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Abstract
Background - Several studies have as-

sessed the association between urban air
pollutants and hospital admissions or

emergency room visits for asthma with
inconsistent results. The objective of this
study was to assess the relation between
levels ofblack smoke, sulphur dioxide, ni-
trogen dioxide, and ozone and adult emer-
gencyroom visits for asthma in Barcelona,
Spain during the five year period 1985-9.
Methods - The daily number ofemergency
room visits for asthma was obtained from
a register of respiratory emergencies de-
signed to study the asthma outbreaks oc-

curring in Barcelona. The association
between asthma visits and levels of pol-
lutants was assessed separately for sum-

mers and winters with Poisson regression
models controlling for meteorological and
time related variables.
Results - Black smoke was associated with
asthma visits in summer but not in winter.
The relative risk (RR) of asthma visits for
a 25 pg/m3 increase of current day con-

centrations ofblack smoke was 1-082 (95%
CI 1-011 to 1.157). The mean current and
previous three day levels of black smoke
led to a stronger association (RR=1-114
(95% CI 1-010 to 1-160). In addition, ni-
trogen dioxide was associated with asthma
visits in both summer (RR= 1-045, 95% CI
1-009 to 1X081) and winter (RR= 1X056, 95%
CI 1X011 to 1.104). These associations were
slightly higher for the previous day's level
of nitrogen dioxide. No associations were
found for sulphur dioxide or for ozone.
Conclusions - This study provides further
evidence of the effect of particulate
pollution on asthma, and it suggests that
nitrogen dioxide may have a role in the
exacerbation of bronchial asthma in
adults.
(Thorax 1995;50:1051-1056)

Keywords: asthma, air pollution, nitrogen dioxide,
emergency room admissions.

In recent years the prevalence of bronchial
asthma has been increasing in many countries
and the reasons for such increase are still un-

certain.' The possible role of chemical air pol-
lution on asthma has been widely investigated
in experimental and epidemiological studies.
Both types of studies have shown that current
levels of urban air pollution can exacerbate
respiratory symptoms in subjects with bron-

chial asthma. In addition, there is some evid-
ence that air pollutants may enhance the
response of the airways to allergens.
Thus, in controlled chamber studies asth-

matic patients have shown higher bronchial
reactivity than healthy subjects after exposure
to sulphur dioxide.2 A comparable, although
less consistent, effect has been found for ni-
trogen dioxide34 and ozone.5 Similarly, panel
studies ofasthmatic subjects have related urban
levels of particulates, sulphur dioxide, and
photochemical pollution with increased reports
of symptoms and asthma attacks,68 greater
bronchodilator use, and decreased pulmonary
function.89 However, most ofthese studies have
included a limited number of asthmatic sub-
jects and the occurrence of attacks has usually
been based on self reporting without clinical
validation. On the other hand, epidemiological
studies in general populations have shown
positive associations between air pollution
levels and the incidence and duration of re-
spiratory symptoms in healthy subjects.9'-2
Emergency room visits for asthma are an

indicator of severe asthma which allows the
study of the temporal relation between air pol-
lution levels and asthma exacerbation. Al-
though several studies have assessed this
relationship, the results are not totally con-
sistent. Some studies have found positive as-
sociations between visits for asthma and levels
of particulates,'3-17 sulphur dioxide,' 31617 and
ozone.'6 However, negative results have also
been reported for sulphur dioxide,4 18 nitrogen
dioxide,'617 and ozone.'417
The objective of the present study was to

assess the relation between urban air pollution
levels and emergency room visits for asthma in
Barcelona from 1985 to 1989. Barcelona is one
of the most densely populated cities of Europe
whose primary sources of air pollution are those
associated with vehicular traffic. Since 1985 air
pollution levels have been regularly monitored
with a local network of automatic and manual
stations, providing daily data on several air
pollutants. Likewise, daily information on
emergency room visits for asthma was available
from a reliable register of respiratory emer-
gencies designed to study the asthma outbreaks
caused by inhalation of soybean dust.'920

Methods
SUBJECTS AND DATA COLLECTION
The number of emergency room visits daily for
asthma of residents in Barcelona over 14 years
of age was obtained from a register of hospital
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respiratory emergencies, which included the
four largest hospitals in the city and covered
about 80% of all asthma emergency visits.20
The register was active during a five year period.
It was set up in 1985 for the study of the
asthma epidemics occurring in Barcelona and
was cancelled in December 1989, two years
after the identification of the cause of the epi-
demics.
An admission for asthma was defined as an

emergency room visit during which any asthma-
related diagnosis was recorded. A panel of
respiratory physicians developed a list of equi-
valent terms used by clinicians in the diagnosis
of asthma which included: asthma, severe
asthma attack, asthmatic bronchitis, spastic
bronchitis, bronchial hyperreactivity, asthmatic
status, wheezing, and bronchospasm. An al-
ternative list for chronic obstructive pulmonary
disease (COPD) was also used and all visits
recorded under this category were excluded.
Clinical records of all the emergency room
visits were reviewed by trained physicians. The
reliability of the register was assessed in a re-
peatability study.20 The agreement in classify-
ing asthma versus non-asthma was excellent
(kappa=0O81), whereas the corresponding
value in classifying asthma versus COPD was
even higher (kappa = 0 91).2°

Daily data on air pollution were obtained
from the city monitoring network which con-
sisted of 15 manual samplers and three auto-
matic stations. Data included 24 hour average
sulphur dioxide (conductivity method) and
black smoke (British smoke filter technique)
levels, and one hour maximum values of
nitrogen dioxide (chemiluminescence) and
ozone (chemiluminescence). The 24 hour and
one hour maximum levels were estimated as
the arithmetic mean of all the manual and
automatic measurements, respectively. We as-
sumed that on a given day all the population
was exposed to the same average levels of
pollutants. Since a high proportion of daily
nitrogen dioxide and ozone values from the
two automatic stations during the year 1985
was missing, this year was excluded from the
analysis. Daily meteorological data were col-
lected from a weather station located at the
city airport. Additional details on air pollution
and meteorological data collection have been
published elsewhere.2122

DATA ANALYSIS
The analysis was performed separately for the
winter (1 January to 31 March) and summer
(1 July to 30 September) seasons. Since the
sources, composition, and levels of air pol-
lutants vary among seasons, this approach per-
mits a better interpretation of the effect of air
pollutants. In addition, stratification by season
results in greater homogeneity ofpotential con-
founders or effect modifiers such as weather
conditions, concentration ofambient allergens,
respiratory viral infections, or patients' activity
patterns, allowing a more adequate control of
confounding. The analysis in the winter is of
interest because the highest levels of black
smoke and sulphur dioxide occur in this season,

whereas in summer ozone and nitrogen dioxide
are the predominant air pollutants. On the
other hand, viral respiratory disease and low
temperatures are uncommon in the summer.
Spring and autumn were excluded from this
analysis because air pollution effects are more
likely to be confounded by other variables in
these seasons. Thus, the spring is characterised
by high pollen concentrations, and the autumn
coincides with a rise in influenza and viral
infections.
The daily counts of asthma visits in a large

population can be considered a rare event
which is more properly modelled as a Poisson
process. In this series, asthma visits were not
normally distributed either in winter or in sum-
mer, and the variances were similar to the
means, especially in the summer (mean =2-7,
variance = 3 0). Thus, the association between
asthma visits and air pollutants was assessed
using Poisson regression models. Since mis-
classification between asthma and COPD is
more likely to occur in the elderly, asthma visits
of patients over 65 years were excluded from
the analysis.

TIME TRENDS AND WEATHER CONDITIONS
Admission rates for asthma may be related to
factors other than pollutants that fluctuate with
time. The first step in the analysis was to assess
the effect of time-related variables. Long time
trends were tested with continuous linear and
quadratic terms, and shorter trends with in-
dicator variables for each study year and month.
Finally, day of the week variability was ex-
amined with indicator variables for each week
day.
The association between asthma visits and

weather variables was assessed in the models
including the significant time-related variables.
The weather variables studied were tem-
perature (daily minimum, maximum, and
mean), relative humidity, and dew point tem-
perature. Continuous as well as categorical
values of these variables were considered, thus
allowing for non-linear associations. Current
values and those up to five previous days were
examined for each variable. Cumulative ex-
posures were also tested with the mean values
of several previous consecutive days. Since
bronchial reactivity of patients with asthma can
be associated with cold and dry air,23 and with
hot and humid air,24 both types of conditions
were assessed with additional indicator terms.
Days were classified as cold, dry, hot, and
humid according to their 10th and 90th sea-
sonal percentiles of temperature and relative
humidity.

AIR POLLUTANTS
The association between the daily number of
emergency room visits for asthma and air pol-
lutant levels was assessed in the models in-
cluding the significant weather and time-related
variables. Given the strong collinearity among
some pollutants (correlation coefficients be-
tween 0-32 and 0-73, excluding ozone) each
one was analysed separately. Since emergency
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A Summer occurred in Barcelona."9 In consequence, part* Winter of the study period (January 1985 to October
A 1987) was influenced by the occasional pres-

ence of soybean dust in the ambient air of the
city. The effect of soybean dust on the number
of asthma visits was controlled for in the re-
gression analysis with an indicator variable for
days with soybean unloading during the epi-
demic period. In addition, epidemic days (four
in winter and 10 in summer) were excluded

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec from the analysis in order to avoid residual

confounding.
B

Autocorrelation and overdispersion
To account for autocorrelation, the adjusted
regression models were re-estimated using
autoregressive Poisson models.25 In addition,
overdispersion was estimated from the residual
X2 using the method described by McCullagh
and Nelder2" and incorporated in the estimation

Je _e .;, @tpA ? OA 0A of the regression coefficients.
l

!

Figure 1 Daily mean of admissions to emergency room
for asthma by (A) month and (B) day of the week in
Barcelona, Spain, 1985-9.

room visits for asthma may depend on the
previous days' pollution levels, single lagged
(up to five days) as well as mean lagged values of
pollutants were examined. Air pollutant levels
were first considered as continuous, and the
relative risk of asthma visits was computed for
an increase of 25 pg/m3 for each air pollutant
in a given day. To assess the associations fur-
ther, the quartiles of air pollutant levels were

introduced as categorical variables in the ad-
justed regression models, and the relative risk
of asthma visits was estimated for each quartile
in respect to the lowest one. In addition, two-
way interactions between air pollutants were

assessed in the final Poisson models controlling
for the rest of the variables. In order to decrease
collinearity, interaction terms were assessed
with the levels of one of the pollutants being
considered as continuous and those ofthe other
pollutant as categorical (tertiles).

Effect of levels of soybean dust on asthma visits
Between 1981 and 1987 several outbreaks of
asthma caused by inhalation of soybean dust

Results
The distribution of daily emergency room visits
for asthma by month and day of the week for
the period 1985-9 are presented in fig 1. The
number of asthma visits was lower in the warm
period from June to September, and uniformly
higher in the remaining months. By day of the
week the distribution during the winter was
practically constant, whereas in summer Mon-
days showed the highest visit rates. The dis-
tributions of asthma visits, air pollutants, and
weather variables for both summer and winter
are shown in table 1. The daily means ofasthma
visits and the levels of sulphur dioxide and
black smoke were higher in winter than in
summer. Nitrogen dioxide levels were similar
in both seasons, and ozone showed higher con-

centrations in summer than in winter.
In the crude analysis asthma visits increased

across quartiles of black smoke and nitrogen
dioxide in summer (table 2). A positive but less
consistent increase was also found for sulphur
dioxide in summer, and for nitrogen dioxide
and ozone in winter.

In Poisson regression analysis no long term
trends were found in summer, whereas in win-
ter a linear and a quadratic term for time trend
were highly significant (p<0-00 1). Year was not
associated with asthma visits either in summer
or in winter. Indicator variables for month and
day of the week were statistically significant in
both seasons (p<0 05).

Table 1 Distribution of daily emergency room admissions, air pollutants (pglm3) and meteorology by season in
Barcelona, Spain, 1985-9

Summer Winter

No. Percentiles Mean No. Percentiles Mean

25 50 75 95 25 50 75 95

Asthma admissions 460 1 2 4 6 2 7 452 2 4 5 8 3 9
Sulphur dioxide 460 25 36 54 82 40 8 452 36 49 67 94 52-0
Black smoke 460 31 46 63 92 48-2 452 45 62 84 132 68-0
Nitrogen dioxide* 321 73 97 121 183 104-0 361 82 100 119 153 100-8
Ozone* 356 60 83 103 139 84-3 361 37 55 69 103 56-6
Minimum temperature (°C) 460 17 19 20 22 18-3 452 2-8 5 7 10 4-8
Relative humidity (%) 460 72 77 81 85 76-0 452 68 76 82 91 74-0

* Data available for the period 1986-9.
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Table 2 Daily mean of admissions to emergency room for asthma for each quartile of air
pollutants by season, Barcelona, Spain, 1985-9

Summer (quartiles) Winter (quartiles)

1 2 3 4 1 2 3 4

Sulphur dioxide 2-48 2-32 2-77 3-15 3-96 3-56 4 07 4 03
Black smoke 2-32 2-39 2-86 3-14 4-16 3-35 4 03 4-08
Nitrogen dioxide 2-29 2-71 2 75 2-88 3-57 3-88 3-55 4-43
Ozone 2-67 2-70 2 52 2-74 3-54 3-73 4-25 3-88

Meteorological variables, particularly tem-
perature, are probably the most important con-
founding factors in this type of air pollution
study. The most significant weather predictors
of asthma visits in the summer were the mini-
mum temperature and relative humidity during
the previous two days. Daily visits for asthma
declined by 5% for each °C increase of mini-
mum temperature (RR= 0 95, 95% CI 0 93 to
0 98) and increased by 1% for each percentage
unit of relative humidity (RR= 1*01, 95% CI
1U003 to 1-020). In winter the best weather
predictors of asthma visits were the previous
day's values for both minimum temperature
(RR=0-98, 95% CI 0 97 to 0 99) and relative
humidity (RR=1-002, 95% CI 1 000 to
1006). No significant associations were found
for cold/dry and hot/humid days either in
summer or in winter, and categorical trans-
formations of the weather variables did not
improve the fit of the models.

After adjusting for weather and time-related
variables, current day levels of black smoke
were significantly associated with emergency
room visits for asthma in summer (table 3).
Asthma visits increased by 8&2% for each 25 ig/
m3 increase in levels of black smoke. The mean
of the current and previous three days' con-
centrations of black smoke led to a stronger
association with asthma visits than current day
values (RR=1 114, 95% CI I 010 to 1 160).
In winter the magnitude of the associations for
current and lagged levels of black smoke were
lower and statistically not significant. In ad-
dition, a positive and significant association
was found for nitrogen dioxide in both summer
and winter (table 3). The increase in asthma
visits for a 25 jg/M3 increase of current day
levels of nitrogen dioxide was 4-5% in summer
and 5-6% in winter. The associations were
slightly stronger with a cumulative measure of
nitrogen dioxide. In summer the relative risk
for the mean of the current and previous five
days' values was 1 071 (95% CI 10010 to

Table 3 Adjusted association between emergency room admissions for asthma and air
pollutant levels by season, Barcelona, Spain, 1985-9

Summer* Winter**

Relative 95% confidence p Relative 95% confidence p
riskt interval riskt interval

Sulphur dioxide 1-052 0-980 to 1-129 0-15 1-020 0-960 to 1-084 0-5
Black smoke 1-082 1-011 to 1-157 0-02 1-023 0-980 to 1-065 0 3

1-114§ 1-010 to 1-160 0-01 - - -
Nitrogen dioxide 1-045 1-009 to 1-081 0-01 1-056 1-011 to 1-104 0-02

1 071§ 1-010 to 1-130 0-02 1-072§ 1-010 to 1-137 0-02
Ozone 0-991 0-939 to 1-045 0 70 1-055 0-998 to 1-116 0-1
* Adjusted for two days lag of minimum temperature and relative humidity, month, day of the
week, and soybean unloading.
** Adjusted for one day lag of minimum temperature and relative humidity, time trends, month,
day of the week, and soybean unloading.
t Relative risk of asthma admissions for each 25 pg/m' increase in air pollutant.
§ Relative risks for lagged exposures.
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Figure 2 Adjusted relative risks of emergency room
admissions for asthma by quartiles of nitrogen dioxide
plotted against mean nitrogen dioxide levels of each
quartile stratified by season, Barcelona, Spain, 1985-9.

1-130). In winter the relative risk was 1-072
(95% CI 1 010 to 1-137) for the mean of the
current level and that of the previous two days.
The plot of the adjusted relative risks of

asthma visits for each quartile of nitrogen di-
oxide showed increased risks in each quartile,
although a consistent linear trend was not evid-
ent (fig 2). However, an increased risk in the
second quartile was apparent in both summer
and winter, suggesting a low, if any, threshold
level. Finally, sulphur dioxide in both seasons,
and ozone in winter, showed positive although
not statistically significant associations with
asthma visits. None of the interactions between
air pollutants was significant in summer or
winter. Controlling for autocorrelation and
overdispersion led to nearly identical as-
sociations and standard errors in both seasons.
Autoregressive terms up to the fourth order
were not significant either in summer or in
winter.

Discussion
This study showed a small but significant as-
sociation of particulates and nitrogen dioxide
with emergency room visits due to asthma
in Barcelona. These associations were in-
dependent of the effect of temperature, humid-
ity, and time trends. In contrast, no significant
associations were found for sulphur dioxide or
for ozone.

Black smoke in summer showed the strongest
association with asthma visits which increased
by 11% for a 25 pg/m3 increase in the level
of black smoke. Several studies have reported
similar positive associations. Black smoke has
been related to hospital admissions for asthma
in a recent study in Birmingham,13 and Bates
and colleagues have reported positive cor-
relations between sulphate particulates in
Ontario and Vancouver."6"7 The strength of
the association found in the present study is
consistent with that reported by Schwartz et al
in Seattle for inhalable particles (PM1o). 4 Using
Poisson regression and controlling for several
variables these authors reported a 12% increase
in asthma visits for an increase of 30,g/m3 of
PM,0. This change was observed for the mean
of the previous four days' concentrations of
PM,0, which is a similar lagged effect to that
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observed in our study. A positive association
with PM,0 has also been reported by Pope in
the Utah Valley where hospital admission rates
for asthma increased significantly during the
periods when the local steel mill, the main
source of particles, was operating.'5

In spite ofhigher levels ofblack smoke during
the winter, the association of this pollutant with
asthma visits was stronger in summer. This is
consistent with the results from Ontario where
sulphate particulates were related to asthma
admissions in summer but not in winter."6 In
Vancouver a similar association was observed
in all age groups in the summer, but in the
winter it was restricted to patients over 61
years.'7 In contrast, in the Birmingham study
the effect ofblack smoke on asthma admissions
was stronger in winter than in summer.'3

Chemical analysis of large (>7.2 Fum) and
small (<0.5 jim) particle fractions of aerosol
samples in Barcelona have shown seasonal vari-
ations in the composition and size of
particulates.2"28 Since the seasonal distribution
of the type and concentrations of particulates
probably varies among geographical areas, sea-
sonal differences in the effect of particulate
pollution in different studies is likely to occur.
A limitation of this study is that black smoke

is a crude indicative measure of inhalable par-
ticulate pollution. The British smoke filter tech-
nique measures the blackness of the sampled
particles. Although fine particles with an aero-
dynamic diameter of less than 5 pjm tend to be
black, particles derived from vehicle exhausts
are less black and are not accurately measured
with the smoke filter technique. However, a
better indicator of inhalable particles such as
PMo,0 which measures the mass of all par-
ticulates with an aerodynamic diameter of less
than 10 jm, is not available in Barcelona.
Another finding of our study was the positive

association between nitrogen dioxide levels and
asthma visits. An increase in asthma visits of
approximately 7% was observed in the two
seasons considered. These results contrast with
those ofBates et al in Ontario'6 and Vancouver'7
where no associations between nitrogen dioxide
levels and hospital and emergency room ad-
missions for asthma were found either in sum-
mer or in winter, although in both areas
nitrogen dioxide levels were lower (daily mean
of approximately 80 jg/m3) than those of Bar-
celona. Contradictory results have also been
reported in epidemiological studies conducted
in specific populations. Nitrogen dioxide levels
have been related to the duration of respiratory
symptoms in a random sample of childrenl'
and to the incidence of episodes of phlegm,
sore throat, and eye irritation in healthy student
nurses." Other studies examining symptomatic
and asymptomatic children have not found
significant associations between nitrogen di-
oxide levels and either respiratory symptoms or
pulmonary function.2930 Negative results have
also been reported for the duration of re-
spiratory symptoms in healthy adults.'2 For
nitrogen dioxide a number of experimentally
controlled studies have been conducted. Small
groups of subjects with asthma have been ex-
perimentally exposed to inhalation of a wide

range of nitrogen dioxide concentrations
(190-7520 jg/m') and both negative"-"3 and
positive3434 5 results have been obtained across
the whole range of doses. The lowest level
of nitrogen dioxide associated with functional
impairment in asthma subjects in the ex-
perimental setting has been 190 jg/m',' which
corresponds approximately with the peak levels
observed in Barcelona. The reasons for such
contradictory results in both epidemiological
and experimental studies remain unclear, but
it is unlikely to be due to methodological weak-
nesses since a wide range of methods has been
used in both types of studies. Although patho-
logical effects of exposure to nitrogen dioxide
have been documented both in in vitro human36
and animal37 models, the specific mechanisms
linking these effects to asthma have not been
yet established. Recent experimental studies
have suggested that nitrogen dioxide alone,38
or in combination with sulphur dioxide,39 may
enhance the bronchial response to inhaled al-
lergens.

In our study neither sulphur dioxide nor
ozone were significantly associated with asthma
visits. The findings on sulphur dioxide are
consistent with the results of Goldstein et al in
New York'8 where no association was observed
at levels considerably higher than those of Bar-
celona. Similarly, in the Seattle study sulphur
dioxide was not related with emergency room
visits for asthma, although in this city the station
monitoring sulphur dioxide levels was not rep-
resentative of the population exposure.'4 In
contrast, some studies have reported significant
associations between sulphur dioxide levels and
admissions or emergencies for asthma. Levels
of sulphur dioxide have been related to hospital
admissions for asthma in Ontario in the sum-
mer but not in the winter,'6 and in both seasons
in Vancouver."7 Significant associations have
also been reported in winter in Birmingham, a
city with lower sulphur dioxide levels than
Barcelona.'3 In addition, most controlled
chamber studies have consistently shown that
asthmatics are more sensitive to sulphur dioxide
than healthy subjects.
With respect to ozone, few studies have as-

sessed the effect on asthma admissions'41617
and only one has reported a positive as-
sociation.'6 Other epidemiological studies have
consistently reported transient decrements in
lung function parameters in both healthy and
asthmatic populations.40 The possibility of a
causal relationship between ozone levels and
respiratory effects has been based on ex-
perimental studies which have proposed both a
direct inflammatory effect leading to increasing
hyperreactivity4' and enhanced airways re-
activity to inhalation of allergens.42 As in the
case of sulphur dioxide, the reasons why we
have not found an association in our study are
undetermined.

Since concentrations of air pollutants in our
study data were significantly correlated, the
effect of each pollutant was assessed in separate
models which makes the interpretation of the
results more difficult. Thus, nitrogen dioxide
could be a marker of the exposure to other
air pollutants, particularly black smoke, which
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could lead to a confounded association. How-
ever, when nitrogen dioxide and black smoke
were considered together in the regression ana-

lysis, the effect of both pollutants remained
nearly the same in both seasons. On the other
hand, the lack of association for combinations
of pollutants may be explained by the inability
of the statistical methods to deal with collinear
variables. Experimental studies are probably
more adequate than the observational setting
to assess the effect of combinations of air pol-
lutants. Another limitation of our analysis is
that exposure to air pollutants was assessed
at stations monitoring outdoor concentrations,
but personal exposure to some pollutants such
as nitrogen dioxide also occurs indoors at levels
sometimes higher than those found outdoors.43
Misclassification of exposure could occur if the
ratio of indoor to outdoor exposure to specific
pollutants were to vary with time. This ratio
depends on many factors including tem-
perature and personal activity patterns. One of
the advantages of stratifying the analysis by
season is that the variability of the indoor to
outdoor ratio is probably small during a given
season. In addition, in Barcelona traffic density
on working days shows little variability during
the year,27 suggesting a steady emission of
vehicle exhausts which is the main source of
nitrogen dioxide in the city. Also, the temperate
climate of Barcelona for most of the winter
probably results in a similar pattern of exposure
of the population to outdoor nitrogen dioxide
as during the summer, which would explain
the similar effect found in both seasons.

This study was supported by grant 90-676 from the Fondo
Investigaciones Sanitarias.
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