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PREFACE
As predicted in the earlier editions, concerns over Indoor Air Quality (IAQ) have driven it to the forefront of current workplace problems.
More than ever, health, economic and legal matters associated with IAQ
seem destined to make it a dominant problem for developers, owners
and managers of commercial and institutional properties well into this
millennium. Indoor air problems have deﬁnitely made the engineer’s
and facility manager’s jobs more difﬁcult and put the owner at greater
risk.
We have become more conscious of human concerns and have
become more aware of the cost associated with achieving indoor air
quality. Employers are being plagued by “sick buildings,” associated
absenteeism, and lower productivity. Elements of risk and liability associated with poor IAQ have caught the attention of our litigious society.
Thus, employee and occupant lawsuits continue.
The IAQ problem is real and it is not going to go away. The
ASHRAE standard 62, Ventilation for Acceptable Indoor Air Quality,
and its future revision process will continue to force us all to consider
the indoor environment even in “healthy” buildings. This book is designed to help those who are responsible for managing that environment.
It encompasses the whole range of contaminants, thermal conditions
and other factors that contribute to, or detract from, occupant comfort
and a productive workplace. Focusing on IAQ issues from a management perspective, this book is not intended to be a detailed, technical
book. However, enough detail is provided for it to be a practitioner’s
handbook designed to help owners, managers, operators or anyone
responsible for operating and maintaining a facility. While not directed
primarily at the design professionals, those who offer owners technical
and ﬁnancial support will ﬁnd it beneﬁcial to examine the IAQ issue
from management’s point of view.
Managing Indoor Air Quality is structured as a guide as well as a
reference document to treat existing indoor air problems effectively, and
to help prevent costly IAQ problems from occurring. Finding solutions
to IAQ problems is often a complex, multifaceted, multidisciplined endeavor. A single discipline approach from the environmental engineer,
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the industrial hygienist or the medical doctor, unfortunately tends to
narrow the control and treatment options. This book cuts across these
professions without the speciﬁcity and bias of any one discipline, to offer those concerned with the total facility a broader approach.
For all of the progress we have made in recent years, there are still
large gaps in IAQ knowledge. The issue, however, is no longer new
and experiences in almost every type of facility exist to guide us. This
revised edition is rich in IAQ history and new practical, pragmatic suggestions throughout its procedural guidelines.
The reader is cautioned that every IAQ situation is unique and the
procedures discussed herein offer only general guidelines. When problems persist, it is always prudent to call in an IAQ professional, special
IAQ consultant and/or team to examine a speciﬁc situation. Reference
herein to any speciﬁc commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation or favoring by the
authors.
As IAQ concerns have erupted around us, the means to identify,
control and treat a myriad of pollutants has mushroomed. Researching,
sifting and sorting this burgeoning data was a mammoth task made
easier by many people. I would like to express my continuing appreciation to those who made the ﬁrst edition possible, and my thanks to
the many readers who have taken the time to tell me of the value the
original text was to them. It is very gratifying to know it served so many
so well; however, in the rapidly changing world of IAQ a book of this
nature must be revised and updated to remain useful.
Since my professional attention has shifted away from IAQ in
recent years, I was absolutely delighted when H.E. (Barney) Burroughs
agreed to take on the revision process. A ﬁrst book, like a ﬁrst form,
holds a special place. You can’t turn a “ﬁrst born” over to just anyone.
As you read through the contributions Barney has made, you’ll see the
care, integrity and professionalism that all of us in the industry associate
with him. He’s made a good book much, much better. But then I knew
he would. Thanks, Barney.
Shirley J. Hansen
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FROM THE PRIMARY
REVISION AUTHOR
I stated when I undertook the ﬁrst revision of Shirley Hansen’s
earlier book that I held her original work in considerable awe by her
insight and forward vision. I commented further about the value of
her common sense approaches to prevention and building operation
and management. I still value those virtues and have strived to sustain that style through these revision processes to make this fourth
edition both readable and usable by the practitioner as well as the
building owner/manager.
The extensive updates and editing in this New Edition result
from the rapid pace of changes and growth in the IAQ Industry. Notably, the chapters on building security and the increased emphasis
on Mold are testimony of these advances. Most recently, knowing the
time and effort required for me to stay abreast of the myriad of issues
pertaining to IAQ renders me in total empathy with the readers and
students new to this subject. That says little about the tremendous
amount of paper that was reviewed in our “paperless” society.
I am pleased that we have made great progress in our understanding of source control, ﬁltration, and operational issues. I am also
pleased at the growth of the application of proactive monitoring and
both initial and remedial commissioning to maximize and sustain the
efﬁciency and productivity of our building stock. I am impressed that
the fundamental understanding of IAQ issues is making inroads into
the building operation and maintenance personnel. Further, I am gratiﬁed that after a life’s work in ﬁltration, I am seeing that technology
ﬁnally gain in stature; although it took the events of 9/11 to catalyze
the long overdue role of ﬁltration.
Yet, with those observations made, I remain disturbed by the
rampant and blatant misuse of litigation as a major driver of the IAQ
issue. The media hype and the blatant plaintiff lawyers’ merchandising of mold issues has overridden science and common sense. This
can only be overcome with knowledge and understanding, applied
science, and common sense application of well established prevention
xi

tactics. In other words, we need to better apply and fully employ
what we already know how to do. It is my hope that this book will
be an aid in that objective.
I reiterate my enduring respect to Shirley Hansen, and as always,
render my gratitude and love to my faithful administrative assistant
and life-mate in excess of 50 years, Sandy Burroughs, whose help and
support has made this effort possible.
H.E. Barney Burroughs, Principle Revision Author
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Chapter 1

INDOOR AIR QUALITY:
AN OVERVIEW—WHERE ARE WE?
Through the years, man has built increasingly elaborate boxes to
protect himself from the elements. Designed to keep out the rain and
snow, warm him in the winter and cool him in the summer, he now lives
and works inside these boxes up to 90 percent of the time. Rather than
hold environmental hazards at bay, however, he has trapped himself inside in a chemical stew of contaminants that might make him sick, even
kill him.
Buildings don’t always protect their occupants from pollution. Just
the opposite, the molds, fungi, dust and toxic gases trapped or growing
on the inside may well exceed those outdoors. By shielding ourselves
from the outside environment, we have created an inside environment
with a whole new set of problems. To understand this delicate and fragile interrelationship and interdependence between the indoor and the
outdoor environment, building owners and managers need to view the
building as a “habitat” or an “ecosystem.”
THE BUILDING AS A HABITAT
To view the ecological factors of the building as a habitat is to
understand the inﬂuences and attributes of both the indoor and the outdoor environment. This includes the air within the conditioned and controlled space where we breathe and work. It includes the complete air
path and the systems to which it has been exposed—is it clean and dry,
void of contamination, and free of microbial growth and pathogens. It
includes the building envelope—is it sound, visually pleasing, and well
sealed and dry, allowing in light without water. It includes the building site and its setting—the role of greenery and landscaping, natural
lighting and noise levels, as well as odor or pollutant sources. Lastly,
it includes the impact of the building habitat upon the global environ1
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ment—its energy demands, pollutants, and waste products (air, solids,
and waste water), demands upon raw material resources, and even the
consumption of ﬁnancial capital.
To this delicate ecological relationship, we, the occupants, are
added. We are both the violators and victims of our habitat. Our very
presence affects levels of temperature, relative humidity, odor, metabolic
gases, volatile organic and inorganic gases, and particulate matter. We
shed potential disease-bearing pathogens and create a constant stream
of waste efﬂuent from our metabolic and biological functions. Our activities and related equipment and furnishings further confound our
environment with chemicals and particulates.
This complex IAQ ecosystem model, therefore, consists of the occupants, their activities, the air pathway and the HVAC system, the building envelope, and its environmental setting. One additional component
undergirds this matrix—time. Time is essential to our understanding of
the causes and prevention of poor indoor air quality. Systems, situations,
loads, usage, efﬁciencies, and costs all change over time. As buildings
age, they wear, deteriorate, leak, break, and fail. This process of continuous degradation makes maintenance and operating practices a major
component of this IAQ model.
It is the goal of this book to bring about an understanding of these
complex and delicate relationships and their interdependence. Thus, we
cannot deal with indoor air quality causes singularly without understanding all aspects of the interlinking model. Much like the proverbial
house of cards, it takes all the cards to attain and maintain the structural
integrity, but only a single card can bring down the structure.
WHEN BUILDINGS BECOME SICKENING
It usually starts with building occupant’s complaints of discomfort, headaches, nausea, dizziness, sore throats, dry or itchy skin, sinus
congestion, nose irritation or excessive fatigue. Suddenly the words that
are rapidly becoming the bane of building owners, facility managers
and engineers are declared: Sick Building Syndrome (SBS)! Of course
the building is not really sick, but it has developed a condition that can
make its occupants uncomfortable, irritated, or even ill. A building is
generally deemed as sick when the building’s occupants exhibit such
symptoms and the complaints persist for more than two weeks—partic-
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ularly, if the symptoms disappear when the sufferers leave the building
for the weekend.
The term “syndrome” is used by the medical profession to indicate a cluster of symptoms occurring together. The exact relationship
existing among those symptoms may be unknown. In a sick building,
symptoms experienced by occupants are those often associated with the
upper respiratory tract or they may manifest themselves as headaches,
dizziness, nausea, lethargy and fatigue. Other symptoms are revealed in
areas where the body is directly exposed, such as dry or itchy skin and
eye irritation. A sick building can also aggravate existing illnesses.
An associated problem is Building Related Illness (BRI). BRI is
deemed as a building associated, clinically veriﬁable and diagnosable
disease. If signs of actual illness are present and can be attributed to a
condition in the facility, the building can be classiﬁed as BRI.
The key difference between SBS and BRI is that speciﬁc SBS contaminants may not be known. SBS is diagnosed when complaints and
symptoms are clearly associated with building occupancy, but no causal
agent can be positively identiﬁed. Complaints are often resolved by increased ventilation, by more effective controls/substitutions of possible
sources and by improved maintenance. Often, BRI is an advanced stage
of SBS. The dirt, dust, moisture and stagnant water typical of the poor
maintenance that causes SBS is an ideal home for the BRI-causing bacteria looking for an ampliﬁcation site. Thus, it is unusual that a building
will get to BRI stage without ﬁrst going through SBS with its related
comfort complaints.
WHY NOW? WHAT IS DRIVING THE IAQ ISSUE?
What has made IAQ the ongoing hot topic into the ﬁrst decade of
the century? It is important to note that as the topic has entered the 21st
century, IAQ has become the broader topic of IEQ, which also recognizes the role of sound and light as contributing factors.
Since the higher energy costs of the 1970s, new construction and
building modiﬁcations brought tighter envelopes and increasing reliance on mechanical ventilation. By reducing the intake of outside air,
pollutants that were already there have been concentrated and their effects on humans have become more obvious. Energy cost has remained
a signiﬁcant driver of IAQ related issues. At the same time, construction
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materials and furnishings, such as carpeting and work stations, have
brought more contaminants into homes and the work place. Technological changes have made copiers, printers, computers, facsimile machines,
etc. common place in the ofﬁce. Operating and cleaning this equipment
have brought more pollutants into the ofﬁce. They have also caused dramatic changes in ofﬁce procedures prompting ergonomic and organizational stress problems, which have seemed to heighten health problems
associated with indoor air pollution.
Against this backdrop, greater press coverage has raised public
awareness of indoor contaminants. Furthermore, the federal government got involved early on. Under the Superfund Bill (P.L. 99-499),
Congress authorized the Environmental Protection Agency (EPA) to
research radon and this invoked EPA interest and involvement in the indoor environmental arena. And in addition, OSHA announced in April
of 1994 the intention to regulate indoor air quality and invited public
comment. They were inundated with oral and written comments which
delayed formal regulation for the balance of the decade and brought
about a ﬁnal withdrawal of the intent in 2002. Although the document
was labeled as an IAQ regulation, the primary focus was the limitation
of ETS (environmental tobacco smoke) in the workplace. Even though
the regulation under was never promulgated, most buildings responded
with self-imposed voluntary smoking limitations. Many states and local
jurisdictions followed and continue to promulgate local regulations on
smoking in public space(s).
IAQ is costly business. U.S. Army research ﬁndings have suggested
that IAQ related health problems are costing an estimated $15 billion a
year in direct medical costs and about 150 million lost workdays. Garibaldi and Dixon’s review of the Army data lead them to conclude that at
least $59 billion of indirect costs could be added to the price tag. In 1988,
Time reported an out-of-court settlement of close to $600,000 had been
made to an occupant in a new ofﬁce building in Goleta, California, who
claimed to have lost consciousness and suffered permanent brain injury
due to formaldehyde fumes. In more recent judgments involving several
public courthouses, costs of litigation and mitigation have exceeded the
original cost of the structures.
Concerns regarding health, productivity, absenteeism, vacant facilities and the threat of lawsuits are destined to make indoor air quality
(IAQ) the dominant issue for building owners and facility operators into
the new millennium. According to one study by Dorgan, the cost of poor
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IAQ in the hospitality industry alone exceeds $19 billion. This estimate
includes absenteeism and sick leave, health-related costs, turnover, and
productivity improvement.
In a more recent 2005 study, Levin evaluated the U.S. national cost
of IAQ expenditures under contract with EPA. He reviewed a number
of categories including: consulting services; building diagnostics and
related laboratory services; building remediation and renovation driven
by IAQ; additional design and construction cost; air duct cleaning services; improved ﬁltration cost; litigation and insurance; and additional
specialty staff costs. The study reported total IAQ related expenditures
of approximately $15.9 billion. Further, this estimate did not include
related expenditures related to: signiﬁcant reduction of contaminant
source strength driven by IAQ concerns; additional construction and
operating costs for attaining higher standards of care; cost related to the
reduction of smoking in public space; staff costs relating to IAQ complaint response; and training certiﬁcation costs.
HUMANE CONCERNS
BECOME PUBLIC HEALTH CONCERNS
Since early in this century, episodes of extreme air pollution in
highly industrialized and urbanized locations have focused attention on
the quality of the air we breathe and associated environmental health
concerns. Studies of such episodes and demonstrated increased incidence
of respiratory disease and mortality in populations exposed to such pollutants as nitrogen oxide, sulfur oxide and particulates, such as coal dust,
and prompted laws to establish speciﬁc ambient air quality standards
designed to protect the public’s health from this type of pollution.
One study of outside air and associated health effects by the Harvard School of Public Health discovered indoor air added another dimension in determining exposure levels. In its Six Cities Study, Harvard
researchers found children 6 to 10 years of age living with cigarettesmoking parents had more respiratory illnesses and impairment of lung
functions than children living with non-smokers. In work published by
EPA in 2001, the percentage of children with asthma has doubled in two
decades, rising from 3.6 percent in 1980 to 8.7 percent (6.3 million children by 2001). Researchers suspect exposure to dust miles, cockroaches,
pesticides, tobacco smoke, ozone and soot. In a similar study by the
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University of Southern California Medical School, it was determined that
asthma increased from 50 percent to 4 to half times in children one to ﬁve
years old when exposed to similar indoor contaminants of concern.
The Harvard study and others have shown that indoor environments can play a critical role in exposure levels and health outcomes.
Thus, it has become increasingly evident that the levels of many pollutants may be higher inside buildings than outside.
More Than Just Numbers
Reducing the misery, illness and loss of life to mere statistics risks
diminishing the human suffering experienced by individuals due to
indoor air pollutants. A few numbers, however, can help document the
broad impact air quality has on our lives. In 1987, Platts-Mills estimated
15 percent of the admissions to hospital emergency rooms each year, or
500,000 patients, could be attributed to dust mites and other airborne allergens. According to EPA statistics, asthma is the leading cause of childhood hospitalizations and school absenteeism, accounting for 100,000
child hospital visits a year, at a cost of almost $2 billion, and causing
10 million school days missed each year. The most sensational health
problems are associated with IAQ, Legionnaires’ disease, continues to
plague facility managers. Writing in the late 1980s, Fang reported that
the Legionella species of bioaerosols, (from cooling towers, hot-water
systems and even hot-tubs in residences) account for 8 to 10 percent
of community-acquired pneumonia, or 50,000 to 60,000 illnesses, each
year. Millar reports up to 8000 deaths annually from Legionella related
causes, with many more likely due to misdiagnosis and confusion with
other pneumonia varieties. Humidiﬁer fever and hypersensitivity pneumonitis is estimated to occur annually in 1 to 4 percent of the 27 million
ofﬁce workers, running the estimates as high as 1.1 million per year.
When health effects attributed to volatile organic compounds (such as
formaldehyde), radon, environmental tobacco smoke, etc. are added in,
the numbers keep growing. Aside from the human suffering these numbers represent, they suggest economic woes of serious dimensions.
ECONOMIC ISSUES
Corporations with extensive office complexes, have found that
approximately 35 percent of their total operational budget for an ofﬁce
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facility is devoted to personnel. Actions, which save few cents in other
segments of the facility budget but have a negative effect on personnel
are, therefore, apt to have a greater negative net effect on the bottom
line.
Saving Energy and Losing Money
If reduced ventilation saves 10 percent of a 4 percent energy budget, total costs have been cut .4 percent. If that action should cause a 3
percent increase in absenteeism, there would be a net loss in the total
operational budget of .65 percent. That’s poor economy. There are, of
course, ways to optimize energy efﬁciency and indoor air quality that
will be discussed later. Furthermore, an energy efﬁcient building need
not be automatically responsible for IAQ associated problems, if it is
managed and maintained properly.
Lost Productivity
We have all observed in ourselves and others that people who
are ill do not function as well. They are less productive. While reports
of IAQ problems often mention lower productivity, the effects on occupant productivity have not been fully measured and documented;
however, it is reasonable to assume that these effects can be very substantial. Isolated studies and logic would suggest that IAQ problems,
which have an adverse effect on health, also have a negative impact on
productivity.
When ofﬁce personnel become ill in a given suite of ofﬁces and
productivity drops, the company moves out. In the greater Washington,
DC, area, a 22-story sick building stood empty for months while team
after team tried to identify the indoor air pollutants and sources causing
the health problems. In Fort Worth, a modern landmark high-rise building stands vacant and boarded-up as a victim of massive moisture and
mold infestation. These examples represent 0 productivity since there is
no cash ﬂow from the investments. Even worse, in the case of the Fort
Worth structure, the staggering renovation or demolition costs create
negative asset value. Costs associated with a sick building that stands
empty can be staggering. Furthermore, it poses an unending nightmare
for the owner, architect, engineer and facility manager. Owners cannot
afford empty buildings. Companies cannot afford higher absenteeism
and lower productivity. However, legal costs may prove to be the greatest economic burden of all.

