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Abstract—Urban air pollution is a major environmental problem in the developing countries of the world. WHO
and UNEP created an air pollution monitoring network as part of the Global Environment Monitoring System. This
network now covers over 50 cities in 35 developing and developed countries throughout the world. The analyses of
the data reported by the network over the past 15—20 yr indicate that the lessons of the prior experiences in the
developed countries (U.S.A., U.K.) have not been learned. A study of air pollution in 20 of the 24 megacities of the
world (over 10 million people by year 2000) shows that ambient air pollution concentrations are at levels where
serious health effects are reported. The expected rise of population in the next century, mainly in the developing
countries with a lack of capital for air pollution control, means that there is a great potential that conditions will
worsen in many more cities that will reach megacity status. This paper maps the potential for air pollution that
cities will experience in the future unless control strategies are developed and implemented during the next several

decades.
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INTRODUCTION

The 1972 UN Conference on the Environment in
Stockholm called for a concerted attack on all global
environmental pollution problems. The United Na-
tions Environment Programme (UNEP) was created,
and in partnership with the World Health Organiza-
tion (WHO) began to address the problems of urban
air pollution which were exemplified by the 1952
London Fog in which over 3000 people died (Ministry
of Health, 1954). In 1974, UNEP and WHO collab-
orated in the initiation of a Global Environment
Monitoring System (GEMS) urban air pollution
monitoring network (GEMS/Air). This network has
provided air monitoring equipment to developing
countries and has collected air quality data in over 50
cities in 35 countries throughout the world. The initial
network focused on sulfur dioxide (SO ). suspended
particulate matter (SPM) by the high-volume sampler
method (TSP), and lead (Pb) analyses of the TSP
filters, as these pollutants were identified as the most
important for developing countries.

To provide the necessary guidance to GEMS/Air
participants, some of which were initiating air
monitoring for the first time, WHO and UNEP issued
a series of documents that covered the major topic
areas, as follows:

u WHO (1976) gave specific guidance on the
monitoring methods to be used for SO and SPM,
quality assurance and data reporting;

u WHO (1977) gave guidance on station siting and
local network design;

u WHO (1980) gave guidance on analysis and in-
terpretation of ambient air quality data; and

u WHO (1982) gave guidance on how to estimate
human exposure to air pollution with respect to
indoor/outdoor relations and activity patterns.

The results of these programmes have been very
useful in documenting the extent of the global air
pollution problem and have been used by UNEP and
WHO to set continuing programme priorities. In
1991 (WHO, 1992) WHO and UNEP developed a
plan to expand the network by shifting from TSP data
to a measure of size fractionated SPM less than 10 km
in aerodynamic diameter and including the collection
of air quality data on the air pollutants CO, NO and

3e

While the subject of protection of the atmosphere
was very high on the agenda of the recently concluded
1992 UN Conference on Environment and Develop-
ment at Rio de Janeiro, the topic of urban air pol-
lution was not singled out for special attention.
Although references to urban air pollution were
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made in the Conference report for the next century,
“Agenda-217, it did not figure as prominently as it
should have. Urban air pollution could in the rather
near future become, if it already is not, a public health
and environmental problem of crisis proportion. Al-
though air pollution is only one of the environmental
hazards alongside water contamination, hazardous
wastes, etc., it is currently the most politically contro-
versial environmental concern of large cities. It affects
every resident, it is seen by every resident, and is
caused by nearly evety resident.

Of foremost concern is the health and well-being of
urban residents. The concentrations of ambient air
pollutants, which prevail in many urban areas, are
sufficiently high to cause increased mortality, morbid-
ity, deficits in pulmonary function and cardiovascular
and neurobehavioural effects (WHO, 1987; Schwartz
and Dockery, 1992; Dockery et al., 1993). Indoor
sources of air pollution, such as cooking fires and
tobacco smoking, contribute toward general human
exposure and can result in even more severe exposures
for people in their homes (Smith ci at., 1994). In
addition to health, there are other concerns. Air pollu-
tion is seriously damaging material resources of the
cities, such as buildings and various works of art. Its
impact on vegetation is also of concern. Finally, urban
agglomerations or “supercities” are also majorsour-
ces of regional and global atmospheric pollution and
certain greenhouse gases.

In order to assess the problems of urban air pollu-
tion in a global context, the WHO and UNEP in-
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itiated a detailed study of air quality in 20 of the 24
megacities of the world (WHO/UNEP, 1992). For the
purposes of this study, megacities were defined as
urban agglomerations with current or projected
populations of 10 million or more by the year 2000 as
shown in Fig. 1 (UN, 1989). The four megacities not
chosen for inclusion in the study were Osaka (because
of similarity to Tokyo) and Tehran, Lagos and Dacca
because of a lack of data upon which to perform the
study. The urban areas chosen included cities in all
parts of the world—two in North America, four in
Central and South America, one in Africa, 11 in Asia
and two in Europe. The megacities are not necessarily
the world’s most polluted cities. The primary reasons
for singling out the megacities are that they already
have serious air pollution problems; they encompass
large land areas and many people (the total popula-
tion of the 20 megacities in 1990 was estimated to be
234 million); and many other cities are heading for
megacity status. In 2000, the United Nations estimate
that there will be 59 “supercities” having over five
million population and many of these will reach
megacity status in the next century (UN, 1989). This
last point is of particular importance. A review of the
air pollution situation in the present-day megacities
and identification of their difficulties in finding solu-
tions can serve as a warning to the problems facing
rapidly growing urban areas, and act as a guide to
solving and preventing some of them. Preventing pol-
lution problems before they can occur is often the
most cost-effective approach.

RESULTS

The megacity study (WHO/UNEP, 1992) was car-
ried out within the framework of the WHO/UNEP
GEDbIS/Air Programme. The GEMSJAIr data were
supplemented by other air quality data, information
on sources and emissions of air pollutants, and other
factors of importance in evaluating air pollution that
are referenced within WHO/UNEP (1992). Such data
and information were supplied by national and mu-
nicipal authorities directly to WHO/UNEP secret-
ariats or obtained through WHO/UNEP staff,
consultant missions, and in some instances from the
scientific literature. The draft assessments were re-
viewed by a WHO/UNEP Government-Designated
Expert Group meeting on Urban Air Pollution
Monitoring which was convened in Geneva in 1991.
Some of the principal findings and conclusions of the
study are presented here WHO/PEP, 1992).

The first observation is that air pollution is wide-
spread across the megacities and is often mostsevere
in cities in developing countries. But even in the
others, health norms are being exceeded, although to
a lesser degree. Each of the 20 megacities has at least
one major air pollutant which occurs at levels that
exceed WHO health protection guidelines (WHO,
1987) as shown in Fig. 2; 14 of these megacities have
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Urban air pollution in megacities
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Fig. 2. Overview of air quality in 20 megacities based on
asubjective assessment of monitoring dataand emissions
inventories.

two such pollutants and seven have three or more.
The last group consists of Beijing, Cairo, Jakarta, Los
Angeles, Mexico City, Moscow and Sao Paulo. Five
of these seven are located in the Pacific Basin. They
are facing a variety of air pollution problems requir-
ing comprehensive solutions. In the majority of the
megacities, air quality is getting worse as the popula-
tion, traffic, industrialization and energy use are in-
creasing and there is much urgency in instituting
control and preventive measures. Figure 3 shows the
change in SPM (TSP) in Manila, going from air qual-
ity within the WHO guidelines in 1977 to an ex-
ceedance by a factor of two or more by 1989.

In degree of severity, the high levels of SPM are the
major problem affecting the megacities as a group.
SPM presents a very serious problem in 12 of the
megacities surveyed, the majority of which are located
in the Pacific Basin. The concentrations of SPM in
these cities are persistently above the WHO guidelines
(WHO, 1987) by a factor as much as two or three
(Fig. 2). Figure 4 shows that SPM (TSP) in Beijing has
an annual average of order 400 pg m ' which is well
above the WHO guideline. Recent U.S. studies show
mortality correlations with SPM at much lower levels
of SPM (Schwartz and Dockery, 1992; Dockery ci al.,
1993). Therefore, there is a concern that more serious
SPM-related mortality is likely to exist at similar
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SPM levelsin developing countries where the delivery
of medical care in acute cases is not as proficient
(WHO, 1995).

In the second grou another five megacities—the
health guidelines are also exceeded but by a lesser
margin. There are only three megacities in which
SPM is by-and-large within WHO prescribed limits,
albeit within the range of SPM where Buctuations in
mortality have been associated with fluctuations in
ambient SPM (Dockery et al., 1993). Ambient SPM of
anthropogenic origln is emitted into the urban air by
a whole host of sources and activities, or it is prod-
uced by photochemical processes that lead to the
presence of fine aerosols less than 2.5 pm in aerody-
namic diameter. The most notable emission processes
are combustion of fossil fuels for powergeneration in
industry and for heating purposes. This anthropo-
genic SPM is much more toxic than the SPM of
natural origin (Beck and Brain, 1982). Motor vehicles,
certain industrial processes, and burning of waste also
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produce and emit particulates. High levels of natural
wind-blown SPM, albeit less toxic than man-made
particles, are another feature which complicates this
particular air pollution problem. The proximity to
desert areas or barren lands leads to high natural
loadings of crustal particulates in cities like Beijing,
Cairo, Delhi, Karachi, Los Angeles, and Mexico City.
Even if this crustal SPM is relatively inert, its presence
in the lung potentiates the toxicity of the anthropo-
genic particles because it increases the residence time
of the more toxic SPM (WHO, 1995).

Air-borne lead (Pb) is an important air pollutant
where leaded petrol for motor vehicles is still sold. In
high concentrations it is known to impair liver and
kidney functions and is associated with reduced men-
tal development of infants and children (WHO, 1987).
Although Pb is emitted by vehicles as small particles,
they can agglomerate into large particles that are re-
entrained by wind and traffic. For the cities sur-
veyed, there are still some where high levels of Pb are
recorded. They include Cairo and Karachi and, to
a lesser extent, Bangkok, Jakarta, Manila and Mexico
City. Inall others, Pb levels appear to be within WHO
guidelines, and in many of them Pb in petrol has been
either totally eliminated or greatly reduced.

One of the positive developments observed is that
coal and high sulfur oil have been or are being re-
placed by cleaner fuels such as natural gas which
contains less ash and less sulfur (WHO, 1988). At
present, the principal fuel in the 20 megacities is split
almost equally among coal, oil and natural gas. Coal,
however, is still the predominant fuel for industry and
energy in Beijing, Calcutta, Delhi, Seoul and Shang-
hai. Along with this changeover have come reductions
in air pollution levels, particularly sulfur dioxide and
the upward trend in ambient concentrations has been
reversed in a number of cities. In addition to the cities
in the developed countries where vast reductions in
S 2 concentrations were achieved 15 or 20 yr ago,
a downward trend is evident in Bangkok, Bombay,
Calcutta, Manila, Sao Paulo and Seoul (Fig. 5).

Of very special concern for health is the use of coal
or biomass fuels for home heating and cooking pur-
poses (Smith etal., 1994). Due to the highly inefficient
combustion and the fact that these emissions are re-
leased a metre or two above the ground level within
residential districts, the exposures to people can be
extremely high. While the use of these fuels for domes-
tic purposes is being phased out in many urban
centres, large areas of Beijing, Calcutta, Dacca, Delhi,
Shanghai and Seoul—among the megacities—still ex-
perience this type of pollution with the attendant
adverse effects on health. The open burning of refuse
is also still a common occurrence in some of the
megacities with consequent high air pollution concen-
trations in the vicinity.

Motor vehicle traffic is a major source of air pollu-
tion in the megacities. In half of them it is the single
most important source. It is a major source of four of
the six major air pollutants—CO, NO,, HC and
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Pb-and contributes to the SPM concentration. Since
1950, the global vehicle fleet has grown tenfold and is
estimated to double from the present total of 630
million vehicles within the next 20-30 yr (WHO/
ECOTOX, 1992). Much of the expected growth in
vehicle numbers is likely to occur in developing coun-
tries and in eastern Europe.

As cities expand into megacities, more people will
drive more vehicles greater distances and for longer
times. In the absence of controls, the automotive emis-
sions will likewise increase. In Bangkok, for example,
it is estimated that they will double by the year 2000
(WHO/ECOTOX, 1992). In cities where a substantial
portion of the motor vehicle fleet is diesel-powered
there are additional problems of black smoke and
greater particulate emissions. Such a situation exists
in Bangkok, Manila and Seoul. The implementation
of automotive emission controls in the cities is para-
mount given the already high concentrations of
automotive-related air pollutants, the rapid increase
in motor vehicle traffic and the long time it takes for
controls to take effect.

Indeed, many of these cities need to supplement
technological automotive emission controls with ad-
ministrative controls to reduce the vehicle kilometres
travelled, such as better public transport systems. Sev-
eral supercities have already begun using “incentive”
approaches to securing improved air quality, espe-
cially indirect-based incentive policies. Gasoline taxes
are a good example of such approaches.

From a review of trends in air quality in different
cities it is quite evident that “history repeats itself”.
The experience of the current megacities in the de-
veloped countries is being repeated in the developing
countries. As shown in Fig. 6, before rapid industrial
development takes place, air pollution is mainly from
domestic sources and light industry; concentrations
are generally low and increase slowly as population
increases. As industrial development and per capita
energy use increase, air pollution levels begin to rise
rapidly (WHO, 1988). Then urban air pollution
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becomes a serious public health concern and emission
controls are introduced. Owing to the complexity of
the situation, an immediate improvement in air qual-
ity cannot generally be achieved; at best the situation
is stabilized, and serious air pollution persists for
some time.

Several of the megacities studied are now in the
situation where additional controls must be imple-
mented without delay. Experience has shown that the
introduction of emission controls has been followed
by a staged reduction of air pollution as controls take
effect. The earlier that integrated, enforceable air qual-
ity management plans are put into effect, the lower the
maximum pollution levels that will occur. This is
especially important for those cities of developing
countries that are not yet of the size and complexity of
present-day megacities.

One of the major findings of our study was the
gross insufficiency in air quality information in the
megacities. While some of the megacities have com-
prehensive monitoring and evaluation systems, there
were many where the air quality systems are rudimen-
tary at best. In general, the capabilities of cities fall
into four categories as follows.

In the first category, megacities such as Los
Angeles, Mexico City, New York, Osaka, Sao Paulo,
Seoul and Tokyo maintain comprehensive air quality
monitoring networks that provide realtime data on all
major air pollutants. These networks incorporate ad-
equate quality control procedures to ensure that the
data are demonstrably valid.

In the second category are cities with mostly mar-
ginal to adequate air monitoring networks which
measure only a few pollutants and usually at fewer
sites than desirable. Included in this group are cities
such as Bangkok, Beijing, Bombay, Calcutta, Delhi,
London and Rio de Janeiro.

The third category are the megacities with inad-
equate air monitoring capabilities which produce
data of unknown quality on a few pollutants. They
include such cities as Buenos Aires, Cairo, Karachi,

Manila, Moscow and Tehran. Air quality monitoring
capabilities must be improved in many of these mega-
cities.

The fourth category consists of the megacities (and
future megacities of the next century) with virtually no
air monitoring capabilities. Dacca and Lagos had no
air quality data available to WHO/UNEP for this
study. It is evident that the development of an infra-
structure for air quality monitoring and management
(quality assurance, repair and maintenance of instru-
ments, etc.) is a necessary condition that must be
fulfilled before air quality monitors can be operated in
such cities and generate reliable data.

CONCLUS1ONS

WHO/UNEP (1992) made several recommenda-
tions for developing countries to follow to address the
problems of urbanization and air pollution:

(1) Air quality management should be implemented
as a matter of urgency in those cities where strategic
planning is weak or non-existent. Such efforts are
needed in well over half of the megacities studied.

(2) More attention should be given to short-term,
realistic approaches to begin to reduce some of the air
pollution. Steps which can be taken include energy
conservation, institution of motor vehicle inspection
programmes and phasing out of Pb in petrol. Promo-
tion of the use of mass transit and finding alternatives
to open burning of refuse provide some other possibil-
ities for reducing air pollution in the near term.

(3) In the longer term, preventive measures mustbe
incorporated in new industrial and urban develop-
ments. Proper urban and transportation planning can
achieve significant improvements in air quality. The
introduction of clean technologies is a major goal in
air pollution management.

In conclusion, there is an immediate need to
improve the monitoring and emissions inventory
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capabilities in cities. These are prerequisites for sound
air pollution management strategies with the main

aim of protecting public health.
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