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Preface

ousing quality is key to the public’s health. Translating that simple axiom into action is the topic of this

book. In the 30 years since the first edition was published, the nation’s understanding of how specific hous-

ing conditions are related to disease and injury has matured and deepened. This new edition will enable pub-
lic health and housing professionals to grasp our shared responsibility to ensure that our housing stock is safe, decent,
affordable, and healthy for our citizens, especially those who are particularly vulnerable and who spend more time in
the home, such as children and the elderly.

The Centers for Disease Control and Prevention and the U.S. Department of Housing and Urban Development
(HUD) have worked together with many others to discover the ways to eliminate substandard housing conditions that
harm health. For example, the advances in combating water borne diseases was possible, in part, through standardiza-
tion of indoor plumbing and sewage, and the institution of federal, state and local regulations and codes. Childhood
lead poisoning has been dramatically reduced, in part, through the elimination of residential lead-based paint hazards.
Other advances have been made to protect people from carbon monoxide poisoning, falls, safety hazards, electrocu-
tion, and many other risks.

However, more must be done to control existing conditions and to understand emerging threats that remain poorly
understood. For example, nearly 18 million Americans live with the health threat of contaminated drinking water sup-
plies, especially in rural areas where on-site wastewater systems are prevalent. Despite progress, thousands of children
still face the threat of lead poisoning from residential lead paint hazards. The increase in asthma in recent decades and
its relationship to housing conditions such as excess moisture, mold, settled dust allergens and ventilation remains the
subject of intense research. The impact of energy conservation measures on the home environment is still unfolding.
Simple affordable construction techniques and materials that minimize moisture problems and indoor air pollution,
improve ventilation, and promote durability and efficiency continue to be uncovered.

A properly constructed and maintained home is nearly timeless in its usefulness. A home is often the biggest single
investment people make. This manual will help to ensure that the investment is a sound one that promotes healthy
and safe living.

Home rehabilitation has increased significantly in the last few years and HUD has prepared a nine-part series, The
Rehab Guide, that can assist both residents and contractors in the rehabilitation process. For additional information,
go to http://www.huduser.org/publications/destech/rehabgui.html.
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Abbreviations and Acronyms

ABS acrylonitrile-butadiene-styrene

ADA Americans with Disabilities Act

AGA American Gas Association

ALA American Lung Association

ANSI American National Standards Institute

APHA American Public Health Association

ASME American Society of Mechanical Engineers

ASSE American Society of Structural Engineers

ASTM American Society for Testing Materials

ATSDR Agency for Toxic Substances and Disease Registry

AWG American Wire Gauge

AWWA American Waters Works Association

BTU British thermal unit

CDC Centers for Disease Control and Prevention
CFR Code of Federal Regulations

CGA Canadian Gas Association

CO carbon monoxide

CPR cardiopulmonary resuscitation

CPSC Consumer Product Safety Commission
CSIA Chimney Safety Institute of America

DDT dichlorodiphenyltrichlorethane

DE diatomaceous earth

DPD N,N-diethyl-p-phenylene diamine

DWV drain, waste, and vent

EIFS exterior insulation and finish system

EPA U.S. Environmental Protection Agency
EPDM ethylene propylene dieneterpolymer

ETS environmental tobacco smoke

FHA Federal Housing Administration

FM Factory Mutual

GFCI ground fault circuit interrupter

HEPA high-efficiency particulate air

HHS Health and Human Services, U.S. Department of
HSC Home Safety Council

HUD Housing and Urban Development, U.S. Department of
HVAC heating, ventilating and air conditioning

IAPMO International Association of Plumbing and Mechanical Officials
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ICC
IPM
ISO

LPP
MPMH
MSS
NCEH
NCI
NIA
NSF
NTU
ODTS
OSHA
PEX
POTW
ppm
psi
PVC
PW
RIFA
SDWA
SEER
T&P
TSP
UF
UL
USCB
USDA
USFA
USGS
USHA
VA
VOC

International Code Council
integrated pest management
International Standard Organization
kilogram

low-pressure pipe

Military Pest Management Handbook
Mechanical Standardization Society of the Valve and Fitting Industry
National Center for Environmental Health
National Cancer Institute

National Institute on Aging
National Science Foundation
nephelometric turbidity unit
organic dust toxic syndrome
Occupational Safety and Health Administration
cross-formulated polyethylene
publicly owned treatment works
parts per million

pound per square inch

polyvinyl chloride

potable water

red imported fire ant

Safe Drinking Water Act

seasonal energy efficiency ratio
temperature-pressure

trisodium phosphate
urea-formaldehyde

Underwriters Laboratories

U.S. Census Bureau

U.S. Department of Agriculture
U.S. Fire Administration

U.S. Geological Survey

United States Housing Authority
Veteran’s Administration

volatile organic compound

X-ray fluorescence
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Definitions

Accessory building or structure: a detached building or structure in a secondary or subordinate capacity from the
main or principal building or structure on the same premises.

Appropriate authority/Authority having jurisdiction (AH]J): a person within the governmental structure of the
corporate unit who is charged with the administration of the appropriate code.

Ashes: the residue from burning combustible materials.

Attic: any story or floor of a building situated wholly or partly within the roof, and so designed, arranged, or built to
be used for business, storage, or habitation.

Basement: the lowest story of a building, below the main floor and wholly or partially lower than the surface of
the ground.

Building: a fixed construction with walls, foundation, and roof; such as a house, factory, or garage.

Bulk container: any metal garbage, rubbish, or refuse container having a capacity of 2 cubic yards or greater and
which is equipped with fittings for hydraulic or mechanical emptying, unloading, or removal.

Central heating system: a single system supplying heat to one or more dwelling unit(s) or more than one rooming unit.

Chimney: a vertical masonry shaft of reinforced concrete, or other approved noncombustible, heat-resisting material
enclosing one or more flues, for the purpose of removing products of combustion from solid, liquid, or gaseous fuel.

Dilapidated: in a state of disrepair or ruin and no longer adequate for the purpose or use for which it was originally
intended.

Dormitory: a building or a group of rooms in a building used for institutional living and sleeping purposes by four or
more persons.

Dwelling: any enclosed space wholly or partly used or intended to be used for living, sleeping, cooking, and eating.
(1émporary housing, as hereinafter defined, shall not be classified as a dwelling.) Industrialized housing and modular
construction that conform to nationally accepted industry standards and are used or intended for use for living, sleep-
ing, cooking, and eating purposes shall be classified as dwellings.

Dwelling unit: a room or group of rooms located within a dwelling forming a single habitable unit with facilities used
or intended to be used by a single family for living, sleeping, cooking, and eating.

Egress: arrangements and openings to assure a safe means of exit from buildings.

Extermination: the control and elimination of insects, rodents, or other pests by eliminating their harborage places; by
removing or making inaccessible materials that may serve as their food; by poisoning, spraying, fumigating, trapping,
or any other recognized and legal pest elimination methods approved by the local or state authority having such
administrative authority. Extermination is one of the components of integrated pest management.

Fair market value: a price at which both buyers and sellers will do business.

Family: one or more individuals living together and sharing common living, sleeping, cooking, and eating facilities

(See also Household).

Flush toilet: a toilet bowl that can be flushed with water supplied under pressure and that is equipped with a water-
sealed trap above the floor level.

Garbage: animal and vegetable waste resulting from handling, preparation, cooking, serving, and nonconsumption

of food.

Grade: the finished ground level adjacent to a required window.

Healthy Housing Reference Manual Definitions 7



Guest: an individual who shares a dwelling unit in a nonpermanent status for not more than 30 days.

Habitable room: a room or enclosed floor space used or intended to be used for living, sleeping, cooking or eating
purposes, excluding bathrooms, laundries, furnace rooms, pantries, kitchenettes and utility rooms of less than 50
square feet of floor space, foyers, or communicating corridors, stairways, closets, storage spaces, workshops, and hobby
and recreation areas.

Health officer: the legally designated health authority of the jurisdiction or that person’s authorized representative.
Heated water: water heated to a temperature of not less than 120°F-130°F (49°C-54°C) at the outlet.

Heating device: all furnaces, unit heaters, domestic incinerators, cooking and heating stoves and ranges, and other
similar devices.

Household: one or more individuals living together in a single dwelling unit and sharing common living, sleeping,
cooking, and eating facilities (see also Family).

Infestation: the presence within or around a dwelling of any insects, rodents, or other pests.

Integrated pest management: a coordinated approach to managing roaches, rodents, mosquitoes, and other pests that
combines inspection, monitoring, treatment, and evaluation, with special emphasis on the decreased use of toxic agents.

Kitchen: any room used for the storage and preparation of foods and containing the following equipment: sink or
other device for dishwashing, stove or other device for cooking, refrigerator or other device for cold storage of food,
cabinets or shelves for storage of equipment and utensils, and counter or table for food preparation.

Kitchenette: a small kitchen or an alcove containing cooking facilities.

Lead-based paint: any paint or coating with lead content equal to or greater than 1 milligram per square centimeter,
or 0.5% by weight.

Multiple dwelling: any dwelling containing more than two dwelling units.

Occupant: any individual, over 1 year of age, living, sleeping, cooking, or eating in or having possession of a dwelling
unit or a rooming unit; except that in dwelling units a guest shall not be considered an occupant.

Operator: any person who has charge, care, control or management of a building, or part thereof, in which dwelling
units or rooming units are let.

Ordinary summer conditions: a temperature 10°F (-12°C) below the highest recorded temperature in the locality for
the prior 10-year period.

Ordinary winter conditions: mean a temperature 15°F (-9.4°C) above the lowest recorded temperature in the locality
for the prior 10-year period.

Owner: any person who alone, jointly, or severally with others (a) shall have legal title to any premises, dwelling, or
dwelling unit, with or without accompanying actual possession thereof, or (b) shall have charge, care or control of any
premises, dwelling, or dwelling unit, as owner or agent of the owner, or as executor, administrator, trustee, or guardian
of the estate of the owner.

Permissible occupancy: the maximum number of individuals permitted to reside in a dwelling unit, rooming unit, or
dormitory.

Person: any individual, firm, corporation, association, partnership, cooperative, or government agency.

Plumbing: all of the following supplied facilities and equipment: gas pipes, gas burning equipment, water pipes,
garbage disposal units, waste pipes, toilets, sinks, installed dishwashers, bathtubs, shower baths, installed clothes wash-
ing machines, catch basins, drains, vents, and similarly supplied fixtures, and the installation thereof, together with all
connections to water, Sewer, or gas lines.
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Privacy: the existence of conditions which will permit an individual or individuals to carry out an activity commenced
without interruption or interference, either by sight or sound by unwanted individuals.

Rat harborage: any conditions or place where rats can live, nest or seek shelter.

Ratproofing: a form of construction that will prevent the entry or exit of rats to or from a given space or building, or
from gaining access to food, water, or harborage. It consists of the closing and keeping closed of every opening in
foundations, basements, cellars, exterior and interior walls, ground or first floors, roofs, sidewalk gratings, sidewalk
openings, and other places that may be reached and entered by rats by climbing, burrowing, or other methods, by the
use of materials impervious to rat gnawing and other methods approved by the appropriate authority.

Refuse: leftover and discarded organic and nonorganic solids (except body wastes), including garbage, rubbish, ashes,
and dead animals.

Refuse container: a watertight container that is constructed of metal, or other durable material impervious to rodents,
that is capable of being serviced without creating unsanitary conditions, or such other containers as have been
approved by the appropriate authority (see also Appropriate Authority). Openings into the container, such as covers and
doors, shall be tight fitting.

Rooming house: any dwelling other than a hotel or motel or that part of any dwelling containing one or more room-
ing units, or one or more dormitory rooms, and in which persons either individually or as families are housed with or
without meals being provided.

Rooming unit: any room or group of rooms forming a single habitable unit used or intended to be used for living
and sleeping, but not for cooking purposes.

Rubbish: nonputrescible solid wastes (excluding ashes) consisting of either: (a) combustible wastes such as paper, card-
board, plastic containers, yard clippings and wood; or (b) noncombustible wastes such as cans, glass, and crockery.

Safety: the condition of being reasonably free from danger and hazards that may cause accidents or disease.

Space heater: a self-contained heating appliance of either the convection type or the radiant type and intended pri-
marily to heat only a limited space or area such as one room or two adjoining rooms.

Supplied: paid for, furnished by, provided by, or under the control of the owner, operator or agent.
System: the dynamic interrelationship of components designed to enact a vision.

Systems theory: The concept proposed to promote the dynamic interrelationship of activities designed to accomplish
a unified system.

Temporary housing: any tent, trailer, mobile home, or other structure used for human shelter that is designed to be
transportable and which is not attached to the ground, to another structure, or to any utility system on the same
premises for more than 30 consecutive days.

Toxic substance: any chemical product applied on the surface of or incorporated into any structural or decorative
material, or any other chemical, biologic, or physical agent in the home environment or its immediate surroundings,
which constitutes a potential hazard to human health at acute or chronic exposure levels.

Variance: a difference between that which is required or specified and that which is permitted.
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Standards and Organizations

n addition to the standards and organizations listed in this section, the U.S. Justice Department enforces the
requirements of the Americans with Disabilities Act (ADA) (http://www.ada.gov) and assures that products fully
comply with the provisions of the act to ensure equal access for physically challenged users.

ABPA The American Backflow Prevention Association, http://abpa.org
Develops cross-connections; ABPA is an organization whose members have a common interest in
protecting drinking water from contamination.

ACI American Concrete Institute, http://www.concrete.org/general/home.asp
Has produced more than 400 technical documents, reports, guides, specifications, and codes for the
best use of concrete. ACI conducts more than 125 educational seminars each year and has 13
certification programs for concrete practitioners, as well as a scholarship program to promote careers in
the industry.

AGA American Gas Association, http://www.aga.org
Develops standards, tests, and qualifies products used in gas lines and gas appliance installations.

AGC Associated General Contractors of America, http://www.agc.org
Is dedicated to improving the construction industry by educating the industry to employ the finest
skills, promoting use of the latest technology and advocating building the best quality projects for
owners—public and private.

AMSA Association of Metropolitan Sewerage Agencies, http://www.amsa-cleanwater.org
Represents the interests of the country’s wastewater treatment agencies.

ANSI American National Standards Institute, http://www.ansi.org

Coordinates work among U.S. standards writing groups. Works in conjunction with other groups such
as ISO, ASME, and ASTM.

ARI Air-Conditioning and Refrigeration Institute, http://www.ari.org
Provides information about the 21st Century Research (21-CR) initiative, a private-public sector
research collaboration of the heating, ventilation, air-conditioning, and refrigeration industry, with a
focus on energy conservation, indoor environmental quality, and environmental protection.

ASCE American Society of Civil Engineers, http://www.asce.org
Provides essential value to its members, careers, partners, and the public by developing leadership,
advancing technology, advocating lifelong learning, and promoting the profession.

ASHI The American Society of Home Inspectors, http://www.ashi.org
Is a source of information about the home inspection profession.

ASHRAE  American Society of Heating, Refrigerating and Air-Conditioning Engineers, http://www.ashrae.org
Writes standards and guidelines that include uniform methods of testing for rating purposes, describe
recommended practices in designing and installing equipment and provide other information to guide
the industry. ASHRAE has more than 80 active standards and guideline project committees,
addressing such broad areas as indoor air quality, thermal comfort, energy conservation in buildings,
reducing refrigerant emissions, and the designation and safety classification of refrigerants.

ASME The American Society of Mechanical Engineers, http://www.asme.org
Develops standards for materials and testing as well as finished products.

ASSE American Society of Sanitary Engineering, http://www.asse.org
Develops standards and qualifies products for plumbing and sanitary installations.

ASTM American Society for Testing and Materials, http://www.astm.org
Is one of the largest voluntary standards development organizations in the world-a trusted source for
technical standards for materials, products, systems, and services.
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AWWA

CGA

CPSC

CRBT

EPA

FM

HFHI

HUD

IAPMO

ICBO

ICC

ISO

American Water Works Association, http://www.awwa.org
Promotes public health through improvement of the quality of water and develops standards for valves,
fittings, and other equipment.

Canadian Gas Association, http://www.cga.ca
Develops standards, tests, and qualifies products used in gas lines and gas appliance installations.

U.S Consumer Product Safety Commission, http://www.cpsc.gov

Protects the public from unreasonable risks for serious injury or death from more than 15,000 types of
consumer products. CPSC is committed to protecting consumers and families from products that pose
a fire, electrical, chemical, or mechanical hazard or can injure children.

Center for Resourceful Building Technology, http://www.crbt.org

Contains the online Guide to Resource-Efficient Building Elements, which provides information about
environmentally efficient construction materials, including foundations, wall systems, panels,
insulation, siding, roofing, doors, windows, interior finishing, and floor coverings.

U.S. Environmental Protection Agency, http://www.epa.gov
Protects human health and the environment.

Factory Mutual, http://fmglobal.com
Develops standards and qualifies products for use by the general public and develops standards for
materials, products, systems, and services.

Habitat for Humanity International, http://www.habitat.org
Is a nonprofit, ecumenical Christian housing ministry. HFHI seeks to eliminate poverty housing and
homelessness from the world, and to make decent shelter a matter of conscience and action.

U.S. Department of Housing and Urban Development, http://www.hud.gov

As part of the HUD efforts toward eliminating childhood lead poisoning, the Office of Healthy
Homes and Lead Hazard Control is sharing local lead ordinances and regulations that have proven
effective in helping communities deal with lead-based paint hazards. Also, the design and construction
of manufactured housing are regulated by the federal government and must comply with HUD’s
Manufactured Home Construction and Safety Standards. Modular and panelized construction must
comply with model or local building codes.

International Association of Plumbing and Mechanical Officials, http://www.iapmo.org
Developed and maintains the Uniform Plumbing Code and the Uniform Mechanical Code.

The Uniform Building Code (UBC)/International Conference of Building Officials,
http://www.iccsafe.org

Is the most widely adopted model building code in the world and is a proven document meeting the
needs of government units charged with enforcement of building regulation. Published triennially, the
UBC provides complete regulations covering all major aspects of building design and construction
relating to fire and life safety and structural safety. The requirements reflect the latest technologic
advances available in the building and fire- and life-safety industry.

International Code Council, http://www.iccsafe.org

Produces the most widely adopted and enforced building safety codes in the United States (I-Codes).
International Residential Code (IRC) 2003 has been adopted by many states, jurisdictions, and
localities. IRC also references several industry standards such as ACI 318, ASCE 7, ASTM, and ANSI

standards that cover specific load, load combinations, design methods, and material specifications.

International Standard Organization, http://www.iso.org

Provides internationally recognized certification for manufacturers that comply with high standards of
quality control, developed standards ISO-9000 through ISO-9004, and qualifies and lists products
suitable for use in plumbing installations.
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MSS

NACHI

NAHB

NEC

NESC

NFPA

NOWRA

NSF

UL

WEF

Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.,
http://www.mss-hq.com
Develops technical codes and standards for the valve and fitting industry.

The National Association of Certified Home Inspectors, http://www.nachi.org/index.htm
Is the world’s largest, most elite nonprofit inspection association.

National Association of Home Builders, http://www.nahb.org

Is a trade association representing more than 220,000 residential home building and remodeling
industry members. NAHB is affiliated with more than 800 state and local home builders associations
around the country. NAHB urges codes and standards development and application that protects
public health and safety without cost impacts that decrease affordability and consequently prevent
people from moving into new, healthier, safer homes.

National Electrical Code, http://www.nfpa.org
Protects public safety by establishing requirements for electrical wiring and equipment in virtually all

buildings.

National Environmental Services Center, http://www.nesc.wvu.edu/nesc/nesc_about.htm
Is a repository for water, wastewater, solid waste, and environmental training research.

National Fire Protection Association, http://www.nfpa.org/index.asp
Develops, publishes, and disseminates more than 300 consensus codes and standards intended to
minimize the possibility and effects of fire and other risks.

National Onsite Wastewater Recycling Association, http://www.nowra.org
Provides leadership and promotes the onsite wastewater treatment and recycling industry through
education, training, communication, and quality tools to support excellence in performance.

National Sanitation Foundation, http://www.nsf.org
Develops standards for equipment, products and services; a nonprofit organization now known as
International.

Underwriters Laboratory, http://www.ul.com
Has developed more than 800 Standards for Safety. Millions of products and their components are
tested to ULs rigorous safety standards.

Water Environment Federation, http://www.wef.org

Is a not-for-profit technical and educational organization with members from varied disciplines who
work toward the WEF vision of preservation and enhancement of the global water environment. The
WEF network includes water quality professionals from 76 member associations in 30 countries.
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Executive Summary

he original Basic Housing Inspection manual was published in 1976 by the Center for Disease Control
(now known as the Centers for Disease Control and Prevention). Its Foreword stated:

“The growing numbers of new families and the increasing population in the United States have created a
pressing demand for additional housing that is conducive to healthful living. These demands are increased by
the continuing loss of existing housing through deterioration resulting from age and poor maintenance. Large
numbers of communities in the past few years have adopted housing codes and initiated code enforcement
programs to prevent further deterioration of existing housing units. This growth in housing activities has
caused a serious problem for communities in obtaining qualified personnel to provide the array of housing
service needed, such as information, counseling, technical advice, inspections, and enforcement. As a result
many agencies throughout the country are conducting comprehensive housing inspection training courses.
This publication has been designed to be an integral part of these training sessions.”

The original Basic Housing Inspection manual has been successfully used for several decades by public health and
housing personnel across the United States. Although much has changed in the field of housing construction and
maintenance, and health and safety issues have expanded, the manual continues to have value, especially as it relates
to older housing,.

Many housing deficiencies impact on health and safety. For example, lead-based paint and dust may contribute to
lead poisoning in children; water leakage and mold may contribute to asthma episodes; improper use and storage of
pesticides may result in unintentional poisoning; and lack of working smoke, ionization, and carbon monoxide alarms
may cause serious injury and death.

Government agencies have been very responsive to “healthy homes” issues. The U.S. Department of Housing and
Urban Development (HUD) created an office with an exclusive focus on healthy homes. In 2003, CDC joined HUD
in the effort to improve housing conditions through the training of environmental health practitioners, public health
nurses, housing specialists, and others who have interest and responsibility for creating healthy homes.

The revised Basic Housing Inspection manual, renamed the Healthy Housing Reference Manual, responds to the enor-
mous changes that have occurred in housing construction methods and materials and to new knowledge related to the
impact of housing on health and safety. New chapters have been added, making the manual more comprehensive. For
example, an entire chapter is devoted to rural water supplies and on-site wastewater treatment. A new chapter was
added that discusses issues related to residential swimming pools and spas. At over 200 pages, the comprehensive
revised manual is designed primarily as a reference document for public health and housing professionals who work in
government and industry.

The Healthy Housing Reference Manual contains 14 chapters, each with a specific focus. All chapters contain annotated
references and a listing of sources for additional topic information. A summary of the content of each chapter follows:

Chapter One, Housing History and Purpose, describes the history of dwellings and urbanization and housing
trends during the last century.

Chapter Two, Basic Principles of Healthy Housing, describes the basic principles of healthy housing and
safety— physiologic needs, psychologic needs, protection against injury and disease—and lays the groundwork for
following chapters.

Chapter Three, Housing Regulations, reviews the history of housing regulations, followed by a discussion of
zoning, housing, and building codes.

Chapter Four, Disease Vectors and Pests, provides a detailed analysis of disease vectors that have an impact on res-
idences. It includes information on the management of mice, rats, cockroaches, fleas, flies, termites, and fire ants.
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Chapter Five, Indoor Air Pollution and Toxic Materials, provides information on indoor air pollution, both
biologic and chemical, and to toxic materials in the home, including methods for controlling these hazards. The
impact of cockroaches, dust mites, pets, and mold are discussed. Also included is information about the impact of
carbon monoxide, ozone, tobacco smoke, volatile organic compounds, radon, and pesticides.

Chapter Six, Housing Structure, contains information about “older” housing construction and new construction
materials and methods. The chapter also introduces new terminologies and includes information about founda-
tions, vapor barriers, house framing, roof framing, exterior walls, and roofs.

Chapter Seven, Environmental Barriers, provides information on roofing, insulation, and siding materials.

Chapter Eight, Rural Water Supplies and Water-quality Issues, covers issues related to the drilling and proper
maintenance of wells. Research information is provided that indicates that many wells are not properly sealed,
allowing for the leakage of contaminated water into wells during hurricanes and periods of significant flooding.

Chapter Nine, Plumbing, provides information on plumbing standards and how they can be accessed, followed
by a review of the elements of a residential water delivery system, the types of available hot-water heaters, drainage
systems, and methods for water conservation. It also includes a visual synthesis of water system components during
new residential construction.

Chapter Ten, On-site Wastewater Treatment, complements chapter seven by providing information on proper
on-site methods for the treatment of human waste.

Chapter Eleven, Electricity, expands on information contained in the original manual covering such topics as
breaker systems and polarized plugs and connectors. It also provides a format for the inspection of residential
electrical systems.

Chapter Twelve, Heating, Air Conditioning, and Ventilation, provides information about types of residential
fuels and heating systems, including solar heating and minor sources of heating (e.g., coal-fired, oil-fired, gas-fired,
and electrical space heaters). Chimney and fireplace safety and the variety of cooling systems are also discussed.

Chapter Thirteen, Energy Efficiency, discusses energy efficiency, including “R” values and their interpretation,
roof ventilation, wall and floor insulation, and door and window energy efficiency systems. It also discusses active
and passive solar systems and provides a methodology for conducting a residential energy audit.

Chapter Fourteen, Residential Swimming Pools and Spas, provides information about child safety, pool and spa
hazards, and diseases. It also provides information on methods for testing and ensuring a safe water system and on
methods for spa and pool disinfection. Further, it covers concerns related to unregulated individual residential pools
and spas.

The quality of housing plays a decisive role in the health status of its occupants. Substandard housing conditions have
been linked to adverse health effects such as childhood lead poisoning, asthma and other respiratory conditions, and
unintentional injuries. This new and revised Healthy Housing Reference Manual is an important reference for anyone
with responsibility and interest in creating and maintaining healthy housing.

The housing design and construction industry has made great progress in recent years through the development of
new innovative techniques, materials technologies, and products. The HUD Rebab Guide series was developed to
inform the design and construction industry about state-of-the-art materials and innovative practices in housing reha-
bilitation. The series focuses on building technologies, materials, components, and techniques rather than on projects
such as adding a new room. The nine volumes each cover a distinct element of housing rehabilitation and feature
breakthrough materials, labor-saving tools, and cost-cutting practices. The nine volumes address foundations; exterior
walls; roofs; windows and doors; partitions, ceilings, floors, and stairs; kitchen and baths; electrical/electronics; heat-
ing, air conditioning, and ventilation; plumbing; and site work.

Additional information about the series can be found at http://www.huduser.org/publications/destech/rehabgui.html
and http://www.pathnet.org/sp.asp?id=997. This series is an excellent adjunct to the Healthy Housing Reference Manual.
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Chapter 1: Housing History and Purpose

“Safe, affordable housing is a basic necessity for every family.
Without a decent place to live, people cannot be productive
members of society, children cannot learn and families can-
not thrive.”

Tracy Kaufman, Research Associate

National Low Income Housing Coalition/

Low Income Housing Information Service
http://www.habitat.org/how/poverty.html; 2003

Introduction

The term “shelter,” which is often used to define housing,
has a strong connection to the ultimate purpose of hous-
ing throughout the world. The mental image of a shelter
is of a safe, secure place that provides both privacy and
protection from the elements and the temperature
extremes of the outside world.

This vision of shelter, however, is complex. The earth-
quake in Bam, Iran, before dawn on December 26, 2003,
killed in excess of 30,000 people, most of whom were
sleeping in their homes. Although the homes were made
of the most simple construction materials, many were
well over a thousand years old. Living in a home where
generation after generation had been raised should pro-
vide an enormous sense of security. Nevertheless, the
world press has repeatedly implied that the construction
of these homes destined this disaster. The homes in Iran
were constructed of sun-dried mud-brick and mud.

We should think of our homes as a legacy to future gen-
erations and consider the negative environmental effects
of building them to serve only one or two generations
before razing or reconstructing them. Homes should be
built for sustainability and for ease in future modifica-
tion. We need to learn the lessons of the earthquake in
Iran, as well as the 2003 heat wave in France that killed
in excess of 15,000 people because of the lack of climate
control systems in their homes. We must use our experi-
ence, history, and knowledge of both engineering and
human health needs to construct housing that meets the
need for privacy, comfort, recreation, and health
maintenance.

Health, home construction, and home maintenance are
inseparable because of their overlapping goals. Many
highly trained individuals must work together to achieve
quality, safe, and healthy housing. Contractors, builders,
code inspectors, housing inspectors, environmental health
officers, injury control specialists, and epidemiologists all
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are indispensable to achieving the goal of the best hous-
ing in the world for U.S. citizens. This goal is the basis
for the collaboration of the U.S. Department of Housing
and Urban Development (HUD) and the Centers for
Disease and Control and Prevention (CDC).

Preurban Housing

inhabitants. The housing similarities among civilizations
separated by vast distances may have been a result of a
shared heritage, common influences, or chance.

Caves were accepted as dwellings, perhaps because they
were ready made and required little or no construction.
However, in areas with no caves, simple shelters were con-
structed and adapted to the availability of resources and
the needs of the population. Classification systems have
been developed to demonstrate how dwelling types
evolved in preurban indigenous settings [1].

Ephemeral Dwellings

Ephemeral dwellings, also known as transient dwellings,
were typical of nomadic peoples. The African bushmen
and Australia’s aborigines are examples of societies whose
existence depends on an economy of hunting and food
gathering in its simple form. Habitation of an ephemeral
dwelling is generally a matter of days.

Episodic Dwellings

Episodic housing is exemplified by the Inuit igloo, the
tents of the Tungus of eastern Siberia, and the very simi-
lar tents of the Lapps of northern Europe. These groups
are more sophisticated than those living in ephemeral
dwellings, tend to be more skilled in hunting or fishing,
inhabit a dwelling for a period of weeks, and have a
greater effect on the environment. These groups also con-
struct communal housing and often practice slash-and-
burn cultivation, which is the least productive use of
cropland and has a greater environmental impact than the
hunting and gathering of ephemeral dwellers.

Periodic Dwellings

Periodic dwellings are also defined as regular temporary
dwellings used by nomadic tribal societies living in a pas-
toral economy. This type of housing is reflected in the
yurt used by the Mongolian and Kirgizian groups and the
Bedouins of North Africa and western Asia. These groups’
dwellings essentially demonstrate the next step in the evo-
lution of housing, which is linked to societal develop-
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ment. Pastoral nomads are distinguished from people
living in episodic dwellings by their homogenous cultures
and the beginnings of political organization. Their envi-
ronmental impact increases with their increased depen-
dence on agriculture rather than livestock.

Seasonal Dwellings

Schoenauer [1] describes seasonal dwellings as reflective of
societies that are tribal in nature, seminomadic, and based
on agricultural pursuits that are both pastoral and mar-
ginal. Housing used by seminomads for several months or
for a season can be considered semisedentary and reflec-
tive of the advancement of the concept of property, which
is lacking in the preceding societies. This concept of
property is primarily of communal property, as opposed
to individual or personal property. This type of housing is
found in diverse environmental conditions and is demon-
strated in North America by the hogans and armadas of
the Navajo Indians. Similar housing can be found in
Tanzania (Barabaig) and in Kenya and Tanzania (Masai).

Semipermanent Dwellings

According to Schoenauer [1], sedentary folk societies or
hoe peasants practicing subsistence agriculture by cultivat-
ing staple crops use semipermanent dwellings. These
groups tend to live in their dwellings various amounts of
time, usually years, as defined by their crop yields. When
land needs to lie fallow, they move to more fertile areas.
Groups in the Americas that used semipermanent dwell-
ings included the Mayans with their oval houses and the
Hopi, Zuni, and Acoma Indians in the southwestern
United States with their pueblos.

Permanent Dwellings

The homes of sedentary agricultural societies, whose
political and social organizations are defined as nations
and who possess surplus agricultural products, exemplify
this type of dwelling. Surplus agricultural products
allowed the division of labor and the introduction of
other pursuits aside from food production; however, agri-
culture is still the primary occupation for a significant
portion of the population. Although they occurred at dif-
ferent points in time, examples of early sedentary agricul-
tural housing can be found in English cottages, such as
the Suffolk, Cornwall, and Kent cottages [1].

Urbanization

Permanent dwellings went beyond simply providing shel-
ter and protection and moved to the consideration of
comfort. These structures began to find their way into
what is now known as the urban setting. The earliest
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available evidence suggests that towns came into existence
around 4000 BC. Thus began the social and public
health problems that would increase as the population of
cities increased in number and in sophistication. In
preurban housing, the sparse concentration of people
allowed for movement away from human pollution or
allowed the dilution of pollution at its location. The
movement of populations into urban settings placed indi-
viduals in close proximity, without the benefit of previous
linkages and without the ability to relocate away from
pollution or other people.

Urbanization was relatively slow to begin, but once started,
it accelerated rapidly. In the 1800s, only about 3% of the
population of the world could be found in urban settings
in excess of 5,000 people. This was soon to change. The
year 1900 saw the percentage increase to 13.6% and sub-
sequently to 29.8% in 1950. The world’s urban popula-
tion has grown since that time. By 1975, more than one in
three of the world’s population lived in an urban setting,
with almost one out of every two living in urban areas by
1997. Industrialized countries currently find approxi-
mately 75% of their population in an urban setting. The
United Nations projects that in 2015 the world’s urban
population will rise to approximately 55% and that in
industrialized nations it will rise to just over 80%.

In the Western world, one of the primary forces driving
urbanization was the Industrial Revolution. The basic
source of energy in the earliest phase of the Industrial
Revolution was water provided by flowing rivers.
Therefore, towns and cities grew next to the great water-
ways. Factory buildings were of wood and stone and
matched the houses in which the workers lived, both in
construction and in location. Workers” homes were little
different in the urban setting than the agricultural homes
from whence they came. However, living close to the
workplace was a definite advantage for the worker of the
time. When the power source for factories changed from
water to coal, steam became the driver and the construc-
tion materials became brick and cast iron, which later
evolved into steel. Increasing populations in cities and
towns increased social problems in overcrowded slums.
The lack of inexpensive, rapid public transportation
forced many workers to live close to their work. These
factory areas were not the pastoral areas with which many
were familiar, but were bleak with smoke and other
pollutants.

The inhabitants of rural areas migrated to ever-expanding
cities looking for work. Between 1861 and 1911 the pop-
ulation of England grew by 80%. The cities and towns of
England were woefully unprepared to cope with the
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resulting environmental problems, such as the lack of
potable water and insufficient sewerage.

In this atmosphere, cholera was rampant; and death rates
resembled those of Third World countries today. Children
had a one in six chance of dying before the age of 1 year.
Because of urban housing problems, social reformers such
as Edwin Chadwick began to appear. Chadwick’s Report
on an Enquiry into the Sanitary Condition of the Labouring
Population of Great Britain and on the Means of its
Improvement (2] sought many reforms, some of which
concerned building ventilation and open spaces around
the buildings. However, ChadwicK’s primary contention
was that the health of the working classes could be
improved by proper street cleaning, drainage, sewage,
ventilation, and water supplies. In the United States,
Shattuck et al. [3] wrote the Report of the Sanitary
Commission of Massachusetts, which was printed in 1850.
In the report, 50 recommendations were made. Among
those related to housing and building issues were recom-
mendations for protecting school children by ventilation
and sanitation of school buildings, emphasizing town
planning and controlling overcrowded tenements and cel-
lar dwellings. Figure 1.1 demonstrates the conditions
common in the tenements.

In 1845, Dr. John H. Griscom, the City Inspector of
New York, published 7he Sanitary Condition of the
Laboring Population of New York [4]. His document
expressed once again the argument for housing reform
and sanitation. Griscom is credited with being the first to
use the phrase “how the other half lives.” During this
time, the poor were not only subjected to the physical
problems of poor housing, but also were victimized by
corrupt landlords and builders.

Trends in Housing

The term “tenement house” was first used in America and
dates from the mid-nineteenth century. It was often inter-
twined with the term “slum.” Wright [5] notes that in
English, tenement meant “an abode for a person or for
the soul, when someone else owned the property.” Slum,
on the other hand, initially was used at the beginning of
the 19th century as a slang term for a room. By the mid-
dle of the century, slum had evolved into a term for a
back dwelling occupied by the lowest members of society.
Von Hoffman [6] states that this term had, by the end of
the century, begun to be used interchangeably with tene-
ment. The author noted that in the larger cities of the
United States, the apartment house emerged in the 1830s
as a housing unit of two to five stories, with each story
containing apartments of two to four rooms. It was origi-
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nally built for the upper group of the working class. The
tenement house emerged in the 1830s when landlords
converted warehouses into inexpensive housing designed
to accommodate Irish and black workers. Additionally,
existing large homes were subdivided and new structures
were added, creating rear houses and, in the process,
eliminating the traditional gardens and yards behind
them. These rear houses, although new, were no healthier
than the front house, often housing up to 10 families.
When this strategy became inadequate to satisfy demand,
the epoch period of the tenements began.

Figure 1.1. Conditions in the Tenements

Although unpopular, the tenement house grew in num-
bers, and, by 1850 in New York and Boston, each tene-
ment housed an average of 65 people. During the 1850s,
the railroad house or railroad tenement was introduced.
This structure was a solid, rectangular block with a nar-
row alley in the back. The structure was typically 90 feet
long and had 12 to 16 rooms, each about 6 feet by 6 feet
and holding around four people. The facility allowed no
direct light or air into rooms except those facing the street
or alley. Further complicating this structure was the lack
of privacy for the tenants. A lack of hallways eliminated
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History of the Department of Housing and Urban Development

1934

low-income families; Fannie Mae created.

1937

1944

suburbia begins.
Late 1950s
1965
1968
1971
1974
1977
1986 Low-income housing tax credit created.

1987
1991-1994

1992 Development Act).

1993
1996
1999

2000

2001

any semblance of privacy. Open sewers, a single privy in
the back of the building, and uncollected garbage resulted
in an objectionable and unhygienic place to live.
Additionally, the wood construction common at the time,
coupled with coal and wood heating, made fire an ever-

The two last decades of the 19th century saw the intro-
duction and development of dumbbell tenements, a front
and rear tenement connected by a long hall. These tene-
ments were typically five stories, with a basement and no
elevator (elevators were not required for any building of
less than six stories). Dumbbell tenements, like other ten-
ements, resulted in unaesthetic and unhealthy places to
live. Garbage was often thrown down the airshafts, natu-
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Housing Act establishes Federal Housing Administration to insure mortgages and make loans to

Housing Act establishes public housing.

Serviceman’s Readjustment Act creates Veteran Administration mortgages; trend toward

Urban renewal begins; slum clearance developed to promote construction of affordable housing.

Department of Housing and Urban Development created.

Model Cities program launched; fair housing launched through the Civil Rights Act.

Lead-Based Paint Poisoning Prevention Act passed.

Section 8 rental subsidy program begins; Community Development Block Grant program begins.

Urban Development Action Grants begin.

McKinney Homeless Assistance Act passed; creation of low-income housing tax credit.

Public housing inspection for lead paint.

Residential Lead Hazard Reduction Act passed (Title X of the 1992 Housing and Community

Hope VI program begins to redevelop old public housing.
Lead-based paint disclosure becomes law.

HUD and CDC launch the Healthy Homes Initiative.

HUD publishes new lead paint regulations for federally funded assisted housing; President’s Task
Force releases federal interagency plan to eliminate childhood lead paint poisoning by 2010.

EPA publishes final standards for lead in paint, dust, and soil in housing.

ral light was confined to the first floor hallway, and the
public hallways only contained one or two toilets and a
sink. This apparent lack of sanitary facilities was com-
pounded by the fact that many families took in boarders
to help with expenses. In fact, 44,000 families rented
space to boarders in New York in 1890, with this increas-
ing to 164,000 families in 1910. In the early 1890s, New
York had a population of more than 1 million, of which
70% were residents of multifamily dwellings. Of this
group, 80% lived in tenements consisting mostly of
dumbbell tenements.

The passage of the New York Tenement House Act of
1901 spelled the end of the dumbbells and acceptance of
a new tenement type developed in the 1890s—the park
or central court tenement, which was distinguished by a
park or open space in the middle of a group of buildings.
This design was implemented to reduce the activity on
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the front street and to enhance the opportunity for fresh
air and recreation in the courtyard. The design often
included roof playgrounds, kindergartens, communal
laundries, and stairways on the courtyard side.

Although the tenements did not go away, reform groups
supported ideas such as suburban cottages to be devel-
oped for the working class. These cottages were two-story
brick and timber, with a porch and a gabled roof.
According to Wright [5], a Brooklyn project called
Homewood consisted of 53 acres of homes in a planned
neighborhood from which multifamily dwellings, saloons,
and factories were banned.

Although there were many large homes for the well-to-
do, single homes for the not-so-wealthy were not abun-
dant. The first small house designed for the individual of
modest means was the bungalow. According to
Schoenauer [1], bungalows originated in India. The bun-
galow was introduced into the United States in 1880 with
the construction of a home in Cape Cod. The bungalow,
derived for use in tropical climates, was especially popular
in California.

Company towns were another trend in housing in the
19th century. George Pullman, who built railway cars in
the 1880s, and John H. Patterson, of the National Cash
Register Company, developed notable company towns.
Wright [5] notes that in 1917 the U.S. Bureau of Labor
Standards estimated that at least 1,000 industrial firms
were providing housing for their employees. The provi-
sion of housing was not necessarily altruistic. The motiva-
tion for providing housing varied from company to
company. Such motivations included the use of housing
as a recruitment incentive for skilled workers, a method
of linking the individual to the company, and a belief
that a better home life would make the employees hap-
pier and more productive in their jobs. Some companies,
such as Firestone and Goodyear, went beyond the com-
pany town and allowed their employees to obtain loans
for homes from company-established banks. A prime
motivator of company town planning was sanitation,
because maintaining the worker’s health could potentially
lead to fewer workdays lost due to illness. Thus, in the
development of the town, significant consideration was
given to sanitary issues such as window screens, sewage
treatment, drainage, and water supplies.

Before World War I there was a shortage of adequate
dwellings. Even after World War I, insufficient funding, a
shortage of skilled labor, and a dearth of building materi-
als compounded the problem. However, the design of
homes after the war was driven in part by health consid-
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erations, such as providing good ventilation, sun orienta-
tion and exposure, potable pressurized water, and at least
one private toilet. Schoenauer [1] notes that, during the
postwar years, the improved mobility of the public led to
an increase in the growth of suburban areas, exemplified
by the detached and sumptuous communities outside
New York, such as Oyster Bay. In the meantime, the con-
ditions of working populations consisting of many immi-
grants began to improve with the improving economy of
the 1920s. The garden apartment became popular. These
units were well lighted and ventilated and had a court-
yard, which was open to all and well maintained.

Immediately after World War I and during the 1920s,
city population growth was outpaced by population
growth in the suburbs by a factor of two. The focus at the
time was on the single-family suburban dwelling. The
1920s were a time of growth, but the decade following
the Great Depression, beginning in 1929, was one of
deflation, cessation of building, loss of mortgage financ-
ing, and the plunge into unemployment of large numbers
of building trade workers. Additionally, 1.5 million home
loans were foreclosed during this period. In 1936, the
housing market began to make a comeback; however, the
1930s would come to be known as the beginning of pub-
lic housing, with increased public involvement in housing
construction, as demonstrated by the many laws passed
during the era [5]. The National Housing Act was passed
by Congress in 1934 and set up the Federal Housing
Administration. This agency encouraged banks, building
and loan associations, and others to make loans for build-
ing homes, small business establishments, and farm build-
ings. If the Federal Housing Administration approved the
plans, it would insure the loan. In 1937, Congress passed
another National Housing Act that enabled the Federal
Housing Administration to take control of slum clear-
ance. It made 60-year loans at low interest to local gov-
ernments to help them build apartment blocks. Rents in
these homes were fixed and were only available to low-
income families. By 1941, the agency had assisted in the
construction of more than 120,000 family units.

During World War II, the focus of home building was on
housing for workers who were involved in the war effort.
Homes were being built through federal agencies such as
the newly formed Federal Housing Administration,
formed in 1934 and transferred to HUD in 1965.
According to the U.S. Census Bureau (USCB) [7], in the
years since World War II, the types of homes Americans
live in have changed dramatically. In 1940, most homes
were considered attached houses (row houses, town-
houses, and duplexes). Small apartment houses with two
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to four apartments had their zenith in the 1950s. In the
1960 census, two-thirds of the housing inventory was
made up of one-family detached houses, which declined
to less than 60% in the 1990 census.

The postwar years saw the expansion of suburban hous-
ing led by William J. Levitt’s Levittown, on Long Island,
which had a strong influence on postwar building and
initiated the subdivisions and tract houses of the follow-
ing decades (Figure 1.2). The 1950s and 1960s saw con-
tinued suburban development, with the growing ease of
transportation marked by the expansion of the interstate
highway system. As the cost of housing began to increase
as a result of increased demand, a grassroots movement to
provide adequate housing for the poor began to emerge.
According to Wright [5], in the 1970s only about 25% of
the population could afford a $35,000 home. According
to Gaillard [8], Koinonia Partners, a religious organiza-
tion founded in 1942 by Clarence Jordan near Albany,
Georgia, was the seed for Habitat for Humanity. Habitat
for Humanity, founded in 1976 by Millard Fuller, is
known for its international efforts and has constructed
more than 150,000 houses in 80 countries; 50,000 of
these houses are in the United States. The homes are
energy-efficient and environmentally friendly to conserve
resources and reduce long-term costs to the homeowners.

Builders also began promoting one-floor minihomes and
no-frills homes of approximately 900 to 1,200 square
feet. Manufactured housing began to increase in popular-
ity, with mobile home manufacturers becoming some of
the most profitable corporations in the United States in
the early 1970s. In the 1940 census, manufactured hous-
ing were lumped into the “other” category with boats and

Figure 1.2. Levittown, New York
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tourist cabins: by the 1990 census, manufactured housing
made up 7% of the total housing inventory. Many com-
munities ban manufactured housing from residential

neighborhoods.

According to Hart et al. [9], nearly 30% of all home sales
nationwide are of manufactured housing, and more than
90% of those homes are never moved once they are
anchored. According to a 2001 industry report, the
demand for prefabricated housing is expected to increase
in excess of 3% annually to $20 billion in 2005, with
most units being manufactured homes. The largest mar-
ket is expected to continue in the southern part of the
United States, with the most rapid growth occurring in
the western part of the country. As of 2000, five manu-
factured-home producers, representing 35% of the mar-
ket, dominated the industry. This industry, over the past
20 to 25 years, has been affected by two pieces of federal
legislation. The first, the Mobile Home Construction and
Safety Standards Act, adopted by HUD in 1974, was
passed to aid consumers through regulation and enforce-
ment of HUD design and construction standards for
manufactured homes. The second, the 1980 Housing
Act, required the federal government to change the term
“mobile home” to “manufactured housing” in all federal
laws and literature. One of the prime reasons for this
change was that these homes were in reality no longer
mobile in the true sense.

The energy crisis in the United States between 1973 and
1974 had a major effect on the way Americans lived,
drove, and built their homes. The high cost of both heat-
ing and cooling homes required action, and some of the
action taken was ill advised or failed to consider healthy
housing concerns. Sealing homes and using untried insu-
lation materials and other energy conservation actions
often resulted in major and sometimes dangerous build-
ups of indoor air pollutants. These buildups of toxins
occurred both in homes and offices. Sealing buildings for
energy efficiency and using off-gassing building materials
containing urea-formaldehyde, vinyl, and other new plas-
tic surfaces, new glues, and even wallpapers created toxic
environments. These newly sealed environments were not
refreshed with makeup air and resulted in the accumula-
tion of both chemical and biologic pollutants and mois-
ture leading to mold growth, representing new threats to
both short-term and long-term health. The results of
these actions are still being dealt with today.
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Chapter 2: Basic Principles of Healthy Housing

“The connection between health and dwelling is one of the
most important that exists.”

Florence Nightingale

Introduction

It seems obvious that health is related to where people
live. People spend 50% or more of every day inside their
homes. Consequently, it makes sense that the housing
environment constitutes one of the major influences on
health and well-being. Many of the basic principles of the
link between housing and health were elucidated more
than 60 years ago by the American Public Health
Association (APHA) Committee on the Hygiene of
Housing. After World War II, political scientists, sociolo-
gists, and others became interested in the relation
between housing and health, mostly as an outgrowth of a
concern over poor housing conditions resulting from the
massive influx into American cities of veterans looking for
jobs. Now, at the beginning of the 21st century, there is a
growing awareness that health is linked not only to the
physical structure of a housing unit, but also to the
neighborhood and community in which the house is
located.

According to Ehlers and Steel [1], in 1938, a Committee
on the Hygiene of Housing, appointed by APHA, created
the Basic Principles of Healthful Housing, which pro-
vided guidance regarding the fundamental needs of
humans as they relate to housing. These fundamental
needs include physiologic and psychologic needs, protec-
tion against disease, protection against injury, protection
against fire and electrical shock, and protection against
toxic and explosive gases.

Fundamental Physiologic Needs

Housing should provide for the following physiologic
needs:

1. protection from the elements,
2. athermal environment that will avoid undue heat loss,

3. athermal environment that will permit adequate heat loss

from the body,
4. an atmosphere of reasonable chemical purity,

5. adequate daylight illumination and avoidance of undue

daylight glare,
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direct sunlight,

6
7. adequate artificial illumination and avoidance of glare,
8. protection from excessive noise, and

9

adequate space for exercise and for children to play.

The first three physiologic needs reflect the requirement
for adequate protection from the elements. The lack of
adequate heating and cooling systems in homes can con-
tribute to respiratory illnesses or even lead to death from
extreme temperatures. According to the National Weather
Service, 98 people died from extreme temperatures in
1996; 62 of these were due to extreme cold. Hypothermia
occurs when the body temperature drops below 96°F
(46°C). It can occur in any person exposed to severe cold
without enough protection. Older people are particularly
susceptible because they may not notice the cold as easily
and can develop hypothermia even after exposure to mild
cold. Susceptibility to the cold can be exacerbated by cer-
tain medications, medical conditions, or the consumption
of alcohol. Hyperthermia is the name given to a variety of
heat-related illnesses. The two most common forms of
hyperthermia are heat exhaustion and heat stroke. Of the
two, heat stroke is especially dangerous and requires
immediate medical attention.

According to the National Institute on Aging (NIA) [2],
lifestyle factors can increase the risk for hyperthermia:

Unbearably hot living quarters. This would include peo-
ple who live in homes without fans or air conditioners. To
help avert the problem, residents should open windows at
night; create cross-ventilation by opening windows on two
sides of the building; cover windows when they are
exposed to direct sunlight and keep curtains, shades, or
blinds drawn during the hottest part of the day.

Lack of transportation. People without fans or air condi-
tioners often are unable to go to shopping malls, movie
theaters, and libraries to cool off because of illness or the
lack of transportation.

Inadequate or inoperable windows. Society has become
so reliant on climate control systems that when they fail,
windows cannot be opened. As was the case in the 2003
heat wave in France, many homes worldwide do not even
have fans for cooling.

Overdressing. Older people, because they may not feel
the heat, may not dress appropriately in hot weather.
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Visiting overcrowded places. Trips should be scheduled
during nonrush-hour times and participation in special
events should be carefully planned to avoid disease
transmission.

Not checking weather conditions. Older people, partic-
ularly those at special risk, should stay indoors on espe-
cially hot and humid days, particularly when an air
pollution alert is in effect.

USCB [3] reported that about 75% of homes in the
United States used either utility gas or electricity for heat-
ing purposes, with utility gas accounting for about 50%.
This, of course, varies with the region of the country,
depending on the availability of hydroelectric power. This
compares with the 1940 census, which found that three-
quarters of all households heated with coal or wood.
Electric heat was so rare that it was not even an option on
the census form of 1940. Today, coal has virtually disap-
peared as a household fuel. Wood all but disappeared as a
heating fuel in 1970, but made a modest comeback at
4% nationally by 1990. This move over time to more
flexible fuels allows a majority of today’s homes to main-
tain healthy temperatures, although many houses still lack
adequate insulation.

The fifth through the seventh physiologic concerns
address adequate illumination, both natural and artificial.
Research has revealed a strong relationship between light
and human physiology. The effects of light on both the
human eye and human skin are notable. According to
Zilber [4], one of the physiologic responses of the skin to
sunlight is the production of vitamin D. Light allows us
to see. It also affects body rhythms and psychologic
health. Average individuals are affected daily by both nat-
ural and artificial lighting levels in their homes. Adequate
lighting is important in allowing people to see unsanitary
conditions and to prevent injury, thus contributing to a
healthier and safer environment. Improper indoor light-
ing can also contribute to eyestrain from inadequate illu-
mination, glare, and flicker.

Avoiding excessive noise (eighth physiologic concern) is
important in the 21st century. However, the concept of
noise pollution is not new. Two thousand years ago, Julius
Caesar banned chariots from traveling the streets of Rome
late at night. In the 19th century, numerous towns and
cities prohibited ringing church bells. In the early 20th
century, London prohibited church bells from ringing
between 9:00 PM and 9:00 AM. In 1929, New York City
formed a Noise Abatement Commission that was charged
with evaluating noise issues and suggesting solutions. At
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that time, it was concluded that loud noise affected
health and productivity. In 1930, this same commission
determined that constant exposure to loud noises could
affect worker efficiency and long-term hearing levels. In
1974, the U.S. Environmental Protection Agency (EPA)
produced a document titled /nformation on Levels of
Environmental Noise Requisite to Protect Public Health and
Welfare With an Adequate Margin of Safery [5]. This docu-
ment identified maximum levels of 55 decibels outdoors
and 45 decibels indoors to prevent interference with
activities and 70 decibels for all areas to prevent hearing
loss. In 1990, the United Kingdom implemented The
Household Appliances (Noise Emission) Regulations [6]
to help control indoor noise from modern appliances.
Noise has physiologic impacts aside from the potential to
reduce hearing ability. According to the American
Speech-Language-Hearing Association [7], these effects
include elevated blood pressure; negative cardiovascular
effects; increased breathing rates, digestion, and stomach
disturbances; ulcers; negative effects on developing
fetuses; difficulty sleeping after the noise stops; plus the
intensification of the effects of drugs, alcohol, aging, and
carbon monoxide. In addition, noise can reduce attention
to tasks and impede speech communication. Finally, noise
can hamper performance of daily tasks, increase fatigue,
and cause irritability.

Household noise can be controlled in various ways.
Approaching the problem during initial construction is
the simplest, but has not become popular. For example,
in early 2003, only about 30% of homebuilders offered
sound-attenuating blankets for interior walls. A sound-
attenuating blanket is a lining of noise abatement prod-
ucts (the thickness depends on the material being used).
Spray-in-place soft foam insulation can also be used as a
sound dampener, as can special walking mats for floors.
Actions that can help reduce household noise include
installing new, quieter appliances and isolating washing
machines to reduce noise and water passing through
pipes.

The ninth and final physiologic need is for adequate
space for exercise and play. Before industrialization in the
United States and England, a preponderance of the popu-
lation lived and worked in more rural areas with very
adequate areas for exercise and play. As industrialization
impacted demographics, more people were in cities with-
out ample space for play and exercise. In the 19th cen-
tury, society responded with the development of
playgrounds and public parks. Healthful housing should

include the provision of safe play and exercise areas.
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Many American neighborhoods are severely deficient,
with no area for children to safely play. New residential
areas often do not have sidewalks or street lighting, nor
are essential services available by foot because of highway
and road configurations.

Fundamental Psychologic Needs

Seven fundamental psychologic needs for healthy housing
include the following:

1. adequate privacy for the individual,

2. opportunities for normal family life,

3. opportunities for normal community life,
4

facilities that make possible the performance of household
tasks without undue physical and mental fatigue,

5. facilities for maintenance of cleanliness of the dwelling and
of the person,

6. possibilities for aesthetic satisfaction in the home and its
surroundings, and

7. concordance with prevailing social standards of the local

community.

Privacy is a necessity to most people, to some degree and
during some periods. The increase in house size and the
diminishing family size have, in many instances, increased
the availability of privacy. Ideally, everyone would have
their own rooms, or, if that were not possible, would
share a bedroom with only one person of the same sex,
excepting married couples and small children.
Psychiatrists consider it important for children older than
2 years to have bedrooms separate from their parents. In
addition, bedrooms and bathrooms should be accessible
directly from halls or living rooms and not through other
bedrooms. In addition to the psychologic value of pri-
vacy, repeated studies have shown that lack of space and
quiet due to crowding can lead to poor school perfor-
mance in children.

Coupled with a natural desire for privacy is the social
desire for normal family and community life. A whole-
some atmosphere requires adequate living room space and
adequate space for withdrawal elsewhere during periods
of entertainment. This accessibility expands beyond the
walls of the home and includes easy communication with
centers of culture and business, such as schools, churches,
entertainment, shopping, libraries, and medical services.
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Protection Against Disease

Eight ways to protect against contaminants include the
following:

1. provide a safe and sanitary water supply;
2. protect the water supply system against pollution;

3. provide toilet facilities that minimize the danger of
transmitting disease;

4. protect against sewage contamination of the interior
surfaces of the dwelling;

avoid unsanitary conditions near the dwelling;

6. exclude vermin from the dwelling, which may play a part
in transmitting disease;

7. provide facilities for keeping milk and food fresh; and

8. allow sufficient space in sleeping rooms to minimize the
danger of contact infection.

According to the U.S. EPA [8], there are approximately
160,000 public or community drinking water systems in
the United States. The current estimate is that 42 million
Americans (mostly in rural America) get their water from
private wells or other small, unregulated water systems.
The presence of adequate water, sewer, and plumbing
facilities is central to the prevention, reduction, and pos-
sible elimination of water-related diseases. According to
the Population Information Program [9], water-related
diseases can be organized into four categories:

* waterborne diseases, including those caused by both
fecal-oral organisms and those caused by toxic
substances;

e water-based diseases;
e water-related vector diseases; and
e water-scarce diseases.

Numerous studies link improvements in sanitation and
the provision of potable water with significant reductions
in morbidity and mortality from water-related diseases.
Clean water and sanitation facilities have proven to reduce
infant and child mortality by as much as 55% in Third
World countries according to studies from the 1980s.
Waterborne diseases are often referred to as “dirty-water”
diseases and are the result of contamination from chemi-
cal, human, and animal wastes. Specific diseases in this
group include cholera, typhoid, shigella, polio, meningi-
tis, and hepatitis A and E. Water-based diseases are caused
by aquatic organisms that spend part of their life cycle in
the water and another part as parasites of animals.
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Although rare in the United States, these diseases include
dracunculiasis, paragonimiasis, clonorchiasis, and schisto-
somiasis. The reduction in these diseases in many coun-
tries has not only led to decreased rates of illness and
death, but has also increased productivity through a
reduction in days lost from work.

Water-related diseases are linked to vectors that breed and
live in or near polluted and unpolluted water. These vec-
tors are primarily mosquitoes that infect people with the
disease agents for malaria, yellow fever, dengue fever, and
filariasis. While the control of vectorborne diseases is a
complex matter, in the United States, most of the control
focus has been on controlling habitat and breeding areas
for the vectors and reducing and controlling human cases
of the disease that can serve as hosts for the vector.
Vectorborne diseases have recently become a more of a
concern to the United States with the importation of the
West Nile virus. The transmission of West Nile virus
occurs when a mosquito vector takes a blood meal from a
bird or incidental hosts, such as a dog, cat, horse, or other
vertebrate. The human cases of West Nile virus in 2003
numbered 9,862, with 264 deaths. Finally, water-scarce
diseases are diseases that flourish where sanitation is poor
due to a scarcity of fresh water. Diseases included in this
category are diphtheria, leprosy, whooping cough, teta-
nus, tuberculosis, and trachoma. These diseases are often
transmitted when the supply of fresh water is inadequate
for hand washing and basic hygiene. These conditions are
still rampant in much of the world, but are essentially
absent from the United States due to the extensive avail-
ability of potable drinking water.

In 2000, USCB [10] reported that 1.4% of U.S. homes
lacked plumbing facilities. This differs greatly from the
1940 census, when nearly one-half of U.S. homes lacked
complete plumbing. The proportion has continually
dropped, falling to about one-third in 1950 and then to
one-sixth in 1960. Complete plumbing facilities are
defined as hot and cold piped water, a bathtub or shower,
and a flush toilet. The containment of household sewage
is instrumental in protecting the public from waterborne
and vectorborne diseases. The 1940 census revealed that
more than a third of U.S. homes had no flush toilet, with
70% of the homes in some states without a flush toilet.
Of the 13 million housing units at the time without flush
toilets, 11.8 million (90.7%) had an outside toilet or
privy, another 1 million (7.6%) had no toilet or privy,
and the remainder had a nonflush toilet in the structure.

In contrast to these figures, the 2000 census data demon-
strate the great progress that has been made in providing
sanitary sewer facilities. Nationally, 74.8% of homes are
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served by a public sewer, with 24.1% served by a septic
tank or cesspool, and the remaining 1.1% using other
means.

Vermin, such as rodents, have long been linked to prop-
erty destruction and disease. Integrated pest management,
along with proper housing construction, has played a sig-
nificant role in reducing vermin around the modern
home. Proper food storage, rat-proofing construction,
and ensuring good sanitation outside the home have
served to eliminate or reduce rodent problems in the 21st
century home.

Facilities to properly store milk and food have not only
been instrumental in reducing the incidence of some
foodborne diseases, but have also significantly changed
the diet in developed countries. Refrigeration can be
traced to the ancient Chinese, Hebrews, Greeks, and
Romans. In the last 150 years, great strides have been
made in using refrigeration to preserve and cool food.
Vapor compression using air and, subsequently, ammonia
as a coolant was first developed in the 1850s. In the early
1800s, natural ice was extracted for use as a coolant and
preserver of food. By the late 1870s, there were 35 com-
mercial ice plants in the United States and, by 1909,
there were 2,000. However, as early as the 1890s, sources
of natural ice began to be a problem as a result of pollu-
tion and sewage dumped into bodies of water. Thus, the
use of natural ice as a refrigerant began to present a
health problem. Mechanical manufacture of ice provided
a temporary solution, which eventually resulted in pro-
viding mechanical refrigeration.

Refrigeration was first used by the brewing and meat-
packing industries; but most households had iceboxes
(Figure 2.1), which made the ice wagon a popular icon of
the late 1800s and early 1900s. In 1915, the first refriger-
ator, the Guardian, was introduced. This unit was the
predecessor of the Frigidaire. The refrigerator became as
necessary to the household as a stove or sewing machine.
By 1937, nearly 6 million refrigerators were manufac-
tured in the United States. By 1950, in excess of 80% of
American farms and more than 90% of urban homes had
a refrigerator.

Adequate living and sleeping space are also important in
protecting against contagion. It is an issue not only of
privacy but of adequate room to reduce the potential for
the transmission of contagion. Much improvement has
been made in the adequacy of living space for the U.S.
family over the last 30 years. According to USCB [11],
the average size of new single homes has increased from a
1970 average of 1,500 square feet to a 2000 average of
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Figure 2.1. Circa 1890 Icebox
Source: Robert R. McCormick Museum, Wheaton, Illinois

2,266 square feet. USCB [11] says that slightly less than
5% of U.S. homes were considered crowded in 1990;
that is, they had more than one person per room.
However, this is an increase since the 1980 census, when
the figure was 4.5%. This is the only time there has been
an increase since the first housing census was initiated in
1940, when one in five homes was crowded. During the
1940 census, most crowded homes were found in south-
ern states, primarily in the rural south. Crowding has
become common in a few large urban areas, with more
than one-fourth of all crowded units located in four met-
ropolitan areas: Houston, Los Angeles, Miami, and New
York. The rate for California has not changed signifi-
cantly between 1940 (13%) and 1990 (12%). Excessive
crowding in homes has the potential to increase not only
communicable disease transmission, but also the stress
level of occupants because modern urban individuals
spend considerably more time indoors than did their
1940s counterparts.

Protection Against Injury

A major provision for safe housing construction is devel-
oping and implementing building codes. According to
the International Code Council one- and two-family
dwelling code, the purpose of building codes is to pro-
vide minimum standards for the protection of life, limb,
property, environment, and for the safety and welfare of
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the consumer, general public, and the owners and occu-
pants of residential buildings regulated by this code [12].

However, as with all types of codes, the development of
innovative processes and products must be allowed to take
a place in improving construction technology. Thus,
according to the International Code Council one- and
two-family dwelling code, building codes are not intended
to limit the appropriate use of materials, appliances,
equipment, or methods by design or construction that are
not specifically prescribed by the code if the building offi-
cial determines that the proposed alternate materials,
appliances, equipment or methods of design or construc-
tion are at least equivalent of that prescribed in this code.
While the details of what a code should include are
beyond the scope of this section, additional information
can be found at http://www.iccsafe.org/, the Web site of
the International Code Council (ICC). ICC is an organi-
zation formed by the consolidation of the Building
Officials and Code Administrators International,
Southern Building Code Congress International, Inc., and
the International Conference of Building Officials [12].

According to the Home Safety Council (HSC) [13], the
leading causes of home injury deaths in 1998 were falls
and poisonings, which accounted for 6,756 and 5,758
deaths, respectively. As expected, the rates and national
estimates of the number of fall deaths were highest among
those older than 64 years, and stairs or steps were associ-
ated with 17% of fall deaths. Overall, falls were the lead-
ing cause of nonfatal, unintentional injuries occurring at
home and accounted for 5.6 million injuries. Similar to
the mortality statistics, consumer products most often
associated with emergency department visits included
stairs and steps, accounting for 854,631 visits, and floors,
accounting for 556,800 visits. A national survey by HSC
found that one-third of all households with stairs did not
have banisters or handrails on at least one set of stairs.
Related to this, homes with older persons were more
likely to have banisters or handrails than were those where
young children live or visit. The survey also revealed that
48% of households have windows on the second floor or
above, but only 25% have window locks or bars to pre-
vent children from falling out. Bathtub mats or nonskid
strips to reduce bathtub falls were used in 63% of
American households. However, in senior households (age
70 years and older), 79% used mats or nonskid strips.
Nineteen percent of the total number of homes surveyed
had grab bars to supplement the mats and strips.
Significantly, only 39% of the group most susceptible to
falls (people aged 70 years and older) used both nonskid

surfaces and grab bars.
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Protection Against Fire

An important component of safe housing is to control
conditions that promote the initiation and spread of fire.
Between 1992 and 2001, an average of 4,266 Americans
died annually in fires and nearly 25,000 were injured.
This fact and the following information from the United
States Fire Administration (USFA) [14] demonstrate the
impact that fire safety and the lack of it have in the
United States. The United States has one of the highest
fire death rates in the industrialized world, with 13.4
deaths per million people. At least 80% of all fire deaths
occur in residences. Residential fires account for 23% of
all fires and 76% of structure fires. In one- and two-fam-
ily dwellings, fires start in the kitchen 25.5% of the time
and originate in the bedroom 13.7% of the time.
Apartment fires most often start in the kitchen, but at
almost twice the rate (48.5%), with bedrooms again
being the second most common place at 13.4%.

These USFA statistics also disclose that cooking is the
leading cause of home fires, usually a result of unattended
cooking and human error rather than mechanical failure
of the cooking units. The leading cause of fire deaths in
homes is careless smoking, which can be significantly
deterred by smoke alarms and smolder-resistant bedding
and upholstered furniture. Heating system fires tend to
be a larger problem in single-family homes than in apart-
ments because the heating systems in family homes fre-
quently are not professionally maintained.

A number of conditions in the household can contribute
to the creation or spread of fire. The USFA data indicate
that more than one-third of rural Americans use fire-
places, wood stoves, and other fuel-fired appliances as pri-
mary sources of heat. These same systems account for
36% of rural residential fires. Many of these fires are the
result of creosote buildup in chimneys and stovepipes.

These fires could be avoided by

* inspecting and cleaning by a certified chimney
specialist;

* clearing the area around the hearth of debris,
decorations, and flammable materials;

* using a metal mesh screen with fireplaces and leaving
glass doors open while burning a fire;

* installing stovepipe thermometers to monitor flue
temperatures;

* leaving air inlets on wood stoves open and never
restricting air supply to the fireplaces, thus helping to
reduce creosote buildup;
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* using fire-resistant materials on walls around wood
stoves;

* never using flammable liquids to start a fire;

* using only seasoned hardwood rather than soft, moist
wood, which accelerates creosote buildup;

* building small fires that burn completely and produce
less smoke;

* never burning trash, debris, or pasteboard in a fireplace;

* placing logs in the rear of the fireplace on an adequate
supporting grate;

* never leaving a fire in the fireplace unattended;

* keeping the roof clear of leaves, pine needles, and other

debris;

* covering the chimney with a mesh screen spark arrester;
and

* removing branches hanging above the chimney, flues,
or vents.

USFA [14] also notes that manufactured homes can be
susceptible to fires. More than one-fifth of residential fires
in these facilities are related to the use of supplemental
room heaters, such as wood- and coal-burning stoves,
kerosene heaters, gas space-heaters, and electrical heaters.
Most fires related to supplemental heating equipment
result from improper installation, maintenance, or use of
the appliance. USFA recommendations to reduce the
chance of fire with these types of appliances include the
following:

* placing wood stoves on noncombustible surfaces or a
code-specified or listed floor surface;

* placing noncombustible materials around the opening
and hearth of fireplaces;

* placing space heaters on firm, out-of-the-way surfaces
to reduce tipping over and subsequent spillage of fuel
and providing at least 3 feet of air space between the
heating device and walls, chairs, firewood, and curtains;

* placing vents and chimneys to allow 18 inches of air
space between single-wall connector pipes and
combustibles and 2 inches between insulated chimneys
and combustibles; and

* using only the fuel designated by the manufacturer for
the appliance.

The ability to escape from a building when fire has been

discovered or detected is of extreme importance. In the
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modern home, three key elements can contribute to a safe
exit from a home during the threat of fire. The first of
these is a working smoke alarm system. The average
homeowner in the 1960s had never heard of a smoke
alarm, but by the mid-1980s, laws in 38 states and in
thousands of municipalities required smoke alarms in all
new and existing residences. By 1995, 93% of all single-
family and multifamily homes, apartments, nursing
homes, and dormitories were equipped with alarms. The
cost decreased from $1,000 for a professionally installed
unit for a three-bedroom home in the 1970s to an owner-
installed $10 unit. According to the EPA [15], ionization
chamber and photoelectric are the two most common
smoke detectors available commercially. Helmenstein [16]
states that a smoke alarm uses one or both methods, and
occasionally uses a heat detector, to warn of a fire. These
units can be powered by a 9-volt battery, a lithium bat-
tery, or 120-volt house wiring. lonization detectors func-
tion using an ionization chamber and a minute source of
ionizing radiation. The radiation source is americium-241
(perhaps 1/5,000th of a gram), while the ionization
chamber consists of two plates separated by about a centi-
meter. The power source (battery or house current)
applies voltage to the plates, resulting in one plate being
charged positively while the other plate is charged nega-
tively. The americium constantly releases alpha particles
that knock electrons off the atoms in the air, ionizing the
oxygen and nitrogen atoms in the chamber. The negative
plate attracts the positively charged oxygen and nitrogen
atoms, while the electrons are attracted to the positive
plate, generating a small, continuous electric current. If
smoke enters the ionization chamber, the smoke particles
attach to the ions and neutralize them, so they do not
reach the plate. The alarm is then triggered by the drop
in current between the plates [16].

Photoelectric devices function in one of two ways. First,
smoke blocks a light beam, reducing the light reaching
the photocell, which sets off the alarm. In the second and
more common type of photoelectric unit, smoke particles
scatter the light onto a photocell, initiating an alarm.
Both detector types are effective smoke sensors and both
must pass the same test to be certified as Underwriters
Laboratories (UL) smoke detectors. Ionization detectors
respond more quickly to flaming fires with smaller com-
bustion particles, while photoelectric detectors respond
more quickly to smoldering fires. Detectors can be dam-
aged by steam or high temperatures. Photoelectric detec-
tors are more expensive than ionization detectors and are
more sensitive to minute smoke particles. However, ion-
ization detectors have a degree of built-in security not
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inherent to photoelectric detectors. When the battery
starts to fail in an ionization detector, the ion current falls
and the alarm sounds, warning that it is time to change
the battery before the detector becomes ineffective.
Backup batteries may be used for photoelectric detectors
that are operated using the home’s electrical system.

According to USFA [14], a properly functioning smoke

alarm diminishes the risk for dying in a fire by approxi-

mately 50% and is considered the single most important
means of preventing house and apartment fire fatalities.

Proper installation and maintenance, however, are key to
their usefulness. Figure 2.2 shows a typical smoke alarm

being tested.

Following are key issues regarding installation and main-
tenance of smoke alarms. (Smoke alarms should be
installed on every level of the home including the base-
ment, both inside and outside the sleeping area.)

* Smoke alarms should be installed on the ceiling or
6-8 inches below the ceiling on side walls.

* Battery replacement is imperative to ensuring proper
operation. Typically, batteries should be replaced at
least once a year, although some units are
manufactured with a 10-year battery. A “chirping”
noise from the unit indicates the need for battery
replacement. A battery-operated smoke alarm has a life
expectancy of 8 to 10 years.

e Battery replacement is not necessary in units that are
connected to the household electrical system.

* Regardless of the type, it is crucial to test every smoke
alarm monthly. Data from HSC [13] revealed that
only 83% of individuals with fire alarms test them at
least once a year; while only 19% of households with
at least one smoke alarm test them quarterly.

A second element impacting escape from a building is a
properly installed fire-suppression system. According to
USFA [14], sprinkler systems began to be used over 100
years ago in New England textile mills. Currently, few
homes are protected by residential sprinkler systems.
However, UL-listed home systems are available and are
designed to protect homes much faster than standard
commercial or industrial sprinklers. Based on approxi-
mately 1% of the total building price in new construc-
tion, sprinkler systems can be installed for a reasonable
price. These systems can be retrofitted to existing con-
struction and are smaller than commercial systems. In
addition, homeowner insurance discounts for such sys-
tems range between 5% and 15% and are increasing in
availability.
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Figure 2.2. Smoke Alarm Testing
Source: Federal Emergency Management Agency

The final element in escaping from a residential fire is
having a fire plan. A 1999 survey conducted by USFA
[14] found that 60% of Americans have an escape plan,
with 42% of these individuals having practiced the plan.
Surprisingly, 26% of Americans stated they had never
thought about practicing an escape plan, and 3% believed
escape planning to be unnecessary. In addition, of the
people who had a smoke alarm sound an alert over the
past year before the study, only 8% believed it to be a fire
and thought they should evacuate the building.

Protection from electrical shocks and burns is also a vital
element in the overall safety of the home. According to
the National Fire Protection Association (NFPA) [17],
electrical distribution equipment was the third-leading
cause of home fires and the second-leading cause of fire
deaths in the United States between 1994 and 1998.
Specifically, NFPA reported that 38,300 home electrical
fires occurred in 1998, which resulted in 284 deaths,
1,184 injuries, and approximately $670 million in direct
property damage. The same report indicated that the
leading cause of electrical distribution fires was ground
fault or short-circuit problems. A third of the home elec-
trical distribution fires were a result of problems with
fixed wiring, while cords and plugs were responsible for
17% of these fires and 28% of the deaths.

Additional investigation of these statistics reveals that
electrical fires are one of the leading types of home fires
in manufactured homes. USFA [14] data demonstrate
that many electrical fires in homes are associated with
improper installation of electrical devices by do-it-your-
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selfers. Errors attributed to this amateur electrical work
include use of improperly rated devices such as switches
or receptacles and loose connections leading to overheat-
ing and arcing, resulting in fires. Recommendations to
reduce the risk of electrical fires and electrocution include
the following:

1. Use only the correct fuse size and do not use pennies

behind a fuse.

2. Install ground fault circuit interrupters (GFCI) on all
outlets in kitchens, bathrooms, and anywhere else near
water. This can also be accomplished by installing a GFCI
in the breaker box, thus protecting an entire circuit.

3. Never place combustible materials near light fixtures,

especially halogen bulbs that get very hot.
4. Use only the correct bulb size in a light fixture.
5. Use only properly rated extension cords for the job

needed.

6. Never use extension cords as a long-term solution to the
need for an additional outlet. Size the extension cord to
the wattage to be used.

7. Never run extension cords inside walls or under rugs
because they generate heat that must be able to dissipate.

Fire Extinguishers

A fire extinguisher should be listed and labeled by an
independent testing laboratory such as FM (Factory
Mutual) or UL. Fire extinguishers are labeled according
to the type of fire on which they may be used. Fires
involving wood or cloth, flammable liquids, electrical, or
metal sources react differently to extinguishers. Using the
wrong type of extinguisher on a fire could be dangerous
and could worsen the fire. Traditionally, the labels A, B,
C, and D have been used to indicate the type of fire on
which an extinguisher is to be used.

Type A—Used for ordinary combustibles such as cloth,
wood, rubber, and many plastics. These types of fire usu-
ally leave ashes after they burn: Type A extinguishers for
ashes. The Type A label is in a triangle on the
extinguisher.

Type B—Used for flammable liquid fires such as oil, gas-
oline, paints, lacquers, grease, and solvents. These sub-
stances often come in barrels: Type B extinguishers for
barrels. The Type B label is in a square on the
extinguisher.

Type C—Used for electrical fires such as in wiring, fuse
boxes, energized electrical equipment, and other electrical
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sources. Electricity travels in currents; Type C extinguish-
ers for currents. The Type C label is in a circle on the
extinguisher.

Type D—Used for metal fires such as magnesium, tita-
nium, and sodium. These types of fires are very danger-
ous and seldom handled by the general public; Type D
means don’t get involved. The Type D label is in a star on
the extinguisher.

The higher the rating number on an A or B fire extin-
guisher, the more fire it can put out, but high-rated units
are often the heavier models. Extinguishers need care and
must be recharged after every use—a partially used unit
might as well be empty. An extinguisher should be placed
in the kitchen and in the garage or workshop. Each extin-
guisher should be installed in plain view near an escape
route and away from potential fire hazards such as heat-
ing appliances.

Recently, pictograms have come into use on fire extin-
guishers. These picture the type of fire on which an extin-
guisher is to be used. For instance, a Type A extinguisher
has a pictogram showing burning wood. A Type C extin-
guisher has a pictogram showing an electrical cord and
outlet. These pictograms are also used to show what not
to use. For example, a Type A extinguisher also show a
pictogram of an electrical cord and outlet with a slash
through it (do not use it on an electrical fire).

Fire extinguishers also have a number rating. For Type A
fires, 1 means 1% gallons of water; 2 means 2% gallons of
water, 3 means 3% gallons of water, etc. For Type B and
Type C fires, the number represents square feet. For exam-
ple, 2 equals 2 square feet, 5 equals 5 square feet, etc.

Fire extinguishers can also be made to extinguish more
than one type of fire. For example, you might have an
extinguisher with a label that reads 2A5B. This would
mean this extinguisher is good for Type A fires with a
2V2-gallon equivalence and it is also good for Type B fires
with a 5-square-foot equivalency. A good extinguisher to
have in each residential kitchen is a 2A10BC fire extin-
guisher. You might also get a Type A for the living room
and bedrooms and an ABC for the basement and garage.

PASS is a simple acronym to remind you how to operate
most fire extinguishers—pull, aim, squeeze, and sweep.
Pull the pin at the top of the cylinder. Some units require
the releasing of a lock latch or pressing a puncture lever.
Aim the nozzle at the base of the fire. Squeeze or press
the handle. Sweep the contents from side to side at the
base of the fire until it goes out. Shut off the extinguisher
and then watch carefully for any rekindling of the fire.
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Protection Against Toxic Gases

Protection against gas poisoning has been a problem since
the use of fossil fuels was combined with relatively tight
housing construction. NFPA [17] notes that National
Safety Council statistics reflect unintentional poisonings
by gas or vapors, chiefly carbon monoxide (CO), num-
bering about 600 in 1998. One-fourth of these involved
heating or cooking equipment in the home. The U.S.
Consumer Product Safety Commission [18] states that in
2001 an estimated 130 deaths occurred as a result of CO
poisoning from residential sources; this decrease in deaths
is related to the increased use of CO detectors. In addi-
tion, approximately 10,000 cases of CO-related injuries
occur each year. NFPA [17] also notes that, similar to fire
deaths, unintentional CO deaths are highest for ages 4
years and under and ages 75 years and older. Additional
information about home CO monitoring can be found in

Chapter 5.
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Chapter 3: Housing Regulations

“The poorest man may in his cottage bid defiance to all the
force of the Crown. It may be frail—its roof may shake—
the wind may blow through it—the storm may enter, the
rain may enter—but the King of England cannot enter—
all his force dares not cross the threshold of the ruined
tenement!”

William Pitt, March 1763

Introduction

William Pitt, arguing before the British Parliament
against excise officers entering private homes to levy the
Cyder Tax, eloquently articulated this long-held and cher-
ished notion of the sanctity of private property. However,
a person’s right to privacy is not absolute. There has
always been a tension between the rights of property own-
ers to do whatever they desire with their property and the
ability of the government to regulate uses to protect the
safety, health, and welfare of the community. Few, how-
ever, would argue with the right and duty of a city gov-
ernment to prohibit the operation of a munitions factory
or a chemical plant in the middle of a crowded residential

neighborhood.

History

The first known housing laws are in the Code of Laws of
Hammurabi [1], who was the King of Babylonia, circa
1792-1750 BC. These laws addressed the responsibility
of the home builder to construct a quality home and out-
lined the implications to the builder if injury or harm
came to the owner as a result of the failure to do so.
During the Puritan period (about 1620-1690), housing
laws essentially governed the behavior of the members of
the society. For example, no one was allowed to live
alone, so bachelors, widows, and widowers were placed
with other families as servants or boarders. In 1652,
Boston prohibited building privies within 12 feet of the
street. Around the turn of the 18th century, some New
England communities implemented local ordinances that
specified the size of houses. During the 17th century,
additional public policies on housing were established.
Because the English tradition of using wooden chimneys
and thatched roofs led to fires in many dwellings, several
colonies passed regulations prohibiting them.

After the early 17th century came an era of very rapid
metropolitan growth along the East Coast. This growth
was due largely to immigration from Europe and was
spurred by the Industrial Revolution. The most serious
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housing problems began in New York about 1840 when
the first tenements were built. In 1867, a report by the
New York Metropolitan Board of Health on living condi-
tions in tenements convinced the New York State legisla-
ture to pass the Tenement Housing Act of 1867 [2]. The
principal requirements of the act included the following:

* Every room occupied for sleeping, if it does not
communicate directly with the external air, must have
a ventilating or transom window of at least 3 square
feet to the neighboring room or hall.

* A proper fire escape is necessary on every tenement or

lodging house.

* The roof is to be kept in repair and the stairs are to
have banisters.

* At least one toilet is required for every 20 occupants
for all such houses, and those toilets must be
connected to approved disposal systems.

* Cleansing of every lodging house is to be to the
satisfaction of the Board of Health, which is to have
access at any time.

¢ All cases of infectious disease are to be reported to the
Board by the owner or his agent; buildings are to be
inspected and, if necessary, disinfected or vacated if
found to be out of repair.

There were also regulations governing distances between

buildings, heights of rooms, and dimensions of windows.
Although this act had some beneficial influences on over-
crowding, sewage disposal, lighting, and ventilation, per-
haps its greatest contribution was in laying a foundation

for more stringent future legislation.

Jacob A. Riis, a Danish immigrant and a police reporter
on New YorK’s Lower East Side, published a book titled
How the Other Half Lives— Studies Among the lenements
of New York [3], which swayed public opinion in the
direction of housing reform and resulted in the Tenement
House Act of 1901. The basic principles established in
the Tenement House Act of 1901 still underlie much of
the housing efforts in New York City today [4]. Since
1909, with the establishment of the Philadelphia
Housing Association, that city has had almost continual
inspection and improvement. Chicago enacted housing
legislation as early as 1889 and health legislation as early
as 1881. Regulations on ventilation, light, drainage, and
plumbing were put into effect in 1896.
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Before 1892, all government involvement in housing was
at a local level. In 1892, however, the federal government
passed a resolution authorizing investigation of slum con-
ditions in cities with 200,000 or more inhabitants.
Congress appropriated only $20,000 (roughly equal to
$390,000 in 2003) to cover the expenses of this project,
which limited the number of investigations.

No significant housing legislation was passed in the 20th
century until 1929 [5], when the New York State legisla-
ture passed its Multiple Dwelling Law. Other cities and
states followed New York’s example and permitted less
strict requirements in their codes. This decreased what
little emphasis there was on enforcement. Conditions
declined until, by the 1930s, President Franklin D.
Roosevelt’s shocking report to the people was “that one-
third of the nation is ill-fed, ill-housed, and ill-clothed.”
In response to the overwhelming loss of homes during
the Great Depression, Congress passed the United States
Housing Act of 1937, which created the United States
Housing Authority (USHA). This act subsidized con-
struction of new public housing units and required the
elimination of at least an equivalent number of units
from the local housing supply that were determined to be
inferior. In 1942, the USHA was renamed the Federal
Public Housing Administration and, in 1947, was
renamed the Public Housing Administration.

The federal government not only encouraged the con-
struction of public housing, but took on the role of
financing private housing. In 1938, the Federal National
Mortgage Association was created. (Fannie Mae became a
private organization in 1968 [6].) Its purpose was to pro-
vide a secondary market for the FHA, created in 1934,
and Veterans Administration (VA) mortgage loans. The
Servicemen’s Readjustment Act of 1944, also known as
the GI Bill of Rights, created a VA loan program guaran-
teeing home mortgage loans for veterans. This legislation,
in conjunction with the FHA loan program, was the
impetus for initiating the huge program of home con-
struction and subsequent suburban growth following
World War II. In 1946, the Farmers Home
Administration, housed in the United States Department
of Agriculture (USDA), was created to make loans and
grants for constructing and repairing farm homes and
assisting rural self-help housing groups.

The Housing Act of 1949 allowed “primarily residential”
and “blighted” urban areas to be condemned, cleared of
buildings, and sold for private development. In addition
to assisting in slum clearance, this act also provided for

additional public housing and authorized the USDA to
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provide farmers with loans to construct, improve, repair
or replace dwellings to provide decent, safe, and sanitary
living conditions for themselves, their tenants, lessees,
sharecroppers, and laborers.

Because the many housing responsibilities administered
by various agencies within the federal government proved
unwieldy, the Housing and Urban Development Act was
passed in 1965. The U.S. Department of Housing and
Urban Development (HUD) was created to centralize the
responsibilities of the Housing and Home Finance
Agency and incorporated the FHA, the Federal National
Mortgage Association, the Public Housing
Administration, Urban Development Administration, and
the Community Facilities Administration.

Zoning, Housing Codes, and Building Codes

Housing is inextricably linked to the land on which it is
located. Changes in the patterns of land use in the United
States, shifting demographics, an awareness of the need
for environmental stewardship, and competing uses for
increasingly scarce (desirable) land have all placed added
stress on the traditional relationship between the property
owner and the community. This is certainly not a new
development.

In the early settlement of this country, following the prec-
edent set by their forefathers from Great Britain, gun-
powder mills and storehouses were prohibited from the
heavily populated portions of towns, owing to the fre-
quent fires and explosions. Later, zoning took the form of
fire districts and, under implied legislative powers,
wooden buildings were prohibited from certain sections
of a municipality. Massachusetts passed one of the first
zoning laws in 1692. This law authorized Boston, Salem,
Charlestown, and certain other market towns in the prov-
ince to restrict the establishment of slaughterhouses and
stillhouses for currying leather to certain locations in each
town.

Few people objected to such restrictions. Still, the tension
remained between the right to use one’s land and the
community’s right to protect its citizens. In 1926, the
United States Supreme Court took up the issue in Village
of Euclid, Ohio, v. Ambler Realty [7]. In this decision,
the Court noted,

“Until recent years, urban life was
comparatively simple; but with great increase
and concentration of population, problems have
developed which require additional restrictions
in respect of the use and occupation of private
lands in urban communities.”
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In explaining its reasoning, the Court said,

‘the law of nuisances may be consulted not
for the purpose of controlling, but for the
helpful aid of its analogies in the process of
ascertaining the scope of the police power.
Thus the question of whether the power
exists to forbid the erection of a building of a
particular kind or a particular use is to be
determined, not by an abstract consideration
of the building or other thing considered
apart, but by considering it in connection
with the circumstances and the locality. ..

A nuisance may be merely the right thing in
the wrong place—like a pig in the parlor
instead of the barnyard.”

Zoning, housing, and building codes were adopted to
improve the health and safety of people living in commu-
nities. And, to some extent, they have performed this func-
tion. Certainly, housing and building codes, when
enforced, have resulted in better constructed and main-
tained buildings. Zoning codes have been effective in seg-
regating noxious and dangerous enterprises from residential
areas. However, as the U.S. population has grown and
changed from a rural to an urban then to a suburban soci-
ety, land use and building regulations developed for the
19th and early 20th centuries are creating new health and
safety problems not envisioned in earlier times.

Zoning and Zoning Ordinances

Zoning is essentially a means of ensuring that a commu-
nity’s land uses are compatible with the health, safety, and
general welfare of the community. Experience has shown
that some types of controls are needed to provide orderly
growth in relation to the community plan for develop-
ment. Just as a capital improvement program governs
public improvements such as streets, parks and other rec-
reational facilities, schools, and public buildings, so zon-
ing governs the planning program with respect to the use

of public and private property.

It is very important that housing inspectors know the
general nature of zoning regulations because properties in
violation of both the housing code and the zoning ordi-
nance must be brought into full compliance with the
zoning ordinance before the housing code can be
enforced. In many cases, the housing inspector may be
able to eliminate violations or properties in violation of
housing codes through enforcement of the zoning
ordinance.
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Zoning Objectives

As stated earlier, the purpose of a zoning ordinance is to
ensure that the land uses within a community are regu-
lated not only for the health, safety, and welfare of the
community, but also are in keeping with the comprehen-
sive plan for community development. The provisions in
a zoning ordinance that help to achieve development that
provides for health, safety, and welfare are designed to do
the following:

* Regulate height, bulk, and area of structure. To
provide established standards for healthful housing
within the community, regulations dealing with
building heights, lot coverage, and floor areas must be
established. These regulations then ensure that
adequate natural lighting, ventilation, privacy, and
recreational areas for children will be realized. These
are all fundamental physiologic needs necessary for a
healthful environment. Safety from fires is enhanced
by separating buildings to meet yard and open-space
requirements. Through requiring a minimum lot area
per dwelling unit, population density controls are

established.

* Avoid undue levels of noise, vibration, glare, air
pollution, and odor. By providing land-use category
districts, these environmental stresses upon the
individual can be reduced.

* Lessen street congestion by requiring off-street parking
and off-street loading.

* Facilitate adequate provision of water, sewerage,

schools, parks, and playgrounds.
* Provide safety from flooding.
* Conserve property values. Through careful

enforcement of the zoning ordinance provisions,
property values can be stabilized and conserved.

To understand more fully the difference between zoning
and subdivision regulations, building codes, and housing
ordinances, the housing inspector must know what can-
not be accomplished by a zoning ordinance. Items that
cannot be accomplished by a zoning ordinance include
the following:

* Overcrowding or substandard housing. Zoning is not
retroactive and cannot correct existing conditions.
These are corrected through enforcement of a
minimum standards housing code.

¢ Materials and methods of construction. Materials and
methods of construction are enforced through
building codes rather than through zoning.

Chapter 3: Housing Regulations 3-3



* Cost of construction. Quality of construction, and
hence construction costs, are often regulated through
deed restrictions or covenants. Zoning does, however,
stabilize property values in an area by prohibiting
incompatible development, such as heavy industry in
the midst of a well-established subdivision.

* Subdivision design and layout. Design and layout of
subdivisions, as well as provisions for parks and streets,
are controlled through subdivision regulations.

Content of the Zoning Ordinance

Zoning ordinances establish districts of whatever size,
shape, and number the municipality deems best for carry-
ing out the purposes of the zoning ordinance. Most cities
use three major districts: residential (R), commercial (C),
and industrial (I). These three may then be subdivided
into many subdistricts, depending on local conditions;
e.g., R-1 (single-unit dwellings), R-2 (duplexes), R-3
(low-rise apartment buildings), and so on. These districts
specify the principal and accessory uses, exceptions, and

prohibitions [8].

In general, permitted land uses are based on the intensity
of land use—a less intense land use being permitted in a
more intense district, but not vice versa. For example, a
single-unit residence is a less intense land use than a mul-
tiunit dwelling (defined by HUD as more than four liv-
ing units) and hence would be permitted in a residential
district zoned for more intense land use (e.g., R-3). A
multiunit dwelling would not, however, be permitted in
an R-1 district. While intended to promote the health,
safety, and general welfare of the community, housing
trends in the last half of the 20th century have led a
number of public health and planning officials to ques-
tion the blind enforcement of zoning districts. These
individuals, citing such problems as urban sprawl, have
stated that municipalities need to adopt a more flexible
approach to land use regulation—one that encourages
creating mixed-use spaces, increasing population densi-
ties, and reducing reliance on the automobile.

These initiatives are often called smart growth programs.
It is imperative, if this approach is taken, that both gov-
ernmental officials and citizens be involved in the plan-
ning stage. Without this involvement, the community
may end up with major problems, such as overloaded
infrastructure, structures of inappropriate construction
crowded together, and fire and security issues for resi-
dents. Increased density could strain the existing water,
sewer and waste collection systems, as well as fire and
police services, unless proper planning is implemented.
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In recent years, some ordinances have been partially based
on performance standards rather than solely on land-use
intensity. For example, some types of industrial develop-
ments may be permitted in a less intense use district pro-
vided that the proposed land use creates no noise, glare,
smoke, dust, vibration, or other environmental stress
exceeding acceptable standards and provided further that
adequate off-street parking, screening, landscaping, and
similar measures are taken.

Bulk and Height Requirements. Most early zoning ordi-
nances stated that, within a particular district, the height
and bulk of any structure could not exceed certain
dimensions and specified dimensions for front, side, and
rear yards. Another approach was to use floor-area ratios
for regulation. A floor-area ratio is the relation between
the floor space of the structure and the size of the lot on
which it is located. For example, a floor-area ratio of 1
would permit either a two-story building covering 50%
of the lot, or a one-story building covering 100% of the
lot, as demonstrated in Figure 3.1. Other zoning ordi-
nances specify the maximum amount of the lot that can
be covered or merely require that a certain amount of
open space must be provided for each structure, and leave
the builder the flexibility to determine the location of the
structure. Still other ordinances, rather than specify a par-
ticular height for the structure, specify the angle of light
obstruction that will assure adequate air and light to the
surrounding structures, as demonstrated in Figure 3.2.

Yard Requirements. Zoning ordinances also contain
minimum requirements for front, rear, and side yards.
These requirements, in addition to stating the lot dimen-
sions, usually designate the amount of setback required.
Most ordinances permit the erection of auxiliary build-
ings in rear yards provided that they are located at stated
distances from all lot lines and provided sufficient open
space is maintained. If the property is a corner lot, addi-
tional requirements are established to allow visibility for
motorists.

Off-street Parking. Space for off-street parking and off-
street loading, especially for commercial buildings, is also
contained in zoning ordinances. These requirements are
based on the relationship of floor space or seating capac-
ity to land use. For example, a furniture store would
require fewer off-street parking spaces in relation to the
floor area than would a movie theater.
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Figure 3.1. Example of a Floor Area

Exceptions to the Zoning Code

Nonconforming Uses

Because zoning is not retroactive, all zoning ordinances
contain a provision for nonconforming uses. If a use has
already been established within a particular district before
the adoption of the ordinance, it must be permitted to
continue, unless it can be shown to be a public nuisance.

Provisions are, however, put into the ordinance to aid in
eliminating nonconforming uses over time. These provi-
sions generally prohibit a) an enlargement or expansion
of the nonconforming use, b) reconstruction of the non-
conforming use if more than a certain portion of the
building should be destroyed, ¢) resumption of the use
after it has been abandoned for a period of specified time,
and d) changing the use to a higher classification or to
another nonconforming use. Some zoning ordinances
further provide a period of amortization during which
nonconforming land use must be phased out.

Variances

Zoning ordinances contain provisions for permitting
variances and providing a method for granting these

Figure 3.2. Example of an Angle of Light Obstruction
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variances, subject to certain specified provisions. A vari-
ance may be granted when, owing to the specific condi-
tions or use of a particular lot, an undue hardship would
be imposed on the owner if the exact content of the ordi-
nance is enforced. A variance may be granted due to the
shape, topography, or other characteristic of the lot. For
example, suppose an irregularly shaped lot is located in a
district having a side yard requirement of 20 feet on a
side and a total lot size requirement of 10,000 square feet.
Further suppose that this lot contains 10,200 square feet
(and thus meets the total size requirement); however, due
to the irregular shape of the lot, there would be sufficient
space for only a 15-foot side yard. Because a hardship
would be imposed on the owner if the exact letter of the
law is applied, the owner of the property could apply to
the zoning adjustment board for a variance. Because the
total area of the lot is sufficient and a lessening of the
ordinance requirements would not be detrimental to the
surrounding property, nor would it interfere with neigh-
boring properties, a variance would probably be granted.
Note that a variance is granted to the owner under spe-
cific conditions. Should use of the property change, the
variance would be voided.
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Exceptions

An exception is often confused with a variance. In every
city there are some necessary uses that do not correspond
to the permitted land uses within the district. The zoning
code recognizes, however, that if proper safeguards are
provided, these uses would not have a detrimental effect
on the district. An example would be a fire station that
could be permitted in a residential area, provided the sta-
tion house is designed and the property is properly land-
scaped to resemble or fit in with the characteristics of the
neighborhood in which it is located.

Administration

Zoning inspectors are essential to the zoning process
because they have firsthand knowledge of a case. Often,
the zoning inspector may also be the building inspector
or housing inspector. Because the building inspector or
housing inspector is already in the field making inspec-
tions, it is relatively easy for that individual to check
compliance with the zoning ordinances. Compliance is
determined by comparing the actual land use with that
allowed for the area and shown on the zoning map.

Each zoning ordinance has a map detailing the permitted
usage for each block. Using a copy of this map, the
inspector can make a preliminary check of the land use in
the field. If the use does not conform, the inspector must
then contact the Zoning Board to see whether the prop-
erty in question was a nonconforming use at the time of
the passage of the ordinance and whether an exception or
variance has been granted. In cities where up-to-date
records are maintained, the inspector can check the use in

the field.

When a violation is observed, and the property owners
are duly notified of the violation, they have the right to
request a hearing before the Zoning Board of Adjustment
(also called the Zoning Board of Appeals in some cities).
The board may uphold the zoning enforcement officer or
may rule in favor of the property owner. If the action of
the zoning officer is upheld, the property owner may, if
desired, seck relief by appealing the decision to the
courts; otherwise, the violation must be corrected to con-
form to the zoning code.

It is critical for the housing or building inspector and the
zoning inspector to work closely in municipalities where
these positions and responsibilities are separate.
Experience has shown that illegally converted properties
are often among the most substandard encountered in the
municipality and often contain especially dangerous
housing code violations.
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In communities where the zoning code is enforced effec-
tively, the resulting zoning compliance helps to advance,
as well as sustain, many of the minimum standards of the
housing code such as occupancy, ventilation, light, and
unimpeded egress. By the same token, building or hous-
ing inspectors can often aid the zoning inspector by help-
ing eliminate some nonconforming uses through code
enforcement.

Housing Codes

A housing code, regardless of who promulgates it, is basi-
cally an environmental health protection code. Housing
codes are distinguished from building codes in that they
cover houses, not buildings in general. For example, the
housing code requires that walls support the weight of the
roof, any floors above, and the furnishings, occupants,
etc., within a building,.

Early housing codes primarily protected only physical
health; hence, they were enforced only in slum areas. In
the 1970s, it was realized that, if urban blight and its
associated human suffering were to be controlled, housing
codes must consider both physical and mental health and
must be administered uniformly throughout the
community.

In preparing or revising housing codes, local officials
must maintain a level of standards that will not merely be
minimal. Standards should maintain a living environment
that contributes positively to healthful individual and
family living. The fact that a small portion of housing
fails to meet a desirable standard is not a legitimate rea-
son for retrogressive modification or abolition of a stan-
dard. The adoption of a housing ordinance that
establishes low standards for existing housing serves only
to legalize and perpetuate an unhealthy living environ-
ment. Wherever local conditions are such that immediate
enforcement of some standards within the code would
cause undue hardship for some individuals, it is better to
allow some time for compliance than to eliminate an oth-
erwise satisfactory standard. When immediate health or
safety hazards are not involved, it is often wise to attempt
to create a reasonable timetable for accomplishing neces-
sary code modifications.

History

To assist municipalities with developing legislation neces-
sary to regulate the quality of housing, the American
Public Health Association (APHA) Committee on the
Hygiene of Housing prepared and published in 1952 a
proposed housing ordinance. This provided a prototype
on which such legislation might be based and has served
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as the basis for countless housing codes enacted in the
United States since that time. Some municipalities
enacted it without change. Others made revisions by
omitting some portions, modifying others, and some-
times adding new provisions [9].

The APHA ordinance was revised in 1969 and 1971. In
1975, APHA and the CDC jointly undertook the job of
rewriting and updating this model ordinance. The new
ordinance was entitled the APHA-CDC Recommended
Housing Maintenance and Occupancy Ordinance [10]. The
most recent model ordinance was published by APHA in
1986 as Housing and Health: APHA-CDC Recommended
Minimum Housing Standards [11]. This new ordinance is
one of several model ordinances available to communities
when they are interested in adopting a housing code.

A community should read and consider each element
within the model code to determine its applicability to
their community. A housing code is merely a means to an
end. The end is the eventual elimination of all substan-
dard conditions within the home and the neighborhood.
This end cannot be achieved if the community adopts an
inadequate housing code.

Objectives

The Housing Act of 1949 [12] gave new impetus to
existing local, state, and federal housing programs
directed toward eliminating poor housing. In passing this
legislation, Congress defined a new national objective by
declaring that “the general welfare and security of the
nation and the health and living standards of its people...
require a decent home and a suitable living environment
for every American family.” This mandate generated an
awareness that the quality of housing and residential envi-
ronment has an enormous influence upon the physical
and mental health and the social well-being of each indi-
vidual and, in turn, on the economic, political, and social
conditions in every community. Consequently, public
agencies, units of government, professional organizations
and others sought ways to ensure that the quality of
housing and the residential environment did not
deteriorate.

It soon became apparent that ordinances regulating the
supplied utilities and the maintenance and occupancy of
dwellings were needed. Commonly called housing codes,
these ordinances establish minimum standards to make
dwellings safe, sanitary, and fit for human habitation by
governing their condition and maintenance, their sup-
plied utilities and facilities, and their occupancy. The
2003 International Code Council (ICC) [13,14]
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International Residential Code-One- and Two-Family
Dwellings (R101.3) states

‘the purpose of this code is to provide minimum
requirements to safeguard the public safety, health and
general welfare, through affordability, structural strength,
means of egress, facilities, stability, sanitation, light

and ventilation, energy conservation, safety ro fire and
property from fire and other hazards attributed to the

built environment.”

Critical Requirements of an Effective Housing Program

A housing code is limited in its effectiveness by several
factors. First, if the housing code does not contain stan-
dards that adequately protect the health and well-being of
the individuals, it cannot be effective. The best-trained
housing inspector, if not armed with an adequate housing
code, can accomplish little good in the battle against

urban blight.

A second issue in establishing an effective housing code is
the need to establish a baseline of current housing condi-
tions. A systems approach requires that you establish
where you are, where you are going, and how you plan to
achieve your goals. In using a systems approach, it is
essential to know where the program started so that the
success or failure of various initiatives can be established.
Without this information, success cannot be replicated,
because you cannot identify the obstacles navigated nor
the elements of success. Many initiatives fail because pro-
gram administrators are without the necessary proof of
success when facing funding shortfalls and budget cuts.

A third factor affecting the quality of housing codes is
budget. Without adequate funds and personnel, the com-
munity can expect to lose the battle against urban blight.
It is only through a systematic enforcement effort by an
adequately sized staff of properly trained inspectors that
the battle can be won.

A fourth factor is the attitude of the political bodies
within the area. A properly administered housing pro-
gram will require upgrading substandard housing
throughout the community. Frequently, this results in
political pressures being exerted to prevent the enforce-
ment of the code in certain areas of the city. If the hous-
ing effort is backed properly by all political elements,
blight can be controlled and eventually eliminated within
the community. If, however, the housing program is not
permitted to choke out the spreading influence of sub-
standard conditions, urban blight will spread like a can-
cer, engulfing greater and greater portions of the city.
Similarly, an effort directed at only the most seriously
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blighted blocks in the city will upgrade merely those
blocks, while the blight spreads elsewhere. If urban blight

is to be controlled, it must be cut out in its entirety.

A fifth element that limits housing programs is whether
they are supported fully by the other departments within
the city. Regardless of which city agency administers the
housing program, other city agencies must support the
activities of the housing program. In addition, great effort
should be expended to obtain the support and coopera-
tion of the community. This can be accomplished
through public awareness and public information pro-
grams, which can result in considerable support or con-
siderable resistance to the efforts of the program.

A sixth limitation is an inadequately or improperly
trained inspection staff. Inspectors should be capable of
evaluating whether a serious or a minor problem exists in
matters ranging from the structural stability of a building
to the health and sanitary aspects of the structure. If they
do not have the authority or expertise, they should
develop that expertise or establish effective and efficient
agreements with overlapping agencies to ensure timely
and appropriate response.

A seventh item that frequently restricts the effectiveness
of a housing program is the fact that many housing
groups fail to do a complete job of evaluating housing
problems. The deterioration of an area may be due to fac-
tors such as housing affordability, tax rates, or issues
related to investment cost and return. In many cases, the
inspection effort is restricted to merely evaluating the
conditions that exist, with little or no thought given to
why these conditions exist. If a housing effort is to be
successful, as part of a systems approach, the question of
why the homes deteriorated must be considered. Was it
because of environmental stresses within the neighbor-
hood that need to be eliminated or was it because of apa-
thy on the part of the occupants? In either case, if the
causative agent is not removed, then the inspector faces
an annual problem of maintaining the quality of that resi-
dence. It is only by eliminating the causes of deterioration
that the quality of the neighborhood can be maintained.
Often the regulatory authority does not have adequate
authority within the enabling legislation of the code
needed to resolve the problem or there are gaps in
jurisdiction.

Content of a Housing Code

Although all comprehensive housing codes or ordinances
contain a number of common elements, the provisions of
communities will usually vary. These variations stem from
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differences in local policies, preferences, and, to a lesser
extent, needs. They are also influenced by the standards
set by the related provisions of the diverse building, elec-
trical, and plumbing codes in use in the municipality.

Within any housing code there are generally five features:
1. Definitions of terms used in the code.

2. Administrative provisions showing who is authorized to
administer the code and the basic methods and procedures
that must be followed in implementing and enforcing the
sections of the code. Administrative provisions deal with
items such as reasonable hours of inspections, whether
serving violation notices is required, how to notify
absentee owners or resident-owners or tenants, how to
process and conduct hearings, what rules to follow in
processing dwellings alleged to be unfit for human
habitation, and how to occupy or use dwellings finally

declared fit.

3. Substantive provisions specifying the various types of
health, building, electrical, heating, plumbing,
maintenance, occupancy, and use conditions that
constitute violations of the housing code. These provisions
can be and often are grouped into three categories:
minimum facilities and equipment for dwelling units;
adequate maintenance of dwellings and dwelling units, as
well as their facilities and equipment; and occupancy
conditions of dwellings and dwelling units.

4. Court and penalty sections outlining the basis for court
action and thepenalty or penalties to which the alleged
violator will be subjected if proved guilty of violating one

or more provisions of the code.

5. Enabling, conflict, and unconstitutionality clauses
providing the date a new or amended code will take effect,
prevalence of more stringent provision when there is a
conflict of two codes, severability of any part of the
ordinance that might be found unconstitutional, and
retention of all other parts in full course and effect. In any
city following the format of the APHA-CDC
Recommended Housing Maintenance and Occupancy
Ordinance [10] the housing officer or other supervisor in
charge of housing inspections will also adopt appropriate
housing rules and regulations from time to time to clarify
or further refine the provisions of the ordinance. When
rules and regulations are used, care should be taken that
the department is not overburdened with a number of
minor rules and regulations. Similarly, a housing
ordinance that encompasses all rules and regulations might
have difficulty because any amendments to it will require
action by the political element of the community. Some
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housing groups, in attempting to obtain amendments to
an ordinance, have had the entire ordinance thrown out

by the political bodies.

Administrative Provisions of a Housing Code

The administrative procedures and powers of the housing
inspection agency, its supervisors, and its staff are similar
to other provisions in that all are based on the police
power of the state to legislate for public health and safety.
In addition, the administrative provisions, and to a lesser
extent, the court and penalty provisions, outline how the
police power is to be exercised in administering and
enforcing the code.

Generally, the administrative elements deal with proce-
dures for ensuring that the constitutional doctrines of rea-
sonableness, equal protection under the law and due
process of law are observed. They also must guard against
violation of prohibitions against unlawful search and sei-
zure, impairment of obligations of contract, and unlawful
delegation of authority. These factors encompass items of
great importance to housing inspection supervisors such
as the inspector’s right of entry, reasonable hours of
inspection, proper service, and the validity of the provi-
sions of the housing codes they administer.

Owner of Record. It is essential to file legal actions
against the true owners of properties in violation of hous-
ing codes. With the advent of the computer, this is often
much easier than in the past. Databases that provide this
information are readily available from many offices of
local government such as the tax assessment office. The
method of obtaining the name and address of the legal
owner of a property in violation varies from place to
place. Ordinarily, a check of the city tax records will suf-
fice unless there is reason to believe these are not up to
date. In this case, a further check of county or parish
records will turn up the legal owner if state law requires
deed registration there. If it does not, the advice of the
municipal law department should be sought about the
next steps to follow.

Due Process Requirements. Every notice, complaint,
summons, or other type of legal paper concerning alleged
housing code violations in a given dwelling or dwelling
unit must be legally served on the proper party to be valid
and to prevent harassment of innocent parties. This might
be the owner, agent, or tenant, as required by the code. It
is customary to require that the notice to correct existing
violations and any subsequent notices or letters be served
by certified or registered mail with return receipt request-
ed. The receipt serves as proof of service if the case has to
be taken to court.
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Due process requirements also call for clarity and specific-
ity with respect to the alleged violations, both in the vio-
lation notices and the court complaint-summons. For this
reason, special care must be taken to be complete and
accurate in listing the violations and charges. To illustrate,
rather than direct the violator to repair all windows where
needed, the violator should be told exactly which win-
dows and what repairs are involved.

The chief limitation on the due process requirement, with
respect to service of notices, lies in cases involving imme-
diate threats to health and safety. In these instances, the
inspection agency or its representative may, without notice
or hearing, issue an order citing the existence of the emer-
gency and requiring that action deemed necessary to meet
the emergency be taken.

In some areas housing courts on the municipal level have
advocates that assist both plaintiffs and defendants pre-
pare for the court process or to resolve the issue to avoid
court.

Hearings and Condemnation Power. The purpose of a
hearing is to give the alleged violator an opportunity to be
heard before further action is taken by the housing inspec-
tion agency. These hearings may be very informal, involv-
ing meetings between a representative of the agency and
the person ordered to take corrective action. They also
may be formal hearings at which the agency head presides
and at which the city and the defendant both are entitled
to be represented by counsel and expert witnesses.

Informal Hearings. A violator may have questions about a
violation notice or the notice may be served at a time
when personal hardship or other factors prevent a violator
from meeting the terms of the notice. Therefore, many
housing codes provide the opportunity for a hearing at
which the violator may discuss questions or problems and
seek additional time or some modification of the order.
Administered in a firm but understanding manner, these
hearings can serve as invaluable aids in relieving needless
fears of those involved, in showing how the inspection
program is designed to help them and in winning their
voluntary compliance.

Formal Hearings. Formal hearings are often quasijudicial
hearings (even though the prevailing court rules of evi-
dence do not always apply) from which an appeal may be
taken to court. All witnesses must therefore be sworn in,
and a record of the proceedings must be made. The for-
mal hearing is used chiefly as the basis for determining
whether a dwelling is fit for human habitation, occu-
pancy, or use. In the event it is proved unfit, the building
is condemned and the owner is given a designated
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amount of time either to rehabilitate it completely or to
demolish it. Where local funds are available, a municipal-
ity may demolish the building and place a lien against the
property to cover demolition costs if the owner fails to
obey the order within the time specified. This type of
condemnation hearing is a very effective means of stimu-
lating prompt and appropriate corrective action when it is
administered fairly and firmly.

Procedures for Coping With Common Problems. Sev-
eral states and local communities have developed innova-
tive ways to resolve code violation issues.

Limitation of Occupancy Notification. This technique was
pioneered in Wilmington, Delaware. It makes it manda-
tory for property owners in the community to obtain a
legal notice from the housing inspection agency specify-
ing the maximum number of persons that may occupy
each of their properties. It also requires these owners to
have a residence, place of business, or an agent for their
properties within the community. The agent should be
empowered to take remedial action on any of the proper-
ties found in violation. In addition, if the property is
sold, the new owner must obtain a new Limitation of
Occupancy Notification.

Request for Inspections. Several states permit their munici-
palities to offer a request for inspection service. For a fee,
the housing inspector will inspect a property for viola-
tions of the housing code before its sale so that the buyer
can learn its condition in advance. Many states and local-
ities now require owners to notify prospective purchasers
of any outstanding notice of health risk or violations they
have against their property before the sale. If they fail to
do so, some codes will hold the owner liable to the pur-
chaser and the inspection agency for violations.

Tickers for Minor Offenses. Denver, Colorado, has used
minimal financial fines to prod minor violators and first
offenders into correcting violations without the city
resorting to court action. There are mixed views about
this technique because it is akin to formal police action.
Nevertheless, the action may stimulate compliance and
reduce the amount of court action needed to achieve it.

Forms and Form Letters. A fairly typical set of forms
and form letters are described below. It should be stressed
that inspection forms to be used for legal notices must
satisfy legal standards of the code, be meaningful to the
owner and sufficiently explicit about the extent and loca-
tion of particular defects, be adaptable to statistical com-
pilation for the governing body reports, and be written in
a manner that will facilitate clerical and other administra-
tive usage.
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The Daily Report Form. This form gives the inspection
agency an accurate basis for reporting, evaluating, and, if
necessary, improving the productivity and performance of
its inspectors.

Complaint Form. This form helps obtain full information
from the complainant and thus makes the relative seri-
ousness of the problem clear and reduces the number of
crank complaints.

No-entry Notice. This notice advises occupants or owners
that an inspector was there and that they must return a
call to the inspector.

Inspection Report Form. This is the most important form
in an agency. It comes in countless varieties, but if
designed properly, it will ensure more productivity and
more thoroughness by the inspectors, reduce the time
spent in writing reports, locate all violations correctly, and
reduce the time required for typing violation notices.
Forms may vary widely in sophistication from a very sim-
ple form to one whose components are identified by
number for use in processing the case by automation.
Some forms are a combined inspection report and notice
form in triplicate so that the first page can be used as the
notice of violation, the second as the office record, and
the third as the guide for reinspection. A covering form
letter notifies the violator of the time allowed to correct
the conditions listed in the report form.

Violation Notice. This is the legal notice that housing code
violations exist and must be corrected within the indi-
cated amount of time. The notice may be in the form of
a letter that includes the alleged violations or has a copy
of these attached. It may be a standard notice form, or it
may be a combined report-notice. Regardless of the type
of notice used, it should make the location and nature of
all violations clear and specify the exact section of the
code that covers each one. The notice must advise viola-
tors of their right to a hearing. It should also indicate that
the violator has a right to be represented by counsel and
that failure to obtain counsel will not be accepted as
grounds for postponing a hearing or court case.

Hearing Forms. These should include a form letter notify-
ing the violator of the date and time set for the hearing, a
standard summary sheet on which the supervisor can
record the facts presented at an informal hearing, and a
hearing-decision letter for notifying all concerned of the
hearing results. The latter should include the names of
the violator, inspector, law department, and any other
city official or agency that may be involved in the case.
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Reinspection Form Letters or Notices. These have the same
characteristics as violation notices except that they cover
the follow-up orders given to the violator who has failed
to comply with the original notice within the time speci-
fied. Some agencies may use two or three types of these
form letters to accommodate different degrees of response
by the violator. Whether one or several are used, stan-
dardization of these letters or notices will expedite the
processing of cases.

Court Complaint and Summons Forms. These forms advise
alleged violators of the charges against them and summon
them to appear in court at the specified time and place. It
is essential that the housing inspection agency work
closely with the municipal law department in preparing
these forms so that each is done in exact accord with the
rules of court procedure in the relevant state and
community.

Court Action Record Form. This form provides an accurate
running record of the inspection agency’s court actions
and their results.

Substantive Provisions of a Housing Code

A housing code is the primary tool of the housing inspec-
tor. The code spells out what the inspector may or may
not do. An effort to improve housing conditions can be
no better than the code allows. The substantive provisions
of the code specify the minimal housing conditions
acceptable to the community that developed them.

Dwelling units should have provisions for preparing at
least one regularly cooked meal per day. Minimum equip-
ment should include a kitchen sink in good working con-
dition and properly connected to the water supply system
approved by the appropriate authority. It should provide,
at all times, an adequate amount of heated and unheated
running water under pressure and should be connected to
a sewer system approved by the appropriate authority.
Cabinets or shelves, or both, for storing eating, drinking,
and cooking utensils and food should be provided. These
surfaces should be of sound construction and made of
material that is easy to clean and that will not have a
toxic or deleterious effect on food.

In addition, a stove and refrigerator should be provided.
Within every dwelling there should be a room that
affords privacy and is equipped with a flush toilet in good
working condition.

Within the vicinity of the flush toilet, a sink should be
provided. In no case should a kitchen sink substitute as a
lavatory sink. In addition, within each dwelling unit there
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should be, within a room that affords privacy, either a
bathtub or shower or both, in good working condition.
Both the lavatory sink and the bathtub or shower or both
should be equipped with an adequate amount of heated
and unheated water under pressure. Each should be con-
nected to an approved sewer system.

Within each dwelling unit two or more means of egress
should be provided to safe and open space at ground
level. Provisions should be incorporated within the hous-
ing code to meet the safety requirements of the state and
community involved. The housing code should spell out
minimum standards for lighting and ventilation within
each room in the structure. In addition, minimum ther-
mal standards should be provided. Although most codes
merely provide the requirement of a given temperature at
a given height above floor level, the community should
give consideration to the use of effective temperatures.
The effective temperature is a means of incorporating not
only absolute temperature in degrees, but also humidity
and air movement, giving a better indication of the com-
fort index of a room.

The code should provide that no person shall occupy or
let for occupancy any dwelling or dwelling units that do
not comply with stated requirements. Generally, these
requirements specify that the foundation, roof, exterior
walls, doors, window space and windows of the structure
be sound and in good repair; that it be moisture-free,
watertight and reasonably weather tight and that all struc-
tural surfaces be sound and in good repair.

HUD defines a multifamily dwelling unit as one that
contains four or more dwelling units in a single structure.
A dwelling unit is further defined as a single unit of resi-
dence for a family of one or more persons in which sleep-
ing accommodations are provided but toileting or
cooking facilities are shared by the occupants.

Building Codes

Building codes define what materials and methods are
tobe used in the construction of various buildings. Model
building codes have been published by various trade orga-
nizations such as the Southern Building Code Congress
International (SBCCI), Building Officials and Code
Administrators (BOCA), and the International
Conference of Building Officials (ICBO). Each of these
groups published a model building code that was widely
used or adapted regionally in the United States. BOCA
national codes were used mostly in eastern and Great
Lakes states, ICBO uniform codes in western and
Midwest states, and SBCCI standard codes in southern
states. As a result, the construction industry often faced
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the challenge, and cost, of building to different codes in
different areas of the country.

In 1994, BOCA, ICBO, and SBCCI created the
International Code Council (ICC) to develop a single set
of comprehensive, coordinated model construction codes
that could be used throughout the United States and
around the world. The first I-Code published was the
International Plumbing Code in 1995. By 2000, a com-
plete family of I-Codes was available, including the
International Building Code. The ICC Performance
Code for Buildings and Facilities joined the I-Code fam-
ily in 2001.

On February 1, 2003, the three organizations (BOCA,
SBCCI, and ICBO) were consolidated into the ICC
[13,14]. According to ICC Board president, Paul E.
Myers,

“The ICC International Codes (I Codes) combine the
strengths of the regional codes without regional limita-
tions. The ICC is a nonprofit organization dedicated to
developing a single set of comprehensive and coordinated
national codes to make compliance easier and more cost-
effective. I Codes respond to the needs of the construction
industry and public safety. A single set of codes has strong
support from government, code enforcement officials, fire
officials, architects, engineers, builders, developers, and
building owners and managers.”
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Chapter 4: Disease Vectors and Pests

“Sometimes poor housing is a shorthand way of describing
living conditions of poor people. The poor include the aged,
deprived, ethnic minority groups, the infirmed, and families
headed by unemployed women. In other words, the people
most at risk for illness often live in inferior housing.
Therefore, it is a matter of conjecture whether many people
live in poor housing because they are sick or are sick because
they live in poor housing.”

Carter L. Marshall, M.D.
Dynamics of Health and Disease
Appleton, Century Crofts 1972

Introduction

The most immediate and obvious link between housing
and health involves exposure to biologic, chemical, and
physical agents that can affect the health and safety of the
occupants of the home. Conditions such as childhood
lead poisoning and respiratory illnesses caused by expo-
sure to radon, asbestos, tobacco smoke, and other pollut-
ants are increasingly well understood and documented.
However, even 50 years ago, public health officials under-
stood that housing conditions were linked to a broader
pattern of community health. For example, in 1949, the
Surgeon General released a report comparing several
health status indicators among six cities having slums.
The publication reported that:

¢ the rate of deaths from communicable disease in these
areas was the same as it was for the rest of the country
50 years ago (i.e., around 1900);

¢ most of the tuberculosis cases came from 25% of the
population of these cities; and

* the infant mortality rate was five times higher than in
the rest of the country, approximately equal to what it
was 50 years ago.

Housing-related health concerns include asthma episodes
triggered by exposure to dust mites, cockroaches, pets,
and rodents. The existence of cockroaches, rats, and mice
mean that they can also be vectors for significant prob-
lems that affect health and well-being. They are capable
of transmitting diseases to humans. According to a 1997
American Housing Survey, rats and mice infested 2.7 mil-
lion of 97 million housing units. A CDC-sponsored sur-
vey of two major American cities documented that nearly
50% of the premises were infected with rats and mice.
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This chapter deals with disease vectors and pests as fac-
tors related to the health of households.

Disease Vectors and Pests

Integrated pest management (IPM) techniques are neces-
sary to reduce the number of pests that threaten human
health and property. This systems approach to the prob-
lem relies on more than one technique to reduce or elimi-
nate pests. It can be visualized best as concentric rings of
protection that reduce the need for the most risky and
dangerous options of control and the potential for pests
to evolve and develop. It typically involves using some or
all of the following steps:

* monitoring, identifying, and determining the level of
threat from pests;

* making the environment hostile to pests;

* building the pests out by using pest-proof building
materials;

* eliminating food sources, hiding areas, and other pest
attractants;

* using traps and other physical elimination devices; and

* when necessary, selecting appropriate poisons for
identified pests.

The above actions are discussed in more detail in the fol-
lowing section on the four basic strategies for controlling
rodents.

Most homeowners have encountered a problem with
rodents, cockroaches, fleas, flies, termites, or fire ants.
These pests destroy property or carry disease, or both,
and can be a problem for rich and poor alike.

Rodents

Rodents destroy property, spread disease, compete for
human food sources, and are aesthetically displeasing.
Rodent-associated diseases affecting humans include
plague, murine typhus, leptospirosis, rickettsialpox, and
rat-bite fever. The three primary rodents of concern to
the homeowner are the Norway rat (Raztus norvegicus),
roof rat (Rattus rattus), and the house mouse (Mus muscu-
lus). The term “commensal” is applied to these rodents,
meaning they live at people’s expense. The physical traits
of each are demonstrated in Figure 4.1.
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Figure 4.1. Field Identification of Domestic Rodents [2]

Barnett [1] notes that the house mouse is abundant
throughout the United States. The Norway rat (Figure
4.2) is found throughout the temperate regions of the
world, including the United States. The roof rat is found
mainly in the South, across the entire nation to the
Pacific coast. As a group, rodents have certain behavioral
characteristics that are helpful in understanding them.
They are perceptive to touch, with sensitive whiskers and
guard hairs on their bodies. Thus, they favor running
along walls and between objects that allow them constant

contact with vertical surfaces.

They are known to have
poor eyesight and are alleged
to be colorblind.
Contrastingly, they have an
extremely sharp sense of
smell and a keen sense of
taste. The word rodent is
derived from the Latin verb
rodere, meaning “to gnaw.”

The gnawing tendency leads
to structural damage to
buildings and initiates fires
when insulation is chewed

Figure 4.2. Norway Rat [3]

from electrical wires. Rodents will gnaw to gain entrance
and to obtain food.
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The roof rat (Figure 4.3) is a slender, graceful, and very
agile climber. The roof rat prefers to live aboveground:
indoors in attics, between floors, in walls, or in enclosed
spaces; and outdoors in trees and dense vine growth.
Contrasted with the
roof rat, the Norway rat
is at home below the
ground, living in a bur-
row. The house mouse
commonly is found liv-
ing in human quarters,
as suggested by its
name. Signs indicative
Figure 4.3. Roof Rat [4] of the presence of
rodents—aside from seeing live or dead rats and hearing
rats—are rodent droppings, runways, and tracks (Figure
4.4). Other signs include nests, gnawings, food scraps, rat
hair, urine spots, and rat body odors. Note that waste
droppings from rodents are often confused with cock-
roach egg packets, which are smooth, segmented, and
considerably smaller than a mouse dropping.

According to the Military Pest Management Handbook
(MPMH) (2], rats and mice are very suspicious of any
new objects or food found in their surroundings. This
characteristic is one reason rodents can survive in danger-
ous environments. This avoidance reaction accounts for
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Figure 4.4. Signs of Rodent Infestation [2]

prebaiting (baiting without poisoning) in control pro-
grams. Initially, rats or mice begin by taking only small
amounts of food. If the animal becomes ill from a sub-
lethal dose of poison, its avoidance reaction is strength-
ened, and a poisoning program becomes extremely
difficult to complete. If rodents are hungry or exposed to
an environment where new objects and food are com-
monly found, such as a dump, their avoidance reaction
may not be as strong; in extreme cases of hunger, it may
even be absent.

The first of four basic strategies for controlling rodents is
to eliminate food sources. To accomplish this, it is
imperative for the homeowner or occupant to do a good
job of solid waste management. This requires proper stor-
ing, collecting, and disposing of refuse.

The second strategy is to eliminate breeding and nest-
ing places. This is accomplished by removing rubbish
from near the home, including excess lumber, firewood,
and similar materials. These items should be stored above
ground with 18 inches of clearance below them. This
height does not provide a habitat for rats, which have a
propensity for dark, moist places in which to burrow.
Wood should not be stored directly on the ground, and
trash and similar rubbish should be eliminated.
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The third strategy is to construct buildings and other
structures using rat-proofing methods. AM/PMH notes
that it is much easier to manage rodents if a structure is
built or modified in a way that prevents easy access by
rodents. Tactics for rodent exclusion include building or
covering doors and windows with metal. Rats can gnaw
through wooden doors and windows in a very short time
to gain entrance. All holes in a building’s exterior should
be sealed. Rats are capable of enlarging openings in
masonry, especially if the mortar or brick is of poor qual-
ity. All openings more than %-inch wide should be
closed, especially around pipes and conduits. Cracks
around doors, gratings, windows, and other such open-
ings should be covered if they are less than 4 feet above
the ground or accessible from ledges, pipes, or wires

(Figure 4.5).

Additional tactics include using proper materials for rat
proofing. For example, sheet metal of at least 26-gauge,
Vi-inch or V2-inch hardware cloth, and cement are all
suitable rat-resistant materials. However, ¥2-inch hardware
cloth has little value against house mice. Tight fittings
and self-closing doors should be constructed. Rodent
runways can be behind double walls; therefore, spaces
between walls and floor-supporting beams should be
blocked with fire stops. A proper rodent-proofing strategy
must bear in mind that rats can routinely jump 2 feet
vertically, dig 4 feet or more to get under a foundation,
climb rough walls or smooth pipes up to 3 inches in
diameter, and routinely travel on electric or telephone
wires.

The first three strategies—good sanitation techniques,
habitat denial, and rat proofing—should be used initially
in any rodent management program. Should they fail, the
fourth strategy is a killing program, which can vary from
a family cat to the professional application of rodenti-
cides. Cats can be effective against mice, but typically are
not useful against a rat infestation. Over-the-counter
rodenticides can be purchased and used by the home-
owner or occupant. These typically are in the red squill or
warfarin groups.

A more effective alternative is trapping. There are a vari-
ety of devices to choose from when trapping rats or mice.
The two main groups of rat and mouse traps are live
traps (Figure 4.6) and kill traps (Figure 4.7). Traps usually
are placed along walls, near runways and burrows, and in
other areas. Bait is often used to attract the rodents to the
trap. To be effective, traps must be monitored and emp-
tied or removed quickly. If a rat caught in a trap is left
there, other rats may avoid the traps. A trapping strategy
also may include using live traps to remove these vermin.
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Cockroaches

I o " ] Cockroaches have become well adapted to living with

1! s l Il- and near humans, and their hardiness is legendary. In

' T I !.5 i I light of these facts, cockroach control may become a
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il [ special knowledge it often involves. The cockroach is

considered an allergen source and an asthma trigger for

residents. Although little evidence exists to link the cock-

roach to specific disease outbreaks, it has bee demon-

strated to carry Salmonella typhimurium, Entamoeba

histolytica, and the poliomyelitis virus. In addition,

e Kamble and Keith [6] note that most cockroaches pro-
duce a repulsive odor that can be detected in infested
I r— areas. The sight of cockroaches can cause considerable
: ' : ' psychologic or emotional distress in some individuals.
e g O 1@-*"" They do not bite, but they do have heavy leg spines that
Z e _ may scratch.
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= According to MPMH [2], there are 55 species of cock-

Figure 4.5. Rodent Prevention [2] roaches in the United States. As a group, they tend to
prefer a moist, warm habitat because most are tropical in
origin. Although some tropical cockroaches feed only on
vegetation, cockroaches of public health interest tend to
live in structures and are customarily scavengers.
Cockroaches will eat a great variety of materials, includ-
ing cheese and bakery products, but they are especially
fond of starchy materials, sweet substances, and meat
products.

Cockroaches are primarily nocturnal. Daytime sightings
may indicate potentially heavy infestations. They tend to
hide in cracks and crevices and can move freely from
room to room or adjoining housing units via wall spaces,
plumbing, and other utility installations. Entry into
Figure 4.6. Live Traps for Rats [5] homes is often accomplished through food and beverage
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boxes, grocery sacks, animal food, and household goods
carried into the home. The species of public health inter-
est that commonly inhabit human dwellings (Figures
4.8-4.13) include the following: German cockroach
(Blattella germanica); American cockroach (Periplaneta
americana); Oriental cockroach (Blatta orientalis); brown-
banded cockroach (Supella longipalpa); Australian cock-
roach (Periplaneta australasiae); smoky-brown cockroach
(Periplaneta fuliginosa); and brown cockroach (Periplaneta
brunnea).

Four management strategies exist for controlling cock-
roaches. The first is prevention. This strategy includes
inspecting items being carried into the home and sealing
cracks and crevices in kitchens, bathrooms, exterior
doors, and windows. Structural modifications would
include weather stripping and pipe collars. The second
strategy is sanitation. This denies cockroaches food,
water, and shelter. These efforts include quickly cleaning
food particles from shelving and floors; timely washing of
dinnerware; and routine cleaning under refrigerators,
stoves, furniture, and similar areas. If pets are fed indoors,
pet food should be stored in tight containers and not left
in bowls overnight. Litter boxes should be cleaned rou-
tinely. Access should be denied to water sources by fixing

Figure 4.8. American, Oriental, German, and Brown-banded
Cockroaches [7]

Figure 4.9. American Cockroaches, Various Stages and Ages [7]
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Figure 4.10. Oriental Cockroaches, Various Stages and Ages [7]

Figure 4.11. German Cockroaches, Various Stages and Ages [7]

Figure 4.12. Brown-banded Cockroaches, Various Stages and
Ages [7]

Figure 4.13. Wood Cockroach, Adult Male [7]
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leaking plumbing, drains, sink traps, and purging clutter,
such as papers and soiled clothing and rags. The third
strategy is trapping. Commercially available cockroach
traps can be used to capture roaches and serve as a moni-
toring device. The most effective trap placement is against
vertical surfaces, primarily corners, and under sinks, in
cabinets, basements, and floor drains. The fourth strategy
is chemical control. The use of chemicals typically indi-
cates that the other three strategies have been applied
incorrectly. Numerous insecticides are available and
appropriate information is obtainable from EPA.

Fleas

The most important fleas as disease vectors are those that
carry murine typhus and bubonic plague. In addition,
fleas serve as intermediate hosts for some species of dog
and rodent tapeworms that occasionally infest people.
They also may act as intermediate hosts of filarial worms
(heartworms) in dogs. In the United States, the most
important disease related to fleas is the bubonic plague.
This is primarily a concern of residents in the southwest-
ern and western parts of the country (Figure 4.14).

Of approximately 2,000 species of flea, the most com-
mon flea infesting both dogs and cats is the cat flea
Ctenocephalides felis. Although numerous animals, both
wild and domestic, can have flea infestations, it is from
the exposure of domestic dogs and cats that most home-
owners inherit flea infestation problems. According to Figure 4.14. Reported Human Plague Cases (1970-1997) [8]
MPMH [2], fleas are wingless insects varying from 1 to
8Y5 millimeters (mm) long, averaging 2 to 4 mm, and
feed through a siphon or tube. They are narrow and com-
pressed laterally with backwardly directed spines, which
adapt them for moving between the hairs and feathers of
mammals and birds. They have long, powerful legs
adapted for jumping. Both sexes feed on blood, and the
female requires a blood meal before she can produce via-
ble eggs. Fleas tend to be host-specific, thus feeding on
only one type of host. However, they will infest other
species in the absence of the favored host. They are found
in relative abundance on animals that live in burrows and
sheltered nests, while mammals and birds with no perma-
nent nests or that are exposed to the elements tend to
have light infestations.

MPMH [2] notes that fleas undergo complete metamor-
phosis (egg, larva, pupa, and adult). The time it takes to
complete the life cycle from egg to adult varies according
to the species, temperature, humidity, and food availabil-
ity. Under favorable conditions, some species can com-

plete a generation in as little as 2 or 3 weeks. Figure 4.15

. Fi 4.15. Flea Life Cycle [2
shows the life cycle of the flea. 1aure ea Life Cycle [2]
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Flea eggs usually are laid singly or in small groups among
the feathers or hairs of the host or in a nest. They are
often laid in carpets of living quarters if the primary host
is a household pet. Eggs are smooth, spherical to oval,
light colored, and large enough to be seen with the naked
eye. An adult female flea can produce up to 2,000 eggs in
a lifetime. Flea larvae are small (2 to 5 mm), white, and
wormlike with a darker head and a body that will appear
brown if they have fed on flea feces. This stage is mobile
and will move away from light, thus they typically will be
found in shaded areas or under furniture. In 5 to 12 days,
they complete the three larval stages; however, this may
take several months depending on environmental condi-
tions. The larvae, after completing development, spin a
cocoon of silk encrusted with granules of sand or various
types of debris to form the pupal stage. The pupal stage
can be dormant for 140 to 170 days. In some areas of the
country, fleas can survive through the winter. The pupae,
after development, are stimulated to emerge as adults by
movement, pressure, or heat. The pupal form of the flea
is resistant to insecticides. An initial treatment, while kill-
ing egg, larvae, and adult forms, will not kill the pupae.
Therefore, a reapplication will often be necessary. The
adult forms are usually ready to feed about 24 hours after
they emerge from the cocoon and will begin to feed
within 10 seconds of landing on a host. Mating usually
follows the initial blood meal, and egg production is initi-
ated 24 to 48 hours after consuming a blood meal. The
adult flea lives approximately 100 days, depending on
environmental conditions.

Following are some guidelines for controlling fleas:

* The most important principle in a total flea control
program is simultaneously treating all pets and their
environments (indoor and outdoor).

* Before using insecticides, thoroughly clean the
environment, removing as many fleas as possible,
regardless of the form. This would include indoor
vacuuming and carpet steam cleaning. Special
attention should be paid to source points where pets
spend most of their time.

* Outdoor cleanup should include mowing, yard
raking, and removing organic debris from flowerbeds
and under bushes.

* Insecticide should be applied to the indoor and
outdoor environments and to the pet.

* Reapplication to heavily infested source points in the
home and the yard may be needed to eliminate pre-
emerged adults.
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Flies

The historical attitude of Western society toward flies has
been one of aesthetic disdain. The public health view is to
classify flies as biting or nonbiting. Biting flies include
sand flies, horseflies, and deerflies. Nonbiting flies include
houseflies, bottleflies, and screwworm flies. The latter
group is often referred to as synanthropic because of their
close association with humans. In general, the presence of
flies is a sign of poor sanitation. The primary concern of
most homeowners is nonbiting flies.

According to MPMH (2], the housefly (Musca domestica)
(Figure 4.16) is one of the most widely distributed
insects, occurring throughout the United States, and is
usually the predominant fly species in homes and restau-
rants. M. domestica is also the most prominent human-asso-
ciated (synanthropic) fly in the southern United States.
Because of its close
association with
people, its abun-
dance, and its abil-
ity to transmit
disease, it is consid-
ered a greater threat
to human welfare
than any other spe-
cies of nonbiting
fly. Each housefly
can easily carry more than 1 million bacteria on its body.
Some of the disease-causing agents transmitted by house-
flies to humans are Shigella spp. (dysentery and diarrhea =
shigellosis), Salmonella spp. (typhoid fever), Escherichia
coli, (traveler’s diarrhea), and Vibrio cholera (cholera).
Sometimes these organisms are carried on the fly’s tarsi or
body hairs, and frequently they are regurgitated onto
food when the fly attempts to liquefy it for ingestion.

Figure 4.16. Housefly [Musca domestica][9]

The fly life cycle is similar across the synanthropic group.
MPMH [2] notes that the egg and larval stages develop in
animal and vegetable refuse. Favorite breeding sites
include garbage, animal manure, spilled animal feed, and
soil contaminated with organic matter. Favorable environ-
mental conditions will result in the eggs hatching in 24
hours or less. Normally, a female fly will produce 500 to
600 eggs during her lifetime.

The creamy, white larvae (maggots) are about ¥2-inch
long when mature and move within the breeding material
to maintain optimum temperature and moisture condi-
tions. This stage lasts an average of 4 to 7 days in warm
weather. The larvae move to dry parts of the breeding
medium or move out of it onto the soil or sheltered
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places under debris to pupate, with this stage usually last-
ing 4 to 5 days. When the pupal stage is accomplished, the
adult fly exits the puparium, dries, hardens, and flies away to
feed, with mating occurring soon after emergence. Figure
4.17 demonstrates the typical fly life cycle.

The control of the housefly is hinged on good sanitation
(denying food sources and breeding sites to the fly). This
includes the proper disposal of food wastes by placing
garbage in cans with close-fitting lids. Cans need to be
periodically washed and cleaned to remove food debris.
The disposal of garbage in properly operated sanitary
landfills is paramount to fly control.

The presence of adult flies can be addressed in various
ways. Outside methods include limited placement of
common mercury vapor lamps that tend to attract flies.
Less-attractive sodium vapor lamps should be used near
the home. Self-closing doors in the home will deny
entrance, as will the use of proper-fitting and well-main-
tained screening on doors and windows.

Larger flies use homes for shelter from the cold, but do
not reproduce inside the home. Caulking entry points
and using fly swatters is effective and much safer than the
use of most pesticides. Insecticide “bombs” can be used in
attics and other rooms that can be isolated from the rest
of the house. However, these should be applied to areas
away from food, where flies rest.

The blowfly is a fairly large, metallic green, gray, blue,
bronze, or black fly. They may spend the winter in homes
or other protected sites, but will not reproduce during
this time. Blowflies breed most commonly on decayed
carcasses (e.g., dead squirrels, rodents, birds) and in drop-
pings of dogs or other pets during the summer; thus,
removal of these sources is imperative. Small animals, on
occasion, may die inside walls or under the crawl space of
a house. A week or two later, blowflies or maggots may
appear. The adult blowfly is also attracted to gas leaks.

Figure 4.17. Life Cycle of the Fly [10]
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Termites

According to Gold et al. [11], subterranean termites are
the most destructive insect pests of wood in the United
States, causing more than $2 billion in damage each year.
Annually, this is more property damage than that caused
by fire and windstorms combined. In the natural world,
these insects are beneficial because they break down dead
trees and other wood materials that would otherwise
accumulate. This biomass breakdown is recycled to the
soil as humus. MPMH [2], on the other hand, notes that
these insects can damage a building so severely it may
have to be replaced. Termites consume wood and other
cellulose products, such as paper, cardboard, and fiber-
board. They will also destroy structural timbers, pallets,
crates, furniture, and other wood products. In addition,
they will damage many materials they do not normally
eat as they search for food. The tunneling efforts of sub-
terranean termites can penetrate lead- and plastic-covered
electric cable and cause electrical system failure. In
nature, termites may live for years in tree stumps or lum-
ber beneath concrete buildings before they penetrate
hairline cracks in floors and walls, as well as expansion
joints, to search for food in areas such as interior door
frames and immobile furniture. Termite management
costs to homeowners are exceeded only by cockroach
control costs.

Lyon [12] notes that termites are frequently mistaken by
the homeowner as ants and often are referred to errone-
ously as white ants. Typical signs of termite infestations
occur in March through June and in September and
October. Swarming is an event where a group of adult
males and female reproductives leave the nest to establish
a new colony. If the emergence happens inside a building,
flying termites may constitute a considerable nuisance.
These pests can be collected with a vacuum cleaner or
otherwise disposed of without using pesticides. Each
homeowner should be aware of the following signs of ter-
mite infestation:

¢ Pencil-thin mud tubes extending over the inside and
outside surfaces of foundation walls, piers, sills, joists,
and similar areas (Figures 4.18 and 4.19).

* Presence of winged termites or their shed wings on
windowsills and along the edges of floors.

* Damaged wood hollowed out along the grain and
lined with bits of mud or soil. According to Oi et al.
[15], termite tubes and nests are made of mud and
carton. Carton is composed of partially chewed wood,
feces, and soil packed together. Tubes maintain the
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high humidity required for survival, protect termites
from predators, and allow termites to move from one
spot to another.

Differentiating the ant from the dark brown or black ter-
mite reproductives can be accomplished by noting the
respective wings and body shape. MPMH [2] states that a
termite has four wings of about equal length and that the
wings are nearly twice as long as the body. By comparison, ant
wings that are only a little longer than the body and the
hind pair is much shorter than the front. Additionally,
ants typically have a narrow waist, with the abdomen
connected to the thorax by a thin petiole. Termites do
not have a narrow or pinched waist. Figure 4.20a and b
demonstrates the differences between the ant and termite.
Entomologists refer to winged ants and termites as alates.

Figure 4.21 shows the life cycle of the termite. In each
colony, there are three castes or forms of individuals
known as reproductives, workers, and soldiers. According

Figure 4.18. Termite Tube Extending from Ground to Wall [Red
Arrows] [13]

Figure 4.19. Termite Mud Shelter Tube Constructed Over a
Brick Foundation [14]
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to Lyon [12], the reproductives can be winged or wing-
less, with the latter found in colonies to serve as replace-
ments for the primary reproductives. The primary
reproductives (alates) vary in color from pale yellow-
brown to coal black, are ¥2-inch to ¥-inch in length, are
flattened dorsa-ventrally, and have pale or smoke-gray to
brown wings. The secondary reproductives have short
wing buds and are white to cream colored. The workers
are the same size as the primary reproductives and are
white to grayish-white, with a yellow-brown head, and are
wingless. In addition, the soldiers resemble workers, in
that they are wingless, but soldiers have large, rectangular,
yellowish, and brown heads with large jaws.

MPMH [2] states there are five families of termites found
in the world, with four of them occurring in the United
States. The families in the United States are
Hodotermitidae (rotten-wood termites), Kalotermitidae
(dry-wood termites), Rhinotermitidae (subterranean
termites) and Termitidae (desert termites). Subterranean

Figure 4.20a. Ant (Elbowed Antennae: Fore Wings Larger Than Hind;
Constricted Waist) [16]

Figure 4.20b. Termite (Beaded Antennae; All Wings Equal) [16]

termites typically work in wood aboveground, but must
have direct contact with the ground to obtain moisture.
Nonsubterranean termites colonize above the ground and
feed on cellulose; however, their life cycles and methods
of attack, and consequently methods of control, are quite
different. Nonsubterranean termites in the United States
are commonly called drywood termites.
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Figure 4.21. Life Cycle of the Subterranean Termite [17]

In the United States, according to MPMH [2], native
subterranean termites are the most important and the
most common. These termites include the genus
Reticulitermes, occurring primarily in the continental
United States, and the genus Heterotermes, occurring in
the Virgin Islands, Puerto Rico, and the deserts of
California and Arizona. The appearance, habits, and type
of damage they cause are similar. The Formosan termite
(Coprotermes formosanus) is the newest species to become
established in the United States. It is a native of the
Pacific Islands and spread from Hawaii and Asia to the
United States during the 1960s. It is now found along the
Gulf Coast, in California, and in South Carolina, and is
expected to spread to other areas as well. Formosan ter-
mites cause greater damage than do native species because
of their more vigorous and aggressive behavior and their
ability to rapidly reproduce, build tubes and tunnels, and
seek out new items to infest. They have also shown more
resistance to some soil pesticides than native species.
Reproductives (swarmers) are larger than native species,
reaching up to %-inch in length, and are yellow to brown
in color. Swarmers have hairy-looking wings and swarm
after dusk, unlike native species, which swarm in the day-
time. Formosan soldiers have more oval-shaped heads
than do native species. On top of the head is an opening
that emits a sticky, whitish substance.

Dry-wood termites (Cryptotermes spp.) live entirely in
moderately to extremely dry wood. They require contact
with neither the soil nor any other moisture source and
may invade isolated pieces of furniture, fence posts, util-
ity poles, firewood, and structures. Dry-wood termite col-
onies are not as large as other species in the United States,
so they can occupy small wooden articles, which are one
way these insects spread to different locations. They are of
major economic importance in southern California,
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Arizona, and along the Gulf Coast. The West Indian dry-
wood termite is a problem in Puerto Rico, the U.S.
Virgin Islands, Hawaii, parts of Florida and Louisiana,
and a number of U.S. Pacific Island territories. Dry-wood
termites are slightly larger than most other species, rang-
ing from %2 inch to % inch long, and are generally lighter
in color.

Damp-wood termites do not need contact with damp
ground like subterranean termites do, but they do require
higher moisture content in wood. However, once estab-
lished, these termites may extend into slightly drier wood.

Termites of minor importance are the tree-nesting groups.
The nests of these termites are found in trees, posts, and,
occasionally, buildings. Their aboveground nests are con-
nected to soil by tubes. Tree-nesting termites may be a
problem in Puerto Rico and the U.S. Virgin Islands.

The risk for encountering subterranean termites in the
United States is greater in the southeastern states and in
southwestern California. In the United States, the risk for
termite infestations tends to decrease as the latitude
increases northward.

Figure 4.22 portrays the geographic risk of subterranean
termites in the United States. Subterranean termites are
found in all states except Alaska and are most abundant
in the south and southeastern United States [18].

According to Potter [19], homeowners can reduce the risk
for termite attack by adhering to the following suggestions:

¢ Eliminate wood contact with the ground. Earth-to-
wood contact provides termites with simultaneous
access to food, moisture, and shelter in conjunction
with direct, hidden entry into the structure. In
addition, the homeowner or occupant should be aware
that pressure-treated wood is not immune to termite
attack because termites can enter through the cut ends
and build tunnels over the surfaces.

¢ Do not allow moisture to accumulate near the
home’s foundation. Proper drainage, repair of
plumbing, and proper grading will help to reduce the

presence of moisture, which attracts termites.

* Reduce humidity in crawl spaces. Most building
codes state that crawl space area should be vented at a
rate of 1 square foot per 150 square feet of crawl space
area. This rate can be reduced for crawl spaces
equipped with a polyethylene or equivalent vapor
barrier to one square foot per 300 to 500 square feet
of crawl space area. Vent placement design includes
positioning one vent within 3 feet of each building
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corner. Trimming and controlling shrubs so that they
do not obstruct the vents is imperative. Installling a 4-
to 6-mil polyethylene sheeting over a minimum of
75% of the crawl space will reduce the crawl-space
moisture. Covering the entire floor of the crawl space
with such material can reduce two potential home
problems at one time: excess moisture and radon
(Chapter 5). The barrier will reduce the absorption of
moisture from the air and the release of moisture into
the air in the crawl space from the underlying soil.

Never store firewood, lumber, or other wood debris
against the foundation or inside the crawl space.
Termites are both attracted to and fed by this type of
storage. Wood stacked in contact with a dwelling and
vines, trellises, and dense plant material provide a
pathway for termites to bypass soil barrier treatment.

Use decorative wood chips and mulch sparingly.
Cellulose-containing products attract termites, especially
materials that have moisture-holding properties, such as
mulch. The homeowner should never allow these
products to contact wood components of the home.
The use of crushed stone or pea gravel is recommended
as being less attractive to termites and helpful in
diminishing other pest problems.

Figure 4.22. Subterranean Termite Risk in the United States [18]
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* Have the structure treated by a professional pest
control treatment. The final, and most effective,
strategy to prevent infestation is to treat the soil
around and beneath the building with termiticide. The
treated ground is then both a repellant and toxic to
termites.

Figure 4.23 demonstrates some typical points of attack by
subterranean termites and some faulty construction practices
that can contribute to subterranean termite infestations.

Lyon [12] notes the following alternative termite control
measures:

* Nematodes. Certain species of parasitic round worms
(nematodes) will infest and kill termites and other soil
insects. Varying success has been experienced with this
method because it is dependent on several variables,
such as soil moisture and soil type.

* Sand as a physical barrier. This would require
preconstruction planning and would depend on
termites being unable to manipulate the sand to create
tunnels. Some research in California and Hawaii has
indicated early success.

[ ] None to slight

[ Slight to moderate
B Moderate to heavy
B Very heavy
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e Chemical baits. This method uses wood or laminated
texture-flavored cellulose impregnated with a toxicant
and/or insect growth regulator. The worker termite
feeds on the substance and carries it back to the nest,
reducing or eliminating the entire colony. According
to HomeReports.com [20], an additional system is to
strategically place a series of baits around the house.
The intention is for termite colonies to encounter one
or more of the baits before approaching the house.
Once termite activity is observed, the bait wood is
replaced with a poison. The termites bring the poison
back to the colony and the colony is either eliminated
or substantially reduced. This system is relatively new
to the market. Its success depends heavily on the
termites finding the bait before finding and damaging
the house.

Additional measures include construction techniques that
discourage termite attacks, as demonstrated in Figure 4.24.
Termites often invade homes by way of the foundation,
either by crawling up the exterior surface where their
activity is usually obvious or by traveling inside hollow
block masonry. One way to deter their activity is to block
their access points on or through the foundation. Metal
termite shields have been used for decades to deter ter-
mite movement along foundation walls and piers on up
to the wooden structure. Metal termite shields should
extend 2 inches from the foundation and 2 inches down.

Figure 4.23. Typical Points of Attack by Termites in the Home [2]
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Improperly installed (i.e., not soldered/sealed properly),
damaged, or deteriorated termite shields may allow ter-
mites to reach parts of the wooden floor system. Shields
should be made of noncorroding metal and have no
cracks or gaps along the seams. If a house is being built
with metal termite shielding, the shielding should extend
at least 2 inches out and 2 inches down at a 45° angle from
the foundation wall. An alternative to using termite
shields on a hollow-block foundation is to fill the block
with concrete or put in a few courses of solid or concrete-
filled brick (which is often done anyway to level founda-
tions). These are referred to as masonry caps. The same
approach can be used with support piers in the crawl
space. Solid caps (i.e., a continuously poured concrete
cap) are best at stopping termites, but are not commonly
used. Concrete-filled brick caps should deter termite
movement or force them through small gaps, thus allow-
ing them to be spotted during an inspection [21].

Fire Ants

According to MPMH [2], ants are one of the most
numerous species on earth. Ants are in the same order as
wasps and bees and, because of their geographic distribu-
tion, they are universally recognized (Figure 4.25).

The life cycle of the fire ant begins with the mating of the
winged forms (alates) some 300 to 800 feet in the air,
typically occurring in the late spring or early summer.
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The male dies after the mating; and the newly mated
queen finds a suitable moist site, drops her wings, and
burrows in the soil, sealing the opening behind her. Ants
undergo complete metamorphosis and, therefore, have
egg, larval, pupal and adult stages. The new queen will
begin laying eggs within 24 hours. Once fully developed,
she will produce approximately 1,600 eggs per day over a
maximum life span of 7 years. Soft, whitish, legless larvae
are produced from the hatching. These larvae are fed by
the worker ants. Pupae resemble adults in form, but are
soft, nonpigmented, and lack mobility. There are at least
three distinct castes of ants: workers, queens, and males.
Typically, the males have wings, which they retain until
death. Queens, the largest of the three castes, normally
have wings, but lose them after mating. The worker,
which is also a female, is never winged, except as a rare
abnormality. Within this hierarchy, mature colonies con-
tain males and females that are capable of flight and
reproduction. These are known as reproductives, and an
average colony may produce approximately 4,500 of these
per year. A healthy nest usually produces two nuptial
flights of reproductives each year and a healthy, mature
colony may contain more than 250,000 ants. Though
uncommon among ants, multiple queen colonies (10 to

100) occur somewhat frequently in fire ants, resulting in
more numerous mounds per acre.

There are many species of fire ants in the United States.
The most important are four species in the genus
Solenopsis. Of these, the number one fire ant pest is the
red imported fire ant (RIFA) Solenopsis invicra (Figure
4.25). This ant was imported inadvertently from South
America in the 1930s through the port of Mobile,
Alabama. RIFAs are now found in more than 275 million
acres in 11 southern states and Puerto Rico. The second
most important species is the black imported fire ant, S.
richteri, which was introduced into the United States in
the 1920s from Argentina or Uruguay. It is currently lim-
ited in distribution to a small area of northern
Mississippi and Alabama. There are two native species
of fire ants: the tropical or native fire ant, S. geminata,
ranging from South Carolina to Florida and west to
Texas; and the Southern fire ant, S. xyloni, which occurs
from North Carolina south to northern Florida, along the
Gulf Coast, and west to California. The most important
extension of the RIFA range is thought to have occurred
during the 1950s housing boom as a result of the trans-
portation of sod and nursery plants (Figure 4.26).

Key to Figure 4.23

Cracks in foundation permit hidden points of entry
from soil to sill.

Posts through concrete in contact with substructural
soil. Watch door frames and intermediate supporting
posts.

Wood-framing members in contact with earthfill under
concrete slab.

Form boards left in place contribute to termite food
supply.

Leaking pipes and dripping faucets sustain soil mois-
ture. Excess irrigation has same effect.

Shrubbery blocking air flow through vents.

Debris supports termite colony until large population
attacks superstructure.

Heating unit accelerates termite development by main-
taining warmth of colony on a year-round basis.

Foundation wall too low permits wood to contact
soil. Adding topsoil often builds exterior grade up to
sill level.

. Footing too low or soil thrown against it causes wood-
soil contact. There should be 8 inches of clean concrete
between soil and pier block.
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11. Stucco carried down over concrete foundation permits
hidden entrance between stucco and foundation if

bond fails.

. Insufficient clearance for inspection also permits easy
construction of termite shelter tubes from soil to wood.

. Wood framing of crawl hole forming wood-soil contact.
. Mud sill and/or posts in contact with soil.

. Wood siding and skirting form soil contact. There
should be a minimum of 3 inches clearance between
skirting and soil.

. Porch steps in contact with soil. Also watch for ladders
and other wooden materials.

. Downspouts should carry water away from

the building.

. Improper maintenance of soil piled against pier footing.
Also makes careful inspection impossible.

. Wall girder entering recess and foundation wall. Should
have a 1-inch free air space on both sides and end and
be protected with a moisture-impervious seal.

. Vents placed between joists tunnel air through space
without providing good substructural aeration. Vents
placed in foundation wall give better air circulation.
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Figure 4.24. Construction Techniques That Discourage Termite Attacks: Thin Metal Termite Shield Should Extend 2 Inches Beyond Foundation and 2

Inches Down [2]

Figure 4.25. Fire Ants [22]

RIFAs prefer open and sun-exposed areas. They are found
in cultivated fields, cemeteries, parks, and yards, and even
inside cars, trucks, and recreational vehicles. RIFAs are
attracted to electrical currents and are known to nest in
and around heat pumps, junction boxes, and similar
areas. They are omnivorous; thus they will attack most
things, living or dead. Their economic effects are felt by
their destruction of the seeds, fruit, shoots, and seedlings
of numerous native plant species. Fire ants are known to
tend pests, such as scale insects, mealy bugs, and aphids,
for feeding on their sweet waste excretion (honeydew).
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RIFAs transport these insects to new feeding sites and
protect them from predators. The positive side of RIFA
infestation is that the fire ant is a predator of ticks and
controls the ground stage of horn flies.

The urban dweller with a RIFA infestation may find sig-
nificant damage to landscape plants, with reductions in
the number of wild birds and mammals. RIFAs can dis-
courage outdoor activities and be a threat to young ani-
mals or small confined pets. RIFA nests typically are not
found indoors, but around homes, roadways, and struc-
tures, as well as under sidewalks. Shifting of soil after
RIFAs abandon sites has resulted in collapsing structures.
Figure 4.27 shows a fire ant mound with fire ants and a
measure of their relative size.

The medical complications of fire ant stings have been
noted in the literature since 1957. People with disabilities,
reduced feeling in their feet and legs, young children, and
those with mobility issues are at risk for sustaining
numerous stings before escaping or receiving assistance.
Fatalities have resulted from attacks on the elderly and on
infants. Control of the fire ant is primarily focused on the
mound by using attractant bait consisting of soybean oil,
corn grits, or chemical agents. The bait is picked up by
the worker ants and taken deep into the mound to the
queen. These products typically require weeks to work.

Individual mound treatment is usually most effective in
the spring. The key is to locate and treat all mounds in
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Figure 4.26. Range Expansion of Red Imported Fire Ants [RIFAs] in the United States, 1918-1998 [23]

the area to be protected. If young mounds are missed, the
area can become reinfested in less than a year.

Mosquitoes

All mosquitoes have four stages of development—egg,
larva, pupa, and adult—and spend their larval and pupal
stages in water. The females of some mosquito sp