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Abstract
The clinical effects of environmental pollution and climate change on respiratory health is a contemporary debate
issue. In this study, the sulfur dioxide (SO2), particulate matter (PM10) levels, and climate conditions in the city of
Izmir, have been taken together with the patients with asthma or acute bronchiolitis, who admitted to the children’s
emergency departments of the four university/education-research hospitals in Izmir. From September 1, 2007 until
August 31, 2008, the 22,467 patients who admitted to these centers because of airway hyperreactivity, were of
age 3.05±1.57 on the average, and the male/female ratio was 1.7. Among the patients, 79.3% were having acute
bronchiolitis, and 20.7% an asthma attack. As SO2 and PM10 levels increase, the daily asthma attacks, patients
with acute bronchiolitis, and total of patients with hyperactivity, were observed to increase (p<0.001). In addition,
the numbers in the following five days after the increase of air pollution rate, were observed to increase statistically
significantly (p<0.001). The number of asthma and acute bronchiolitis patients applying to emergency, was negatively
correlated with daily average temperature, but positively correlated with relative humidity, actual air pressure, and sealevel pressure levels (p<0.001). Reflecting on the increase of asthma and acute bronchiolitis in developed societies,
there is a necessity of effective reliefs such as effectively monitoring the within-city air quality, taking the industrial
centers out of the city, promoting public transportation, and preserving the natural life.

Keywords: Air Pollution; Climate Change; Asthma; Acute
Bronchiolitis; Children
Introduction
A correlation between air quality and respiratory diseases has been
demonstrated by a large number of studies conducted by different
research groups throughout the world, however the association between
air pollution and asthma is less obvious. Although there are some
contradictory results in the medical literature, an increase has been
seen in many studies both in prevalence and in healthcare attendance
for asthma, in terms of primary care and hospital emergency settings
when air pollution levels are high [1,2]. Most of the studies have shown
that excessive mortality and morbidity are associated with increases in
air pollution [1,3-7]. This increase in mortality and morbidity has led
to increase in studies investigating the different environmental factors
that might be associated with the risk of developing asthma and asthma
attacks [2].
Children are particularly more vulnerable to the harmful effects of
ambient pollution, because they inhale a lot more air per pound of body
weight and per lung surface than adults and their developing lungs lack
a full defence system to protect them against any harmful effects. The
most commonly implicated pollutants are NO2, ozone and particulate
matter (PM10 and PM2.5). Although experimental studies conducted on
animals and humans suggest an effect for sulfur dioxide (SO2), ozone
(O3) and nitrogen dioxide (NO2), and more recently, for particulates
[8,9] other studies have yielded contradictory results [2,10-13]. During
pollution episodes, increased prevalence of respiratory tract diseases,
respiratory symptoms, allergen sensitization, worsening of asthma and
increased use of anti-asthma medications have been observed in many
studies [1,2,14]. Similarly, in children exposed to high levels of ambient
air pollutants, lung growth has been found to be impaired [14].
While air pollution has been shown to decrease in urban areas
of developed countries, high air pollutant concentrations have been
recorded in large urban conglomerates of the developing world
[1,15,16]. The objective of this study was to analyze the shortJ Pulmonar Respirat Med
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term association between emergency room admissions for airway
hyperreactivity and air pollutants and weather conditions in Izmir,
which is the third largest city in Turkey.

Materials and Methods
In this study, in order to detect the effects of air pollution and
meteorological changes on the respiratory health of children, the
sulfur dioxide (SO2), particulate matter (PM10) levels, daily average
temperature, relative-humidity, actual air pressure, and sea-level
pressure levels in the city of Izmir, have been taken together with the
cases of asthma or acute bronchiolitis, who admitted to the children’s
emergency departments of the four university/education-research
hospitals in Izmir, facilities covering an urban catchment area of
3,739,353 inhabitants (Ege University Faculty of Medicine, Dokuz
Eylül University Faculty of Medicine, Dr. Behçet Uz Children’s
Hospital, and Tepecik SSK Children’s Hospital). Medical records
were evaluated retrospectively by the two pediatric pulmonologists
for clinical characteristics, laboratory results, and disease course. The
classification of asthma and acute brochiolitis was done according to the
international guidelines [17,18]. Attack severity was classified as mild,
moderate or severe according to the initial symptoms [17]. Pollution
data were obtained from Republic of Turkey Ministry of Environment.
Continuous samplers were placed at four different points of the city.
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The measurement data collected at the station computers that are
installed are received by the Provincial Directorates and the Central
Computer of the Ministry through GSM modems via a special network
of the Ministry. Data are expressed as average 24 hours concentrations.
According to WHO Standardization criteria, SO2 level over 125 µg/m3
and PM10 level over 70 µg/m3 were accepted as elevated. Meteorological
data were obtained from Forestry State Meteorological Service and
Provincial Environmental Directorate of Izmir.
Statistical analysis were performed by using “SPSS (Statistical
Package for Social Sciences) 16.0 for Windows” program. t-test, oneway ANOVA test and chi-square test were used while evaluating the
data. The multiple logistic regression “step-wise” was employed. The
variables were age, gender, the pollutants concentrations and the
meteorological data. For each pollutant and meteorological change, the
effect of the level on the visiting day and on the following five days was
analyzed separately. p< 0.05 was accepted as statistically significant.

Fall

Winter

Summer

p

82.7±40.9 38.7±25.0

42.1±18.9

<0.001

9.8±9.3

45.5±25.0 13.2±7.3

5.0±2.7

<0.001

Mean daily
temperature (ºC)

19.2±5.1

8.5±3.0

28.1±2.3

<0.001

Mean daily relative
humidity (%)

60.9±12.7

63.9±10.7 55.5±11.2

43.5±9.3

<0.001

Mean actual air
pressure (hPa)

1012.0±6.0 1018.5±7.3 1009.5±3.6 1005.8±2.3 <0.001

Mean sea level air
pressure (hPa)

1015.7±4.6 1022.6±6.1 1012.4±5.4 1008.8±2.6 <0.001

Mean PM10 level (µg/
54.1±26.8
m3)
Mean SO2 level (µg/
m3)

Spring

18.0±4.0

Table 2: Mean PM10 and SO2 levels and meteorological data during the seasons.

In a total of 86 days, the level of PM10 in air was above the threshold
level specified by the World Health Organization. In addition, only in
2 days, the level of SO2 in air was above the threshold level specified
by the World Health Organization. There were significant (p<0.001)
differences in PM10 and SO2 levels, among the seasons, especially
heightened in winter (Table 2).
The average age of patients admitting to emergency departments
because of airway hyperreactivity were decreasing during the
winter (Figure 1). As SO2 and PM10 levels increase, the daily asthma
attacks, patients with acute bronchiolitis, and total of patients with
hyperactivity, were observed to increase (p<0.001) (Figure 2). Also, the
number of patients admitting to the emergency rooms in the following
five days after the increase of air pollution rate, were observed to
increase statistically significantly (p<0.001) (Figure 3 and Figure 4).
The number of asthma and acute bronchiolitis patients applying to
emergency, was negatively correlated with daily average temperature,

4,0
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0,0

01.09.07 21.10.07 10.12.07 29.01.08 19.03.08 08.05.08 27.06.08 16.08.08

Date

Figure 1: The mean age of patients among the year.

SO2(mcg/m3)
PM10(mcg/m3)
asthma
acute
bronchiolitis

200

150

Mean

From September 1,2007 until August 31,2008, 22,467 patients
admitted to the four centers because of airway hyperreactivity. Their
mean age was 3.05 ± 1.57 years (16 days-18 years), and the male/female
ratio was 1.7. Among the patients, 79.3% (n=17,809) were having
acute bronchiolitis, and 20.7% (n=4,658) an asthma attack; 63.7%
of the patients were having mild attacks, 64.5% were not having the
symptoms of an infection, and 22.2% were hospitalized because of
the hyperreactivity attack. Clinical characteristics of the patients are
summarized in (Table 1).

Mean age (years)

6,0

Results

100

50

0

Number of patients (n)

22,467

Mean age (years)

3.05±1.57 (16 days-18 years)

Male/female (%)

62.8/37.2

Number of patients with acute bronchiolitis (n (%)) 17,809 (79.3)
Number of patients with asthma (n (%))

4,658 (20.7)

Severity of the attack (%)
Mild
Moderate
Severe

63.7
30.6
5.6

Findings of infection (%)
Yes
No

35.5
64.5

Hospitalization (%)
Yes
No

22.2
77.8

Table 1: Characteristics of patients admitted to the emergency departments of the
four centers.
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Figure 2: Relationship between air pollution and the number of patients
admitting to emergency departments because of asthma and acute
bronchiolitis.

but positively correlated with relative humidity, actual air pressure, and
sea-level pressure levels (p<0.001).

Discussion
Respiratory problems in children are serious public health issues
due to their high frequency and negative impact on the quality of
life, as well as the human and financial resources that they require.
Mainly in developed countries, the prevalence of diseases such as
asthma has increased rapidly in recent years, in parallel with changes
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in lifestyle and exposure to environmental factors [19,20]. Asthma
and acute bronchiolitis are conditions that likely results from
complex interactions between multiple environmental and genetic
influences. Numerous risk factors for asthma have been identified
including gender, airway hyperreactivity, atopy, allergens, infections,
tobacco smoke, obesity, and perinatal factors [21]. Although there is
a known correlation between levels of air pollution and lung disease,
the association between air pollution and asthma is less clear. As an
example, there was a direct relationship between the levels of particulate
pollution and reported rates of chronic cough and bronchitis in a study
of six cities in the United States. However, there was no association
between particulate concentration and asthma, persistent wheeze, or
hay fever. Some authors think that, it is possible that asthma is related
to specific pollutants, while other respiratory diseases are related to
total air pollution [19,21,22].
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Figure 3: Relationship of SO2 level and the number of patients admitting to the
emergency rooms in the following five days.
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Figure 4: Relationship of PM10 level and the number of patients admitting to
the emergency rooms in the following five days.
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Humans inhale around 10,000 liters of ambient air daily, which
comes in close contact with a lung surface area of over a hundred
square meter. From this, on a daily basis, approximately 350 liters
of oxygen diffuses across the alveolar capillary basement membrane
into the 10,000 liters of blood flowing through the lungs. Therefore,
the respiratory tract, comes into close contact with a large volume
of ambient air and its components daily [2]. Both in the developed
and developing world, rapid urbanization and industrialization with
the concomitant increase in vehicular and industrial emissions, have
significantly deteriorated the quality of air that we breathe. The harmful
substances, especially the fine particles, that we inhale not only get
retained in the lungs and cause local injurious effects, but also enter
into the systemic circulation through the alveolar capillary basement
membrane. Therefore, they have the potential to affect other organs
in the body. It has been estimated by the World Health Organization
(WHO) that more than 300 million people die every year due to the
harmful effects of ambient air. Unfortunately, children seem to be the
most vulnerable group to the injurious effects of air pollution [2,14]. Air
pollution can increase the risk of developing asthma attacks through
several different mechanisms including: 1) a direct irritant effect
on sensitive airways; 2) a toxic effect on the respiratory epithelium;
3) generating bronchial hyperreactivity, both allergen-specific and
nonspecific; or 4) modifying the immune response, by increasing
susceptibility to an immunological trigger [2,8,9].
Environmental factors that have been associated with asthma and
other respiratory diseases include air pollutants, both inside buildings
and outdoors, different allergens like pollens, spores, acarids, and
others, as well as climatic factors such as temperature or humidity [19].
In Europe, the impact of environmental pollution on children’s health
is a very important issue. The ministers of health and environment
of the WHO European region signed the European Environment
and Children’s Health Action Plan in June 2004, in which objectives
were set to reduce the mortality and morbidity of diseases related to
environmental pollution, in particular, during pregnancy, childhood,
and adolescence (The European Environment and Health Action Plan
2004–2010, 2004). A study conducted to provide basic information for
the development of this action plan reports that, in Europe, between
1.8 and 6.4% of deaths in children between 0 and 4 years of age are
due to outdoor air pollution and 3.6% to indoor air pollution [23]. The
impact is greater in Eastern European countries, however the authors
underline the fact that the effect of environmental hazards on children’s
health is discernible to some extent in all European countries. At the
same time, they point out the lack of adequate information on the
levels and conditions of exposure. As a result, the European Union has
implemented a strategy to reduce the prevalence of diseases related to
environmental factors, giving special attention to the most vulnerable
groups, in particular, children [23]. The first cycle of this strategy,
corresponding to the period 2004–2010, focus on four effects on
health, of which, children’s respiratory diseases, asthma, and allergies
are the first. For this reason, it is essential to determine the effect of
environmental factors on children’s health [19].
According to our study, as SO2 and PM10 levels increase, the daily
asthma attacks, patients with acute bronchiolitis, and total of patients
with hyperactivity, were observed to increase. Also, the number of
patients admitting to the emergency rooms in the following five days after
the increase of air pollution rate, were observed to increase statistically
significantly. Studies in reunified Germany have provided data on two
populations exposed to different levels of pollutants [21,24,25]. East
Germany had consistently high levels of SO2 and other particulates,
whereas West Germany had low levels of sulfur dioxide (SO2) but
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slightly higher levels of nitrogen dioxide (NO2). The prevalence rates
of asthma and atopy were higher in the West German towns, while the
rates of bronchitis were higher in the East German towns, suggesting
at most a minor effect of air pollution on the prevalence of asthma
[24,25]. A large epidemiologic study examined the correlation between
asthma symptoms in 990 children in eight North American cities, and
the ambient concentrations of five air pollutants [26]. There was a small
positive correlation between symptoms and carbon monoxide and
NO2 levels, a marginal correlation with SO2 levels, and no relationship
with ozone levels or particulate matter. Other studies have examined
a possible role of diesel exhaust particles specifically, which are taken
up by airway epithelial cells and may stimulate allergic-type immune
reactions [21,27-29].
On the other hand, several epidemiological studies have reported
associations between residential proximity to busy roads and variety of
adverse health outcomes in children, including respiratory symptoms
and asthma exacerbations. In a German study that investigated the
association between prevalence of wheeze and allergic symptoms with
truck traffic density in 13–14-year-old school children, [30]. reported
that compared with children who had never been exposed to truck
traffic, those children who lived in areas with rare, frequent and constant
flow of truck traffic had 29%, 58% and 57% increased prevalence of
wheeze, respectively [30]. These data suggest that risk of developing
asthma is increased in children living in residential areas that have
high truck traffic density. In one of the first epidemiological studies
in the USA that evaluated relationships between measured trafficrelated air pollutants and respiratory symptoms [31]. found significant
associations between traffic-related pollutants and the presence of
asthma and bronchitis symptoms in the past 12 months [31]. More
recently, [32] reported positive associations between markers of trafficrelated air pollution and respiratory health outcomes, including the
onset of asthma, incidence of wheeze, ear-nose-throat infections and
serious colds or influenza in a large cohort of children aged 4 years;
effects were first noted at the age of 2 years [14,32,33].
In epidemiology, only few studies focused on the role of air
pollution as a risk factor for specific respiratory infections, such as
acute bronchiolitis. However, experimental data have shown that air
pollutants affect lung immune responses and inflammatory reactions
and that these effects may underlie the increased risk for respiratory
infections [34-38]. A recent study conducted in California, using
case-crossover analysis, evaluated air pollutants effect on 19,901
infants between 1995 and 2000 with a hospital discharge record for
bronchiolitis in the first year of life [39]. The authors found little
support for a link between acute increases in ambient air pollution and
infant bronchiolitis, except modestly increased risk for PM2.5 exposure
for the most premature infants born at gestational ages between 25 and
29 weeks [34].
Particulates have been one of the pollutants most frequently studied
in the assessment of acute health effects, particularly in the case of
respiratory diseases [2]. Although particulate sources tend to vary from
place to place, the main source of emission is diesel-engine combustion,
inasmuch as diesel engines emit a hundred times more particulates
than gasoline engines equipped with catalysers [40]. Laboratory
studies confirm that the emission of diesel particulates can have effects
on the immune system, by acting as an adjuvant that boosts allergic
inflammation [41]. Rossi et al. [42] described a positive relationship
between total suspended particulates and asthma-related emergencies
in the population aged 15–85 years. Castellsagué et al. [43] reported
an association at an average lag of 0–3 days between black smoke and
emergency room visits in Barcelona among subjects aged >14 years.
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Recently, studies in Santa Clara, London and Belfast have also observed
a significant association between PM10 and asthma-related emergencies
[2,44,11,45]. In Chile, Ostro et al. [46] found particulate matter < 10
μm in aerodynamic diameter (PM10) to be associated with elevated
daily counts of emergency room visits for lower respiratory symptoms
among children < 2 years of age.
Experimental studies have demonstrated that SO2 can induce
bronchospasm in nonasthmatics and asthmatics alike. Although the
concentrations required provoking these effects in healthy individuals
are very high, among asthmatic subjects changes in pulmonary
function are brought about at low dose [2,47] In time-series studies,
SO2 has been the pollutant for which an association with asthma-related
emergencies has least frequently been detected. In Vancouver, Bates et
al. observed an association between this pollutant and asthma-related
emergency visits among subjects aged >15 years [48]. Rossi et al. [42]
also observed positive results, as did other recent studies in London and
Belfast, where a statistically significant relationship was detected with
current- or previous-day pollutant levels [11,42,45]. Against this, other
studies have failed to demonstrate asthma-related effects [2,49,50].
The association of asthma morbidity with weather conditions
has been pointed out as early as the fifth century BC by Hippocrates,
which is consistent with the current literature reports of a distinct
relationship between the seasonal patterns of asthma attacks and
the meteorological observations [51]. However, it is not clear to
what extent more specific meteorological variables are implicated
in triggering asthma exacerbation. There is evidence that changes in
temperature, barometric pressure and relative humidity have some
influence on the worsening of asthmatic symptoms [52,53]. In England
and Wales, asthma admissions were lowest in winter and peaked in
autumn, whereas in Mexico, they were more frequent in the rainy
season [53,54]. In Korea, relative humidity was found to be a more
important contributing factor than temperature to exercise induced
bronchospasm in patients with perennial asthma [52,55]. Contrary to
the studies performed in England and Wales, in our study, the number
of asthma and acute bronchiolitis patients applying to emergency was
negatively correlated with daily average temperature. And, as in study
conducted in Korea, the number of asthma and acute bronchiolitis
patients applying to emergency was positively correlated with relative
humidity.
There may be some misclassification of the diseases in our study,
which is a limitation of the research. However, reflecting on the increase
of asthma and acute bronchiolitis in developed societies, there is a
necessity of effective reliefs such as effectively monitoring the withincity air quality, taking the industrial centers out of the city, promoting
public transportation, and preserving the natural life.
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