
Housing and Health

Indoor air quality

Stella Lowry

Most people know that outdoor air pollution can
damage their health, but few pay any attention to the
quality of indoor air. Yet we spend about 80% of our
time indoors, as much as three quarters of this in our
own homes. Elderly people, mothers and young
children, and the sick spend most time at home and
may also be particularly sensitive to any health effects
of pollutants.
As fuel costs have risen people have tried to conserve

energy by making their homes more airtight-using
double glazing, cavity wall insulation, draught
proofing, and loft insulation. But this also means that
any contaminants are less diluted by incoming air.
(Cavity wall insulation can even be a source ofpollution
as some types release formaldehyde.) In the 'sixties
asbestos was often used for lagging and insulating.
Intact asbestos in houses is not a major problem but
there is a potential risk to health if the building
becomes damaged or decayed, and the removal of
asbestos from houses poses a major risk. '
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Assessing the risk
The health effects of indoor air pollutants are hard to

study because people move from room to room and it is
difficult to isolate the effects of each. In adults
occupational and smoking histories can confuse the
picture. Moreover, what do you measure? Exposure to
a pollutant depends on its concentration and how that
varies with time and position. For some pollutants,
such as radon, the average concentration and duration
ofexposure are important; for others the peak exposure
is the key-for example, carbon monoxide production
by a faulty heater.
Much of our knowledge about indoor air pollutants

comes from studies of occupational exposure, but the
concentrations are usually much greater in industry
than in the home. Standards for industrial air may be
too lax for houses, where people may be particularly
vulnerable.
The World Health Organisation has issued guide-

lines on how to monitor indoor air quality, including
details of sampling techniques for different types of
pollutant, and how to extrapolate from experiments in
animals and studies of occupational exposure when
assessing risks to health.2 I Ideally, studies of possible
health effects of pollutants should include subjects

Sources and effects of indoor air pollution

Pollutant Possible sources Health effects

Carbon dioxide Metabolic production by occupants; flueless None known at concentrations found
combustion equipment in homes

Carbon monoxide Combustion of fossil fuels, including Anoxia; can be fatal
cigarettes

Nitrogen dioxide Combustion of fossil fuels, including Animals show decreased resistance to
cigarettes bacterial infection; possible increase in

respiratory tract infections in humans
Tobacco smoke Irritation of mucous membranes;

respiratory tract infections; lung cancer
Formaldehyde Urea formaldehyde foam insulation; Irritation of mucous membranes; possible

synthetic carpets; pressed wood products carcinogen
Asbestos Lagging material, cement Lung cancer; mesothelioma
Microbes Dust; mould; air conditioning systems Allergies; infections

Radon Soil gas Lung cancer

selected because of their expected vulnerability- for
example, people with cardiorespiratory problems.
Most people have heard of the sick building

syndrome: vague symptoms such as irritation of the
mucous membranes, headaches, fatigue, and nausea
occurring without explanation in clusters associated
with a particular, usually modern, building. This is an
occupational health problem, and I will not discuss it in
detail, but reviews of the subject do illustrate just how
difficult it is to assess indoor air quality.45

Pollutants of indoor air
Microbial contamination of indoor air can damage

health. The best known example is the association
between exposure to house dust mite antigen and
asthma.69 Less common examples include legionnaires'
disease and humidifier fever, which occur when there
is microbial contamination of air heating or condition-
ing systems.'0' Occupants can themselves be a source
of pollutants ranging from the hydrocarbons found in
body odour to the chemicals released by cigarette
smoking. Mant and Gray have listed some of the
pollutants of indoor air, and their results are sum-
marised in the table.12
The concentration of a pollutant depends on its rates

of production and removal, where it comes from, and
its dilution by ventilation. The quality ofindoor air can
be improved by increasing the ventilation, removing or
modifying the source of pollution, cleaning the air, or
changing the occupants' behaviour.

Assessing effects on health
Most of us are unaware of any ill effects from our

indoor air. The most common problem is allergy to
house dust mite antigen, and the most likely incon-
venience is the need to vacuum clean regularly. A few
people are so sensitive to air pollutants in their homes
that they have to go to extreme lengths to reduce their
exposure. These so called "chemically sensitive" people
develop dermatological, respiratory, and central
nervous system illnesses on exposure to pollutants, and
the building industry, especially in North America,
has developed techniques to prevent this. Installing
airtight vapour barriers to prevent pollutants in the
building shell entering the home, ensuring that all oil
has been washed off any steel studs used, and avoiding
all wood products, carpets, PVC tiles, and certain
cements are among the measures used."

It is one thing to show that a pollutant is present but
quite another to prove that is is harmful. This is well
illustrated in the studies by Melia and others of
nitrogen dioxide in homes. They proved that gas
cookers were important sources of nitrogen dioxide in
indoor air'4 and found a trend for increasing reports of
respiratory illness in children exposed to increasing
indoor concentrations of nitrogen dioxide. 156 But the
effects of social class, smoking, possible reporting bias,
age of the child, and urban or rural setting all
interacted with the effects of nitrogen dioxide concen-
tration.
A recurring problem in studies ofhousing and health

is that the effects of individual variables rarely reach
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FIG 1-Average annual dose ofradiation in Britain (25 mSv overall).
(Based on information from the National Radiological Protection
Board)

statistical significance. Even so, Ogston et al argue that
when the trend is always in the direction of an

association the findings are probably real: "There has
been no significant negative association reported,
although it would be expected on statistical grounds
from at least one ofthe studies. This pattern offindings
would fit better with a hypothesis that concerned a

small but real effect."'17

Radon
The recent scare stories that possibly hundreds of

people are dying of lung cancer caused by radon gas in
their homes show just how difficult it is to interpret
information about indoor air pollution. Radon is a

colourless, odourless gas and is present in almost all
rocks and soils, but particularly in granite. Radon
emits high energy a particles during its decay to a
stable isotope of lead, and these can damage the

bronchial epithelium. Radon is the single largest
sQurce of exposure to radiation for most people in
Britain (fig 1).X8 Exposure to radon causes lung cancer
in uranium miners,'920 and it acts synergistically with
cigarette smoking.
Radon gets into homes from building materials and

ground water, but the main source is soil gas. Higher
indoor temperatures and the effects of wind on a
building together lower the atmospheric pressure
inside compared with outside, and so soil gas flows into
the building. Double glazing or draught proofing can
raise the indoor concentration of radon by a third.

Because the indoor concentration of radon depends
on the structure of a building as well as its site it is
impossible to estimate the radon concentration-it
must be measured. Surveys of the radon concentration
in homes across Britain have found great variation
(fig 2 (right)).2'22 The mean annual effective dose
equivalent in dwellings is 1000 [tSv, but in parts of
south west England the mean indoor concentration of
radon is 15 times the national average.

In miners radon has undoubted effects,20 but here
the exposure is high. In some homes the concentration
of radon exceeds that permitted in mines, but this does
not prove that domestic exposure is harmful, for in
mines other contaminants in dust may be acting
synergistically. (A known hazard to healthy workers
may, however, be even more dangerous to the sort of
people exposed for prolonged periods at home.)
Models of the health risks from radon have been

designed using information from industrial exposure,
extrapolations from the effects of radiation in animal
studies, data on survivors of atomic bombs, and
information about patients treated with x radiation for
ankylosing spondylitis between 1935 and 1954.2425
Using these models the National Radiological Pro-
tection Board estimates that 1500 deaths from lung
cancer in Britain each year are caused by exposure to
radon.26 But despite recent suggestions that radon is a
major risk factor for lung cancer in the general
population there is no correlation between the distri-
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FIG 2-Left: Male mortality from lung cancer in England and Wales, 1968-78. Based on "Atlas ofCancer Mortality,"27 reproduced by permission ofJohn Wiley and Sons. Right:
Mean indoor concentrations ofradon in Britain (1988) (source: National Radiological Protection Board)
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bution of mortality from lung cancer and exposure to
radon. The south west of England, which has the
highest concentrations of radon, is a low risk area for
lung cancer (fig 2 (left)).
Homes in areas with high concentrations of radon in

the soil can be built so as to minimise its entry into the
building.28 People living in houses with high indoor
concentrations can get mortgages or discretionary
home improvement grants to pay for sealing the
building from soil air.29 The National Radiological
Protection Board has recommended that remedial
work should be done in buildings where the annual
exposure to radon exceeds 20 mSv. It also advises that
new buildings should be designed to give a maximum
annual exposure of 5 mSv.30 It estimates that 20000
existing houses, mainly in the south west of England,
need treatment and that about 3000 new houses are
built each year that do not meet the recommended
standards.
The Institution of Environmental Health Officers

has called recently for a reduction in the action level for
existing homes to 10 mSv per year and for changes in
the law to introduce a system of radon certification of
houses at the time of sale. It also wants environmental
health officers to be able to serve statutory notice on
landlords to remedy tenanted buildings found to be
above the action level.3' Yet despite so much concern
from the government and professional organisations
there is no hard data proving that domestic exposure to
radon is a major hazard to health.32 It is easy for people
to find out what their annual exposure to radon is
(box), but difficult for them to know what to make of
the results.

Conclusion
Indoor air pollutants can affect health, but the

pollutants present vary from house to house, and the
concentrations required to cause harm depend on
individual susceptibility. Radon is a known carcinogen
in miners. Its concentration in homes varies widely and
in some places exceeds the limits set for industrial
exposure, but there is no direct evidence linking
domestic exposure with an increased risk of lung
cancer.

Comment
It is impossible to make recommendations about the

quality of indoor air that will protect everyone, but
some simple precautions do seem worth while. All
domestic heating and cooking appliances should be
correctly vented. Damp houses should be treated as
this discourages mites and mould growth and improves
air quality. Modifications to make houses airtight
should still allow occupants to vary the amount of
ventilation.

Until studies are conducted to assess the link
between individual lifetime exposure to radon and
cause of death'we should'not overestimate the risks.
But for most of us radon is the single largest source of
exposure to radiation, and it seems sensible that the
design of new houses should keep to the National
Radiological Protection Board's recommendations.
The expense of altering existing dwellings may not be
'justified, and public money' would be better spent on
tackling homelessness or fuel poverty.
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