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Internal combustion and health

We need to reconstitute research programmes as well as change our attitudes towards road traffic

The association between intense industrial air pollution and
lung disease has been acknowledged since the 1930s, but
surprisingly little is known about the effects of long term
inhalation of urban concentrations of vehicle exhaust fumes.
These contain several potentially harmful substances,
including nitrogen oxides, hydrocarbons, carbon monoxide,
lead, and, to a lesser extent, sulphur dioxide. In Great Britain
the number of cars is predicted to double from 23 million to
42-56 million by 2025 so we need to know whether these
substances are in fact doing us harm.
The estimated 4000 deaths a year caused by atmospheric

pollution in the first part of this century led to the Clean Air
Act 1957, the establishment of the Clean Air Council, and the
Medical Research Council's air pollution unit, measures to
control emissions, and the setting up of an extensive network
to monitor smoke and sulphur dioxide concentrations. The
success of these measures, however, led to the dismantling of
some of the mechanisms that made them possible: the Clean
Air Council was abolished in 1979 and the Medical Research
Council's air pollution unit a year later, and the monitoring
network was disbanded. Monitoring is now done to comply
with European Community directives on air quality, but
Britain has few monitoring stations. The nitrogen oxide
monitoring network, for example, consists of just six sites,
only four ofwhich monitor areas affected by vehicle emissions
(Japan has 1800 and The Netherlands 89). Yet comprehensive
monitoring, along with epidemiological, clinical, and
laboratory research, is badly needed to assess the extent to
which Britain's citizens are vulnerable to vehicle emissions.

Since the closure of the Medical Research Council's air
pollution unit in 1980 there have been virtually no research
publications on this subject from British sources. This is
disappointing given the quality of research that followed the
1952 London smog' and contrasts sharply with the intense
activity in the United States. One recent study of 944 bridge
and tunnel workers in New York City showed that tunnel
workers had significantly lower forced expiratory volumes at
one second and forced vital capacities, more respiratory
symptoms, and higher plasma carboxyhaemoglobin con-
centrations than the bridge workers.' Pulmonary function
and symptoms were significantly worse in all workers who had
been employed for over 10 years. The relevance of such
epidemiological work to individual risk and the clinical effect
of long term minor changes in pulmonary function and
oxygen carrying capacity are difficult to assess, but it is

possible to identify groups ofpeople who may be vulnerable to
such changes, such as those with asthma, chronic obstructive
airways disease, and arterial disorders.

Clinical studies in normal people showed that lung function
is disturbed at concentrations of nitrogen dioxide above two
parts per million, but below this the data are conflicting. In
some people with asthma exposure to concentrations as low as
0-1 part per million causes moderate bronchoconstriction and
greatly increases bronchial hyperreactivity. The European
Community directive is that 98% of hourly average nitrogen
dioxide concentrations should not exceed 0-1 part per million.
This is achieved most of the time at urban sites in Britain that
are not at the roadside, but hourly maximums of 0-2-0-4 parts
per million are recorded in London's Cromwell Road, one of
the government's monitoring sites.4

Formation of ozone
Ozone forms in the troposphere by the action of sunlight

on nitrogen oxides. The presence of hydrocarbons results
in increased concentrations. There is wide variation in
individual responsiveness to ozone, but inhaling 0- 18 parts
per million can cause reproducible, small changes in forced
expiratory volume at one second in healthy adults. The long
term clinical relevance of this is unknown. People exercising
heavily are more likely to experience small decreases in forced
expiratory volume at one second and forced vital capacity at
lower ozone concentrations (0-2 parts per million),6 which is
why joggers in Los Angeles are advised to stay at home during
smog alerts, when maximum hourly ozone concentrations
may reach 0-3 parts per million. Ozone and sulphur dioxide
do not seem to interact in normal people, but inhaling
low concentrations of ozone may potentiate the bronchial
hyperresponsiveness of people with asthma to subthreshold
concentrations of sulphur dioxide.8 In Britain ozone pollution
usually occurs when there is a high pressure area over the
North Sea.' The World Health Organisation's one hour limit
is 0-08-0 10 parts per million. During the summer of 1976
peaks of 0 29 parts per million were recorded in Britain, but
these have not been observed since, even in the hot summer of
1989, when maximum hourly averages of 0- 13-0 14 parts per
million were recorded along the south coast. Even then,
the World Health Organisation's lower limit for hourly
averages was exceeded many times (M Williams, personal
communication).
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Carbon monoxide poses a theoretical risk to those vulnerable
to hypoxia, such as people with ischaemic heart disease, and
some data suggest that this may be a true risk. Even low
concentrations (2-4%) of carboxyhaemoglobin exacerbated
myocardial ischaemia during graded exercise in patients with
coronary artery disease,'0 and 5529 New York bridge and
tunnel workers were found to have a higher than expected
mortality from atherosclerotic disease." The World Health
Organisation's guidelines are set to prevent the plasma
carboxyhaemoglobin concentration exceeding 3%. The
plasma carboxyhaemoglobin concentrations in non-smokers
who walked into the outpatient department of St Bar-
tholomew's Hospital in 1975 ranged from 0 2% to 2 5% while
smokers in an adjacent city office had concentrations of
2-2-13%. 12 Nevertheless, carbon monoxide concentrations are
higher within vehicles than at kerbsides and are higher now
than in 1975,'3 and uptake of carbon monoxide is related to
exposure time and workload. Non-smokers in workplaces
such as garages have carboxyhaemoglobin concentrations as
high as 3 8%,'3 so a case can be made for monitoring in the
workplace to protect vulnerable people. This can be done
easily with pocket sized monitors such as the Vitalgraph
BreathCO monitor.

Petrol is a complex mixture of hydrocarbons and additives.
Benzene is the source of most concern because of its proved
carcinogenicity in humans. One cohort of 748 rubber workers
exposed to benzene over 10 years had a relative risk of
leukaemia of 5-6,'4 and in animals benzene exposure also
produces malignancies other than haematological ones. The
assessment of human risk at the low concentrations seen in
non-industrial communities is based on linear models built
with animal and human epidemiological data. Thus in the Los
Angeles basin, where the population weighted concentration
of benzene is 4-6 parts per billion, the added lifetime risk is
estimated at 101 to 780 cases per million people exposed.'5
This method of estimating risks is not universally accepted
because the mutagenic metabolite of benzene has not been
identified and because DNA repair systems may be more
efficient at lower exposure concentrations.'3 Nevertheless,
concern in California has led to the introduction of devices to
prevent vapour escaping from petrol dispensers. There is no
national monitoring network for benzene in Britain but, even
so, a case can be made for following California's example and
keeping petrol retail outlets away from communities and
fitting petrol pumps with vapour retrieval systems.

Exhaust from diesel engines contains lower concentrations
of some gaseous pollutants but higher concentrations of
particulates bearing organic extracts, including polyaromatic
hydrocarbons. Evidence from experimental studies shows
that these are mutagenic and carcinogenic. 16 Studies of
populations exposed to diesel have been inconclusive because
of difficulties with controlling for smoking and occupational
exposures, but one case-control study ofdeaths among United

States railway workers showed that workers aged under 65
who had been exposed for at least 20 years had a small but
significantly increased risk of lung cancer. 7 With this in mind
the British Lung Foundation recently recommended the use
of masks for occupational groups exposed to high levels of
particulates, particularly those who exercise -such as bicycle
couriers.

Government intervention
The benefits of government intervention have been shown

by the reduction in atmospheric lead concentrations. In
January 1986 the maximum permissible lead content in petrol
was reduced from 0-4 g/l to 0 15 g/l and over the ensuing year
the airborne lead concentration fell by half.'8 Within the
European Community all new small cars must be fitted with
catalytic converters from 1993. These replace conventional
exhaust systems and can reduce exhaust emissions of carbon
monoxide, nitrogen oxides, and hydrocarbons by 70-90%.
But the effects of such new technologies should not be
overestimated. Catalytic converters need maintenance, work
less efficiently at low speed, and have not been developed for
diesel powered vehicles. Tighter emission standards might
be overwhelmed by the growing number of vehicles. In
California stringent emission controls requiring the use
of catalytic converters since 1975 have not substantially
improved air quality.
The most effective way ofensuring cleaner air for our lungs

is to lower our dependence on cars and lorries. This means car
pooling, vastly improved and cheaper public transport, and
encouraging walking and cycling. Freight should be induced
to return to railways and waterways by investment in our
transport infrastructure. Unrestricted use of the private car
has led to serious problems in cities such as Los Angeles,
Mexico City, and Athens. Even West Berlin was brought to a
standstill in 1987, when most cars were banned because of
smog covering much of Germany.9 Clearly, conditions in
Britain have not reached such a crisis, but the evidence
suggests that there are detrimental health effects of air
pollution even at the present concentrations in Britain. To
confirm this, however, there needs to be an improvement in
monitoring and an urgent resurrection of research. There will
have to be a shift in attitude by the public, planners, and
government alike. A compromise will have to be reached with
the internal combustion engine: better start sooner rather
than later.
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