
apportioned among the physicians within a region in
relation to their workload."'

Doctors in general practice may be salaried, paid on
a capitation basis, or paid per item of service or per
patient treated-or they may be paid by a combination
of these methods. In the Netherlands, for example, the
health insurance schemes fix an earnings target for
general practitioners and calculate the capitation
payment to provide 70% of this target. The assumption
is that each doctor will earn the remaining 30% of the
target from private practice, for which payment is
made on an item of service basis.

Actual health expenditure
Themost widely usedmeasures ofhealth expenditure

are the amount spent per person expressed in US
dollars and the amount spent per person as a fraction of
GDP (figure).2 Neither measure gives a true picture
of differences between countries in the health care
delivered to the patient. Factors that also have to be

taken into account include the expectations of and the
demand by patients, how well doctors and other health
workers are paid relative to the rest of the population,
and the overall efficiency of the system-one recent
estimate suggested that nearly a quarter of the expen-
diture on health care in the United States went on
administrative costs.
What these measures do provide is some guidance on

changes within and between countries. The past
two decades have seen substantial growth in health
expenditure in all countries with the exception ofthose
in Scandinavia, which has pulled back a little towards
the average in the European Community. Health
expenditure has grown in Britain, but the rate of
growth has been slow compared with most of our
neighbours; our overall expenditure is still near the
bottom of the table.

1 Sandier S. Health services utilisation and physician income trends. Health Care
FinancingReview 1989;suppl:3347.

2 Schieber GJ, Poullier J-P. International health spending: issues and trends.
Health Affairs 1991 Spring:106-16.
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Air pollution: I-From pea souper to photochemical smog

Fiona Godlee

Air pollution has changed since the infamous winter
fog of 1952 that killed 4000 Londoners.' Instead of the
localised but lethal accumulation of sulphurous fumes
-caused 'when large amounts of smoke from coal
fires coincided with winter anticyclones (box)-the
industrialised world now spends the summer draped
in a photochemical haze of vehicle exhaust. Photo-
chemical smog is, in its way, no less dangerous to
health than the old winter fogs. There is increasing
recognition of the role of smog in acute and chronic
cardiorespiratory disease. But winter fogs, too,
continue to take their toll. In the West clean air
legislation has made them a thing of the past. But in
eastern Europe and the Third World sulphurous
pollution remains a major threat to health.

Sulphurous poliution
The World Health Organisation estimates that

nearly 625 million people around the world are exposed
to unhealthy levels ofsulphur dioxide, and more than a
billion people-one in five of the world's population-
to excessive levels of particulate pollution.2 Sulphur
dioxide and particulates such as soot are the main
airborne products from burning high sulphur fuel.
Given the right meteorological conditions-cold,
moist air-and the presence of certain metal catalysts
in polluted droplets of water-they combine to form
aerosols of sulphuric acid. Easily inhaled into the
lungs, this is probably the component of winter
pollution that causes most damage to health.3

Pollution derived from high sulphur fuel has been
linked with chronic bronchitis in adults and chest
infections in children since the 1940s, though some
studies have found no clear association.4 In one study
patients with bronchitis had significant exacerbations
when concentrations of black smoke and sulphur
dioxide in the air exceeded 250 tg/m3 and 500 jig/ml
respectively.5 A study in Sheffield found an increase in
both upper and lower respiratory tract infection in
children living in heavily polluted areas.6
More recently, despite a fall in pollution from high

Winter fogs
The dangers of sulphurous pollution were most dramatic-
ally illustrated in December 1952 when a dense fog
covered London killing up to 4000 people (fig 1). Other
industrial cities had suffered similar, though less severe,
episodes. Glasgow experienced two severe fogs in the
winter of 1909, and another in 1925, all accompanied by
an increase in mortality. In December 1930,.five days of
polluted fog killed more than 60 people in Belgium's
industrial Meuse valley; and in Donora, Pennsylvania,
18 people died because of polluted fog during a two week
period in October 1948.'

These pea souper fogs depended as much on meteoro-
logical conditions as on emissions of sulphur dioxide and
soot. The anticyclone that settled over London on
5 December 1952 heralded a rare period of calm weather.
Temperature inversion-a cold layer of air at ground level
overlayed by a zone ofwarmer air-prevented the air from
circulating and allowed the build up ofemissions from low
lying industrial and domestic chimneys. The trapped
emissions combined with moisture in the cold air to form a
deadly fog of acid vapour and black smoke.

Concentrations of sulphur dioxide reached a peak of
nearly 4000 ig/m3-more than 10 times the maximum
level set down by the World Health Organisation as safe
to breathe for one hour.2 The victims-mostly young
children and people over 65-died of heart and lung
disease. In the week after the fog, sickness claims doubled
and admissions to hospital rose from a daily average of 750
to 1110. Ammonia bottles with wicks brought the only
relief from bronchial irritation, bronchospasm, dyspnoea,
and cyanosis caused by the acidic air.

sulphur fuels,2 studies in various countries have shown
an association between acid aerosols and morbidity and
mortality, especially among people with asthma (D V
Bates, meeting of the British Thoracic Society,
Birmingham, 13 July 1990). Outcome measures
affected by concentrations of sulphur dioxide and
sulphates include increased absenteeism from work,7
respiratory symptoms in children,8 lowered forced
expiratory volume in one second,9 increased emergency
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visits to hospital,'" and increased prevalence of and
mortality from asthma and bronchitis."I'3
The health effects of airborne particles-soot and

other solids-are difficult to separate from those of
other pollutants with which they are formed and with
which they interact. Acid gases, for example, are
adsorbed on to the surface of particulates and are
carried into the lungs. The depth to which particles
penetrate the respiratory tract depends on their size-
smaller particles penetrating further-and the degree
of mouth breathing. The depth of penetration is
increased during exercise.2 Clearance of particulate
matter from the lungs is reduced in smokers and
people with cystic fibrosis because of damage to the
mucociliary system.

In the West pollution control has greatly reduced
visible particulate pollution in air. But poor visibility at
airports- an indication of levels of particles in air- has
recently been linked with ill health. This has been
attributed to fine airborne particles composed of
sulphates.'4 But diesel fumes have now replaced coal
burning as the major source of visible particulates in
the West, being responsible for 90% of particulates in
urban areas and one third of total emissions.' On the
basis of occupational studies in people heavily exposed
to diesel fumes, the International Agency for Research
on Cancer concluded that diesel engine exhaust was
"probably" carcinogenic to man.'6 I shall examine the
possible relation between air pollution and cancer next
week.

Clean Air Act
The London fog of 1952 was sufficiently severe to

force the British government to legislate. The 1956
Clean Air Act established smoke free zones in which
only smokeless fuel, gas, or electricity could be used.
This, combined with a fall in industrial pollution, has
cut emissions of smoke in the United Kingdom by 85%
over the past 30 years.'7 But Britain's success on
the domestic front has been accompanied by poor
performance internationally. The 1952 act also
introduced the government's tall stack policy, now
much criticised by environmental groups in Britain
and Europe. Rather than requiring industry to reduce
emissions, the policy ensured that pollutants were
discharged from high chimney stacks to allow dispersal
and dilution in the atmosphere. It put an end to winter
smogs in Britain but has had catastrophic effects in
Scandinavia, where acidic pollution from Britain falls
as acid rain, damaging forests, crops, and aquatic life.

Other industrialised countries have also shifted from
multiple small sources of pollution-such as domestic
furnaces- to large single sources such as power
stations, benefiting from improved air quality locally
but contributing to the long distance effects of acid air
pollution. They have, however, tended to combine tall
stacks with strict limits on emissions. In the 1970s
Japan, for example, installed scrubbers in its power
stations to reduce emissions of acidic gases. Over a
decade later Britain is following suit.

Developing disaster
In the floundering economies of the Third World

and eastern Europe the poor quality of raw materials
combined with inadequate pollution controls and
reliance on poorly maintained diesel vehicles are
wreaking havoc with the environment, recreating
scenes from the early days of industrialisation in the
West. Increasing urbanisation and the growing
demand for energy can only make things worse. In
China, for example, output of coal increased by more
than 20 times between 1949 and 1982, and energy
targets will mean a further doubling in the next

decade.'" In eastern Europe-where' oil, natural
gas, and hard coal have been scarce during the past
40 years-brown coal has formed the basis for
industrial development. It has a high content of ash
and sulphur and about half the energy value of hard
coal, meaning that twice as much must be consumed to
produce a given amount of energy.
Firm data on levels of air pollution in these countries

are difficult to come by, but according to the World
Health Organisation and the United Nations Environ-
ment Programme, during the 1980s annual average
concentrations of particulate matter in New Delhi and
Beijing were as much as five times the WHO standard.2
In India emissions of sulphur dioxide have nearly
tripled since the early 60s'" and in Weimar in eastern
Germany for the past three successive winters con-
centrations ofsulphur dioxide have been higher than in
London in December 1952 (H E Wichmann, personal
communication) (fig 2).
The effects on health are predictable. In eastern

Germany, for example, the mortality from bronchitis,
asthma, and lung disease in men is reported to be the
highest in Europe and double the European average. In
parts of the southern industrial regions of eastern
Germany life expectancy is from three to eight years
below the national average and 90-100% of children
have respiratory diseases. In the highly polluted
industrial regions of Poland there are reports of
increases in inflammation of the eyes and upper
respiratory tract, in toxaemia (especially in children),
and in illness related to tumours. In the lignite mining
area in the north ofCzechoslovakia the general sickness
rate is two to 12 times higher than elsewhere in the
country, and children living there have an increased
incidence of serious and complicated diseases of
the upper respiratory tract. Allergic diseases in
Czechoslovakian children increased 10-fold between
1962 and 1982, with a similar increase in congenital
development defects and sight defects.'9
These are broad brush strokes and many of the data

are anecdotal. But one recent study attempted to link
data on health with actual levels of pollution. It
grouped over half a million 19 year old Polish army
recruits according to the mean annual sulphur dioxide
concentrations in the region ofPoland from which they
came. As the concentrations increased from fewer than
0 005 parts per million to more than 0-028 parts per
million, the prevalence of chronic bronchitis increased
more than threefold and that of asthma more than
fivefold.20

FIG 2-Annual mean concentrations of sulphur dioxide (tglm3),
1985'9
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Poor pollution controls in China
are recreating winter smogs The problems facing eastern Europe are consider-

able. The pace ofchange in 1989 and 1990, with the fall
of the Berlin wall and the rapid improvement in East-
West relations, has left an impression that similar rapid
progress to a cleaner eastern Europe is simply a
formality. But tens, and perhaps hundreds, of millions
of pounds may be necessary to halt the deterioration
and begin the cleaning up operation. 9 Confronted with
other pressing demands on their limited finances,
many of the countries in eastern Europe may allow the
environment to slip down their list of priorities. Even
within the environmental portfolio there are more
urgent matters than air pollution. A meeting of eastern
European and European environment ministers in
Dublin in 1990 concluded that aging nuclear power
stations and inadequate disposal of nuclear waste
presented the most immedi,ihreat to human health
in eastern Europe.

Countries in eastern Europe and the developing
world are confronted with a dilemma. Before they can
make environmental issues a realistic priority, they
need economic growth to support the necessary
financial investment. But in the short term such
growth will itself add to the problem of pollution.
Environmental recovery will be achieved only at great
financial cost and will require carefully coordinated aid
and investment from the West.
There is, however, an up side to this grim scenario.

Developing countries, behind as they are in the
industrial race, now have the chance to learn from the
mistakes of the West. This would mean not simply
rerouting pollutants into the atmosphere but reducing
their production, by both enforcing strict control of
pollution at source and encouraging energy efficiency
to cut demand. The increasing popularity of diesel
vehicles, which produce large amounts of particulate
matter, especially when poorly maintained, contributes
to the problem of sooty smog in developing countries.

Controlling emissions from road vehicles and dis-
couraging the use of cars by providing adequate public
transport would help reduce the environmental and
human burden of airborne sulphur and soot.

Conclusion
Legislation in the West has been largely successful in

bringing an end to winter smogs, but elsewhere in the
world people are still suffering as a result of the
uncontrolled burning ofhigh sulphur fuel. Meanwhile,
the West is experiencing problems of its own. The tall
stack solution to winter fogs, coupled with the increase
in road transport, has committed large areas of Europe
and America to photochemical smog and acid rain. The
health effects of these newer pollutants are only now
being recognised. They will be considered next week.

I am grateful to Dr Malcolm Green, Fiona Wier of Friends
of the Earth, and Dr Lutz Blank of Environmental Resources
Limited for their help with this article.

1 Ministry of Health. Mortality and morbidity during the London fog ofDecember
1952. London: HMSO, 1954. (Reports on public health and medical
subjects 95.)

2 World Health Organisation. Air quality guidelines for Europe. Copenhagen:
WHO, 1987.

3 United Nations Environment Programme and World Health Organisation.
Assessment of urban air quality. Nairobi: Global Environment Monitoring
System, 1988.

4 Holland WW, Bennett AE, Cameron IR, Florey CV, Leeder SR, Schilling RS,
et al. Health effects ofparticulate pollution: reappraising the evidence. Am3
Epidemiol 1979;11O:527-659.

5 Lawther PJ, Waller RE, Henderson M. Air pollution and exacerbations of
bronchitis. Thorax 1970;25:525-39.

6 Lunn JE, Knowelden J, Handyside AJ. Patterns of respiratory illness in
Sheffield infant school children. BrJ Prev SocMed 1967;21:7-16.

7 Ponka A. Absenteeism and respiratory disease among children and adults in
Helsinki in relation to low level air pollution and temperature. Environ Res
1990;52:34-46.

8 Goren AI, Hellman S. Prevalence of respiratory symptoms and diseases in
school children living in a polluted and in a low polluted area in Israel.
Environ Res 1988;45:28-37.

9 Brunekreef B, Lumens M, Hoek G, Hofschreuder P, Fischer P, Biersteker K.
Pulmonary function changes associated with an air pollution episode
in January 1987. Journal of the Air Pollution Control Association 1989;39:
1444-7.

10 Bates DV, Baker-Anderson M, Sizto R. Asthma attack periodicity: a study of
hospital emergency visits in Vancouver. Environ Res 1990;51:51-70.

11 Derriennic F, Richardson S, Mollie A, Lellouch J. Short term effects of
sulphur dioxide pollution on mortality in two French cities. Intl Epidemiol
1989;18: 186-97.

12 Hatzakis A, Katsouyyanni K, Kalandidi A, Day N, Trichopoulos D. Short
term effects of air pollution on mortality in Athens. Int J Epidemiol
1986;15:73-81.

13 Imai M, Yoshida K, Kitabatake M. Mortality from asthma and chronic
bronchitis associated with changes in sulfur oxides air pollution. Arch
Environ Health 1986;41:29-35.

14 Ostro BD, Rothschild S. Air pollution and acute respiratory morbidity: an
observational study of multiple pollutants. Environ Res 1989;50:238-47.

15 Van den Hout KD, Rukeboer RC. Diesel exhaust and air pollution. Research
Institute for Road Vehicles. Delft: Toegepast Natuurwetenschappelijk
Onderzoek, 1986.

16 International Agency for Research on Cancer. Diesel and gasolene engine
exhausts and somne nitroarenes. Lyons: IARC, 1989. (Monographs on the
evaluation of carcinogenic risk to humans, vol 46.)

17 Holman C. Air pollution and health. London: Friends of the Earth, 1989: 1.
18 French HF. Clearing the air. In: Brown LR, ed. State of the world 1990. A

Worldwatch Institute report on progress towards a sustainable society. New
York: W W Norton, 1989:100.

19 Russell J. Environmental issues in eastern Europe: setting an agenda. London:
Royal Institute of International Affairs and World Conservation Union,
1990.

20 Hertzman C. Poland: health and environment in the context of socioeconomic
decline. Vancouver: Health Policy Research Unit, University of British
Columbia, 1990. (Discussion paper 90, 2D.)

BMJ VOLUME 303 7 DECEMBER 1991 1461

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.303.6815.1459 on 7 D
ecem

ber 1991. D
ow

nloaded from
 

http://www.bmj.com/

