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Abstract
Asthma is a common disease and appears to be increasing in prevalence. There is evidence linking
air pollution, including that from road-traffic, with asthma. Road traffic is also on the increase.
Routine surveillance of the impact of road-traffic pollution on asthma, and other diseases, would
be useful in informing local and national government policy in terms of managing the environmental
health risk.
Several methods for exposure assessment have been used in studies examining the association
between asthma and road traffic pollution. These include comparing asthma prevalence in areas
designated as high and low pollution areas, using distance from main roads as a proxy for exposure
to road traffic pollution, using traffic counts to estimate exposure, using vehicular miles travelled
and using modelling techniques. Although there are limitations to all these methods, the modelling
approach has the advantage of incorporating several variables and may be used for prospective
health impact assessment.
The modelling approach is already in routine use in the United Kingdom in support of the
government's strategy for air quality management. Combining information from such models with
routinely collected health data would form the basis of a routine public health surveillance system.
Such a system would facilitate prospective health impact assessment, enabling policy decisions
concerned with road-traffic to be made with knowledge of the potential implications. It would also
allow systematic monitoring of the health impacts when the policy decisions and plans have been
implemented.

Introduction
The prevalence of asthma is increasing and there is concern that the increase may in part be attributable to
increasing road traffic related pollution. The concerns
relate especially to childhood asthma. In this article, we
set out the arguments for using modelled exposure assess-

ment to create a surveillance system that will facilitate routine public health work, such as monitoring and health
impact assessment. We first discuss the increasing prevalence of asthma and the effects of air pollution on asthma.
We then set out the benefits of monitoring the link
between outdoor air pollution related to road traffic and
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asthma and discuss methods of exposure assessment in
some detail. We describe modelling air quality in the UK
as an example and then address the implementation of a
surveillance system.
Increasing prevalence of asthma
Asthma is a common disease. Figures from the International Study of Asthma and Allergies in Childhood suggest up to 25.9% of children in Oceania have ever had
asthma [1]. Although less evidence is available with
regard to the prevalence amongst adults, the European
Community Respiratory Health Study which studied
asthma prevalence throughout Europe, Australasia and
the United States suggested asthma affects up to 11.9% of
adults in Australia and 8.4% of adults in the UK [2]. Over
recent years the prevalence of asthma appears to have
been steadily increasing [3]. It has also been suggested by
some that the severity of asthma is on the increase [4],
although other studies do not confirm this suggestion [5].
Initially thought to be a disease of the western world, in
recent years the incidence of asthma has also been shown
to be increasing dramatically in less developed countries
[6]. Much research has taken place to find the cause of
such an increase but the reasons are not fully understood.
Socio-economic status [7], ethnicity [8], allergen exposure
[9], smoking [10], nutrition [11] and infection exposure
[12] have all been considered as possible factors. Links
have also been made to living in an urban as opposed to
a rural area [13], raising speculation as to a possible effect
of air pollution on the prevalence of the disease.
Effects of air pollution on asthma
Air pollution has been linked to morbidity and mortality
of several diseases, including diverse conditions such as
coronary heart disease [14] and Hodgkin's disease [15]. In
terms of the effects on respiratory disease, exposure to air
pollution has been linked to the aggravation of chronic
respiratory symptoms and increased mortality from
chronic obstructive pulmonary disease [16]. Over the 20th
century, air pollution increased greatly alongside the
noted increase in the prevalence of asthma. Yet the last
decades of the century have seen a considerable reduction
in pollutants such as sulphur dioxide (SO2) following a
cut back on industrial emissions [17].

Levels of pollutants such as nitrogen dioxide (NO2) however, still remain problematic due to the increasing
number of vehicles on our roads. In fact almost 50% of
NO2 is thought to be produced by vehicles and much particulate matter is produced by diesel exhaust fumes [17].
Experimental studies have shown NO2 exposure increases
cell membrane permeability, decreases ciliary beat frequency [18] and increases the response of asthmatics to
inhaled allergens [19], whilst exposure to diesel exhaust
particles in mice has been shown to alter IgE antibody
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production [20]. Epidemiological investigations into the
effects of these pollutants have suggested an association
between pollutant levels and the exacerbation of asthma.
Results from a study in Paris showed an increase of 100
µg/m3 of NO2 to be associated with a relative risk of 1.175
for asthma admission [21]. Emissions of nitrogen oxides
(NOx) have also been shown to influence emergency
room visits in Israel [22]. Both particulate matter less than
10 µm in diameter (PM10) and NO2 appeared to consistently increase attendances at accident and emergency
units with asthma in London [23]. With traffic emissions
accounting for such a high proportion of these pollutants
and with the volume of traffic on the increase, such a link
between traffic-related pollution and asthma would be of
importance.
It has been suggested that pollutant exposure may induce
asthma, aggravate asthma or increase the permeability of
the airways to other allergens to which asthmatics are susceptible [17]. Any of these effects could potentially cause
a significant increase in asthma morbidity if the level of
traffic continues to rise. A number of studies have considered the association between asthma and road-traffic pollution specifically. Ciccone et al. [24] showed the odds
ratios for asthma and a number of asthmatic symptoms to
be increased in those exposed to heavy lorry traffic. Heavy
traffic flow has also been shown to increase childhood
asthma admissions [25]. Studies carried out within the
UK and the United States have suggested those living
within close proximity to a road are also at an increased
risk of hospitalisation with asthma [25,26].
Monitoring the link between air pollution and asthma
The evidence suggests that there is a link between air pollution and asthma but it is not conclusive. The increasing
prevalence of asthma and the continuing increase in road
traffic are both of concern. Monitoring the association
between asthma and road traffic pollution would be useful for public health purposes, both in terms of surveillance and in terms of influencing policy. Policy
implications might include routing of traffic, construction
of bypasses, congestion reduction schemes, utilisation of
non-fossil fuel cars and possibly even the location of
schools. A monitoring system would use estimates of air
pollution from road traffic which would be linked to data
on asthma obtained from routine systems, such as hospital admissions, attendance at accident and emergency
departments or primary care consultations or to data from
periodic surveys on health, including asthma prevalence.
Methods of exposure assessment
A number of methods for exposure assessment have been
used in studies examining the association between asthma
and road traffic pollution and these are described below.
These include comparing asthma prevalence in areas des-
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ignated as high and low pollution areas, using distance
from main roads as a proxy for exposure to road traffic
pollution, using traffic counts to estimate exposure, using
vehicular miles travelled and using modelling approaches
which can take into account a number of variables.
(i) High vs low pollution areas
One method frequently used is estimating exposure levels
of individuals based on assessing whether a residence is in
a high or low pollution area. Many have estimated exposure status of individuals on the basis of whether or not
they live on a street with heavy traffic, for example in the
study conducted by Jedrychowski and Flak [27]. Another
approach was used by Nicolai and v. Mutius [28] in their
study of former East and West Germany. In this study,
West Germany was classified as an area with high trafficrelated NO2 emissions and low SO2 emissions from
industry, whilst the opposite was said to be true of East
Germany. The problem, particularly with this method, is
that although the countrywide generalisation may hold
true, it may not be true for each individual. Even when the
measure is made for each individual, it should be remembered it may be subject to bias. It has been postulated that
asthmatic individuals and their families may be more
aware of the speculation over such a link between roadtraffic and asthma and therefore may be more likely to
report or consider heavy traffic to be associated with their
symptoms [24].
(ii) Distance to roads
Distance from roads has commonly been used as a proxy
for road traffic exposure in a number of studies. Postcodes
are georeferenced and may be used in a geographical
information system (GIS) to calculate the distance from
an individual's residence to a road, most often a main
road, carrying over a certain volume of vehicles. In certain
cases the distance from a child's school to a main road has
been used instead. Examples of the use of this method are
studies by Livingstone et al. [29] and Wilkinson et al. [30].
A number of authors have only considered individuals living within 1000 m of a main road as they felt traffic would
be unlikely to influence pollution levels beyond this distance [31]. Indeed, with analyses using this method,
effects of pollutants have often only shown an effect
within a short distance from main roads. By using this
method an assumption is made that all individuals living
within a certain distance of a road are subjected to the
same level of exposure, yet this is unlikely to be the case.
Traffic on different roads varies, both in volume and in
type, and meteorological conditions can alter dispersion
of pollutants. It is well known that cold weather conditions trap air close to the ground, prolonging the duration
of the time pollutants remain close to where they were
produced [17].
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(iii) Traffic counts
Another popular method is considering traffic flow along
the street of residence or one in close proximity, as used
by English et al. [32]. In a similar way Wjst et al. [33] have
investigated traffic flow around a child's school. The traffic count method has the advantage of being likely to be a
more valid measure than distance to roads. It is worth
however considering the daily movements of an individual. Throughout the day an individual travels between
home and work or school experiencing a number of different exposure levels on the way. Recreational activities
may also subject a person to different levels of exposure.
Indeed even within the residential area, exposure may
vary dependent on the time one spends indoors or outdoors. Indoor exposure to NO2 may be high, with levels
possibly higher than outdoors if a gas stove is used in the
home [34]. Another point to consider is the type of traffic
exposure. Emissions vary greatly between cars and trucks.
Some have approached this by analysing data from different vehicles separately, suggesting truck pollution to be
more detrimental to health than that from cars [31]. It
could be suggested that as car and truck pollution varies,
for example, trucks produce a lot more particulate matter
consisting of diesel particles than cars, that perhaps one
should consider the effects of particulates separately from
those of NO2. This however, is not without difficulties, as
if one is exposed to traffic there will be a combined effect
from a cocktail of pollutants produced by both trucks and
cars.
(iv) Vehicle miles travelled
Some authors (e.g. Lin et al. [26]) have attempted to combine both length of road and traffic counts as a measure
referred to as vehicle miles travelled. It involves multiplying the length of a road in a specified area around the
home by the traffic volume travelling along that section of
road. Authors have varied in the selection of roads used in
such analyses. This method may have an advantage over
measuring traffic flow alone, as exposures may be more
accurate. There is still however, no account taken of individuals moving between areas through the day or different
topographical conditions. Some feel that buildings in the
vicinity of one's home should be considered when looking at exposure to traffic pollution [35], due to their influence on pollution dispersion, as well as the presence of
bus stops and distance to street crossings which may influence exposure [27].
(v) Modelling approach
A number of studies have used modelling to estimate pollution exposure [35,36]. A model is capable of taking into
account a whole range of factors that may affect exposure.
As illustrated by Pershagen et al. [36] exposures both at
home and at day-care centres or for others at school or
work can be considered, with these being adjusted for the
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time spent in each location. Factors considered in the
models used in the studies above have included vehicle
type and density, presence and type of buildings on a
street, meteorological conditions, street width and distance from house to middle of the street amongst other
factors.
Even within a model however, accounting for personal
day-to-day exposures is still problematic. In order to take
previous exposures into account a cohort study would be
necessary [37]. Certainly if one is trying to account for the
prevalence of a disease like asthma, knowing previous
exposure levels prior to the onset of the disease is important. To do this one would need to look at the previous
residences and day-to-day exposures of that person
throughout their life. An alternative would be to use a personal monitoring system. Both these methods of assessing
long-term exposure, however, would be very expensive.
One could consider the use of monitoring stations already
in place throughout cities. The problem with using such
stations is that they are generally widely dispersed while
pollution levels may vary substantially within short distances, e.g. exponential decline in the concentration of
certain pollutants with increasing distance from busy
roads [38]. Installing sufficient monitoring stations to
adequately capture spatial variation in levels of pollution
encountered over short distances, would be both impractical and expensive.
Despite limitations, a model would appear to be the most
practical way of assessing traffic-related exposure where
routine surveillance is concerned. Information such as
vehicle density, type of vehicle, risk of traffic congestion,
presence of bus stops and street crossings, distance of residences to roads, street width, type of street, building presence and type and meteorological conditions (e.g. wind
speed and direction, absolute temperature and temperature differences, global and gamma radiation) could be
collected routinely for use in a variety of models for predicting exposure to NO2 and PM10. The model could be
used to estimate exposures on all the streets within a certain radius of the home or place of work as dispersion of
pollutants from these streets may also be affecting the
individual. In a sophisticated model it may be possible to
make adjustment for the height of an individual's residency or place of work in high rise buildings to account
for the vertical dispersion of pollutants. Such a system
could also be used to estimate exposures at previous residences, work places or schools of an individual so that an
assessment of lifelong exposure could be made as accurately and practically as possible. However, the latter
might be too complicated for a routine monitoring system.
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Modelling air quality in the UK
The UK Government's current policy on air quality within
the UK is set out in the Air Quality Strategy for England,
Scotland, Wales and Northern Ireland published in January 2000 pursuant to the requirements of Part IV of the
Environment Act 1995. The Strategy sets out a framework
for improving air quality and for ensuring that international commitments are met. It is designed to be an evolving process that is monitored and regularly reviewed. The
Strategy sets standards and objectives for ten pollutants
that have an adverse effect on human health, vegetation or
ecosystems and target dates for achieving them. The standards generally set concentration limits above which sensitive members of the public (e.g. children, older people,
people who are unwell) might experience adverse health
effects. In early 2003 an Addendum to the Strategy was
published introducing standards and objectives for a new
pollutant and revising those for three others.

The pollutants currently specified in the Strategy now
include benzene, 1,3 butadiene, carbon monoxide, lead,
NO2, PM10, SO2, ozone (O3), NOx and polycyclic aromatic hydrocarbons. The predominant source of most of
these pollutants is road traffic, but industrial and domestic sources are also contributors.
The air quality standards or guideline limits are long-term
benchmarks for ambient pollutant concentrations which
represent negligible or zero risk to human health, based
on medical and scientific evidence reviewed by the Expert
Panel on Air Quality Standards (EPAQS) and the World
Health Organization (WHO). For some pollutants, (e.g.
NO2), there is both an annual mean guideline limit and a
short-term mean guideline limit. These reflect the varying
impacts on human health of exposure to some pollutants
over differing time periods, (e.g. temporary exposure on
the pavement adjacent to a busy road compared with the
exposure of residential properties adjacent to a road).
The air quality objectives are medium-term policy-based
targets set by the Government which take into account
economic efficiency, practicability, technical feasibility
and timescale. Some objectives are equal to the EPAQS or
WHO recommended air quality standards and guideline
limits, whereas others involve a margin of tolerance, i.e. a
limited number of permitted exceedances of the standard
over a given period.
The Government has issued guidance to local authorities
on how to conduct Reviews and Assessments required
under the system of Local Air Quality Management
(LAQM). The latest available guidance is Policy Guidance
LAQM.PG(03) and Technical Guidance LAQM.TG(03).
Air quality modelling is key to assessing the future potential for attainment, or not, of the objectives. Part IV of the
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Environment Act 1995 requires a local authority to designate an Air Quality Management Area (AQMA) covering
any part of its administrative area where air quality objectives are not likely to be achieved by, or at any point
beyond, the relevant objective's target date at locations
where the general public might reasonably be exposed.
These AQMAs have been determined by modelling future
scenarios. For each AQMA the local authority has a duty
to draw up an Air Quality Action Plan (AQAP) setting out
the measures the authority intends to introduce to deliver
improvements in local air quality in pursuit of the air
quality objectives. Local authorities are not statutorily
obliged to meet the objectives, but they must show that
they are working towards them. As of June 2004, there
were 120 designated AQMAs in the UK, with 80 AQAPs
produced outlining how air quality would be tackled in
these areas.
Implementation of a surveillance system
A routine surveillance system would be one which links
modelled air quality data, such as those derived in the UK
described above, with routinely collected health data.
There are a number of issues regarding the technical
aspects of linking spatial information on air quality with
health information, typically carried out using GIS. These
are discussed in detail elsewhere [39]. The information on
air quality could be used in a statistical model and analysed alongside hospital admission, accident and emergency attendance and prevalence data for asthma, or any
other conditions to which a link with air pollution has
either been made or considered.

The majority of studies examining the link between
asthma and road-traffic pollution have concentrated on
the prevalence of asthma, for example studies by Ciccone
et al. [24], Jedrychowski and Flak [27], Livingstone et al.
[29] and Nicolai and v. Mutius [28]. Prevalence data is
typically gathered from health surveys, as information
regarding disease prevalence is not generally available
through routine recording. It would however be possible
through the use of periodic health surveys to collect the
relevant information required to analyse disease prevalence along with modelled pollution exposure data. The
ISAAC investigators for example have designed a standardised questionnaire now being used throughout the
world which is concerned with the prevalence of asthma
amongst children. It considers those children suffering
from asthma to be those who answer, or whose parents
answer, that they have suffered from wheezing or whistling from the chest in the last twelve months [40]. Using
a standardised questionnaire such as the ISSAC questionnaire for children would allow comparable information
to be collected and compared both within and between
countries.
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A few of the studies examining the link between asthma
and road-traffic pollution have used information that is
readily available. For example studies by English et al. [32]
and Lin et al. [26] have looked at children being hospitalised with exacerbations of asthma. Such information is
routinely recorded in hospitals, but tends to reflect disease
severity. Relating such information to levels of air pollution is still important in determining the effects of pollution on asthma.
A routine surveillance system recording spatial variation
in pollutant levels would allow improved understanding
of the link between road-traffic pollution and asthma, or
indeed other diseases and could be used to help predict
future health impact, particularly in cities and towns. The
results of such assessment would allow local policy decisions concerning the routing of traffic around residential
areas or schools and plans to reduce congestion to be
made with knowledge of the implications of the decision
on the health of the local population. It would also allow
systematic monitoring of the health impacts when the
policy decisions and plans have been implemented.
We should point out here that to examine acute effects
(i.e. on events such as admissions, general practice consultations, emergency room attendances) using daily time
series analyses, monitoring data would be required as
modelling would probably be too insensitive to detect
daily variation in outdoor air pollution levels. However,
time series analyses are complicated research methods
that are not within the realm of routine public health
practice. What we have argued for here is a surveillance
system that looks at spatial variation in pollution and
asthma which would highlight problem areas and could
monitor the effects of interventions to reduce pollution in
these areas.

Conclusions
We believe that a routine surveillance system which links
modelled outdoor air pollution data to health data would
provide a useful tool for facilitating routine environmental public health work. Such a system would be especially
useful for monitoring the health effects of traffic related
pollution and for aiding health impact assessment. Implementation of the system will require close collaboration
between public health and environmental health departments, protocols for sharing data and investment in training to develop the necessary technical expertise to set up
and maintain the surveillance system. Of particular
importance will be the ability of high level management
to interpret surveillance information within a wider policy
context.

Page 5 of 7
(page number not for citation purposes)

International Journal of Health Geographics 2004, 3:24

Authors' contributions
RM proposed the idea for the article. ECF wrote the first
draft, supervised by RM. MD contributed the section on
modelling air quality in the UK. RM edited subsequent
drafts.

http://www.ij-healthgeographics.com/content/3/1/24

19.
20.

21.

Acknowledgements
ECF received a studentship from the Association of Physicians of Great
Britain and Ireland. The views expressed in this article are those of the
authors and not necessarily those of the funding or employing organisations.

References
1.

2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.

15.
16.
17.
18.

The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee: Worldwide variations in the prevalence of asthma symptoms: the International Study of
Asthma and Allergies in Childhood (ISAAC). European Respiratory Journal 1998, 12:315-335.
Anonymous: Variations in the prevalence of respiratory symptoms, self-reported asthma attacks, and use of asthma medication in the European Community Respiratory Health
Survey (ECRHS). European Respiratory Journal 1996, 9:687-695.
Sunyer J, Anto JM, Tobias A, Burney P: Generational increase of
self-reported first attack of asthma in fifteen industrialized
countries. European Respiratory Journal 1999, 14:885-891.
Russo MJ, McConnochie KM., McBride JT, Szilagyi PG, Brooks AM,
Roghmann KJ: Increase in admission threshold explains stable
asthma hospitalisation rates. Pediatrics 1999, 104:454-462.
Anderson HR, Butland BK, Strachan DP: Trends in prevalence and
severity of childhood asthma. British Medical Journal 1994,
308:1600-1604.
Beasley R, Crane J, Lai CKW, Pearce N: Prevalence and etiology
of asthma. Journal of Allergy and Clinical Immunology 2000,
105:S466-S472.
Mielck A, Reitmeir P, Wjst M: Severity of childhood asthma by
socioeconomic status. International Journal of Epidemiology 1996,
25:388-393.
Wissow LS, Gittelsohn AM., Szklo M, Starfield B, Mussman M: Poverty, Race and Hospitalisations for Childhood Asthma. American Journal of Public Health 1988, 78:777-782.
Strachan DP, Carey IM: Home environment and severe asthma
in adolescence: a population based case-control study. British
Medical Journal 1995, 311:1053-1056.
Hjern A, Haglund B, Bremberg S, Ringback-Weitoft G: Social adversity, migration and hospital admissions for childhood asthma
in Sweden. Acta Paediatrica 1999, 88:1107-1112.
Seaton A, Godden DJ, Brown K: Increase in asthma: a more
toxic environment or a more susceptible population? Thorax
1994, 49:171-174.
Bodner C, Godden D, Seaton A: Family size, childhood infections and atopic diseases. Thorax 1998, 53:28-32.
Ng'ang'a LW, Odhiambo JA, Mungai MW, Gicheha CM, Nderitu P,
Maingi B, Macklem PT, Becklake MR: Prevalence of exercise
induced bronchospasm in Kenyan school children: an urbanrural comparison. Thorax 1998, 53:919-926.
Lin CA, Pereira LAA, de Souza Conceicao GM, Kishi HS, Milani RJ,
Braga ALF, Saldiva PHN: Association between air pollution and
ischemic cardiovascular emergency room visits. Environmental
Research 2003, 92:57-63.
Raaschou-Nielsen O, Hertel O, Thomsen BL, Olsen JH: Air pollution from traffic at the residence of children with cancer.
American Journal of Epidemiology 2001, 153:433-443.
White AJ, Gompertz S, Stockley RA: Chronic obstructive pulmonary disease 6: The aetiology of exacerbations of chronic
obstructive pulmonary disease. Thorax 2003, 58:73-80.
Department of Health: Handbook on air pollution and health London
The Stationary Office; 1998.
Devalia JL, Sapsford RJ, Cundell DR, Rusznak C, Campbell AM, Davies
RJ: Human bronchial epithelial cell dysfunction following in
vitro exposure to nitrogen dioxide. European Respiratory Journal
1993, 6:1308-1316.

22.

23.

24.

25.

26.
27.
28.
29.

30.

31.
32.

33.

34.
35.

36.

37.

38.

Tunnicliffe WS, Burge PS, Ayres JG: Effects of domestic concentrations of nitrogen dioxide on airway responses to inhaled
allergen in asthmatic patients. Lancet 1994, 344:1733-1736.
Takafuji S, Suzuki S, Koizumi K, Tadokoro K, Miyamoto T, Ikemori R,
Muranaka M: Diesel-exhaust particulates inoculated by the
intranasal route have an adjuvant activity for IgE production
in mice. Journal of Allergy and Clinical Immunology 1987, 79:639-645.
Dab W, Medina S, Quenel P, Le Moullec Y, Le Tetre A, Thelot B,
Monteil C, Lameloise P, Pirard P, Momas I, Ferry R, Festy B: Short
term respiratory health effects of ambient air pollution:
results of the APHEA project in Paris. Journal of Epidemiology and
Community Health 1996, 50(Suppl 1):S42-S46.
Garty BZ, Kosman E, Ganor E, Berger V, Garty L, Wietzen T, Waisman Y, Mimouni M, Waisel Y: Emergency room visits of asthmatic children, relation to air pollution, weather and
airborne allergens. Ann Allergy, Asthma Immunol 1998, 81:563-570.
Atkinson RW, Anderson HR, Strachan DP, Bland JM, Bremner S,
Ponce-de-Leon A: Air pollution, pollens and daily admissions
for asthma in London 1987-1992. European Respiratory Journal
1999, 13:257-265.
Ciccone G, Forastiere F, Agabiti N, Biggeri A, Bisanti L, Chellini E,
Corbo G, Dell'Orco V, Dalmasso P, Volante TF, Galassi C, Piffer S,
Renzoni E, Rusconi F, Sestini P, Viegi G, SIDRIA collaborative group:
Road traffic and adverse respiratory effects in children. Occupational and Environmental Medicine 1998, 55:771-778.
Edwards J, Walters S, Griffiths RK: Hospital admissions for
asthma in preschool children: Relationship to major roads in
Birmingham, United Kingdom. Archives of Environmental Health
1994, 49:223-227.
Lin S, Munsie JP, Hwang S, Fitzgerald E, Cayo MR: Childhood
asthma hospitalization and residential exposure to state
route traffic. Environmental Research Section A 2002, 88:73-81.
Jedrychowski W, Flak E: Effects of air quality on chronic respiratory symptoms adjusted for allergy among preadolescent
children. European Respiratory Journal 1998, 11:1312-1318.
Nicolai T, v.Mutius E: Respiratory hypersensitivity and environmental factors: East and West Germany. Toxicology Letters
1996, 86:105-113.
Livingstone AE, Shaddick G, Grundy C, Elliott P: Do people living
near inner city main roads have more asthma needing treatment? Case-control study. British Medical Journal 1996,
312:676-677.
Wilkinson P, Elliott P, Grundy C, Shaddick G, Thakrar B, Walls P, Falconer S: Case-control study of hospital admission with
asthma in children aged 5-14 years: relation with road traffic
in north west London. Thorax 1999, 54:1070-1074.
Brunekreef B, Janssen NAH, de Hartog J, Harssema H, Knape M, van
Vilet P: Air pollution from truck traffic and lung function in
children living near motorways. Epidemiology 1997, 8:298-303.
English P, Neutra R, Scalf R, Sullivan M, Waller L, Zhu L: Examining
associations between childhood asthma and traffic flow using
a geographic information system. Environmental Health Perspectives 1999, 107:761-767.
Wjst M, Reitmeir P, Dold S, Wulff A, Nicolai T, von Loeffelholz-Colberg EF, von Mutius E: Road traffic and adverse effects on respiratory health in children. British Medical Journal 1993,
307:596-600.
Chauhan AJ: Gas cooking appliances and indoor pollution. Clinical and Experimental Allergy 1999, 29:1009-1013.
Oosterlee A, Drijver M, Lebret E, Brunekreef B: Chronic respiratory symptoms in children and adults living along streets
with high traffic density. Occupational and Environmental Medicine
1996, 53:241-247.
Pershagen G, Rylander E, Norberg S, Eriksson M, Nordvall SL: Air
pollution involving nitrogen dioxide exposure and wheezing
bronchitis in children. International Journal of Epidemiology 1995,
24:1147-1153.
Brauer M, Hoek G, van Vilet P, Meliefste K, Fischer P, Wijga A, Koopman L, Neijens H, Gerritsen J, Kerkhof M, Heinrich J, Bellander T,
Brunekreef B: Air pollution from traffic and the development
of respiratory infections and asthmatic and allergic symptoms in children. American Journal of Respiratory and Critical Care
Medicine 2002, 166:1092-1098.
Department of Transport: Design manual for roads and bridges: Environmental assessment, Section 3, Part 1 - Air Quality Volume 11. London:
HSMO; 1994.

Page 6 of 7
(page number not for citation purposes)

International Journal of Health Geographics 2004, 3:24

39.
40.

http://www.ij-healthgeographics.com/content/3/1/24

Maheswaran R, Craglia M, eds: GIS in public health practice Boca Raton:
CRC Press; 2004.
Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, Mitchell EA, Pearce N, Sibbald B, Stewart AW, Strachan D, Weiland SK,
Wiliams HC: International Study of Asthma and Allergies in
Childhood (ISSAC): rationale and methods. European Respiratory Journal 1995, 8:483-491.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7
(page number not for citation purposes)

