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ENERGY conservation measures,
L resulting in tighter building enve-
lopes, and the increased use of unvented
appliances, as well as new materials and
new equipment introduced into bu¡ldings,
ìrcrease the concentrations of internally-
, '¡nerated contaminânts. Air sampling in
,rany buildings has indicated that indoor

concentrations of kno|n pollutants often
exceed standards set for ouldoor air and
even those for industrial exposures. Com-
plaints by occupants have also drawn
atlention to indoor pollutant levels, and
raise questions as to the adequacy of in-
door air qual¡ty to protect the health and
welfare of the building occupants.

Surveys(t) show thât up to 90 Per'
,;îrìt of the typ¡cal person's time is spent
,'' ioors, and a large fraction of that is
spent in residential or commercial envi-
ronmênts. ln recent yêars, a number of
problems have arisen. Legionnaires
disease, "sick building" syndromq radon
in buildings, formaldehyde from urea-
lormaldehyde foam insulation, particle-
board, etc., are only a fav. Many recent
studi€s have pointed out concerns about
rndoor air qual¡ty in both residential and
commercial buildingg te'e'r,sl.

There is some understanding and ex-
íri ence with general indoor pollution
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rational, technologically-based economic
recommendations and pohcies be made.
Until then, piecemeal efforts are being
made to solve specilic problems.

It is impossible in this brief article to
mention all the research activities and im-
portant studies which have been done to
date. However, several conferences and
general studies have been published
recently and the few listed In the
references are representative(2'3'4's).
These include studies in the U.S. and
Canada, U.K., the Scandinavian coun-
tries, Germany, Japan and several other
countries. The maior research ìn the U.S.

has been done by such laboralories as
Lawrence Berkeley Laboratory- Harvard
School of, Public Health, lllinois lnstitute
of Ïechnology Research lnstitute, Yale

University, Oak Ridge Nåtional Lâborå'
tory, the National Bureau of Standards
and several other laboraùiries and univer'
sities. The large number of researchers
and breadth of reseåtch are evident.

ln the u.s., the important sponsorirq
agencies include the Federal Envi¡on'
mental Protection Agency, the Dêpart-
ment of Énergy, the Consumer Prcduct
Safety Commission, and the Department
of Health and Human Services. The state
and city governments are also involved
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What research is now being done on the effect of indoor pollutants

on the population and what investigations are planned for the future?

control methods(2'3'4'5). Ventilation can be
increased at increased energy and some-
times incrêased equipment cost, air treaþ
ment devices can be used, pollutants can
be controlled at the source or substitute
materials can be used to reduce contami-
nant emission rates. However simplistic
solutions may not be economically feasi-
ble. For example, it has been proposed
to equip residences with air'to'air heat öx-

changers to increase ventilation rates,

thereby saving energy and improving in-

door air quality. Such a solution may not
be cost effective. ln considering any con'
trol strategy, we must know which
residences could benefit. For all kinds of
buildings, we must know the current and
projected distribution of pollutants and
their concentrations. We must further
know their comfort effects and short'and
long{erm health effects on people'
Peoples' temporal and spatial exposure
patterns must be known to obtain the ex'
posure levels. Then the efficacy of the
known and future control strategies (dilu'
tion with ventilation, removal w¡th air treat'
ment devices, substitution of different ma'
terials, suppressión by various coatings
or manufacturing processes and behavior
modification) must be ascertained for the
multitude of applications. Only then can
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in doing research. Many also have regula-
tions, or are considering them, and are
involved with responding to citizen re-
quests. Some private agencies such as
the Gas Research lnstitute (GRl), the Elec-

Rt) and
Ref rig-

gineers

cant research. 
signifi-

General issues

The many contaminants in the indoor
air can be divided into particulates (solids
or liquid droplets) and gases or vapors.
Within these types, there are constrtuents
which are nnoying and
which are, ed of 6eing,
deleterious may be ideã
tified in the nts which are
annoying may impair human perfor-
mance without being deleterious to
health ASHRAE Standard 62-i981, ,Ven-

tilation for Acceptable lndoor Air euali-
ty,"(6) defines acceptable air quality as
"air in which there are no known contam-
inants at harmful concentrations and with
which a substantial majority of the peo-
ple exposed do not express dissatisfac-
tion." This recognizes both the health and
comfort requirements of acceptable air
quality.

ticulate concentration (lSP). Larger sizes
may constitute annoyance more than
health problems. For health, respirable
suspended particulates are important,
because such particles can lodge in the
lung. Large particles lodge in the nasal
passages and are handled ordinarily by
the person unless they are, or contain,
allergens or pathogens. Respirable par-
tjcles are in the size range up to three
nticromelers (¡m).

Particulates of specif ic interest
include:

1. respirable particulates as a group
2. tobacco smoke (solids and liquids)
3. asbestos fibers
4. allergens (pollen and mold spores)
5. pathogens (bacteria and viruses),

almost always contained on other par-
ticulates

6. radon progeny (radioactive decay
products)

Vapors and gases of particular in-
terest include:

'1. carbon monoxide
2. radon (decay products are

particulates)
3. carbon dioxide
4. formaldehyde and other aldehydes

(require special attention as organics)
5. other volatile o'rganic compounds

(several hundred have been identified in
tobacco smoke vapors alone)

6. oxides of nitrogen
Some contaminants enter with out-

side air brought in by purposeful ventila-
tion or by uncontrolled infiltration. ln the
U.S., the EPA has established outdoor
pollutant criteria(7). However, many im-
portant indoor pollutants emanate from in-
side sources. People are sources of
CO2, H2O and biomatte¡i as well as

refinishing furniture, cooking, etc., also
cause pollution. Building materials and
finishes can "outgas" pollutants. Fur-
nishings, business machines and ap-
pliances, particularly unvented or pooily
vented heaters and ranges can bó
sources. The building surroundings can
also be a source of radon and-insec-

ronmental niches" where pathogens or
allergenic organisms can colleit and
multiply to be reintroduced into the air(8),

Similarly, there are many mecha-
nisms which remove contaminants from
the indoor air General and local exhaust
systems are important as is the uncon-
trolled exflltration of inside air particles
also settle out due to gravitational forces
and are precipitated on surfaces by
electiostatic forces, diffusion and aú
motion.

Vapors and gases can be absorbed
or adsorbed on materials of many klnds,
and can react with other airborne pol-
lutants and be changed in character
Ozone reacts with many substances to
become O?. All of the above mecha.
nisms occur all the time at generally un-
controlled rates.

Standards (mandatory limits) and
guidelines (suggested limits) have been
establjshed for many pollutants in the in-
door ail6,7). Many of these have not
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Known contaminants
The following are some known im-

portant conlaminants:

dards often specify
a I ncentration of pai-
tic s micrograms per
cu , These include all
particle sizes or total suspended par-
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been accepted as technically sound.
Much work on standards and guidelines
remains.

Air cleaners can also be used to
remove contaminants. Particulate removal
is well developed. Gaseous removal is
less so, with activated charcoal and
potassium permanganate being best
developed.

The complexity of the problem re-
quires careful research planning employ-
ing many technologies. Otherwise, data
collected will have limited utility for pro-
viding a useful data base for the develop-
ment of generally applicable economic
methods for improving indoor air quality
and for generating national policies.

ASHRAE's original work on ventila-
tion(s) was conducted for the purpose of
establishing criteria for comfortable, non-
annoying environments. Over the years,

comfort has been an important considera-
tion in ventilation standards(6). Discomfort
motivates people to try to regulate their
environment by opening windows, etc. A
question arises as to whether discomfort
due to air quality perceptións or thermal
effect is, or can become, a health problem
by reducing the body's defense against
disease(2). Certainly air quality and ther-
mal comfort must be provided for in any
solutions to air quality problems. ln about
one-half of the "sick building" investiga-
tions to date, the only significant findings
were that good ventilation and/or thermal
control were perceived to be lacking.
Subjective responses often indicated that
the environment was "stuffy" and "too
r¡ir¡¿¡¡"(2).

The engineering aspects of ventila-
tion solutions should also be emphasized.
More effective ventilation systems, air
treatment devices, material substitutions,
and barriers to source emissions are all
being investigated and hold the promise
of cost-effective solutions when more re-
search on acceptable contaminant levels
is complete.

For this summary, several con-
taminants of importance are discussed.
For each, current knowledge is covered,
as well as needed technical advances.
Each pollutant is described. lts sources
and, where not obvious, its entry into the
indoor environment are covered, as well
as the geographical distribution and the
general type of structure in which it is im-
portant. Existing standards and guide-
lines are mentioned. The comfort and
health effects covered are categorized in
three ways, The first is annoyance; i.e,, the
pollutant can be perceived by occupants
as notdesirable. ïhe second is an acute
effect resulting in symptoms of respiratory
tract dysfunction or other short-term
disease. The third is a chronic or long-
term effect, which may take decades to

produce, such as lung cance¡ em"
physema and heart disease. The state of
measuring instrumentation is then cov-
ered. Current knowledge concerning
mitigation techniques is treated, followed
by a summary of suggested future
research.

Radon

Description - Radon is a radioactive
gas, the f irst decay product of
Radium-228. lt is an alpha emiüer with a
half-life of 3.6 days. lt decays further into
solid alpha em¡tters which can become
attached to dust particles and surfaces in
the environment and become lodged in
the lungs.

Sources - Radium is distributed in the
earth's cr:ust in widely varying concentra-
tions. Well water and natural gas in some
locations have high concentrations of
radon. ln some specific cases (Sweden)
masonry building blocks have high
radium concentrations. The earth around
buildings is the principal source and
radon penetrates cracks and drain open-
ings in foundations, into basements and
crawl spaces. Water coniaining radon will
outgas into spaces when drawn for use
indoors. Some building materials will
outgas radon, some of which may enter
buildings.

Location and Type of Structure -

Geological studies have indicated geo-
graphic areas of high radon concentra-
tion in soils and water(a). Therefore, atten-
tion has been given to these areas. lt is
not possible, however, to predict which
subgroup of structures will be problems,
due to the many.other factors involved
such as the fill variations around buildings
and the foundation tightness. Radon is
associated primarily with low-rise residen-
tial dwellings with concentrations higher
in basements than in upper floors.

Sfandards and Guidelines -- Several
standards and guidelines exist. The U.S.
Mine Safety and Health Administration(ro)
uses 16 picocuries per liter as its max-
imum radon level for action. The U.S. Bon-
neville Power Administration (of DOE)00)
uses five as its maximum level and the En-
vironmental Protection Administration(10)
and ASHRAE Standard 62-1981(6) use
four and two respectively.

Comfoft and Health Effecß - No sen-
sory perception or acute health efiects are
known. The chronic effect is suspected
to be lung cancer or other lung dysfunc-
tion due to retention in the lung of radon
decay products. These chronic effects are
among the best known, as the result of
studies on uranium miners for many
years(1r). lt is speculated that non-
occupational radon exposure in the U.S.
may cause between 2,000 and 20,000 ad-
ditional cancer deaths per year, and that
one million U.S. dwellings have concentra-
tions which may cause a significant risk
to their occupants(l2).

Measuring instruments - Relatively in-

expensive passive track-etch detectors
(less than $50) are available for survey
use, integrating radon concentration over
a one- to three-month period. Air sampl-
ing instruments (scintillation counters for
example) are more expensive. No inex-
pensive method exists to measure radon
daughter concentrations.

Mitigation Measures - Scaling of
foundations to prevent entry has been
demonstrated to be effective(l3). Specific
ventilation of basement areas and crawl
spaces has also been shown to be effec-
tive. lncreased ventilation with outdoor air
will lower radon levels for a given building.
However, radon levels do not correlate
well with ventilation rates among different
buildings{s). This is because source
strengths of soil radon are quite variable.
Therefore, increased ventilation cannot
lower radon levels enough in all buildings.

lmpoftant Areas for Future Research
- Predictive models to assist in pinpoint-
ing problem structures are needed. De-
vel<.rpment of better cosþeffective mitiga-
tion methods, devices and materials are
needed. Better standards are needed to
guide economic mitigation measures.

Asbestos

Descriptìon - Asbestes is composed
of small natural mineral silicate fibers
widely used in insulation and other build-
ing materials until recently. The use of
asbestos-containi ng spray-on materials is
banned in U.S. buildings today(la).

Sfandards and Guidelines - There is
currently no known maximum "safe'
concentration. The U.S, National lnstitute
of Occupational Safety and Health
(NIOSH) is using a level of 0.1 fibers
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longer than five ¡m per cubic centimeter
(f/cm3) as the level above which abate-
ment action must be taken.(rs). Current-
ly there is discussion as to whether a level
of 0.01 f/cm3 may be more appropriate.

Comfort and Health Effects - Fìbers
deposited in the lung are the only known
cause of mesothelioma, a fatal cancer of
the pleural or peritoneal area of the lung.
Asbestosis and other lung conditions also
have been identified.(16). Extensive stud-
ies with asbestos workers have estab-
lished the seriousness of these chronic
problems.

Measuring lnstruments - Phase con-
trast microscopy is used as a screening
method for sampling asbestos fibers in
the aills). A sample is collected on a
membrane filter Part of the filter is treated
chemically to render the filter transparent.
Particles are observed for shape and size,
and the results are presented as f/cm3 of
five or longer, Fibers other than asbes-
tos (e.9., glass, cellulose) are also
counted(l7). However, electron micro-
scopy is a method, which can distinguish
asbestos definitively, but is much more
expensrve.

Mitigation Measures - Asbestos
abatement in the U.S. is being handled
as a special important case separately

from other air pollutants by U.S. agencies
due to the perceived high public
risk(l4 ls). Reference 17 gives a more
complete discussion of asbestos in
buildings and suggested abatement
guidelines. References 15 and 18 contain
some regulations.

Areas of Future Research - Due to
the time-varying nature of fiber release in-
to the air caused by a number of activities
in buildings, a better method of assess-
ing the exposure of occupanls is needed.
Health effects of low exposure levels
needs further work, as does the measure-
ment and abatement methods which are
very expensrve.

Tobacco smoke'
Descrìption - Tobacco smoke con-

sists of particulates and gases resulting
from tobacco combustion. Particles of
condensed combustìon products are
almost all in the respirable range, and
over 2,000 specific materials have been
identified in the particles and associated
gases so f¿¡(1s).

Standards and Guìdelines No
general levels have been agreed upon.
ASHRAE Standard 62-1981(6) specifies
dilution with smoke{ree air in quantities
of 7-17.5 L/s per person, where smoking

is permitted, depending upon the type of
space. The standard is currently being
revised but no significant change in these
levels is now contemplated.

Comfort and Health Effects - Most
people who do not smoke object to
smoke in their environments as an an-
noyancs(1e). Tobacco smoke's health ef-
fect on nonsmokers (passive smoking)
has had increased research attention re-
cently(ts). lts effects on smokers are well
known. Acute health effects have been
found in the lung function of children and
spouses of smokers(2o). Allergic reactions
occur in a fraction of the population.
Some studies suggest that the chronic
lung cancer risk of nonsmokers exposed
to significant levels of smoke may be twice
that of people who are not exposed to sig-
nificant passive smoking(zt).

Measuring Instruments - Padiculate
concentration is measured on filters. Gas
chromatographs are used for gases.
Enough work has been done so that
reasonable estimates of the source
strength can be made by simply counting
smokers and knowing that about 30 per-
cent of adults each smoke about two
cigarettes per hour while active(2).

M¡t¡gat¡on Measures - Prohibition of
smoking in public spaces is becoming
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more common. lsolation of smokers is
¡1 re_
m ion
H air
a ef-

Areas of Future Researcñ - Better
quantification of health etfects on non-smok opment ofmore and venti-
lation

Formaldehyde

manufacture of plywoods, particleboards
and textiles. Some buildings have been
insulated in the side walls with urea-
formaldehyde foam insulation (UFFI). This
product is banned in Canada and unsuc-
cessful attempts were made to ban it jn
the U.S. The resulting publicity has effec-
tively closed that market. HoweveÍ in the
U.S., as many as S00,O0O homes have
been insulated with
outgases from the a
ducts and UFFI has
lem in many reside
have been part
of their small
amounts of f
products found
and other combustion products are lesser
sources. lndications are that time di-
minishes the outgassing from materials,
so concentrations in spaces diminish with
time. Howeve[ nec-
essary to allev

Standards re is
much controversy on appropriate max-
imum levels for human occupancy. Scan-
dinavian countries have established 0.1
ppm as a limit. ASHRAE has also in-
cluded 0.1 ppm in its Standard
62-1981(6), but the standard has yet to be
made mandatory because of the con-
troversy. Some states in the U.S, have
established 0.4 ppm in their codes for
residences.

Comfort and Heatth Effects - For-
maldehyde has a pungent odor and is
easily detected by most people at levels
of about 0.1 ppr¡tzol. Besides the an-

noyance, it also causes acute eye burn_
ing and irrates the mucous membranes
and respiratory lracte2t. Formaldehyde
has also caused nasal cancer in labóra-
tory animals, but the chronic effects have
not been established for human be-
jngs{te). A number of people exhibit a
high sersitivity to very small concen_
l¡¿li6¡s(22).

are by the pararo_sanil acid methods. Athird method, is less
com

.__Mitigation Measures - For problem
UFFI cases, removal is indicat'ed. The
cost can be as high as $20,OOO for a
residence. Even then, residual material
may remain in the structure and continue

manufactured housing(es). Some surface
treatments are being used to seal against
outgassing.

Areas for Further Research - Concen_

to use in existing buildings are needed.
tsetter material outgassing characteristics
and models are needed.

Nitrogen oxides

, Dg2cription - NO2 is a highty reac_
trve oxidant. NO is also often present with
Nor'

Sou sources in_
doors ar
such as fffiïä
vented h smoke. Un-
ventedcreased tfr
U.S. due
potential lng

Standards and Guidetines _ None
have been agreed to for indoor air. The
U.S. National Ambient Air euality Stan-
dards list 100 ¡rg/m3 as the long-term
limit(7).

Acute eflects

Comfort and Heatth Effects - Oxides
of nitrogen have no ct in low
concentrations. Ac of lung
dysfunction have be Chronið
effects are not well

lnstrumentation - Small passive NO2
monitors suitable for field use arð
available(s).

Mitigation Measures - Venting with
outdoor air at the NO, source t-s the
most practical measure for existing con_
ditions. Limited exposure to sources
through behavior modification could be
of some benefit. Manufacturers are devel_
oping devices having lower NO, gener-
ation.

Area of Future Research - Better
methods of predicting where problems
exist and the development of more prac_
tical mit¡gation measures are needed.

Volatile organic compounds

compoundg acetone, ammonia, toluene
and benzene, which come from building
materials, personal care products]
cleaners and paints,

chro
and
mon
exist

h

h
c
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ung and infirm
as opposed to

Comfort and Heatth Effects - Several
of these compounds have been identified
individually as causing acute and chronic
effects at high concentrations(2a). Some
cause cancer The effects of combinations
of these compounds at low concentra-

. Mitigation Measures - Where prac-
tical, uses of these sources should be re-
stricted and these materials should be
stored in well ventilated areas apart from
occupied zones.

Areas of Future Research - Determi_
nation of the health effects of combina_
iions of VOC at .lower concentrations
found in buildings is a need. lnexpensive
sensors would be usef ul. practical
removal hardware and other control
devices are needed. Studies of substi_
tute-material compositions for lower emis_
srons are needed.

Carbon monoxide
DescriptÌon - CO results from in-

complete combustion of carbon in fuels.
It is colorless, odorless and tasteless.

Sources - Any incomplete combus_
tion may cause high concentrations in in-
side air Gas ranges, unvented heaters,
leaky wood and coal stoves, and tobac-
co smoke are indoor sources. Only worn
or poorly adjusted and maintained com_

Standards and Guidetines - The U.S.
National Ambient Air euality Standards
lists 40 mg/m3 as the one-llour limit(7).

Comfort and Heatth Effecß - Acute af_
fects are due to the formation of carbox-

a serious problem in dwellings in develop_
ing countries due to unveñted heating
and cooking uses.

lnstruments - Some relatively high-
cost inf rared-radiation absorption inst-ru-
ments exist.

Mitigation Measures - lt is most im_
portant to be sure appliances are clean
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and properly adjusted. Automobiles
should not be run in attached garages.
Additional ventilation can be use¿ ãs a
temporary measure when CO is expected
for short periods of time.

Areas for Further Research - CO and
it,i ?yil,Jl:eilq
c d which could
save some of the CO-related deaths.

Carbon dioxide
Description - CO, is an odorless,

tasteless and colorless product of com_
plete carbon combustion.

Sources - All practical combustion
processes and metabolic processes are
CO. sources.

Location and Type of Structure _

CO, is primarily associated with resi_
dences since unvented combustion rs not
usually permitted in other buildings. Low
concentrations of CO, from people and
smoking in buildings are almost always
present.

Sfandards and Guidetines - NASA
employs CO, levels of one percent or
less for space environments, and U.S.
submarines operate at 0.2 percent or less,
indicating that young people in good
health can perform without nazald al

Comfort and Health Effects - At con_
centrations above one percent in ai¡
some loss of mental acuity has been
noted. No major comfort or health effects
in buildings have been noted because
building levels are well below one per
cent.

exis l{:Il,,J:l}:eno d ventilation
app

Microorganisms

iobact ssect hetc. n

da
exi
to

Comfort and Heatth Effects - Tuber-
culosis, measles, small pox, staphylococ_
cus and influenza are known to be trans_

mission(16). "lndoor airborne viruses and
bacteria are the most important cause of
acute disabling illnesses ¡n the U.S.,,(27).
Pollens, molds, etc, cause allergic reac.
tions for a significant portion of the
population.

Measuring lnstrumenß - Air samples
can be collected on filters or impactors
and incubated for visual examination of

rn surveys.
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Mitigation Measures - Good house_
keeping and maintenance of air-condi-
tioning equipment is important. Adequate
ventilation and good air distribution can
help, High-efficiency air cleaners remove
viable particles.

Areas for Fufther Research - The rela-
tionship of concentration of pathogens in
the air to disease transmission is not well
established. More economical air{reat-
ment devices are needed, as well as bet-
ter understanding of the roles of house-
keeping and air-conditioning systems
maintenance.

Even with the extensive work to date,
much more needs to be done before be-
ing able to answer, in a practical way, the
questions posed by any building owner
or occupant. They are: How do I deter_
mine if a have an indoor air quality prob-
lem? And, if I do, what can I ðo a6óut it?

Comfoñ and health effects need to
be better determined. Verified predictive
methods, inexpensive monitors and ex_
tensive field surveys are needed before
the first question can be answered.

The answers to the second question
depend upon advances in methods for

problems by directing further research on
the following general thrusts:

Task 1. Determination of lndoor Air
Pollutant Sources and Factors Affecting
Human Exposure.

Iask 2. Characterization of lndoor Air
Quality in the United States.

Task 3. Determination of the Relation_
ship Between Energy Conservation and
lndoor Air Quality.

ïask 4. Determination of Health Ef_
fects of lndoor Air pollution.

Task 5. D
Control and Mi

Task 6. Nat
Survey.

Agencies represented in this effort. The
report(12) recognizes the extensive work
already done on these six tasks and
recommends a coordinated program
contributing towards the multi-pollutant
survey planned for late 1997 and 19gg.

before 1987. f
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