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Some sad news: New

England and EPA lost a
true advocate for the
environment with the death
of Paul G. Keough, Deputy
Regional Administrator in
Region 1. Paul was well
known as a tough enforcer,
a fair administrator, and a
superb communicator. He
was also a national leader
in promoting environmental
education and EPA’s human
resources, as Administrator
Browner recognized by
creating the Paul G.
Keough Award for Adminis-
trative Excellence. He will
be sorely missed.
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From the Editors

Mention air pollution, and most of us think of outdoor air
pollution and regulatory standards under the Clean Air Act.
Those of us who live in certain urban areas may think of
“inversion” effects and smog alerts, when we may be advised
against exercising out of doors.

But what about indoor air? Comparatively recent exposure
monitoring studies, based on a concept called “total exposure
assessment,” have called into question the notion that indoor
environments are a safe haven from air pollution. In fact, certain
pollutants, such as benzene (a component in environmental
tobacco smoke, or ETS) are sometimes found at higher levels
indoors than outside. The implications of these findings are
compelling. After all, 90 percent of our time, on average, is spent
in indoor environments including residences and workplaces,
various public and commercial buildings, and private and public
transport vehicles (cars, buses, subway and other trains, and
airplanes).

Outdoor ambient air-quality standards do not apply to indoor
air. Even if they did, however, few observers believe that a
traditional, pollutant-by-pollutant approach would be adequate to
solve indoor air pollution problems. Among other reasons, many
more pollutants are involved (4,000 in ETS alone) than are
regulated in outdoor air, and there are many unanswered
questions about such phenomena as “sick building syndrome”
and multiple chemical sensitivity. What, then, is the best
approach for protecting indoor air quality? Not everyone agrees,
but several contributors to this issue of EPA Journal explore this
question. Related articles discuss cutting edge research, regulatory
and nonregulatory initiatives, and proposed legislation. Take a
deep breath, and stay with us.o
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Ongoing Enforcement

$2.8 Million Sought
for Failure to Report
Chemical Releases

Administrative complaints
totaling $2.8 million have
been filed by EPA against 37
facilities for failing to make
reports to the Toxic Release
Inventory (TRI). The facilities
are located in all 10 EPA
regions. Under the
Emergency Planning and
Community Right to Know
Act (EPCRA), companies
must report to TRI by July 1
each year on releases or
transfers of certain toxic
chemicals. TRI currently lists
more than 300 such
chemicals. The Pollution
Prevention Act requires that
companies also report on
source reduction and
recycling activities associated
with these chemicals. The
complaints are against
companies that failed to file
reports for 1991 and
preceding years. The
compariies include paper
manufacturers, motor vehicle
manufacturers, makers of
railroad equipment, makers of
specialty cleaning and
sanitation preparations,
ammunition makers, and
many others. Companies who
fail to submit TRI reports are
subject to civil administrative
penalties of up to $25,000 per
day per violation. TRI allows
EPA and the public to gauge
progress in reducing toxic
chemical waste. State and
local emergency response
officials, fire departments,
and others use TRI to identify
chemical threats.
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Action to Stop
Untreated Sewage
Discharge in
South Florida

The Department of Justice
and the U.S. Attorney’s office
in Miami have filed a civil
complaint on behalf of EPA to
stop the illegal discharge of
untreated sewage into the
Miami River, Biscayne Bay,
and other local waterways,
and to replace the Cross-Bay
line—a 37-year-old sewer pipe
that carries untreated sewage
from Miami under Biscayne
Bay to a treatment plant on
Virginia Key. The complaint,
filed against metropolitan
Dade County (Metro-Dade),
Florida, and the Miami-Dade
Water and Sewer Authority
Department (MDWASAD),
alleges numerous and
repeated discharges of raw
sewage into the Atlantic
Ocean, Biscayne Bay,
Gratigny Canal, and the
Miami and Little rivers. As
recently as last spring, some
25 million gallons of
untreated wastewater were
discharged into the Miami
River because of a pump
station failure. EPA and the
State of Florida are working
with county officials to
develop a plan for
expeditious replacement of
the Cross-Bay line and for
preventing further discharges
from the wastewater
collection and treatment
system.

Hazardous Waste
Action Against
Air Force Base

The first imminent and
substantial endangerment
order ever issued to a military
installation has been filed by
EPA against the Reese Air
Force Base, located near
Lubbock, Texas. Samples
drawn from one of the base's
offsite monitoring wells for
the area’s aquifer contained
carbon tetrachloride, chloro-
form, bromodichloromethane,
and trichloroethylene (TCE).
TCE, in concentrations ex-
ceeding EPA’s drinking water
standards, was also found in
at least 10 residential,
business, or church wells.
TCE is associated with birth
defects; some forms of it are
classified as possible or
probable human carcinogens.
Texas Water Commission and
EPA officials said that the
most likely source of the
contamination was a leaking
industrial drain. They cited
the cooperation of base
officials, who supplied bottled
water to affected residents.
EPA’s order was issued under
the Resource Conservation
and Recovery Act (RCRA);
the Federal Facility
Compliance Act authorizes
the Agency to cite federal
facilities just as it would
private parties.

Booz-Allen and
Hamilton Fined

$1 Million for False
Time Sheets

The U.S. District Court,
Middle District of North
Carolina, has fined
Booz-Allen and Hamilton of
McLean, Virginia, $1 million
for submitting false time
sheets on EPA contracts. The
court has also ordered the
company to pay restitution of
$638,000. The company
cooperated with the
government in the
investigation and has entered
into a strict compliance
agreement with EPA. EPA
has agreed not to suspend or
debar the company provided
that it complies with the
agreement. The case was
investigated by EPA’s Office
of Inspector General, which
alleged that employees of the
company submitted time
sheets showing work on EPA
contracts when, in fact, they
were attending to personal
business or to company
business unrelated to the
contracts. Booz-Allen and
Hamilton, Inc., is an
international management
and consulting firm whose
customers include many of
the largest industrial
corporations in the United
States and most departments
and agencies of the federal
government. O



























Improving IAQ:
EPA’s Program

Poliution prevention must become routine

by Bob Axelrad

ecause of the possibility of serious
Jimpacts on the health of individuals
who may experience indoor air-quality
problems—as well as the dollar costs to
society if indoor air pollution is not
addressed—EPA has developed a
comprehensive program to better
understand the problem and to take
decisive steps to reduce people’s
exposures to indoor air contaminants
of all types. The program is predicated
on three primary principles.

First, even in the absence of
complete scientific understanding of
indoor air pollution, prudent public
policy dictates that reasonable efforts
be undertaken to reduce peoples
exposure to potentially harmful levels
of indoor air pollutants, using the
authorities available to the federal
government under current laws.

Second, pollution prevention—and
efficient resolution of indoor air-quality
problems of all types—must become a
routine aspect of the design,
construction, maintenance, and
operation of public and commercial
buildings, homes, health and day care
facilities, educational institutions, and
other special-use buildings.

Third, an effective research and
development program must be
conducted to achieve a more complete
understanding of the factors affecting
indoor air quality. Through this

(Axelrad is Director of EPA’s Indoor Air Division.)
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program, we also need to acquire a
better understanding of exposure
patterns, health effects, and control
techniques for improving indoor air
quality.

EPA is working to implement these
principles using non-regulatory as well
as regulatory tools available under a
number of federal laws to provide
information and incentives for action to
product manufacturers, architects,
engineers, builders, building owners
and managers, and building occupants.
The primary objectives of EPA’s
program are to:

o Establish effective partnerships with
organizations representing the range of
target audiences to communicate
specific guidance and information and
promote timely action on indoor air
quality issues

® Forge constructive alliances with
other federal agencies to leverage
resources and ensure that existing
statutory authorities are used most
effectively

® Develop practical guidance on

indoor air quality issues using a
broad-based consensus approach which
includes representatives from industry
and public interest groups to ensure
that information provided is accurate
and practical

® Design market-based incentives for
industries to lower chemical emissions
from their products and provide
consumers and other decision makers
with information needed to make
informed purchasing decisions

® Sharpen the focus of the chemical
screening and risk management
program under the Toxic Substances
Control Act (TSCA) and the Federal
Insecticide, Fungicide, and Rodenticide
Act (FIFRA) to ensure that chemicals
that pose unreasonable risks indoors
are identified and addressed

® Identify and fill research gaps in
order to address outstanding policy
issues concerning indoor air quality

® Select appropriate environmental
indicators to measure progress in
reducing population exposure to
indoor air-quality problems as the
program matures

® Bring about substantial reductions
in human exposure to the entire range
of indoor air pollutants.

Reducing Pollutant Levels
Indoors

The Building System Approach

EPA has set a high priority on
improving the way buildings are
designed and operated, having
concluded that people’s exposure to
indoor air pollutants can be reduced
significantly by implementing current
knowledge about sound building
operation and maintenance practices.
Some of the major actions to date
include:

® Issuance, in cooperation with the
National Institute for Occupational
Safety and Health, of comprehensive
guidance, entitled Building Air Quality:
A Guide for Building Owners and Facility
Managers, on how to prevent and
resolve the full range of indoor
air-quality problems in public and
commercial buildings

® Publication of The Inside Story: A
Guide to Indoor Air Quality to help
people identify and correct potential
indoor air-quality problems in their
own homes.

In addition, EPA is developing
guidance for school facility managers,
new home buyers, and architects and
design engineers to acquaint them with
the most current information on how
to prevent indoor air-quality problems
from occurring or resolve them quickly
if they do occur.
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Young children are at particular risk because they are
more likely to swallow lead dust and because the
impact on their developing nervous systems is more

severe.

prevent involuntary exposure to ETS in
indoor environments.

Toxic Substances. TSCA grants EPA
broad authority to control chemical
substances and mixtures that present
an unreasonable risk of injury to health
and the environment. EPA has
authority to require testing of chemical
substances and mixtures; regulate
hazardous chemical substances and
mixtures by prohibiting or restricting
their manufacture, processing,
distribution, and disposal; review new
chemicals and their intended uses; and
impose labeling or notification
requirements. TSCA has been used to
regulate asbestos. In addition to using
TSCA to regulate individual chemicals,
the Agency is now evaluating groups
of chemicals in selected use categories
for their effect on people in indoor
environments.

Asbestos. Under the Asbestos Hazard
Emergency Response Act, passed in
1986, EPA established a regulatory
framework for addressing the
management or abatement of asbestos
in schools. As mandated by the
Asbestos School Hazard Abatement
Reauthorization Act of 1990, the
standards that the Agency established
for state accreditation of school
personnel are currently being revised
to include certain workers in public
and commercial buildings and to
increase the minimum number of
training hours required. EPA continues
to be involved in a range of outreach,
grant, and technical assistance activities
as well. This past year, EPA offered
$5.7 million in grants and $70.5 million
in interest-free loans for abatement
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projects in 156 school districts across
the nation.

Lead. Exposure to dust from lead-based
paint can pose a serious health threat
in homes or apartments built before
1978—the year residential use of
lead-based paint was banned by the
Consumer Product Safety Commission.
Young children are at particular risk
because they are more likely to
swallow lead dust and because the
impact on their developing nervous
systems is more severe. EPA, along
with other federal agencies, is working
to develop a comprehensive strategy to
address lead exposures indoors and to
develop effective procedures for lead
testing and abatement procedures
through implementation of the
Residential Lead-Based Paint Hazard
Reduction Act of 1992.

Formaldehyde. EPA is implementing a
project, focused on newly constructed
housing, to test exposure to
formaldehyde in indoor air. This
undertaking is part of an investigation
being conducted under TSCA. It will
provide data that the Agency will use
to determine if there is a need to
reduce permissible formaldehyde
emissions from interior pressed-wood
building materials, such as
particleboard flooring and wall
paneling, and from related products,
including cabinets and furniture.

Carpet. EPA, along with other federal
agencies, the carpet industry, and
others, has been investigating the role
that carpet plays in indoor air quality.
While some people report symptoms
which they associate with new carpet,

the cause remains elusive. The carpet
industry has initiated a major research
and information program—including a
new carpet consumer-information
label—to improve understanding of the
relationship between carpet and indoor
air quality.

Pesticides. FIFRA authorizes EPA to
control pesticide exposures by
requiring that any pesticide be
registered with the Agency before it
may be sold, distributed, or used in
this country. EPA is evaluating the
health impacts of indoor products
including insecticide sprays,
termiticides, and wood preservatives.
Major accomplishments include the
withdrawal from the market of
chlordane as a termiticide in homes
and mercury used as a mildewcide in
many indoor paints. This past year
EPA distributed to school districts
across the nation brochures
encouraging pesticide use reduction
and alternative pest-control methods
through Integrated Pest
Management.

Indoor Air Pollutants from Drinking
Water. The Safe Drinking Water Act
authorizes EPA to set and enforce
standards for contaminants in public
water systems to protect against both
health and welfare effects. Besides
setting standards for contaminants in
drinking water, EPA sets standards for
volatile organic compounds (VOCs)
that can enter the air through
volatilization from water used in a
residence or other building. Many
VOCs have already been regulated.
EPA is also currently developing a
standard for radon in drinking water.
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The TEAM Studies .. ... .

Hot showers produced elevated levels of chloroform

hat links cigarettes, air

deodorizers, and hot showers? If
you respond that they are among the
major sources of human exposure for
certain toxic chemicals, you probably
have been reading about the results of
EPA’s TEAM (Total Exposure
Assessment Methodology) studies.
EPA’s Office of Research and
Development developed the TEAM
concept in 1979, and for more than a
decade—by directly measuring the
exposure of individuals—these studies
have supplied a wealth of information
on our actual exposure to pollutants in
air and drinking water. As discussed
earlier in this issue of EPA Journal (see
articles on page 6 and 9), knowing
more about exposure enables us to
better estimate risk.

Participants in a TEAM study are
selected randomly, as in a Gallup poll,
to represent a much larger group.
Target pollutants are selected on the
basis of toxicity, carcinogenicity, and
production volume. To measure
exposure where people are, personal
air quality monitors are provided to
accompany participants on their
normal daily activities. If drinking
water is a likely source of a pollutant,
samples are collected from the tap at
home and at work. Samples of food or
house dust may be collected as well.
Breath samples are collected to
determine levels of certain pollutants in
people’s bodies. Cutdoor air samples
are collected near the participant’s
house to determine what proportion of
the exposure is contributed by outdoor
air.

To date, about 2,500 people,
representing a total population of
about 3 million residents of various
cities, have taken part in TEAM
studies. The TEAM concept has also
been applied in large-scale studies by
industry and by foreign governments.

(Dr. Wallace is an environmenial scientist at EPA’s
Atmospheric Research and Exposure Assessment
Laboratory. He has worked for the Agency’s Office
of Research and Development since 1977.)
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The premier TEAM study was the
first and the largest study that
attempted to determine whether
persons living close to chemical plants
and petroleum refineries had higher
exposures to toxic volatile organic
compounds than persons living a few
miles away. No such effect was found
at any of the study sites—Elizabeth
and Bayonne, New Jersey, and Los
Angeles, Antioch, and Pittsburg,
California. Surprisingly, the median air
concentrations of the 18 targeted
chemicals ranged from 2 to 20 times
higher in participants’ homes than in
the outdoors. In short, even in these
areas that were thought to be highly
polluted, outdoor air, on average,
accounted for only about 2 percent to
25 percent of total airborne exposure.
The bulk of the exposure, for every
chemical, came from indoor sources.

What were these sources? The study
was able to identify some, but not all,
of the important sources for certain
toxic chemicals. For example,
measurements of exhaled breath
revealed that smokers have 6 to 10
times the amount of benzene in their
blood as nonsmokers. In fact, for
average smokers, cigarettes provide
about 90 percent of their total exposure
to benzene. Moreover, indoor air in
homes with smokers had about 50
percent more benzene than in homes
without smokers.

A second toxic chemical included in
this study was para-dichlorobenzene
(p-DCB), a registered pesticide
commonly used to control moths but
also used as a bathroom air deodorizer.
It is used in most public toilets in the
United States, and it is the active
ingredient in products for the
home—“stickups,” sprays,
liquids—that are used as a room air or
toilet bow! deodorants. About a third
of the 750 homes measured in the
TEAM VOC studies had elevated levels
of p-DCB. By putting a common
bathroom air deodorizer into a home
and measuring concentrations of
p-DCB both in indoor air and in the

exhaled breath of the residents, the
investigators were able to track sharply
increasing concentrations of P-DCB in
the blood of the residents over a
three-day period.

This first TEAM study suggested that
elevated indoor air concentrations of
chloroform are caused by heated water
uses in the home, especially hot
showers and washing clothes and
dishes. Measurements of tap water
showed that it too was an important
source of exposure to chloroform.
Finally, measurements of food and
beverages showed the presence of
chloroform at low levels in soft drinks,
milk, and dairy products such as butter
and cheese.

A special TEAM study determined
that bringing home freshly dry-cleaned
clothes elevates indoor levels of
dry-cleaning chemical (usually
tetrachloroethylene) to concentrations
about 100 times outdoor
concentrations. Levels remain elevated
for at least a week. The major pathway
of exposure was determined to be the
outgassing of the chemical residues
remaining on the clothes.

Another special TEAM study of three
new buildings and seven older ones
showed that the new buildings had
concentrations of eight chemicals that
were typically 100 times outdoor
concentrations. These chemicals
included xylenes, ethylbenzene,
decane, and undecane, which are
commonly used in paints and
adhesives. Repeated visits to the three
new buildings over the three months
following their completion suggested
that it would take six months to a year
for the chemical concentrations to
decline to the levels observed in the
seven older buildings.

A TEAM study of exposure to carbon
monoxide (CO) in winter was carried
out in Washington, DC, and Denver,
Colorado. More than 800 people in
Washington and 450 in Denver carried
a newly designed personal CO monitor
for a day. The findings confirmed
suggestions from earlier studies that
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driving was the most common source
of concentrated exposure to CO. But
they also showed that attached
garages, gas stoves, and environmental
tobacco smoke (ETS) could elevate
exposures.

A TEAM study of exposure to
airborne pesticides (the
Nonoccupational Pesticide Exposure
Study, or NOPES) was carried out in
Jacksonville, Florida, and Springfield
and Chickopee, Massachusetts. Indoor
sources accounted for 90 percent or
more of the total airborne exposure to
most of these pesticides, some of
which had already been banned or
otherwise regulated by EPA (aldrin,
dieldrin, heptachlor, and chlordane)
but continued to be found in the
homes.

Since these pesticides were
previously used widely to prevent
termites, they are believed to have
entered the homes via diffusion of soil
gas into basements, in much the same
way as radon enters homes. Another
pesticide, DDT, banned for nearly 20
years, was found in house dust in five
of eight homes. Later studies, which
included measurements in soil just
outside the home, suggested that DDT
and other long-lasting pesticides may
be tracked in from soil clinging to
shoes.

PEANUTS

It is almost as if the participants
were walking about in their own
personal cloud of particles, a sort

of Pigpen effect. . . .

The most recent TEAM study was
performed in Riverside, California.
This was the Particle TEAM, or
PTEAM, study. A personal monitor
collected particles (and also nicotine) in
the breathing area of 178 Riverside
residents for two consecutive 12-hour
periods. The filters were later analyzed
for 15 elements, including lead,
chlorine, and sulfur.

A major surprising finding was that
daytime personal exposures were 50
percent higher than concurrent indoor
air concentrations measured by a fixed
monitor in the home. It is almost as if
the participants were walking about in
their own personal cloud of particles, a
sort of Pigpen effect, after the character
in the Peanuts comic strip. This excess
exposure—including exposure to 14 of
the 15 elements—may be due to
particles from carpets, furniture, or
clothing that are resuspended through
walking, sitting, or other movements.
Other important indoor sources of

CHARLES M. SCHULZ

THEY GAY HE CARRIES ON
HIM THE DIRT AND OUST OF
ANCIENT CIVILIZATIONS ... |
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PEANUTS reprinted by permission of UFS, Inc.

particles were smoking and cooking.

Cooking resulted in increased levels of
particles and organic chemicals known
as polyaromatic hydrocarbons (PAHs).

In summary, the findings of the
TEAM studies underline the
importance of actually measuring
human exposure, rather than
estimating it from measurements of
outdoor (or indoor) air. Without the
measurements made possible by
personal monitors, we might still think
that urban-industrial areas, chemical
plants, and petroleum refineries
provide our major sources of exposure
to toxic chemicals. Instead, the TEAM
studies suggest that the major sources
for many chemicals are literally under
our noses.

Should we be worried about these
chemicals? The TEAM studies alone do
not answer this question. In the case of
benzene, both the International Agency
for Research on Cancer (IARC) and
EPA have determined that benzene
causes leukemia in humans. Further,
studies have shown that children of
smokers die of leukemia at twice the
rate as children of nonsmokers. Many
of the other chemicals mentioned
above—chloroform,
tetrachloro-ethylene, PAHs,
p-DCB—cause cancer in rats and mice;
they mayor may not cause cancer in
humans. Some of the remaining
chemicals—xylenes, decane,
undecane—act on the central nervous
system at high concentrations, causing
dizziness and headaches. Because
these symptoms are common in Sick
Building Syndrome (SBS), particularly
in new or renovated buildings where
concentrations of these chemicals are
high, some investigators believe that
these and related VOCs may be one of
the causes of 5BS.

What can you do to reduce your
exposure to indoor air pollutants? A
number of simple and inexpensive
measures, such as maintaining a
smoke-free home and routinely using a
doormat or even establishing a “no
shoes indoors” policy to avoid tracking
soil into the house can reduce
exposures considerably. To obtain a
free booklet, The Inside Story, which
describes actions people can take to
reduce their exposures to indoor
pollution, contact: Indoor Air Quality
INFO, P.O. Box 37133, Washington,
DC 20013-7133; phone: 800/438-4318. O
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Economic Effects

of Poor |IAQ

Just opening a window can disrupt production

Foor indoor air quality (IAQ) takes
its toll in a variety of ways. It
damages our health and our
possessions; it lowers our productivity
at work; and it diverts resources to
diagnosing and solving problems that
result from it. Although the economic
costs of some of these damages are
fairly tangible and easy to quantify, a
large portion are hidden. The
cumulative impact can easily reach into
the billions of dollars.

The cost to diagnose, mitigate, and
litigate IAQ problems is evidenced by
the burgeoning number of businesses
providing these services. A recent EPA
survey indicated that over 1,500 firms
specialize in 1AQ services, a 25-percent
increase from 1988. The median price

for evaluating and balancing ventilation

systems ranges from $250 to $1,500.
The median for duct-cleaning services
is about $500 and for asbestos

abatement and construction/renovation,

about $5,000. Costs can be as high as
$50,000 for some of these services.

In addition, the cost of fees, awards,
and settlements is also growing as an
increasing number of IAQ-related cases
are being litigated. Although most IAQ
complaints are resolved through
settlements, enormous sums of money
have to be invested in investigations,
testing, and expert testimony, in
addition to legal fees. The settlements
themselves are often in the hundreds
of thousands to millions of dollars.

The economic costs of poor 1AQ also
include the actual damages to property
caused by contaminants. Indoor air
pollutants can damage metals, paints,
textiles, paper, and magnetic storage

(Haymore is Vice President of the Energy and
Environmeni Division, Socio-Technical Research
Applications, Inc. Odom is @ Senior Associnte at
Socio-Technical Research Applications, lunc.)
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media and can cause increased soiling,
deterioration of appearance, and
reduced service life for furniture,
draperies, interiors, and heating,
ventilation, and air conditioning
(HVAC) equipment.

Some objects and materials are
“sensitive populations” and are
particularly susceptible to damage. For
example, antique leather- bound books
and fine art are particularly vulnerable
tu a number of contaminants.
Electronic equipment, which is
particularly susceptible to corrosion,
represents a large investment at risk
from poor IAQ.

Injury to people represents an even
larger cost of poor IAQ. EPA ranks
IAQ problems as one of the largest
remaining health risks in the United
States. Health effects range from the
mildly irritating, such as headaches
and allergies, to the life threatening,
such as cancer and heart disease.
Medical costs due to excess cancer
cases caused by indoor air
contaminants are estimated to range
from $188 million to $1.375 billion
nationwide. Heart disease caused by
exposure to environmental tobacco
smoke can equal another $300 miilion.
One study indicated that for every 100
white collar workers, poor IAQ would

cause an extra 24 doctor visits per year.

This amounts to another $288 million.
One of the “invisible” costs of poor
IAQ is the lost productivity of workers
who experience headaches, eye
irritation, and fatigue, among other
symptoms. Productivity drops as
employees are less effective at their
tasks, spend more time away from
their work stations, or require more
frequent breaks. Even a seemingly
minor activity such as taking a pain
reliever or opening a window can
disrupt productivity. In more severe
cases, increased absenteeism and
plummeting morale result. One study

by Curtis Haymore and
Rosemarie Odom

found that 14 minutes are lost per
8-hour day due to poor IAQ. In
addition, for every 10 workers, poor
IAQ causes an additional six sick day:
per year. If this is true, the resulting
cost of the lost productivity for the
United States is $41.4 billion.

Given these large costs of living wit
poor-quality indoor air, what can be
done? The long-run answer is that
buildings can be designed better. The
short-run answer is to correct problemr
in existing buildings. What does it
cost? Our research has shown that
better practices often save money. In
any event, they are a small fraction of
overall building costs, and they are
substantially less than the price we pa
for poor IAQ.

Better Designs Save Money

About 1,250,000 new housing units
and new office, retail, and factory
buildings are built each year. In these
new structures, architects and builders
have the opportunity to “do it right th
first time.”

The first step in better designs is to
avoid contaminants. Architects and
builders can:

® Insist on building materials that
have fewer potential contaminants or
have lower concentrations of
contaminants

® Change the mix of materials (for
example, using linoleum instead of
carpeting usually results in fewer
potential contaminants and a lower
building cost)

® “Air out” materials before they are
used, and air out the building before it
is occupied

® Place air intakes away from sources
of contaminants, such as parking areas
street traffic, and exhaust vents
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Regulating IAQ:
The Economisf’s
View Iindoor air is air that someone owns

by Robert G. Hansen and
John R. Loft, Jr.

arketplace forces don't always
produce the desired results in
environmentai quality. Outdoor air
pollution, for example, is a difficult
problem to solve using the free market.
In large cities there are thousands of
sources of pollution and millions of
potential victims. If left to their own
desires, would those individuals
responsible for outside air pollution
assume the cost of reducing pollution
but share the benefits with everyone
who might be affected? Altruism seems
unlikely to be enough to solve this
pollution problem, and the likely
answer is no. In the case of outdoor air
pollution, then, most economists
would advocate taxes to make those
who produce the pollution bear the
costs that they are imposing upon
others. Indoor air pollution is another
matter.

In general, environmental problems
arise precisely because decision makers
do not bear all the costs resulting from
their decisions. Economists refer to one
version of this problem as the
“common pool” or “overfishing”
problem. In the case of fisheries,
fishermen overfish an area until the
stock of fish has been depleted because
they stand to gain nothing for letting a
fish remain uncaught. If one fisherman
lets a fish go so that it might mature
and produce more offspring, there is
no guarantee that another fisherman
will not catch that same fish.

(Hansen is an associate professor at Tuck School of
Business at Dartmouth College; Lott is the Carl D.
Covitz Assistani Professor ai the Wharton School of
Business at the University of Pennsylvania.)
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Therefore, the fishermen catch the fish
as quickly as they can, and the
outcome is that the fishery is depleted.

One solution to this problem,
favored by economists, is to ensure
that one person owns the fishery.
When a fishery is privately owned and
not open to just anyone who desires to
fish there, it is in the owner's interest
to maximize the long-term value of that
property. Moreover, if fish become a
scarce commaodity in the future, the
individual owner stands to earn an
even greater return for abstaining from
fishing today so that more fish will be
available for sale at a higher market
price later.

The irony in the current debate over
indoor air pollution is that indoor air
fits the classic case where economists
argue government intervention is most
unwelcome. By definition, indoor air is
air within a building that someone
owns. As long as someone owns the
air, he or she obtains both the benefits
and the costs from deciding how clean
it should be.

The most obvious case is where
someone owns and lives in a home
alone. No problem exists since the
owner/occupant bears all the costs and
benefits of any pollution produced
within, This is just as true for the
decision to smoke cigarettes as it is to
purchase less expensive products that
emit toxic fumes, such as benzene or
formaldehyde, instead of more
expensive ones that do not. Even with
more than one occupant in the house,
there would still not be a case for
government intervention. Since those
affected are few in number, they
should easily be able to reach
agreement on air quality within the
house.

Bungee jumper take
plunge. The individua
attach different valu
health and length
than the govern

If government intervention occurs in
such a case, it should be limited to
providing individuals unbiased

-information—though it is not obvious

why the market would not provide
such information if really desired by
people. (For example, the information
could be produced through Consunier
Reports or private firms rating the
condition of houses.)

Cost-benefit calculations done by the
government are not a close substitute
for private decision making.
Individuals’ decisions may differ from
regulators’ because individuals may be
inarticulate and uninformed, or
perhaps because they may attach
different values to their health and
length of life than do the regulators.

Cost-benefit analysis goes to great
lengths to approximate peoples values
for these things, but this is one area
where we can simply rely on those
affected individuals to reveal this
information themselves. Moreover,
binding regulations ignore the
possibility that just as some individuals
are happiest when taking risks like
bungee jumping, there may be a few
whose utility is greatest when they
take risks that most people deem
unacceptable.

Individuals undoubtedly make
mistakes, but the government must
find some way of distinguishing
whether people are underestimating
the risks of their actions or are simply
attaching different values to things
than regulators do. The problem is
even more complicated in that
individuals may be just as likely to
overestimate the risks from their
actions as they are to underestimate
them. Evidence from opinion surveys
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California’s Program

Indoor air problems arent amenable to regulation

by Jerome Wesolowski

n 1982, California’s legislature
Iestabiished an Indoor Air Quality
Program (CIAQP) in the Department of
Health Services to carry out research
on the nature and extent of the indoor
air problem (excluding industrial
worksites), to find appropriate
mitigation measures, and to promote
and coordinate the efforts of other state
agencies. Since indoor air problems
usually are not amenable to regulatory
solutions, regulatory authority was not
included in the mandate.

Seven technical people work in the
program. They represent several
disciplines, including chemistry,
epidemiology, industrial hygiene,
ventilation engineering, psychology,
and microbiology. The group also
draws on other professionals in the
Department of Health Services (DHS),
such as toxicologists, physicians,
sanitarians, and risk assessors.

The program conducts research into
a wide range of contaminants—radon,
asbestos, formaldehyde, carbon
monoxide, volatile organic compounds,
environmental tobacco smoke (ETS), as
well as into biological aerosols that
cause such diseases as Legionnaires
disease, tuberculosis, allergies, and
asthma. Studies are also carried out to
better understand the Sick Building
Syndrome. The research includes field
surveys to determine the exposure of
the population to specific contaminants
and experiments in the laboratery to
develop protocols for reducing
exposures. The research emphasizes
measurement of exposure--
concentration multiplied by
the time a person is exposed—as
opposed to measurement of
concentration only.

(The late Jerome Wesolowski was the Chief of the
Environmental Health Laboratory of the California
Department of Health Services and an Adjunct
Professor al the University of Catifornia, Berkeley.
He died on January 1, 1994, at the age of 61.
Donations in his name may be made either to
environmental conservancy agencies or fa cancer
research.)
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The research provides a scientific
basis for policy. For example, radon
surveys were used in developing the
state’s mitigation objectives. These
objectives are somewhat less ambitious
than those of other states, because the
survey found that radon levels in
California were generally lower than
levels in other states.

The research component also
provides the scientific foundation for
the education component. Education
includes workshops, technical
conferences, telephone response to
citizen questions, and the development
of pamphlets and guidelines for the
general public, building owners and
managers, and hospital staff.
Pamphlets and guidelines include: A
Californian’s Guide to Radon, Using
Ultraviolet Radiation and Ventilation to
Control Tuberculosis, Guidelines for
Reduction of Exposure to Volatile Organic
Compounds (VOC} in Newly Constructed
or Remodeled Office Buildings, and
Control of Asbestos in Public Buildings.
Because resources don’t cover
investigative services for individual
citizens or building owners and
managers, the group has developed an
assistance directory which lists the
names, addresses, telephone numbers,
and [AQ diagnostic and mitigation
services offered by private companies
in California.

The program coordinates other state
IAQ activities through an Interagency
Working Group. The group consists of
representatives from state and local
agencies, private companies, and
environmental groups; it meets at least
quarterly. State agencies include the
Air Resources Board (ARB), the
California Energy Commission,
CalOSHA (Occupational Safety and
Health Administration), the
Department of Consumer Affairs, the
Office of the State Architect, the
Department of Housing and
Community Development, the
Department of Education, and the
Department of General Services. Many

of these agencies have minimal IAQ
resources.

An exception is the ARB. In 1986,
the legislature gave the ARB authority
to carry out exposure-assessment
research through extramural grants.
The ARB was required to assess both
indoor and outdoor exposures when
estimating the risks posed by
pollutants considered under the toxic
air contaminants program. Again, no
regulatory authority was included.
Notable research efforts, often in
cooperation with the CIAQP and
federal EPA, include: studies to
determine what percentage of time
Californians spend on various activities
in different environments (home, car,
work, etc.); and exposure assessments
for contaminants such as
formaldehyde, volatile organic
compounds, small particles, radon, and
polynuclear aromatic compounds. For
many of the pollutants studied,
exposures were found to be much
higher indoors than outdoors.

Although the largest programs are
those of the DHS and ARB, the other
agencies also explore ways to improve
IAQ. For example, Cal/OSHA, with
technical assistance from CIAQP, has
promulgated a Minimum Building
Ventilation Standard that assures that
ventilation systems are not only
correctly designed and installed, but
are also properly operated and
maintained.

City and county governments play
an important role in improving IAQ by
adopting and enforcing local building
codes, by responding to citizen
complaints, and by adopting smoking
ordinances. Approximately 300 of 458
cities have significant nonsmoker
protection laws. CIAQP carries out
research to establish the efficiency of
various ETS exposure reduction
techniques in office buildings.

The State’s Tobacco Control
Program, a multimillion dollar effort
funded by a 25-cents-per-pack cigarette
tax, attempts to protect the public
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through a strong education campaign
on the significant health aspects of
“involuntary smoking.” Numerous TV,
radio, billboard, and newspaper and
magazine advertisements inform the
general public, particularly parents, of
the hazards of ETS. Funds are given to
local health departments to help them
educate local businesses, youth
organizations, and policy makers and
to assist them in developing legislation
to provide smoke-free environments.
Additionally, a competitive grants
process funds projects to inform the
public of ETS hazards through labor
unions, child-care facilities, and health
care facilities.

In 1993, Governor Wilson signed an
executive order banning smoking in all
public buildings. The order was
subsequently made into law. A law has
also been signed which bans smoking
in all licensed child-care facilities.

IAQ in California is also improved
through an unlikely mechanism,
Proposition 65. Among other features,
Prop. 65 declares that people may not
be exposed knowingly to significant
amounts of a toxic substance without
first receiving a warning. This includes
exposures from air, water, and
consumer products. A unique feature
of the law is that any individual or
group may inform the appropriate
authority (e.g., the Attorney General)
of their intention to sue a business that
they believe is in violation. If the
authority does not prosecute the
purported violator within 60 days, the
individual or group is allowed to
proceed with a suit and, if it is
successful, they will retain a portion of
the penalty provided by the law.

Proposition 65 declares that people
may not be exposed knowingly to
significant amounts of a toxic
substance without first recefving a
warning.

A 1989 consumer product case
illustrates how the process works. It
involved a product many clerical
workers and graphic artists use
regularly, namely typing correction
fluid. The case was initiated by an
environmental group, which claimed
various manufacturers were in
violation of the adequate warning
provision of Prop. 65. The group
alleged that the manufacturers’
products contained amounts of
trichloroethylene (TCE) sufficient to
cause significant cancer risk to
consumers using the product in a
reasonable way. The significant cancer
risk level is defined as one excess
cancer case per 100,000 people exposed
for a lifetime.

Chemical analysis of randomly
selected samples purchased from
retailers revealed that many of the
products did contain TCE in amounts
of about 30 to 50 percent by weight. Of
course, the question is not what is in
the bottle, but what is the consumer’s
exposure. Prop. 65 simply refers to the
“level in question.” The California
Health and Welfare Agency has
interpreted this to mean exposure
which is the result of reasonably
anticipated use at an avernge rate of
consumption by the typical consumer.

OV THE FASTRACK ®

Although it can be argued that this is
still somewhat vague, it does make it
clear that exposure estimates are not to
be based on the worst possible
scenario.

The anticipated exposure was
estimated by simulating the use of
these products by a researcher in a
simulated office exposure chamber.
TCE was measured—using a personal
sampler as well as area samplers
located in various parts of the
room—throughout the day as the

* researcher used typing correction fluids

under typical conditions. For example,
it was assumed that a typical use of the
product might involve correcting 10
standard type characters at a frequency
of one application every two hours
during the workday. The
measurements indicated a typical office
worker would receive an exposure
much higher than that which would
trigger the significant cancer risk under
Prop. 65 guidelines.

The Attorney General decided that
this was sufficiently high to proceed
with the case. Manufacturers decided
to reformulate many of the correction
fluids rather than face litigation.

Of necessity, a state IAQ program
will be complex and involve many
agencies and groups. It is important
that one organization be responsible
for coordinating the efforts and
assuring that important aspects of the
problem are not overlooked. In
particular, it is critical that IAQ
programs vigorously address the ETS
problem. An IAQ program that does
not make ETS a high priority is failing
to address a major public health
issue. O

By Bill Holbrook
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IAQ: Whose Responsibility?

The problem is not energy conservation

by Hal Levin

A popular myth holds that energy
conservation measures,

implemented since the oil crises of the
1970s, cause indoor air pollution
problems. This myth ignores the fact
that most indoor air pollutant sources
have little or nothing to do with energy
conservation. In at least one study
conducted before 1973, the air inside
buildings was found to be more
polluted than outdoor air even during
severe air pollution events. In fact,
only two types of conservation
measures directly increase indoor air
pollutant concentrations:
inappropriately reducing ventilation
and using sealants and caulks that emit
pollutants.

The myth ignores the fundamental
responsibility (and ability) of architects,
engineers, and building operators to
create indoor environments that are
both habitable and environmentally
responsible. Achieving good indoor air
quality (1AQ) is as essential as
providing comfortable, healthy thermal
conditions and functional, aesthetically
sound lighting and acoustical
environments.

How Ventilation Affects IAQ

Changes in ventilation rates generally
affect IAQ only indirectly. What
directly impacts 1AQ is the relationship
between ventilation and pollutant
sources. Consider the following three
factors.

First, there would be no indoor air
contamination if there were no
pollutant sources. The sources have
changed in number and kind during
the past 45 years or so; abundant,
harmful pollutant sources have
resulted from new building materials,

(Leuint is a Califoritia vesearch architect and editor
of Indoor Air Bulletin.)
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furnishings, equipment, and consumer
products.

Second, thermal control has become
the dominant driving force in system
design. The need to maintain good
IAQ by adequate outdoor air exchange
has become incidental.

Finally, in the majority of buildings
with IAQ problems, ventilation
systems do not function as designed.
Many of these failures result from
problems in operation and
maintenance. As many as 75 percent
stem from design and construction
flaws because designers simply did not
place enough emphasis on 1AQ.

Thermal Control vs. Air Quality

Historically, ventilation requirements
were set to maintain air quality. In the
19th century, before people began to
bathe frequently and use personal
deodorants, rates were specified to
keep human body odor at acceptable
levels. Traditionally, architects and
engineers designed mechanical or
natural building ventilation on the
basis of established outside air
requirements for assumed occupant
loads and activities in the building
program.

With the advent of variable air
volume systems in the 1950s, thermal
control objectives came to drive system
design. The shift became more
important as buildings became larger.
There was more space remote from the
envelope, or exterior, of the building
and concomitant Jost access to daylight
and ventilation through windows. This
shift has led to the notion that “energy
conservation causes indoor air
pollution.” At most, reduced air
exchange to conserve energy
exacerbates 1AQ problems, but, for the
most part, the causes of indoor air
pollution are not the direct result of
energy conservation.

Determining Loads

Maintaining a healthy, safe, and
productive environment requires that
ventilation be sufficient to maintain a
quality. The amount of ventilation
required depends on the occupant
density, the types of activities that tal
place in the building, and the strengt
of pollutant sources (from equipment
building materials, and consumer
products). Since these factors vary
independently, it is difficult to provid
universally applicable ventilation rate:
The American Society of Heating,
Refrigerating, and Air Conditioning
Engineers (ASHRAE) sets minimum
ventilation values, but these assume r
“unusual sources” of indoor poilutant
The burden is on designers to
determine the nature of pollutant
sources and whether they require mos
than the recommended minimums.

Sources of Indoor Air Pollutants

There are many sources of poliutants
in buildings, and they vary
considerably from building to building
For that reason, addressing these
sources effectively must be part of the
design process. Simply following the
general guidance for ventilation as a
means of controlling pollutants means
choosing the default solution; it does
not represent the best effort of a good
designer.

It is important to understand the
relative contributions of various
sources and to address the strongest
ones. We must go after the ones with
the most surface area, the most mass,
and the emissions that we know or
believe to be most irritating or toxic.

Emissions from new building
materials far exceed emissions from
aged materials. However, maintenance
refinishing, and replacement activities
do result in significant increases in
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