aasss 133
Standards, Practices, and Techniques.............cccoccviiiiiiiiiiiiiiin, 133
Modes of Surveillance and Evaluation ...........c.ccocooovevevivcnivnanennn. 148
Hazard Analysis/Critical Control Point Inspection .............ccccccocoeu.e. 155
Food Protection CONMrols .......c.oooiiiiiiiiiiiiiiiiiccieieccecceeee e 157
SUMIMATY e e e naeeesnes 164

ReSEArch NEEAS ... e 164



3. Food Technology ............cccccoimiviiiiiiiiiiiiniiecieeie ettt 165

Background and Status ..o 165
Scientific and Technological Background ... 167
Problems in Food Technology ........ccccccoiviiiniiiniciiieiccc 171
Potential for INtervention ..............oocceovuiriiiiiiiiiiiiie e 178
RESOBLEER: soonsmicrsmmmsamanismsssssmrmsisrmssnsasssiarulilfssdmopios 179
Standards, Practices, and Techniques............cccocooeiiiiniiiiiin. 179
Modes of Surveillance and Evaluation ..........c.ccccooeviiiiiiinininnn. 193
Food Quality CONIOLS ....eoviieieieieieci e 198
SUMIATY 21vedimnssenrmersnnsonnsmnssarsmnnevansnsssmummans somnssSnninssansondertistsiv sasabesssh 199
Research NE@dS ...o..oouiiiiiiiieiicici e 200
4. Insect CONLrol ...........coooooiiiiiiiiiiiiii e 203
Background and Status ...........cccccoviiiiiiniiiii 203
Scientific, Technological, and General Information ......................... 204
Types of Insects of Public Health Significance ...........ccccceceeinne 209
Environmental and Health Problems Created by Insects.................. 224
Potential Tor Intervention . wsusasissssmomsresssisesssisissmsssssisssiasssis 238
RESOMIGES! 2121 vmsms s 5mos i mmmass i e e s 584 SR AT S SO SRR ST S DD D
Standards, Practices, and Techniques............c.ccccoceviiiiiniiiiinnen. 239
Modes of Surveillance and Evaluation ...........ccccocoovviviiiiiiienicnnnn, 240
CONLTOLS L.t e e e e e ae e e 242
SUIMTRALY vussonsommssiosvesmmomnemnes mavsionssiers e ens kel n s s esasssiass 249
RESEATER INCEAS cunyssvesssossmmmmsrsnsmssvosssamsansussissiasriesvsssisiasyssvomsrinssmnssss 250
5. Rodent Control ..o 20 |
Background and STAINS ... issmmsmamspassossmmmesmsisssisssassstsssisss 251
Scientific, Technological, and General Information ......................... 253
Rodent Problems and Their Effect on Humans ................................ 258
Potential for INtervention ...........cccoeiieiiiiiiiieicreee e 260
RESOUTCES .ttt enae e 261
Standards, Practices, and Techniques..........c.coocoeeviieviieieiiiciiceenn. 261
Modes of Surveillance and Evaluation .............cccccoooiiiiiiiinnn . 265
Rodent COontrol ........ccoiiiiiiiieiici e 267
SUBTHATY 1oosnasomismsssavsesssnssiosssossssssmnsmasatovi sssssisismessissssninrmrinras o 274
Research NOSdS uusssssvsesmimsssimmssrssissvassms ssapmvssssismsnmansiassisassan 274
6. Pesticides ............coooiiiiiiiiiiiiiie e 219
Background and Status ..o, 275
Scientific, Technological, and General Information ........................ 281
Problems Created by Pesticides ............ocooievviiiiiiiiiiiciceee. 294

Potential for INtervention .............ooiueiiiiieeiee e 208



RESOUICTES .eeeeieeiieeeeeeteieaeeeesennsseaaeesnsssnssassesssnnssseeasmnsssnsesteassnssrsesasnes 298

Standards, Practices, and Techniques.........ccooviviriiiiiiiiinieins 299
Modes of Surveillance and Evaluation ...........cccccooevivevinicnecene. 305
Control Of PEeSHCIAES .....vviiiiiiiiee e 306
SUDMIALY! 5505550055555 swssissss v a0 e svme 1asoss S5 358 85 F4805 TR 5T gwgeras soss soas o5 oo 308
Research. NEeds :..cisrosvmsmsssssmsssiviississimsssssssnssavnsyessss sssiasssoss 309
7. The Indoor Environment .......................ooooiiiiiiiiiiirceeiiaceaeenes 311
Background and Status ... 311
Scientific, Technological, and General Information ..........c.c.......... 315
Housing Problems .auwsssssmssismssmspmsssssssensssssunsssssasssisssiasosyesess 321
Accidenits and INJUFAES: swsumimsssrsssimsssmsisimessmsssmsssisassaiissss 930
Other Environmental Problems: ...c.cusicavisiimssimsimsramsamssimssm s 340
Potential for INtervention ..............oooeeiiieeiiieeeee e e 344
RESOUICES .ot e e e e e e e e e e enaee e e 344
Standards, Practices, and Techniques.........ccccoovieiiiiiiiniiiiiciieiee. 346
Modes of Surveillance and Evaluation ...............cccccoeeeeivieeenieennn.. 353
Control Of HOUSING «..svwsmsmmmsasssmvmssamissinmmsmsimmsmraomisessassss I
Indoor Air Pollution ControlS.............cooovvvieiiiiieeieiiee e 364
Community Program and Injury Control .............cccoooviiiiiiniiinnnn. 368
Role of the Federal Government in Indoor Air Pollution ................ 372
SUMIMATY Lottt 374
Research NEeeds ....o.vovieoiiiieiii e 375
8. Institutional Environment ...................cccccoooooiiiiiiiiiee 377
Background and STAtUS qcscsismissismmsmmvisiasiosmsossimsmessisnmiirsmmsss 377
Scientific, Technological, and General Information ........................ 380
Problems in INSHEULONS .....coviiiiiiiiecie e 388
Potential for INtervention ..............ooovoiiiirieeecee e 407
RESOUTCES oottt eeeeaaes 408
Standards, Practices, and Techniques...........ccccoocoeviiiiiiiiccieene 409
Modes of Surveillance and Evaluation ..............cccoooeeiiiiiiicicnnn. 428
IAStIULIONA] CONLOIS 1o uminamesrmssmmsnvsrsnmis s s 437
SUINATY s 0s5esssvussms sososssson s vesmss sioasasisss sreoss 36 oW s v 6 o inebre sssniass 452
Research INBEAS! s issmiiiiusiimisssanmesnresmmissirrssssmmasss smassnssesinnnassasssnans 453
9. Recreational Environment ... 455
Background and Status ... 455
Scientific, Technological, and General Information ......................... 456
Problems in Recreational Areas ............ccocvveevieeeiieeeiieeeieeeieeeeeeene 456
Potential for INtervention ...........c..oovviveiireeiieeeeeeeee e 458
RESOUFTES sconimvrevsossanaimossassssmissismssssinssymvmsionvs se insvssins suaviassrabsamsasiiss 458

Standards, Practices, and Techniques...............ccccooiiiiiiiiniiiiin. 459



Modes of Surveillance and Evaluation ..........cccccoeoeviiiiiiiiiiiiiiiiiinnn. 467

COMELOLS v von s vresammemammsonsas nmossusnesonmsssonsasmestb kLS TR0 EEHO O THENI TR G Y RS SRR S0’ 468
SUMIMALY cceeeucssiersesismnossersssnmsnssssnnsrsessasssssnsasssssasnassssisstsns ssiosaesssssississ 468
Research NEeds .......oooviiiiiiiiiiiii i 468
10. Occupational Environment ... 469
Background and Stats sscosesssmosnumusmnmnonines s ionas s 469
Interrelated Phases of Occupational Health and Safety.................... 471
Scientific, Technological, and General Information ......................... 473
Occupational Health Controls ...........ccccooviiiiiiiiiii 499
Occupational Health and Safety Program ..........ccoccoiiiiiiiin, 506
ST sasosasimocrss i e e s vk SR SRR S 509
11: IDStrumeDEACION ... c:ciisimiveiss i s soiirsesvases e sssssssomseass 14503 6F888 5 ¥4 S8 088 08003 511
Background and Status .........ccooooiiiiiiiiieniiieceeeee e 511
Evaluation CateZOTIes ........cccueiiiviiiiiiiiiiieie e 512
Evaluation of Airborne Particulate and Gaseous Agents ................ 514
Evaluation of Airborne Sound Levels .........ccoccooiiiiniiiiiiiinicnn. 539
Evaluation of Air Temperature Factors.........c..ccovveeveniieniienseenicnnenns 543
Evaluation of THUMIHAION .«.umeetsnssssanmismsssssssanssmassimvossaniss gompsspssasssn 544
Evaluation of Microwave Radiation ............cccccevvivaviiiiieiienneeiiinnnns 547
Evaluation of Sources of Electric and Magnetic Fields (EMES) ..... 549
Evaluation of lonizing Radiation ..........ccccceoviviieiiieiieeiieecee e 549
Evaluation of Air Pressure, Velocity, and Flow Rate ...................... 553
ReFErenCes .......cccooiiiiiiiiiiiiiiiccce e 9 ]
THAEXE VOIINE: I ..ovoioanuinsmmmunvmsngsnntossssmonmess ssnosss asensnsasssss sdaeinssesavisssnuBasissnsnsss 593

Index: Volume TI ... e 633



Chapter 1

ENVIRONMENT AND HUMANS

Health and safety refer to the avoidance of disease and injury through efficient
use of the environment, a properly functioning society, and an inner sense of well-
being. Environmental health and safety is the art and science of protection of
human function, the promotion of aesthetic values, and the prevention of disease
and injury through the control of positive environmental factors and the reduction
of potential hazards — physical, biological, and chemical.

To understand the relationship of the environment to humans and to understand
how to protect humans from disease and injury, it will be necessary to discuss the
ecosystem, ecosystem dynamics, and energy. Human impact on the environment
and the various approaches used to evaluate and resolve environmental problems,
including risk assessment, epidemiological, economic, legal, and governmental
aspects also will be discussed. In order to understand abnormal physiology.
toxicology, and infectious disease, a brief discussion on normal physiology is
included. Finally, it will be necessary to understand the role of professional
environmental health practitioners, the skills that they need, and how they address
the expanding field of environmental problems.

THE ECOSYSTEM

The Earth is divided into the lithosphere, or land masses, and the hydrosphere,
or the oceans, lakes, streams, and underground waters. The hydrosphere includes
the entire aquatic environment. Our world, both lithosphere and hydrosphere, is
shaped by varying life forms. Permanent forms of life create organic matter and,
in combination with inorganic materials, help establish soil. Plants cover the land
and reduce the potential for soil erosion — the nature and rate of erosion affects
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the redistribution of materials on the surface of the Earth. Organisms assimilate
vast quantities of certain elements and molecules, such as carbon and oxygen.
Animals, through respiration, release carbon dioxide into the atmosphere —
carbon dioxide affects the heat transmission of the atmosphere. Organisms affect
the environment and in turn are affected by it.

Two environments, biotic (living environment or community) and abiotic
(nonliving environment), combine to form an ecosystem. An ecosystem can also
be subdivided by more specific criteria into the following four categories: abiotic,
the nutrient minerals that are synthesized into living protoplasm; autotrophic, the
producer organisms (largely the green plants), which assimilate the nutrient
minerals using energy and combine them into living organic substances; hetero-
trophic, the consumers, usually the animals that ingest or eat organic matter and
release energy; and the heterotrophic reducers, bacteria or fungi, which return the
complex organic compounds to their original abiotic state and release the remain-
ing chemical energy. The biotic group in the ecosystem complex is essentially
comprised of the autotrophs, or producer organisms that synthesize organic sub-
stances, and the heterotrophs, or consumer or reducer organisms that decompose
labile organic substances. The ecosystem is important when considering the food
chain, which is in effect a transfer of energy from plants through a series of
organisms that eat and, in turn, are eaten. Eventually, decay will start the process
all over again.

The ecological niche is the combination of function and habitat of each of the
approximately 1.5 million species of animals and a half million species of plants
on the Earth. There are many interactions between species in the ecosystem, yet
a balance is dictated by nature. The law of limiting factors states that a minimum
quantity of essentials, such as nutrients, light, heat, moisture, and space, must be
available within the ecosystem for survival of the organisms. In some instances
where these limiting factors apply or where pesticides or other environmental
elements are introduced into the ecosystem, the organism alters itself in order to
exist within the new environment. This change is called mutation. Unfortunately,
mutation becomes a serious concern in the area of pest control as well as in
disease, because the new organism may be highly resistant to effective control and
may therefore cause disease and physical destruction of plants and animals. The
ecosystem is always in a dynamic, rather than static, balance — changes in one
part of the ecosystem will cause changes in another.

The Biosphere

The biosphere is that part of the Earth in which life exists. However, this
definition is not complete, since spores may commonly be found in areas that are
too dry, too cold, or too hot to support organisms that metabolize. The biosphere
contains the liquid water necessary for life; it receives an ample supply of energy
from an external source, which is ultimately the sun, and within it liquid, solid, and



