
The Residential Weatherization Program 
sponsored by the Bonneville Power 
Administration (BPA) is an important part of 
the effort to secure a low-cost energy future 

for Northwest ratepayers. Conserving electricity 
is generally cheaper and has less impact on 
the environment than building dams or 
developing other power resources. 

BPA's goal is to weatherize about 270,000 
electrically heated residences by 1990. By 
1984, just three years since the program 
started, BPA had already weatherized 130,000 
residences. 

"Weatherization measures that reduce 
the amount of air flowing through a 
home could cause pollutants to build 
up in the indoor air." 

Consumers participating in BPA's program can 
choose from a variety of energy-saving 

measures, such as floor and ceiling insulation, 
dehumidifiers, storm windows, and clock 
thermostats. Measures that seal air leaks in a 
home can save about one-third of the energy 
and money needed for heating and cooling. 
These "house-tightening" measures--storm 
windows, weatherstripping, caulking, blown-in 
wall insulation and the like--are popular 
because they not only prevent energy loss, 
they also shield homes from noise and drafts. 

For some consumers, though, house-tightening 
measures may be a mixed blessing. Since 
less air enters from outdoors, pollutants can 
build up inside. House tightening does not 
cause indoor air pollution. But it can increase 
the levels of pollutants already in the home. 

This booklet discusses what indoor air 
pollution is and how it can affect your health. 
It explains the effects of house-tightening 
measures on pollutant levels and how BPA 
addresses this problem in its Residential 
Weatherization Program. It also provides a 
guide to detecting and controlling pollutants 
commonly found in homes. 

November 1984 
E & P-3-7 

Installing storm windows and other house-tightening measures can save about one-third 

of the cost of heating and cooling, but they also increase pollutant levels in a home. 
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I 
Summary: Indoor Air Polutants, Potential Health Effects 

Pollutant 

Radon 
(Seo Pago 10) 

,_____ --

Formaldehyde 
(See Page 13) 

Combustion gases: 

Description 

Oderless, colorless, radioactive 
gas, a decay product of radium, 
which occurs naturally in the 
earth's crust. 

Strong-smelling, colorless, water 
soluble gas, a component of 
some insulation and of glues 
used in making plywood, 
particle board and textiles. 

Health Effects 

Believed responsible for about 
5% of all lung cancers 

Nose, throat and eye irritation, 
possibly nasal cancer. 

Carbon monoxide Colorless, orderless, tasteless Lung ailments. Impaired vision 
l---l---�(S�e�e_:Pa�1ot.!:1e:.._1!:!5'L-J ________ +-----l:n�::ic: , ...Jt:L.lro.u.m.LL.J;a:u.llt.....fu..11 u;;;e;i..l J.Jbu11LJ..J.JJrni·n�'':!':f------r----<"';iu"cLb·cair:l-/.ut1Gtiof.1ill�J.-i1+--

very high concentrations. 

Nitrogen Oxides 
(See rage 10) 

Resplrable Suspended 
Particulates (RSP). 

(See Page 18) 

Benzo-(a)-pyrene (BaP) 
(See Page 18) 

Household Chemicals 
(See Page 19) 

Colorless, tasteless gas formed 
during combustion. 

Particles in the air small enough 
to be inhaled 

A tarry organic particle from 
incomplete combustion. 

Organic compounds found in 
household products. 

�---------- -- ___ _._ ______ _ 
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Lung damage. Lung disease 
after long exposure. 

Nose, throat and eye irritation, 
lung cancer, emphysema, heart 
disease, bronchitis, respiratory 
infections. 

Nose, throat and eye irritation, 
lung cancer, emphysema, heart 
disease, bronchitis, respiratory 
infections. 

Irritation of skin, eyes, nose and 
throat, effects on central 
nervous system and metabolic 
processes. 
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I 
�nd Ways to Reduce Exposure 

Sources in Homes To Reduce Exposure 

Earth and rock beneath home. • Open windows and crawlspace vents. 
• Add crawlspace vents . 
• Avoid home-tightening measures like weatherstripping, or install 

air-to-air heat exchanger . 
• Seal cracks and other openings in basement floor. 

Various materials, including • Use materials that are relative low in formaldehyde. Examples are 

urea-formaldehyde foam low-formaldehyde particle board and exterior-grade plywood, 
insulation (UFFI), particle board, which release less formaldehyde than interior grades. 

plywood, furniture, drapes and 
carpet. 

• Be sure stoves are properly vented . 
Kerosene heaters, wood stoves, • Install exhaust fan above gas stove. 
unvented gas stoves, attached • Keep gas appliances properly adjusted. 
garages. • Clean chimneys . 

• Do not let fires smolder . 
• Do not leave car idling in garage . 

Kerosene heaters, unvented gas • Install exhaust fans above gas stove . 

stoves. • Keep gas appliances properly adjusted . 

• Increase ventilation . 

Tobacco smoke, wood smoke, • Avoid smoking tobacco inside or smoke near open window . 
unvented gas appliances, • Be sure pipe from wood stove does not leak . 
kerosene heaters, abestos 

• Vent combustion appliances outdoors . construction materials, house 
dust. • Change air filters regularly . 

• Increase ventilation 

Wood smoke, tobacco smoke. • Avoid smoking tobacco inside or smoke near open window . 

• Be sure pipe from wood stove does not leak . 

• Vent combustion appliances outdoors . 

• Change air filters regularly . 

• Increase ventilation 

Synthetic materials, pesticides, • Follow directions on labels for use . 
aerosol sprays, cleaning agents, • Use chemicals only in well-ventilated areas . 
paints. 

• Store chemicals in a garage or outdoor shed . 

• Substitute less hazardous products . 

3 
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What is Indoor Air Pollution? 

Every home contains pollutants that can affect 
the qual i ty of the i ndoor air. Some of the major 
poll utants are gases and particles generated 
when people use wood stoves and gas 
ranges, for exam ple, or when they smoke. 
Some poll utants, such as formaldehyde and 
other organ ic chem icals, are emitted by certain 
bui ld ing materials, home furn ishi ngs, cleaning 
agents, and pesticides. And poll utants i n  the 
outside air can also contribute to poor indoor 
air qual ity. For example, carbon monoxide and 
nitrogen dioxide from automobi le and ind ustrial 
em issions, as well as radon from u nderlying 
soi l ,  can migrate indoors. I n  most cases, 
pol lutants do not reach harmful levels. But i n  
some homes, poll utants b u i l d  up. A s  pol l utants 
increase, they can increasingly attect the 
health of the home's occupants. 

Is Indoor Air Pollution 
Something New? 

I ndoor air pollution has been with us ever 
since one of our ancestors first l i t  a f ire in an 
unventi lated cave. But in recent years 
researchers have become concerned and are 
giving this problem a closer look. 

Much of their concern is due to changes in 
the way we bui ld and modify our homes. 
Because of rising fuel costs, new homes are 
being constructed more tightly. And consumers 
are tightening their homes to reduce their  
heating and cool ing bi l ls. At the same t i me, we 
are using more and more products that emit  
poll utants into our homes. Some of these are 
bui lt  i nto the physical structure of residences; 
others we use i nside. 

SPA'S Involvement with Indoor Air Quality 

BPA's Environmental 
Impact Statement is 

an extensive 

analysis of the 

costs, risks, and 
benefits of fully 

weatherizing 
electrically-heated 

homes in the 
Northwest. 

BPA was one of the first Federal entities to 
become concerned with the issue of air quality 
in homes. Before embarking on its home 
weatherization program, BPA evaluted the 
scientific research available on indoor air 
pollutants. 

To help fill the information gaps, BPA sponsors 
original studies on the effect of house tightening 
measures on air change rates and pollutant 
levels. 

BPA's home weatherization program began in 
November 1981 on a limited scale. T he program 
offered ceiling and floor insulation and clock 
thermostats to all participating consumers. 

As a Federal agency, BPA is obligated by the 
National Environmental Policy Act of 1969 
(NEPA) to analyze the environmental 
consequences of its proposed programs and to 
take steps to avoid significant adverse impacts. 
Because indoor air pollution was identified as a 
significant environmental concern, BPA was 
required to prepare an Environmental Impact 
Statement (EIS), an extensive analysis of the 
costs, risks, and benefits of fully weatherizing 
electrically heated homes in the Northwest. 

Until the EIS was completed, measures 
designed to restrict the flow of outside air into 
the home (such as storm windows, 
weatherstripping, and caulking) were available 
only for residences that were unlikely to have 
characteristics associated with high levels of 

certain pollutants. For example, mobile names 
were excluded because they are likely to have 
high formaldehyde levels. 

T he EIS was completed in the fall of 1984.* 
BP/l's analysis found that pollutant levels in 
homes are generally low, though levels in a 
specific home are difficult to predict. BPA 
concluded that when consumers arc well 
informed about indoor pollutants and the 
problems they can cause, they can best 
determine if indoor air pollution is a problem in 
their own homes. 

Consumers in BPA's Residential Weatherization 
Program now decide for themselves if they wish 
to install house tightening measures. To give 
them with the facts they need to make an 
informed decision, BPA distributes this booklet 
through utilities and state agencies 
implementing the program. 

Because radon, a radioactive gas present to 
some extent in all homes, is difficult to detect 
and control, BPA offers the option of free radon 
monitoring to program participants who plan to 
install house tightening measures. If monitoring 
indicates that radon levels in a home will 
exceed BPA's Action Level after house 
tightening, BPA will share the cost of reducing 
this problem.** 

• See issue Alert, "Update: House Tightening Under BPA's 

Home Weatherization Program," August 1984. 

••See Page 12 



How Much is Known About 
Indoor Air Pollution? 

Research on air pol l ution in general began 
relatively recently. The Clean Air Act of 1963 

focused attention on cleaning up the outdoor 
a i r, but l i ttle attention was given to indoor air 
qual i ty, except in industrial settings. Air quality 
standards have been establ ished for certain 
poll utants i n  the outdoor air, but for many 
years it  was assu med that residences 
sheltered people from these pol l utants.1 
Researchers now know that pollutant levels i n  
homes can exceed standards set for outdoor 
l evels. 

"Concern about indoor air pollution 
grows as we build tighter homes and 
use more products which emit 
pollutants." 

M any i mportant questions remain unanswered. 
I nformation on pollutant levels found i n  homes 
is  avai lable for only a few poll utants. And even 
though many sources of these pollutants i n  
homes have been identified , m u c h  needs to 
be learned about how they vary in intensity. 
Further, there is not much i nformation about 
the long-term health effects of individual 
pol l utants, and even less on the effects of 
exposure to several poll utants s imultaneously-
a com mon occurrence i n  homes. Final ly, 
pol lutant levels i n  homes vary so widely that i t  
is  d ifficult  to predict from general rules 
whether a specific residence wil l  have a 
pol lut ion proble m .  

Before i t  began its Residential Weatherization Program, BPA 
sponsored research on indoor air quality 
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Sources Of Pollutants In Homes 

Kerosene Space 
Heater 

Carpets 

How Can I Tell If My Home has 
a Pollution Problem? 

You may possibly have an indoor a ir  pol lut ion 
problem if you have many sources of 
poll utants in you r  home, particu larly if these 
these sources emit poll utants at a high rate. 
The possibility is increased if your home's 
l iv ing area is small  and also if the air-change 
rate is  low. We'l l  look at these variables one at 
a t ime. 

Major Sources of Pollutants in 
Homes 

Pol lutants in homes come from many sources. 
The m ajor sources of poll utants that can 
cause health problems incl ude: 

• Unvented combustion appliances, 
such as gas ranges and kerosene and 
gas space heaters. These appl iances 
emit harmful combustion products d irectly 
i nto the l iving space. 

• Wood stoves and fireplaces. These are 
usually vented outdoors, but certain 
conditions--such as load i ng a wood stove, 
cracks or leaks in stovepipe, and 
downdrafts that blow poll utants down a 
chimney--can cause combustion products 
to leak i nto the indoor air. 

• Tobacco smoke. Sidestream smoke, 
smoke that can be i n haled by non
smokers, is a major source of indoor air 
poll ution. 

Words in italics are defined in a glossary at the end of this 
booklet. 

Particle Board 

Paneling 

5 
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"Wood stoves, tobacco smoking, and 
unvented gas appliances are major 
sources of indoor air pollutants." 

• A n u mber of sou rces emit 
formaldehyde. They add up: the more 
sources you have, the higher the 
formaldehyde level will be. Urea

formaldehyde insulation can be a major 
source of formaldehyde. Particle board 
and plywood used in kitchen cabinets, 
furniture, and paneling also contain 
formaldehyde. Smoking and gas stoves 
can also add formaldehyde to the i ndoor 
air. Texti les, too, can be a source of 
formaldehyde. Som e  kinds of carpeting,  
and fabrics treated to make them wrinkle 
resistant, fire-resistant, and water
repellant are formaldehyde sources. 

• Soil and rock underneath residences 
are major sources of radon,a radioactive 
gas. 

Source Intensity Varies 

A given sou rce may emit  pollutants at a h igh 
rate. For instance, an improperly adjusted gas 
range emits higher levels of nitrogen dioxide 
than a wel l-tuned o ne. Products contai n ing 
formaldehyde release m uch of  their  gas when 
they are new, so recently purchased kitchen 
cabi nets made from particle board , for 
example, emit higher levels of formaldehyde 
than cabi nets several years old.  

The Size of a Home Can Make a 
Difference 

Pol lutants tend to be evenly distributed in a 
vol ume of air. Given a constant source, 
pollutants wi l l  be more concentrated in a small  
volume of air, less concentrated i n  a large 
volume of air. Pol lutant levels in your home 
may be higher if the l iving area is  smal l ,  lower 
if the l iving area is large. 

Air Change Rates Vary 

Pol l utant levels also depend on a residence's 
ai r change rate--the rate at which ai r inside the 
home is  replaced by outside air. S i nce homes 
are not air t ight,  outdoor air filters in and 
i ndoor air escapes through gaps around doors 
and windows and through joints and cracks. 
As i ndoor air is  exchanged for outdoor air, 
poll utants i n  the home are d i l uted and swept 
outside. 

The air  change rate, a measurement of the 
amount of fresh air that replaces i ndoor ai r 
over a specified period of t ime, is usually 
given as average "air changes per hour" 
(ACH).  The more tightly-constructed a 
residence is, thA lowAr its ::iir  r.h;=mae. rate wi l l  
be.  A typical house i n  the Northwest has 
about . 75 air changes per hour. 2  Duplexes, 
apartments, and mobile homes have lower air  
change rates. 

The air change rate in you r  homA variAs. Winn 
speed , tem perature, t ime of year, and l iving 
patterns all affect i t .  A home's air change rate 
wi l l  be higher on a windy d ay. During the 
wi nter when the house is closed up, the air 
change rate will be lower than during the 
summer when doors and windows are opP.n .  
Pol l utant levels may b e  higher when the air  
change rate is low, and lower when the air  
change rate is h igh.  

Can I Measure Pollutant Levels 
in My Home? 

Techniques to measure poll utant 
concentrations in residences have been 
developed, but i n  many cases they i nvolve 
complicated and expensive equipment, t ime, 
and techn ical expertise. 

Small monitors are available to measure formaldehyde and 
radon levels in homes. 



There are only a few relatively inexpensive, 
easy-to-use devices avai lable that you can use 
in you r  home. Monitors, smal l  detectors that 
absorb poll utants, are available for 
formalde hyde, radon, and n itrogen dioxide. 
These si mple devices can be instal led in your 
home and left for a period of ti me. They are 
then 'analyzed by a laboratory. The results tell  
you the average poll utant l evel d u ring the 
mon itoring period . 

You can then com pare th is  level to existing 
standards, typical concentrations found in 
homes, and to levels known to cause health 
problems. These comparisons will not give you 
precise i nformation.  However, they can help 
you decide if you r  home has a pol lution 
proble m .  

(For further information on monitors, standards, 
and levels found in homes, see the sections 
on individual pol l utants i n  the "G uide to I ndoor 
Pol l u tants" in this booklet. 

Are There Standards for 
Acceptable Pollutant Levels? 

Air qual ity standards define the concentrations 
of pol l utants (in parts per million or micrograms 

per cubic meter) to which most people can be 
exposed for a given period of t ime without 
adverse health effects. Various states and 
organ i zation have standards or guidelines tor 
i ndoor pol l utant levels, but these mostly apply 
to the workplace or to publ ic bui ld ings. No air 
q u al i ty standards have been establ ished that 
apply to all residences in the United States. 

The Environmental Protection Agency (EPA) 
has establ ished standards for a few poll utants 
in the o utdoor air. These standards are 
desig ned to "protect the publ ic health . . .  with an 
adequate margin of safety."3 However, these 
standards provide only a rough estimate of 
acceptable i ndoor levels. People are exposed 
to i ndoor pol l utants over longer periods of 
t i me. And outdoor standards do not always 
take into account the suscept ib i l i ty of people 
who are very you ng, i l l ,  or elderly.4 

The Occupational Safety and Health 
Adm i n i stration (OS HA) reg u lates 
concentrations of pollutants in workplaces. 
However, the American Society of Heating,  
Refrigeration and Air Condit ioning Engineers 
(ASH RAE) and ASHRAE has recommended 
that tor the general publ ic, exposure should 
not exceed one-tenth of the ind ustrial 
standards. 5 
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For specific information on standards and 
recom mended maxi mum levels, see the 
"Guide to I ndoor Pol l utants." 

How Does Weatherization Affect 
Pollutant Levels? 

Many weatherization measu res, such as 
cei l i ng and floor insulation and clock 
thermostats, have no effect on poll utant levels. 
But "house-tighteni ng" measures--storm 
windows, weather stri pping, caulk ing,  and 
blown-in wal l  insulation--reduce the air change 
rate of a residence. Depending on which 
measu res are instal led, a home's a ir  change 
can be reduced by up to 30 percent. (See the 
chart, "Effects of House Tightening on Air 
C hange Rates.") Existing poll utant levels wi l l  
increase by the same amount.  

Percent Reduction in Air 
Change Rate by House 
Tightening Measure 

Storm Windows 
or 
Windows Weatherstripped 

Doors Weatherstri pped 

Cau lk ing 

Blown-in Wall I nsu lation 

Ducts Sealed 

Total Reduction in Air Change 

6% 

1% 

3% 

10% 

9% 

Rate: 29% 

Source: BPA, Bonneville Power Administration 
Residential Weatherization Program, October 1984. 

Tightening a house wi l l  not cause a pollution 
proble m .  But i t  can agg ravate an exi st ing one. 
If a home al ready has high pol lutant levels, 
house t ighten ing measures wil l  sl ightly 
increase the risk of health problems. 
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Air Change Rates in Homes 
Before and After House 
Tightening 

Type of Residence 

Sing le-Family 
Houses 

(detached) 

Si n�le-Family 
Houses 

(attached) 

Apartments 

Range of Air Change Rates 
Found in Pacific Northwest 
Homes (in air changes per 
hour) 

Before 
Tightening 

.50 - 1.50 

.35 - 1.00 

.30  - .90 

After 
Tightening* 

.35 - 1 06 

.25 - .71 

.21 - . 64 

• McaGu rcG inGtallcd: storm wi ndows, doors 
weatherstri pped , caulking, blown-in wal l  
insulation, d ucts sealed 

Source: BPA, Bonneville Power Administration Final 
Environmental Impact Statement for Expanded 
Residential Weatherization Program. 

Weatherstnpping doors reduces the air change rate of a 

home. 

How Does Indoor Air Pollution 
Affect Our Health? 

Effects of High Pollutant Levels in 
Homes 

Even brief exposure to elevated levels of 
certain pol lutants--carbon monoxide, n itrogen 
oxides, and formaldehyde, for example--can 
cause eye, nose, and th roat irr itat ion and 
respi ratory problems. People may have 
headaches, dizziness or nausea. They may 
have trouble breathing or find they t i re easi ly. 
Their  symptoms vary, depending on the i r  
sensitivity to a particular pol lutant and the 
level of exposu re. Often these effects 
disappear when the sou rce of the pol lutant is 
removed. (ror detailed i nformation on the 
specific effects of poll utants, see the "G u ide to 
I ndoor Pol lutants" in th is booklet . )  

Long-Range Effects of Low Pollutant 
Levels Uncertain 

Researchers are concerned about the possible 
long-range effects of exposure to low levels of 
certain pol lutants, but as yet there is very l itt le 
i nformation. Prolonged exposure to n i trogen 
dioxide and carbon monoxide may lead to 
chron ic respiratory problems. People can 
develop chronic sensitivity to formaldehyde--an 
al lergic reaction. Long-term exposure to benzo
(a)-pyrene, a tarry substance present i n  
tobacco and wood smoke, a n d  radon,  a gas 
found in most soil and rock, m ay increase the 
risk of l u ng cancer. 

However, uncertai nties cloud the issue. 

As yet, very l i tt le is known about the effects of 
long-term exposure to low levels of pol l utants 
found in homes. While stud ies are underway, 
research is st i l l  in its prel i m i nary stages. The 
picture is further complicated by the fact that 
people are exposed to many pol lutants, so it  is 
difficult to isolate and analyze the effect of any 
one oi them. 

Most of what is known about the long-range 
health effects of pollutants comes from studies 
of workers exposed to high levels of pol lutants 
on the job. These workers developed a range 
of medical problems, including respi ratory 
diseases and cancer. But pol lutant levels in  
the workplaces studied were many t imes 
higher than those found in homes. Also, 



researchers t h i n k  it possible that other factors 
in the working environment contributed to 
workers' i l l nesses. Further, workers--most of 
them adult males and m any of them smokers-
are not typical of the general population.  

Unti l  these uncertainties are resolved , 
scientists must be cautious. T hey assume that 
if pol lutants can cause health problems at high 
exposure levels, there is  a proportionate risk at 
low exposure levels. 

What Can I Do About Indoor Air 
Pollution? 

Pollutants at low levels are difficult to detect. 
Th.e most effective way to control indoor air 
pol lution is to remove or control pollutant 
sources. Take stock of the pol lutant sources in 
your home. The chart in the front of this 
booklet l ists m any of them. 

"The most effective way to reduce 
indoor air pollutants is to remove or 
control their sources." 

Remove Pollutant Sources 

Removing the source of a pol lutant is the 
s implest way to control i ndoor pol lution.  In 
many cases, a less hazardous alternative can 
be found . For example: Substitute an electric 
space heater for a kerosene space heater. 
When you remodel , avoid using products that 
emit formaldehyde. Ask friends not to smoke 
in your home. 

Control Pollutant Sources 

When it isn't practical to remove a pol lutant 
source from your home, control it through 
venti lation , air cleaning,  or blocking off part of 
the source. For exam ple: Install an exhaust fan 
for a gas range to reduce your exposure to 
n itrogen dioxide and carbon monoxide. When 
using household chemicals, open windows to 
i ncrease vent i lation. C hange furnace fi lters 
frequently to remove particles from the air. 
Seal cracks in basement wal ls and floor to 

control radon . You can increase ventilation 
without giving up energy savings by instal l ing 
an air-to-air heat exchanger (See Page 12). 
This device is  an effective way to control 
radon . 
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BPA offers free radon monitoring to 
partici pants i n  its Residential Weatherization 
Program . As the results of this mon itori ng 
become avai lable, BPA wi l l  study them to learn 
more about locations and levels of radon in 
Northwest homes. 

For other control strategies, see the "Guide to 
I ndoor Pol lutants" i n  this booklet. 

Conclusion 

Because pol lutants, their sources, and their 
effects vary so widely, there are no general 
rules to predict which homes should or should 
not be tightened. B PA bel ieves that if people 
are wel l  informed , they can best determine the 
extent of i ndoor air pollution i n  their own 
homes. They are also ·best qual ified to decide 
of they should instal l  house tightening 
measures. 

B PA is continuing to study i ndoor air qual ity, 
as wel l  as the relationship between house
tighten ing measures and pollutant levels. BPA 
is also funding research to fi nd ways to 
measure and control i ndoor pol lution.  BPA wi l l  
continue to provide Northwest consumers with 
i nformation on indoor pollution as soon as it is 
known to us. Meanwh ile, you can use the 
recommendations in this booklet to improve 
the quality of your i ndoor environ ment. 

BPA will continue to 

provide Northwest 

consumers with 

information on 

indoor air pollutants 

as the results of 
studies become 
available. 
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Radon 

Radon is an odorless, colorless gas that 
comes from radiu m ,  a naturally occu rring trace 
element in soil and rock. T he amount of radon 
present in the soil varies widely. 

Sources of Radon in Homes 

Gypsum 
wallboard -,,-----'-;.:.;2:.� 

Solar 
heat 

storage
system 

Loose fitting pipes--·
_,, 

I 
Cracks Concrete foundation 

Sources 

In the Pacific Northwest, most of the radon 
found in homes comes from the soil beneath 
the residence. Radon, being a gas, passes 
readily through cracks and holes in the 
foundatio n .  It also diffuses, though more 
slowly, through concrete. As radon travels 
upward, it enters the living area through 
cracks and openings in the wal ls and floors. 

Wel l  water may also be a sou rce of radon. 
U n like mun icipal water, wel l  water is usually 
not exposed to the air before it is used 
indoors. VVhen a faucet is turned on inside a 
home, radon in the water passes into the air. 
Natural gas, though it is considered a minor 
source, may also pick up radon in the ground 
and carry it  into a home. 

To some extent, building materials such as 
concrete, brick, and phosphate slag may 
contain radon.  I n su lation made with phosphate 
slag was used in residences in Washi ngton 
state. 6 Phosphate slag was was widely used 
between 1962 and i977 in the concrete 
foundations of homes built in southeastern 
Idaho. 7 Earthen homes and solar-heated 
structures with rock heat storage may also 
have high radon levels because of the 
additional earth and rock used i n  their 
construction .  

Measurement and Standards 

Radon does not remain a gas for very long. It 
quickly breaks down , or ·decays, into several 
elements. Two elements, or "radon daughters," 
generate radiation as they in turn decay. 
Concentrations of radon and its daughter 
products are usually expressea in "picoCu ries 
per liter," or pCi/I. T he "Curie " (named after 
Pierre and Marie Cu rie, the discoverers of 
radium) is a measurement of rad iation. (A 
picoC urie is one-trillionth ot a Cu rio). A 
measurement of I pCi/I would i ndicate the 
presence of one picoCurie of radioactive 
material in one liter of air. 

To date, there has been no standard set for 
indoor radon for all residential housing 
throughout the U n i ted States. Various 
organizations have proposed a range of 
guidelines and standards, as shown in the 
table. Occupational standards are i ncluded for 
comparison. 

---

A well-ventilated crawl space a/lows radon to escape 
outdoors rather than enter a home 



Radon Standards and 
Guidelines 

Organization 

Recommended 
Maximum 

Radon Level Comments 

US Mine Safety & 16 pCi/I Regulation for Miners 

Health Administration 

National Council on 8 pCill Recommended Action Level 

Radiation, Protection, for general population 

and Measurement 

BPA 5 pC!/I Action Level 

Environmental 

Protection 

Agency 

American Society of 

Heating, 

Refrigeration and Air 

Conditioning Engi

neers (ASHRAE) 

Health Effects 

for Residential Weatherization 

Program. 

4 pCi/I Indoor radon in homes 
built on sites contami
nated by uranium 

processing. 

2 pCi/I Recommended exposure 

level in commercial 

buildings and 

residences 

If radon daughters are i n haled, they can 
becom e  lodged in  the l u n g .  As they decay, 
they emit radiation that damages l u ng tissue. 
Prolonged exposure to radon i ncreases the 
risk of lung cancer. 

Concern about the health effects of radon 
emerged from studies of u ran ium mi ners 
worki n g  for many years i n  high levels of radon. 
These m i n ers developed lung cancer at a 
higher rate than does the general populatio n .  

Researchers are cautious about general iz ing 
about risks to the ent i re popu lation on the 
basis of these f indi ngs. The m i ners studied 
were generally exposed to levels al most 100 
times higher than that fou n d  in the average 
home. a Nor do these miners, mostly adu lt 
males and cigarette smokers, represent a 
typical cross section of the general population .  
Also, s ince the men worked where there many 
airborne particles, it is possible that the 
combined effects of dust i n halation,  smoking,  
and radon exposure led to the higher 
i ncidence of l ung cancer, rather than just 
exposure to radon alone. I n  their analyses, 
researchers have attempted to correct for 
d ifferences between m i ners and the general 
population , but much u ncertainty rem ains. 
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Most i mportantly, the scientific com m u n ity is 
not certain that there is a proportionate risk of 
l u ng cancer at very low levels of exposure. 
Faced with uncertainties, the scientific 
com m u n ity is conservative, preferri ng to 

overestimate rather than underestimate health 
risks. T hey estimate that about 5 percent of all 
lung cancers are due to radon.9 Smoking 
accounts for about 80 percent of all lung 
cancers. 

For a non-smoker, the risk of l u ng cancer from 
exposure to 1 pCi/I of radon for l ife is roughly 
equ ivalent to the risk of a fatal accident from 
driving a car 125,000 m i les--about twelve years 
of normal drivi ng. 10 

Radon Levels in Homes 

The amount of radon that reaches the l iv ing 
space of a home depends in part on the 
home's characteristics. I f  there is a venti lated 
crawl space between the ground and the l iving 
area, some of the radon wil l  escape outdoors. 
I f  the home's foundation or basement is flush 
with the grou nd,  radon wi l l  pass readi ly 
through cracks and holes in the fo undation 
and enter the l iving space. 

Air change rates are important as wel l .  Radon 
wi l l  escape more quickly from a house with 1 

air change per hour than from a house with 
0.5 air changes per hour. 

To i nvestigate radon levels Pacific Northwest 
residences, BPA conducted a study of over 
250 homes in Oregon ,  Washington ,  Idaho, and 
Montan a. 11 Radon mon itors were placed in 
each home for several months and then 
analyzed. 

T h e  study found that the average radon level 
in the fi rst floor l iving area of the homes was 
1.20 pCi/I ,  wel l  below recom me nded maximum 
levels. Radon levels varied from 0.05 pCi/I to 
15.0 pCi/I, typical of ran(:les fo und in other 
parts of the Un ited States. Only about fo ur 
percent of the homes had levels higher than 5 

pCi/I .  

I n  general , the higher levels were found i n  
some homes i n  northern and eastern Idaho, 
western Montana, and eastern Washi ngton.  
However, geography is not a rel iable pred ictor 
of radon levels, si nce radon pockets are 
extremely localized. N eighbori ng houses can 
have different l evels. 

11 
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An air-to-air heat 
exchanger, which 

can maintain a 
home's air-change 
rate while still 
conserving energy 
is effective in 

reducing radon 
levels in homes. 
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Monitors 

Radon measu ring devices are comme rcial ly 
available. These l ightweight plastic mon itors, 
about the size of a wristwatch,  are installed i n  
a home for several months a n d  then mai led to 
a laboratory for analysis. Alpha radiation from 
radon daug hters leaves t iny "tracks" in a 
piece of treated plastic i nside the mon itor. 
When the mon itor is processed, these tracks 
can be seen under a microscope and then 
analyzed to determ ine the average level of 
concentrat ion.  The name and address of a 
firm which sells these mon itors is available 
from BPA's local area offices (See Page 20 for 
area office locations and telephone n u m bers). 

Radon can only be detected th rough 
mon itori ng.  Consumers t ighten ing their houses 
under BPA's weatherization program can 
choose to have their  homes mon itored for 
radon at no cost. 

Air-to-Air Heat Exchanger 

STALE 
AIR TO 
OUTDOORS 

FRESH AIR STALE AIR 
TO ROOMS 

MOTOR 

BLOWER FOR 
STALE AIR 

A small radon monitor can be hung inside a home, then 

analyzed to determine radon concentrations 

Reducing Radon Exposure 

The most effective way to reduce radon levels 
is  to increase venti lation .  You can i ncrease 
venti lation without giving up energy savi ngs by 
in::;tal l ing an air-to-air heat exchanger. And you 
can reduce the amount of radon e ntering you r  
h o m e  by creating a barrier between t h e  source 
of radon in the ground and the inside of the 
house. 

1. Increase Natural Ventilation: 

• Open doors and windows period ically. 

• Open al l  exist ing crawl space vents. 

• Add new crawl space vents between 
the ground and the foundat ion.  

2. Install an Air-to-Air Heat 
Exchanger: 

Air-to-ai r  heat exchangers are simple 
mechan ical devices that mai ntain a home's air 
change rate whi le conserving energy. These 
devices draw in fresh air from outside the 
home and exhaust stale air from i nside. I n  
winter, heat from the warm air leav i ng the 
home preheats the colder incoming air. This 
process recovers about 50-70 percent of the 
heat lost when indoor air leaves the house.1 2 

Air-to-air heat exchangers can be instal led i n  
wal ls or windows, or as part of a central air  
system .  To be effective, however, they m u st be 
properly sized. Two or more wal l  or window 
un its may be req u i red for a large house. A 
properly-sized air-to-air heat exchanger can 
maintain a home's air change rate after house
tighte n i ng measures are installed and can 
capture about 90 percent of the e nergy 
savings from house-tighten ing .  



3. Reduce Radon Entry 

I n  h omes with a crawl space between the 
gro u nd and fou ndation:  

• Seal cracks and holes i n  the 
foundatio n .  

• Caulk around p i pes a n d  ducts where 
they penetrate the floor. 

If your home has a basement: 

• Seal visible cracks in the basement 
floor and walls with caulking, epoxy, or 
other sealants. 

• Seal basement d rains. 

• Instal l i nsu lation between the 
basement and floorin g .  

Sealing cracks i n  basement walls and floor helps t o  reduce 
the amount of radon entering a home. 

If you r  home h as a partial basement and 
partial crawl space: 

• Construct an airtight, insulated 
partition between these spaces. 

• Venti late the crawl space. 

Although all these m ethods are expected to 
help reduce radon concentration in a home, 
l ittle scientific evidence is avai lable on their 
overall effectiveness. B PA is  currently 
eval uating these methods and others. 

Formaldehyde 

Formaldehyde is  a colorless, water-soluble 
gas. A low-cost chem ical with excel lent 
bonding characteristics, formaldehyde is found 
i n  u rea-resins used to manufacture plywood, 
particle board, and textiles. Formaldehyde is 
also a component of u rea-formaldehyde foam 
(U F foam) insulation i njected i nto sidewalls, 
pri m arily in the early 1 970s. 
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Sources 

U F  foam insulation, particle board, plywood, 
fi berboard , furniture, drapes, and carpeting are 
the primary sou rces of formaldehyde. Some 
formaldehyde is also produced during 
combustion,  though gas stoves, wood stoves, 
and tobacco smoke are minor sources. 

The amount of formaldehyde released from U F  
foam varies. When i mproperly compou nded or 
i n stal led, U F  foam can emit significant levels 
of formaldehyde.1J UF foam has been banned 
in Canada, and in 1 982 the U.S. Consumer 
Product Safety Comm ission (CPSC) imposed a 
nationwide ban on U F  foam. Although that 
ban has been since overturned by a court 
ruling,  the controversy over UF foam has al l  
but stopped its man ufacture. Mobile homes 
generally have higher levels of formaldehyde 
than other dwel l ings (without UF foam) 
because they

· 
have a small  l iving area, a low 

air-change rate, and are usually constructed 
with more particle board and plywood . Many 
of the complai nts about i rritating effects of 
formaldehyde have come from residents of 
mobile homes.14 

Measurement and Standards 

Formaldehyde measurements are often given 
as parts per million (ppm). A measurement 
of 1 ppm would ind icate the presence of one 
u n it of formaldehyde i n  a mil l ion un its of air. 

No standard has been established for 
formaldehyde exposure in residences. The 
American Society of Heat ing,  Refrigeratio n ,  
a n d  Air Condit ioning Engineers (AS HRAE) has 
recommended 0.1 ppm as the maxi mum level 
for continuous i ndoor exposure. 

The National Academy of Sciences has 
concluded that exposures to about .25 ppm 
would not be i rritat ing to a large majority of 
the healthy adu lts in the U n ited States. 

Health Effects 

Formaldehyde is h ighly i rritating to skin,  eyes, 
m ucous mem branes, and respi ratory tract. 
Short-term , low exposure m ay cause eye, 
nose, and throat irritatio n .1 5  These health 
problems usually stop as soon as exposu re 
stops. 

Recently installed 

kitchen cabinets 
made of plywood 
emit formaldehyde. 

Formaldehyde 1s 
used to 

manufacture some 

kinds of plywood 
and particle board, 

which are used 
extensively in 
mobile homes. 
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Particle board 
containing 
formaldehyde 
carries a label 
warning of possible 

toxic effects. 

tndividual sensitivity to formaldehyde varies. 
About 10 to 20 percent of the population 
appears to be highly sensitive to formaldehyde 
at low levels. 1s Some people report mi ld  eye, 
nose and th roat irritation at concentrations less 
than 0.5 ppm, while others note these 
symptoms at concentrations as low as 0.25 
ppm . 11 Low concentrations can also cause 
asthmatic sym ptoms in some susceptible 
people, and chronic exposure can make 
people more sensitive to formaldehyde. 1a 

Exposure to 1 to 2 ppm may cause 
headaches, nausea, coughing,  constriction i n  
t h e  chest, a feeling of pressure i n  t h e  head, 
and rapid heartbeat. 19 Over a long period of 
time, exposure to formaldehyde may cause 
c hanQes i n  the respiratory system . 2 0 

Formaldehyde Concentrations 
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Strong odor noticeable to most people 

Can cause eyes to burn and irritate upper 
respiratory passages 

.4s��
������������������ Mobi le homes (average) 

Not irritating to most healthy adults up 
to this point 
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�����������������-Homes with UF foam insulation* (average) 

ASHRAE Recommended maximumm level 
for indoor exposure 

Homes without UF foam insulation* 
(average) 

*Urea-formaldehyde foam insulation 

Source: Gupta et al., "Formaldehyde in Indoor Air: Sources and Toxicity,'' 

Environment International 

Studies have shown that formaldehyde can 
produce nasal cancer in animals. To date, 
however, there is no d i rect evidence that 
formaldehyde causes cancer in humans. 
Nevertheless, to min imize potential health 
risks, the Federal Panel on Formaldehyde, and 
several Federal agencies, have conclud ed that 
formaldehyde should be considered a 
carcinogen unti l  i nformation to the contrary is 
avai lable�1 

Formaldehyde Levels in Homes 

Because of the range of products available 
containing formaldehyde, it is impossible to 
predict what level of formaldehyde would be 
found in a given residence. On-site 
measurements would be necessary. However, 
l im ited measurements indicate a range of 
formaldehyde concentrations l i kely to be found 
i n  homes (shown i n  the chart). 

If a home has a high level of formaldehyde, 
thf! or.r.1111;:ints are l i kely to be aware of it. Most 
people notice the strong odor of formaldehyde 
at about 1 ppm . Some people can smell 
formaldehyde at much lower concentrations. 

T he rate at which formaldehyde is released 
from materials varies. As products contai n ing 
formaldehyde age and cure, they emit  less 
formaldehyde. T hough the rate i s  not well 
defined , it appears that half of the 
formaldehyde contained i n  most materials is 
released i n  about four years.22 Formaldehyde 
levels also increase with higher tem peratures 
and humidity. Relatively high levels of 
formaldehyde are l i kely to be found in tightly
built new homes, where materials have not 
had time to release much gas. 

Monitors 

An i nexpensive, easy-to-use formaldehyde 
monitor is  avai lable for consumers. This smal l  
measuring device is placed i n  a room for a 
few days and then mailed to a laboratory for 
analysis. A l ist of businesses that sell these 
monitors i s  available from BPA's local area 

offices (See Page 20 for area office locations 
and telephone numbers). 

The level of 
formaldehyde in a 

homes can be 
measured by a 
small monitor. 



Reducing Formaldehyde Exposure 

T h e  amount of formaldehyde i n  plywood and 
particle board varies. 

• U se exterior-grade plywood, which 
releases less formaldehyde. This plywood 
can be used for i nterior panel ing.  

• Look for low-formaldehyde ("low 
fumi ng") particle board. It may be difficult 
to find since it is not widely avai lable. 

I ncreasing air exchange rates and using a 
dehumidifier m ay reduce formaldehyde 
concentrations i n  indoor air. BPA is 
i nvestigat ing th is  control method. Results are 
expected in summer 1986. 

T h e  U.S. Department of Energy is funding 
efforts by the Lawrence Berkeley Laboratory to 
develop air washing tech n iques to remove 
formaldehyde from i ndoor air. Results are 
expected i n  1 985. 

Combustion Gases 

Carbon Monoxide 

Carbon monoxide is a colorless, odorless gas. 
It is an end-product of i ncomplete combustion 
when natural gas, oil ,  wood , coal , tobacco, 
and other materials are burned. Carbon 
monoxide increases when there is  an 
inadequate supply of com bustion air, as is 
often found in im properly maintai ned 
woodstoves, gas stoves, oil stoves and 
furnaces. 

An unvented gas stove is a major source of carbon monoxide 
and nitrogen oxides. 
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Sources 

U nvented kerosene space heaters, wood 
stoves, gas stoves, and tobacco smoke are 
major sources of carbon monoxide . Faulty 
furnaces and exhaust fumes from garages 
attached to homes are less common sources, 
but they can contri bute sign ificant amounts of 
carbon monoxide to i ndoor air.23 

Measurement and Standards 

Carbon monoxide measurements are often 
g iven in parts per million (ppm). A 
measurement of 1 ppm would indicate the 
presence of one unit of carbon monoxide in a 
m i l l ion units of air. 

No Federal or state standards exist for carbon 
monoxide in residences. Japan , the only 
country with a standard for carbon monoxide 
i n  non-occupational i ndoor environments, has 
set a l imit of 1 0  ppm for conti nuous exposure. 
The Environ mental Protection Agency (EPA) 
standard for maximum allowable level of 
carbon monoxide i n  outdoor air is 9 ppm 
exposure averaged over eight hours, and 35 
ppm for a one-hour average exposure. T his 
standard has a safety m argi n  built i n  to protect 
people with angina.23 These people have 
inadequate blood and oxygen flow to the 
heart, so they are especial ly sensitive to any 
i nterference with the body's abil ity to absorb 
or distribute oxygen.  

Health Effects 

Carbon monoxide i nterferes with the del ivery 
of oxygen throughout the body.24 Mi ld  oxygen 
deficiencies can affect vision and brai n 
function . Exposure to concentrations of carbon 
monoxide 10 to 20 t imes g reater than that 
general ly found in homes can cause 
headaches and i rregular heart beat.2s  Higher 
concentrations can cause nausea, weakness, 
confusion , and deat h .  Carbon monoxide 
poisoning from faulty oi l  and gas furnaces and 
from cars left running i n  attached garages 
cause several deaths each year. 2 s  
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Carbon Monoxide Levels in Homes 

T he average carbon monoxide concentration 
in homes typically varies between 0.5 and 5 
ppm. 21 Cooking over a gas stove can add 5 to 
1 0  ppm to the exist ing leve1 .20 Concentrations 
of 22 ppm and 39 ppm have been measu red 
for poorly adjusted gas stoves.2s 

U nvented gas or kerosene heaters can emit 
high levels of carbon monoxide. I n  laboratory 
tests, a convective kerosene heater produced 
carbon monoxide levels of 50 ppm after 45 
m i n utes, even though the laboratory air 
change rate was twice that found in a typical 
house.3o Several states have banned 
residential use of kerosene heate rs. 

Nitrogen Oxides 

T he n itrogen oxides, n itrogen oxide and 
n itrogen dioxide, are gases formed during 
combustion . 

Nitrogen Dioxide Concentrations 
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Homes with gas stoves* 

* Electric Power Research Institute, Manual on Indoor Air Quality 

Portable kerosene heaters are a major source of nitrogen 

dioxide 

Sources 

The major sou rces of nitrogen oxide and 
nitrogen dioxide are unvented gas stoves and 
kerosene space heaters. High outdoor levels of 
n itrogen dioxide, fo und in highly industrial ized 
areas, can also affect i ndoor levels.3 1 

Measurement and Standards 

N itrogen oxide and dioxide measurements are 
often given as parts per million (ppm). A 
measurement of 1 ppm would indicate the 
presence of one unit of nitrogt=m oxide or 

dioxide in I m i l l ion un its of a i r. N itrogen oxide 
quickly oxidizes to nitrogen dioxide, so the 
standards for nitrogen oxides are often given 
as nitrogen dioxide.32 

No indoor standard has been set for nitrogen 
oxide or nitrogen dioxide. EPA's standard for 
maximum al lowable concentration of n itrogen 
dioxide in outdoor air is .056 ppm (averaged 
over a year). 

Health Effects 

N itrogen oxide and n itrogen dioxide can irritate 
skin,  eyes, and m ucous mem branes. 
Depending on the level and duration of 
exposure, respi ratory effects range from sl ight 
i r ritation to burning and pain in the chest to 
violent coug hing and shortness of breath .33 

Prolonged exposure to high levels of n itrogen 
dioxide (about 50 ppm) can cause l u ng 
damage and chronic l u ng disease.34 B ut the 
scientific com m u n ity is not yet i n  agreement 
that that prolonged exposure to low levels of 
n itrogen oxide and n itrogen dioxide can cause 
chronic respiratory i l lnesses.JS I nformation on 
chronic nitrogen dioxide poisoning is extremely 



scarce because 1 )  symptoms do not appear 
unti l  a critical concentration is reached , 2) 
respi ratory damage develops slowly, and 3) it 
is d ifficult to isolate the effects of n itrogen 
dioxide from those of associated poll utants.36 
Research on the health effects of exposure to 
low levels of n it rogen d ioxide is cont inu ing .  

Nitrogen Oxides Levels Found in 
Homes 

Nitrogen dioxide concentrations equal to or 
greater than E PA's standard for outdoor air 
(0.05 ppm) are fairly common i n  kitchens 
where gas is used for cooking.37 
Measurements ind icate that typical l evels in 
kitchens with gas stoves range from .025 to 
.08 ppm.3s Concentrations in homes without 
gas appl iances would be the same as the 
outdoor level . 39 I n  the Pacific Northwest, the 
typical outdoor level of n itrogen dioxide is 
.03.40 (N itrogen d ioxide in the outdoor air is 
largely the result  of motor vehicle and 
industrial emissions) 

Unvented combustion appliances, such as this kerosene 

space heater, are major sources of pollutants because they 
emit gases and particles directly into the living space. 

U nvented space heaters are major sou rces of 
n itrogen dioxide. In laboratory tests, nitrogen 
dioxide concentration from a convective 
kerosene space heater reached 1 ppm after 45 
m i n utes--about 20 t imes the E PA standard for 
outdoor air.41 

Monitors 

The Lawrence Berkeley Laboratory is working 
to develop an inexpensive, easy-to-use monitor 
for carbon monoxide. M easuring devices for 
n itrogen d ioxides are cu rrently avai lable. A l ist 
of firms that sell  these monitors is avai lable 
from B PA's local area offices. (See Page 20 for 
area office locations and telephone n u m bers.) 
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Reducing Exposure to Combustion 
Gases 

• Make sure that al l  household 
combustion appliances are vented to the 
outside. 

• When using combustion appliances, 
provide cross-venti lation by opening two 
opposite windows. 

• Instal l an ai r-to-air heat exchanger 

• Avoid seal ing a crawl space where an 
oil or gas heater is vented . 

• Make sure that gas appl iances are 
properly adjusted and leak-free. If you r  
stove is not properly adj usted , i t  is l i kely 
to have a yel low-ti pped rather than a 
b lue-tipped flame. Call  your gas company 
for assistance. 

• Have fireplace fl ues and chim neys 
inspected and cleaned frequently. 

• Make sure that wood stoves are 
i nstal led correctly. Do not let fires 
smolder. 

• If you have an attached garage, do not 
leave your car engine running i nside i t .  

Carbon monoxide increases when there i s  an  inadequate 
supply of combustion air, as 1s often found in improperly 
maintained woodstoves, gas stoves, oil stoves, and furnaces. 
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Asbestos was once 

widely used to 
insulate pipes in 
homes. 

Tobacco smoke is 

usually the largest 
indoor source of 

respirable 
suspended 

particulates, 

including benzo-(a)
pyrene, a suspected 
carcinogen. 
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Respirable Suspended 
Particulates (RSP) 

Respirable suspended particulates (ASP) are 
particles or fi bers in the air which are small  
enough to be in haled . These particles can 
lodge in the l ungs and irritate or damage lung 
tissue. Many different particulates are found i n  
homes, including soap powders, pol len,  l i nt 
and d ust. 

Benzo-(a)-pyrene (BaP), a combustion by
product, has been studied extensively. This 
particulate is  discussed i n  the next section of 
th is booklet . 

Asbestos is a mineral fiber used mostly before 
the m id-1 970s in a variety of construction 
m aterials. While chron ic exposure to asbestos 
has led to respiratory d iseases and cancer i n  
workers, exposure t o  asbestos i n  t h e  home 
only occurs when asbestos materials a re 
d istu rbed and the fi bers are released i nto the 
air. Remodel ing in  a home or removing 
asbestos materials is the only significant 
source of exposure. House-tightening is 
un l ikely to affect your exposure to asbestos. 

Sources 

Tobacco smoking is the source of most 
respirable suspended particulates in homes. 
Wood smoke, unvented gas appliances and 
kerosene space heaters also produce ASP. 

Measurement and Standards 

ASP measurements are given as micrograms 
per cubic meter. 

As yet there is no standard for respirable 
suspended particulates, although E PA has a 
standard for total suspended particulates 
(TS P).  TS P i ncludes larger particles as wel l  as 
ASP. Since larger particles appear to be 
filtered out by the nasal passages rather than 
becoming lodged in the l ungs, they are not 
believed to pose a serious health proble m .  

EPA's standard for t h e  maxi mum allowable 
level of total suspended particulates in outdoor 
air is 75 micrograms per cubic meter. Japan 
has set an indoor (non-occupational) standard 
for TSP of 1 50 micrograms per cubic meter. 

Health Effects 

Particulates are composed of many 
compounds which at e levated levels can 
i rritate eyes and mucous membranes. Dust is 
an i rritant and can also carry gases or other 
substances i nto the l u ngs. Respiratory 
i l l nesses, especial ly chronic i l l nesses l i ke 
bronchitis and e m physema, are l i n ked to 
exposu re to particulates.42 

Cigarette smoking is believed to cause lung 
cancer, emphysema, and heart disease. And 
according to recent studies, tobacco smoke 
can affect the health of non-smokers. I n  a 
room where cigarettes are smoked, sidestream 
smoke i n haled by non-smokers can i rritate the 
eyes, nose and throat, even when there is 
'adequate' vent i lation .43 Sidestream smoke can 
also cause respi ratory i nfectioAs and can 
aggravate the condition of people with 
al lergies or with heart or lung disease.44 
Studies have l i n ked respi ratory i l lness i n  
chi ldren with parental smoking .45 

RSP Levels Found in Homes 

Concentrations of ASP i n  homes where there 
are no smokers are l i kely to be about the 
same as outdoor levels, 20 micrograms per 
cubic meter�6. Monthly concentrations of ASP 
i n  a home with one smoker have been 
measured at about 40 m icrograms per cubic 
meter.47 I n  the same study, with two or more 
smokers, an average monthly concentration of 
ASP was measured at 75 m icrograms per 
cubic meter, equal to the E PA outdoor 
standard for all particulates. 

Benzo-(a)-pyrene 

Benzo-(a)-pyrene (BaP) is a tarry, organic 
particle is generated by i ncomplete 
combustion . 

Sources 

Woodstoves and tobacco smoke are the major 
sources of BaP. 

Measurement and Standards 

Benzo-(a)-pyrene is measured in nanograms 
(one-bi l l ionth of a gram)per cubic meter 
(ng/m3) . No standards or g u ideli nes have been 
established for th is pol l utant. 



Health Effects 

Benzo-(a)-pyrene is considered a carci nogen .  
The best evidence that BaP can cause cancer 
comes from stud ies of workers who were 
reg u l arly exposed to BaP. For example, 
steelworkers exposed to the em issions from 
coke ovens were fo und to have an increased 
rate of lung and other cancers.4a 

Studies also s uggest a relationship between 
levels of BaP in outdoor air and lung cancer 
rates. Higher rates of lung cancer have been 
found in cities with high BaP levels49 BaP is a 
signif icant component of cigarette smoke. 
Som e  of the risk of developing l u ng cancer 
may come from the toxicity of BaP. 

For a non-smoker, the risk of lung cancer from 
exposure to 2.2 ng/m3 of BaP for l ife, the 
amount esti mated for single-family homes with 
a woodstoves and two occu pants who smoke, 
is roughly equ ivalent to the risk of a fatal 
accident after d riving a car for approximately 
94,300 miles--about 9 years of normal 
drivin g .so 

Reducing RSP and BaP Exposure 

• If you smoke, smoke near an open 
window. 

• Be sure that wood stoves are properly 
installed with a tight-fitting stovepipe that 
has no cracks or leaks. 

• Vent all combustion appl iances to the 
outdoors. 

• I ncrease ventilation by opening 
windows o r  instal l ing an air-to-ai r  heat 
exchanger. 

• Change filters regularly on forced-air 
heating or cool ing systems. 

Change furnace filters regularly to reduce particulates in the 
air. 
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S PA is working with Lawrence Berkeley 
Laboratory to determine how effective air 
clean ing devices are in control l ing particulates. 
Results are expected in Septe mber 1985. 

BPA is studying poll utant levels caused by 
various kinds of wood stoves u nder different 
operating cond itions. Results will be avai lable 
i n  fal l ,  1 984. 

Household Chemicals 

Many of the chemicals used in household 
cleaners, pesticides, and materials 
contain toxic substances. These chem icals are 
often referred to as "organic compounds" 
because they have a carbon base. 

Sources 

• Synthetic materials used in carpeting, 
wall covering,  l i noleum fabrics, rubber, 
and plastic emit organic com pounds as 
they age and deteriorate. 

• Adhesives, clean ing agents, paints, 
personal hyg iene products, and waxes 
contain solvents that evaporate into the 
air. 

• N atural gas, tobacco, wood, and other 
materials e mit organic gases and 
particles d u ring combustion .  

• Pesticides, i nsecticides, and herbicides 
contain a variety of toxic chemicals. 

• Aerosol sprays contain propel lant 
gases, such as propane, butane, and 
n itrous oxide 

Health Effects 

Household chemicals contain such a wide 
variety of organic compounds that health 
effects are d ifficult to assess. s1 Each 
compound has different effects, and when 
products are combined, they may i nteract and 
produce sti l l  other health effects. Som e  
compounds are i rritants, others cause cancer. 
Some affect the central nervous system , some 
interfere with metabolic processes.s2 

Wood stoves can 
be a major source 
of indoor air 

pollutants. To 

reduce pollutant 
levels, stoves should 

be properly installed 
and periodically 

inspected for cracks 
and leaks. 

Household 

chemicals contain a 
wide variety of toxic 
substances Use 
these products only 

in well-ventilated 
areas. If possible, 

store them outside 
in a garage or 
shed. 
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Concentrations Found in Homes 

Concentrations of specific organ ic compounds 
i n  homes are generally wel l  below 
occupational exposure levels establ ished by 
OSHA sa. However, the OSHA standard was 
designed for an industrial sett ing where 
workers are exposed to high levels of single 
compounds. I n  homes people are l i kely to be 
exposed to several compounds at low 
concentrations at the same ti me. As yet 
researchers know very little about the 
combined effects of organic compounds or the 
effects of exposure to low levels. 

Reducing Exposure to Household 
Chemicals 

• Before using household chemicals, 
read the label carefully. Products usually 
carry warnings and i nstructions for use 
aimed at reducing exposure. 

• Use chemicals only in wel l-ventilated 
areas. 

• Gases and vapors can leak frorn 
containers. Store household chem icals i n  
a well-ventilated place, s u c h  a s  a garage 
or outdoor shed . 

• Substitute less hazardous products for 
household chem icals. For i nstance, use a 
l iqu id or dry form of a product rather than 
aerosol sprays. Venti late or clean a room 
to control odors rather than use a room 
deodorant. 

This booklet is not i ntended to be a tech n ical 
reference man ual on indoor air qual ity. P lease 
refer to B PA's Envi ronmental Im pact Statement 
or the references l isted i n  this booklet for 
clarification of any technical statements. 

FOR MORE INFORMATION 

If you have any q uestions on the i nformation 
presented in this booklet, contact you r  nearest 
BPA Area of District Office or BPA's Publ ic 
I nvolvement Office, P.O. Box 12999, Portland,  
Oregon 9721 2. 

Phone: Public I nvolvement Office: 
503-230-3478 in Portland 

toll-free 800-452-8429 i n  Oregon 
outside Portland 

toll-free 800-547-6048 i n  other 
Western states 

BPA Area and District Offices: 

Portland - 503-230-3490 
Eugene - 503-687-6952 
Seattle - 206 442 41 30 
Spokane - 509-456-251 5  
M issoula - 406-329-3060 
Wenatchee - 509-662-4377 
Wal la Wal la  - 509-522-6226 
Idaho Fal ls  - 208-523-2706 
Boise - 208-234-91 37 

To receive a copy of the E I S, contact : 

Anthony R .  Morrel 
Environmental Manager 
P.O. Box 3621-SJ 
Portland , Oregon 97208 

503-230-5136 



GLOSSARY 

Air change rate: Amount of air that flows into 
or out of a building in a specified amount of 
time. 

Air exchange: Movement of air into and out of 
a building by natural and mechanical ventilation. 

ASHRAE: Abbreviation for 'American Society of 
Heating, Refrigerating, and Air-Conditioning 
Engineers, Inc.' 

Benzo-(a)-Pyrene (BaP). A tarry, organic 
material that is a by-product of incomplete 
combustion. BaP has been shown to induce 
cancer in animals. 

Carbon Monoxide: A colorless, odorless gas 
that comes from incomplete combustion. 

Carcinogen: A substance capable of causing 
cancer. 

Concentration: Amount of a pollutant in a 
given volume of air. 

Contaminant: Substance in the air that is not 
normally present or that is present in greater
than-normal concentration. 

CPSC: Consumer Products Safety Commission. 

Diffusion: Spontaneous scattering of particles 
and molecules throughout the air from areas of 
high concentration to areas of low 
concentration . 

Emission: A discharge of pollutants into the 
atmosphere. 

Emission rate: A mount of a contaminant 
released into the air by a source in a specified 
amount of time. 

Environmental Impact Statement: A 
document prepared by a Federal agency 
assessing the environmental effects of its 
proposals for legislation and/or other major 
actions significantly affecting the quality of the 
human environment. Environmental Impact 
Statements are used as tools for decision
making and are required by the National 
Environmental Policy Act of 1969. 

EPA: U.S. Environmental Protection Agency. 

Formaldehyde: An organic chemical widely 
used to bond material. Formaldehyde-based 
glues and binders are widely used in plywood, 
particle board, and furniture, for example. 
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Guidelines: Criteria recommended by 
government agencies, professional 
organizations, or other groups. Guidelines are 
not legally binding. 

House Tightening: T he process of sealing 
cracks, joints, and other nonintentional paths by 
which outside air may enter a residence. 

NEPA: National Environmental Policy Act of 
1969. 

Nitrogen Dioxide: A gas formed during 
combustion. 

OSHA: Occupational Safety and Health 
Administration. 

Pollutant: Contaminant present in a 
concentration high enough to cause adverse 
effects to health or environment. 

Ppm: Abbreviation for 'parts per million,' a unit 
of concentration. When applied to air pollutants, 
ppm refers to units of a pollutant per million 
units of air. 

Radon: A colorless, radioactive gas formed by 
the disintegration of radium. 

Radon daughters: Products of the radioactive 
decay of radon. T he decay of radon /eaves a 
charged metal atom that can attach to dust. 
Both attached and unattached particles can be 
inhaled and can lodge in the lung. T he alpha 
and beta particles emitted by the radon 
daughters can damage lung tissue. 

Resplrable Suspended Particles (RSP): 
Particles less than 3.5 microns in diameter. 
When inhaled, RSP tends to be carried into the 
deepest part of the lung. 

Slab-on-Grade: A residence is said to be built 
'slab-on-grade' when it is built on a concrete 
slab that is at or near the prevailing ground 
surface. 

Source: Object or process that re/eases 
contaminants into the air. 

Standards: Criteria enacted by statute or 
regulation and are legally binding. 

Urea-Formaldehyde Foam Insulation: A form 
of insulation blown into walls of homes, primarily 
during the 1970s. 

Ventilation: Controlled movement of air into 
and out of a building. 
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