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THE IMPACT OF AIR POLLUTION ON RESIDENTIAL DESIGN
Elia Sterling
School of Architecture
University of British Columbia
Vancouver, Canada

ABSTRACT

= Recent investigations, have found dangerously high levels of po]]u?ion‘inside contemporary
dwellings. At the same time proposals for saving in fuel consumption 1nc1u@e a redgct1cn of
ventilation by up to 50%. However, such reduction in ventilation would subject residents to
possible dangerous chronic exposures to known pollution hazards. This paper first reviews what
is known about sources and levels of pollutants in dwellings. Next a number of des!gn guide-
lines are specified that would reduce the body burden of pollution without substantially
increasing energy consumption for ventilating.

Houses do not protect their inhabitants from the effects of air pollution. Indoor as well as
outdoor sources contribute to the level of household pollution. If ventilation is adequate,
then ambient indoor levels of pollution will be no worse than those outdoors. If ventilation
is hindered or, if an air conditioning system substitutes recirculated for fresh air, pollut-
ants may become entrapped and concentrated indoors.

Air pollution present inside contemporary homes then may reach levels dangerous to the health
and well being of occupants. An extreme example of the effect of inadequate ventilation on
health recently was noted by Kelley and Gregory (1978). They found 12 suspected cases of
carbon monoxide (CO) poisoning, of which 3 resulted in death possibly caused by over-insulation
of homes in response to the recent fuel crises.

In addition to CO poisoning various diseases have been linked to many pollutants commonly found
in households: heart disease to CO, lung disease to oxides of nitrogen (NO), increase in
general morbidity to sulphur dioxide (SO,). Cancer has been linked to soot, asbestos and other
particulates as well as to benzopyrenes “and SO.,. In addition to their effect on human health
many of these same pollutants are potentially “harmful to building materials and ornamental
plants. (Gauri 1978, Guderian 1977, Mudd and Koslowski 1975.)

A previous paper reviewed present knowledge about levels of pollution in large public struc-
tures and suggested design responses (Sterling 1978). Here the available information about
levels and sources of pollution affecting homes is reviewed and guidelines suggested for
design that will help minimize the body burden of pollution on a home's occupants.

Indoor Sources of Air Pollution

Much of the information concerning sources of indoor pollution comes from studies conducted in
sealed environments such as submarines and space vessels. (Alvis 1952; Anderson et al, 19763
Ebersole 1957, 1960; Gorban et al, 1964; Hine 1964; Kitzes 1958; Schulte 1974: Siegel 1961.)

As contaminants generated outside do not penetrate the isolated structure, the types and amounts
of pollutants generated within the sealed environments can thus be determined with accuracy and
their sources established. Cooking and heating are major sources of €O, hydrocarbons, aerosols,
oxides of nitrogen, ozone, and of course soot. Other major sources of CO determined in sealed
environments are oxidation of oils, lubricants, smoking, aging of paints, mechanical equipments
and gas appliances. Other sources of hydrocarbons are aging of paints, varnishes, lacquers,
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paint thinners, solvents, cleaning fluid, plastic, linoleum, asphalt tiles, rubber and plastic
cement, and bonding compounds. Sparks from electric appliances are sources of oxides of nitro-
gen and ozone. Freon, a common refrigerant, is changed into chlorine, florine, hydrogen chlo-
ride, hydrogen floride, and even phosgene if it leaks into the ambient air. Polish, insect
spray, lighter fluid, shaving soap, hair tonic and human metabolic activity all are sources of
contamination.

A number of studies have measured levels of various substances found in the air inside houses.
These studies are summarized in Table 1. Column 1 lists the author and year of the study,
Column 2 indicates the type of pollutant being measured. The next two columns contain the
average level of contamination which occurred over the period of measurement and the range of
levels recorded. MNote that the units of measurement are not always immediately comparable.
International adoption of a standardized system of measuring atmospheric contaminants would be
helpful. The last column comments on the significance of the study.

As shown in Table 1, in many cases indoor levels of many pollutants either equal or exceed out-
door levels. As in sealed environments, heating units and gas appliances such as stoves are
responsible for most household CO. Gas stoves produce more CO during cooking when a pan is
placed over the flame. MWood fires and attached garages are also household sources of CO. Coal
heating can be a source of S0, as well as CO. More SO, is found indoors in coal heated homes
than outdoors. Kitchens and “bathrooms are major sourges of oxide of nitrogen. Aerosols and
solvents are sources of halogenated hydrocarbons.

With respect to particulates, the minerals asbestos, baryllium, talc, and quartz are released
into the air by home repair using spackling, patching, and taping compounds (Rohl et al, 1945).
Talcum powder is also a source of talc. Home furnishing, carpets and drapes may contribute
fibres to the air (Jacobs et al, 1962; Lefcoe and Inculet 1971, 1975). Heating and air condi-
tioning ducts are sources of dust, asbestos, and thermophilic fungi (often the cause of aller-
gic reactions). Special equipment sometimes used in the home can also contribute to air con-
tamination. If, for instance mimeographing equipment is used, it is a source of methyl alcohol
which oxidizes into formaldehyde.

Smoking is also thought to be an important source of pollution in the home. However most
studies of the contribution of tobacco smoke to indcor pollution have been conducted in indus-
trial or office buildings. Other published studies, listed in Table 2,were either conducted in
chambers without ventilation, or under extreme conditions, (12 to 35 cigarettes smoked simulta-
neously or in close succession). . Elevated levels of CO and particulates measured in these
studies cannot be used to judge the effects of smoking on indoor air quality under normal con-
ditions. It is safe to assume that smoking is a source of CO in the home but only one of many
(Sterling, 1977).

Qutdoor Sources Contributing to Indoor Air Pollution

In homes, indoor and outdoor air quality is closely linked. Residential areas may have special
pollution problems if they are located near a polluting industry. Pollutants generated out-
doors slowly infiltrate the building skin and become trapped indoors, increasing the indoor
pollution burden overtime. For example, the only source for the lead in air is from automo-
bile exhaust so that its presence in a home's atmosphere is a significant sign of penetration
and entrapment of outdoor pollution. Penetration and entrapment of pollutants was also strik-
ingly demonstrated by Megaw, 1962 when, in 1957, a cloud of nuclear fision products was acci-
dentally released near Winscale, England. Radioactive iodine, 1311, was deposited on roofs
and in crevices, generating an enduring pollution of homes. CO is released into the atmosphere
by the internal combustion engine, industrial furnaces, residential heating units, and incinera-
tors. If sulphur contaminated coal, gas, or petroleum products are used as fuel, then large
amounts of S0, and soot are also added to the atmosphere as well as C0O. Industrial and resi-
dential coal "burning is also a major source of benzopyrenes. Toxic materials may be introduced
into the home on the clothing, hair and skin of industrial employees. This is not a trivial
source of pollution. Industrial diseases are not uncommon among family members of industrial
workers (Brodeur, 1974).

HOUSE DESIGN FOR HEALTH AND COMFORT

Every building has unique air quality and tempering requirements which the designer should be
aware of from the initial selection of a site to the choice of building materials. Dependence
on mechanical air conditioning, filtering, and ventilation eguipment should be minimized in the
future because of inceasing energy costs. Recirculated air should not be substituted for fresh
air. Ithasthe potential to cause a build up of pollution enriched air indoors. To depend upon
filtering systems to remove gases such as CO and particulates under 1 micron in size from air
intended for recirculation is an unreasonable demand. The most desirable means of reducing
the concentration of air pollution indoors at the designer's disposal is by providing for



adjustable natural ventilation.

Site Selection

Frequently homes must be located in areas where the outdoor air is already heavily polluted.
When limited to such a location a preferred site should be upwind of the most predominant
or hazardous source of pollution. The prevailing wind should be sufficiently strong to dis-
perse pallution quickly and to provide ventilation for the building.

Landscape

Vegetation, if it does not inhibit air movement, can improve air quality by removing particu-
lates and various gases from the atmosphere. Vegetation also serves as a visible indicator of
air quality. Most plants are susceptible to the same pollutants as are men. Deformation and
spotting of leaves and flowers, and conspicuous absence of certain species from the site may
indicate that a serious pollution problem exists.

Air Movement

Organization of the various functional areas of the house for easy ventilation should be con-
sidered in the design phase.

The need for indoor heating and cooking poses an additional ventilation problem. Ventilation
reduces the heat storage capacity of an enclosed space in direct proportion to the rate of air
change. It may be sometimes necessary to sacrifice some fuel economy in order to maintain a
healthy and comfortable indoor environment.

An additional problem is created by cold drafts during periods of heating. Occupants cannot

be expected to open windows and doors for ventilation when the outdoor air is too cold for com-
fort. Also ventilating air ought to be warmed before entering the 1iving zone. Most ideally,
ventilation devices should be included in the design of the building which will allow passive,
draft free, ventilation during all seasons. For example, heating and cooling registers can
also function as fresh air inlets (Sutcliffe, 1899).

The ventilation rate required to purify indoor air can be reduced if the furnace and all gas,
0il, and coal burning appliances are carefully placed within the house so that their contri-
bution to the household pollution can be directly vented to the outdoors. Careful placement
of the exhaust for this air should minimize the danger of reintroducing it into the house by
infiltration or through a fresh air inlet.

A great deal is known already about the natural properties of air movement in and around build-

ings {Givoni, 1969; Oakley, 1961; Olgyay, 1963: Saini, 1973). A number of guidelines useful
for design, can be derived from these properties.

1. Climatic and wind patterns affecting the site should be assessed to determine how ventila-
tion can best be generated (either by taking advantage of prevailing winds or by using the
stack or venturi affects).

2. Inlets should be placed on the windward or high pressure side of the building, outlets on
the leeward or low pressure side.

3. Kitchens, heating units, and other sources of pollution should be placed on the leeward
side. Exhaust from these sources should not be easily reintroduced into the building.

4. Every room must have both an inlet and an outlet in order to produce air movement. The
inlet should be smaller than the outlet. Since wind direction is variable, wind ventilated
rooms should have an adjustable ventilation pattern.

5. Llandscaping materials and windbreaks can be used to direct the flow of air into the house.

Vegetation can be used to filter particulates from the incoming air. Shading devices
should be ventilated to aveid trapping stale, warm, polluted air.

Building Materials

Some materials have the capacity to remove certain pollutants from the air. For instance,
masonry is known to absorb SO, from air (Gauri, 1978). More knowledge is needed of the capac-
ities of different building “materials to absorb pollutants, As previously noted in the discus-
sion of sealed environments and Table 1, better documentation is available regarding materials
as pollution sources. In general, materials should be chosen for their chemical stability over
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time and under adverse conditions of heat and humidity. Materials requiring frequent use of
paints, lacquers, waxes, or cleaning compounds and solvents should be avoided,

The use of minerals such as asbestos, which are known health hazards, should be curtailed.
Materials which do not severely affect the health of the occupants should be substituted where
possible.

If synthetic materials (plastics) are used in the construction or equipment of buildings the
following of the World Health Organization recommendations should determine choice (Goromosov,
1968).

"1. They should have the maximum possible chemical stability, so that no harmful substances
will be liberated into the environment. This is particularly important since people
spend the major part of their lives in their homes or in public buildings, making it
practically impossible to isolate them from any unfavourable effects of plastics used in
construction.

2. They should be appropriate to the climate where they are used; special attention must be
given to the possible decomposition of such materials due to the effect of high tempera-
ture, bright sunlight, and other climatic factors.

6. They must have adequate mechanical strength and durability, must not produce dust when
the floors and walls are cleaned, and must be easy to clean.

7. They must fulfill the same physical and hygienic requirements as conventional materials,
Since most plastics have low thermal stability, care must be taken to insure that materials
situated near heating or lighting installations are sufficiently stable at elevated tem-
peratures.

8. Since certain plastics (particularly polyethylene pipes) may favour the growth of bacte-
rial flora, microbiological control will sometimes be required when they are used,"

CONCLUSION

It is the architect's added responsibility to design homes so that they enhance health and com-
fort as well as fulfill all other aesthetic and practical needs. This responsibility is too
often delegated to the mechanical engineer charged with provision of energy intensive mechani-
cal air supply and filtering systems. A future shift to dirtier fuels, such as sulphur con-
taminated coal, fuel oil, and gas may be expected to increase outdoor and indoor levels of
pollution.,

Considering the effect on air quality of the widespread use of low grade fuels and the possible
unavailability of even those fuels at times of greatest demand, the prudent architect should
rely on energy intensive mechanical air supply, tempering, and filtering technology only after
taking full advantage of local climatic factors and the natural properties of air movement to
satisfy human health and comfort requirements.

The author acknowledges his appreciation for help and criticism received from Drs. Ray Cole,
Diane Kobayashi, and Theodor Sterling.
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