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ABSTRACT 
 
 
In this study we aimed to evaluate the relationship between individual total exposure to 
air pollution (AP) and airways changes in a group of 51 wheezing children. 
Respiratory status was assessed four times (January 2006, June 2006, January 2007, 
June 2007) during one week, through a standardized questionnaire, spirometry, FENO 
and pH in EBC. Concentrations of PM10, O3, NO2 and volatile organic compounds were 
estimated through direct measurements with an ad hoc device or AP modelling in the 
children’s schools and at their homes in the same 4 weeks of the study. For each child, 
total exposure to the different air pollutants was estimated as a function of pollutants 
concentrations and daily activity patterns.  
Increasing total exposure to PM10, NO2, benzene, toluene and ethylbenzene was 
associated significantly with a decrease of FEV1 and with an increase of ∆FEV1. 
Increasing exposure to NO2 and benzene was also related to a significant decrease of 
FEV1/FVC. Increasing exposure to PM10, NO2, benzene and ethylbenzene was 
associated with acidity of EBC.  
This study suggests an association in wheezing children between airways changes and 
total exposure to air pollutants as estimated by taking into account the concentrations in 
the various microenvironments attended by the children.  
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INTRODUCTION 
 
Various cross sectional1-3 and longitudinal4-7 studies have showed the effects of both 
indoor and outdoor air pollutants in respiratory health of children. Most of those studies 
were focused on the relationship with symptoms or diseases and few have investigated 
the links with lung function tests8-10 and inflammatory markers8,9,11. However, evidence 
of changes in time of such parameters related to air pollutants variations is scarce in the 
literature. In addition, assessment of exposure to air pollutants hasn’t been exhaustive in 
most studies. 
 
Background pollutant concentrations measured at central monitoring stations have been 
usually used12,13, followed-up by traffic density / distance to major roads13,14 or 
dispersion models3. Only more rarely, exposure in indoor environments, such as 
schools15,16 or houses where children spend more than 80% of their time17 was also 
considered18,19. All together, these studies have shown that there is a need for a more 
specific and precise assessment of exposure to maximize the potential information to be 
derived from epidemiologic studies. Although continuous measurements of personal 
exposures for all study subjects for a complete study period might be considered the 
desired "gold standard" for exposure assessment, this is difficult to be achieved due to 
feasibility constraints as each participant has to carry special equipment during 24 hours 
per day for several days. So far, such studies20,21 have been scarce and focused just 
some pollutants (e.g. particle matter20) and take into account only part of the day.  
 
An alternative strategy to achieve the assessment of total exposure to a pollutant could 
result from outdoor dispersion models22 combined with direct objective measurements 
of air pollution in the different indoor environments attended by children. In addition, 
repeated measures for a same individual can be introduced to overcome the reduced 
sample size issue. This is a common limitation of those studies that look for a more 
detailed approach to calculate exposure and aim to evaluate the respiratory status at the 
same time.  
 
In this prospective study, we aimed to evaluate the relation between total exposure to 
various air pollutants and airways changes in a group of wheezing children. The main 
peculiarities of this study were to estimate: 1) individual total exposure for each child 
for a wide range of air pollutants, taking into account different environments and the 
time spent by the child in these environments, 2) airways changes through spirometry 
and inflammatory biomarkers and 3) repeated measures through a consistently timed 
data methodology.  
 
 
MATERIAL AND METHODS  
 
Population and protocol  
 
The “Saud’Ar” prospective panel study took place in Viseu, a non-industrial city of 
Portugal with about 50.000 inhabitants, located 60 Km far from the coast in the North-
center of Portugal. After approval by the local Ethics Committee (EC), the International 
Study of Asthma and Allergies in Childhood questionnaire was distributed to 806 
children in four primary schools in order to identify those having suffered from 
wheezing in the previous 12 months. We proposed to parents of children that reported 



wheezing symptoms to participate in the study, after signing an informed consent. The 
study consisted of four visits according to the following schedule: January 2006, June 
2006, January 2007 and June 2007. All the participants were evaluated in the same 
week of the month at the Department of Pneumology of the main Viseu`s Hospital. 
With the agreement of the EC, parents were invited to suspend asthma control 
medication (Montelukast or inhaled corticosteroids - IC) three weeks prior the 
evaluations if and only if child's asthmatic status allowed such suspension. Stopping 
treatment was concerted with the doctor following the child for asthma. Children could 
take other medications.  
  
Still as convened with the EC, parents were instructed to re-introduce asthma 
medication as soon as children’s status (new symptoms, worsening of symptoms, 
attacks) demanded it. Additionally, during the entire survey, a telephonic line working 
24 hours daily was available to the parents in order to answer to any question on child’s 
health and an “open door” was set up at the outpatients' clinic of the hospital for the 
participants of the study. Regular follow-up calls were also scheduled to interview the 
parents on child’s health status. 
  
At the beginning of the study only 4 children were under treatment (two with 
Montelukast and two with a low dose of inhaled corticosteroids). The remaining used 
just rescue medication. No child needed immediate re-introduction of asthma 
medication during the survey. 
 
In all visits, a short questionnaire concerning the presence of wheezing symptoms, use 
of rescue medication and emergency department’s visits in the previous six months was 
answered by parents. After having returned the questionnaire, children performed, in the 
same day the following clinical tests according to this order: exhaled breath condensate 
(EBC) collection for pH analysis, fractional exhaled nitric oxide measurement (FENO) 
and spirometry. Skin prick tests (SPT) to common inhalant allergens were performed in 
the first and in the last visit. More details about the methodology are presented in the 
Online Supplement (OS). 
 
Respiratory outcomes of interest included:  

- Forced expiratory volume (FEV1), FEV1/forced vital capacity (FVC) ratio, 
forced expiratory flow between 25-75% of FVC (FEF 25-75%) and 
improvement of FEV1 15 minutes after administration of 200 μg of salbutamol 
(∆FEV1). Lung function was expressed as the percentage of the predicted 
normal value. Spirometry was performed using a portable pneumotachograph 
(Vitalograph Compact, Vitalograph, Buckingham, U.K.). 

- FENO in ppb and pH on EBC (after extraction of CO2 with argon) were the 
bronchial inflammatory outcomes. FENO measurement was performed before 
the spirometry, using a portable analyser, Niox® Mino (Aerocrine, Solna, 
Sweden), in which the expiratory flow rate is maintained at 50 mL/s. For the 
EBC collection we used a RTube (Respiratory Research Inc., Austin Texas, 
U.S.A.). 

- Wheezing symptoms, use of rescue medication (bronchodilators as salbutamol 
or terbutaline) and emergency department’s visits in the previous six months 
constituted the clinical outcomes. 

 
 



Air quality measurements 
 
The air quality assessment in the town of Viseu took place in the four mentioned 
periods. The measured outdoor parameters included ambient air concentrations of O3, 
NO, NO2, CO and BTEX (benzene, toluene, ethylbenzene and xylenes), PM10 and 
PM2.5, measured continuously in three mobile laboratories: one in the city centre, one in 
the school courtyard of the urban location and another in a suburban school courtyard. 
Additionally, at the urban school, both ambient PM10 and PM2.5 were measured by 
gravimetric methods (24 hour mean) while for the suburban school only PM10 was 
measured, as only one equipment for PM2.5 was available. O3 and NO2 concentrations 
were also measured using diffusive samplers in 20 points distributed in the city of 
Viseu, in an area of approximately 40 km2.  
 
Volatile organic compounds (VOCs) such as formaldehyde and BTEX, O3 and NO2 
measurements were carried out for the four schools (in courtyard and classrooms) and 
children’s houses (in the sleeping room) using diffusive samplers. All parents of 
children included in the medical visits were asked to participate in the air quality 
studies.  
 
Indoor PM10 and PM2.5 concentrations were measured at the urban school by 
gravimetric methods (24 hour mean); in the suburban school only PM10 was measured 
by the same reason mentioned before. 
 
More details concerning air quality measurements are presented in OS. 
 
Air quality modelling 
 
The mesoscale modelling system MM5/CHIMERE was applied to characterise the 
spatial distribution of air pollutants concentrations. More information concerning air 
quality modelling is presented in OS. 
 
Exposure assessment estimation 
 
To estimate individual exposure to air pollutants, two main tasks were carried out: a) the 
estimation of the daily activity pattern of each child, which allowed the identification of 
the microenvironments frequented by children and the time spent in each one and b) the 
air quality characterisation of those microenvironments. The daily activity pattern was 
established through questionnaires administrated to parents and children and a 5-day 
study week (Monday to Friday) was considered. The air quality evaluation in the 
identified microenvironments (outdoors and indoors), was performed using a multi-
strategy approach: measurements during field campaigns and air quality modelling 
simulations to characterise areas where measurements were not possible to be taken.  
 
The individual exposure of each child to the different air pollutants was then estimated 
using a microenvironment approach and calculated (for a 5-day study week) according 
to the following equation: 
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In this equation Expi is the total exposure for the person i over the specified period of 
time; Cj is the pollutant concentration in each microenvironment j and ti,j is the time 
spent by the person i in microenvironment j. Results are presented as the mean 
(minimum and maximum) of the means of exposure over a week. 
 
More details are presented in OS. 
 
 
Statistical analysis  
 
An exploratory analysis of the variables of interest was carried out. Chi-square test was 
used to compare proportions and Friedman’s test to compare pollutants, weather 
conditions, spirometric and inflammation outcomes along the four visits. A generalised 
estimating equation (GEE) approach with an exchangeable working correlation was 
used to estimate the association between exposure to each air pollutant and spirometric, 
inflammatory and clinical outcomes. Crude regression coefficients were firstly 
calculated. Given the potential for factors to confound or modify the associations 
between air pollution and respiratory health, we decided, a priori, to adjust all the 
models for age, sex, parental smoking, parental education, atopic status, time of the 
visit, average temperature and relative humidity at the day of the medical visit. Other 
variables drawn from the literature such as height, weight, older siblings, mould or 
dampness at home, fireplace at home and presence of pets at home were also included 
as they were associated with at least one health outcome in the univariable analyses 
(p<0.15) and caused a change (>10%) on at least one pollutant’s estimated effect when 
included in the models. Factors such as body mass index, natural gas use for cooking / 
heating and presence of air conditioned were excluded. For coherency, all the models 
were adjusted for the same confounders. This decision was taken as the studied 
outcomes share many common aspects. After stepwise analyses, variables were 
included all at once in the models. Spirometric variables (not adjusted for age, sex, 
height and weight) were expressed as percentage of predicted value. In order to take the 
significant correlations between the pair of air pollutants into account, two-pollutant 
models including the concentrations of the two considered pollutants as independent 
variables were implemented. Crude and adjusted regression coefficients and 
corresponding 95% confidence interval were calculated for an increase exposure of 10 
μg.m-3.h of air pollutant.  
 
Correlation matrix between the pollutants was computed at each visit using the 
Spearman’s rank correlation. 
  
The level of significance considered was α = 0.05, although p-values greater than 0.05 
and lower than 0.1 were still reported. Stata (StataCorp LP, Texas, U.S.A.) for 
Windows was used to analyse the data.  
 
 
RESULTS 
 
Out of 806 distributed questionnaires, 645 (80%) were filled by the parents. Among the 
children whose parents replied, 77 (11.7%) reported wheezing in the previous 12 
months, a frequency similar to the prevalence estimated in the paediatric Portuguese 



population. After contacting their parents, 54 children were allowed to participate. We 
present here data from the 51 children who reached the end of the study.  
 
The description of the sample at the beginning of the study is presented in Table 1. The 
majority of children were boys (55%), with a mean age at the end of the study of 
8.8±1.1 years. Twenty seven (53%) were atopic. All of them were Caucasian.  
 
For each visit, baseline concentrations of VOCs for houses (indoors) and schools 
(indoors and outdoors) are presented in Table 2. Indoor levels of NO2 and O3 were too 
low and were not considered for the exposure quantification. PM10 baseline 
concentrations were taken both outdoors and indoors in schools.  
 
PM10 concentrations were high inside the schools. Both house and school constituted an 
important source of VOCs. VOCs concentrations were higher in indoor environments 
(with the exception of benzene) than outdoors. There was a different pattern across the 
visits, with PM10 and NO2 reaching higher concentrations in January than in June, 
whereas for O3 was the opposite.  
 
Quantifications of children’s total exposure to the different pollutants are presented in 
Table 3. Children had similar daily activity patterns with most part of the exposure time 
spent in indoor environments, namely their homes (65%) and schools (20%). Regarding 
the seasonal variability, time spent indoors in winter was slightly higher than in 
summer, without reaching statistical significance (p=0.283). Children spent daily more 
than 22 hours in indoor environments, despite the time of the year. The only difference 
was that in summer, children spent a little more time in the courtyard of the school and 
in the outdoor of their homes (less than 30 minutes more, on average). Considering 
child’s exposure, air pollutants were correlated with each other at each visit (see OS). 
Statistically significant positive correlations existed among various air pollutants, 
namely for VOCs such as toluene-ethylbenzene, toluene-xylene, xylene-ethylbenzene 
and benzene-ethylbenzene. NO2 and ozone also presented a trend to be positively 
correlated.  Reversely, PM10 and NO2, PM10 and ozone were inversely correlated. 
 
The results of spirometry, inflammation assessment and clinical outcomes across the 
studied seasons are presented in Table 4. Most children did not present abnormal 
changes during the study period but, in each evaluation, about 25% presented a ∆FEV1 

higher than 12%. There were differences in spirometric changes (FEV1: p=0.010; 
FEV1/FVC: p=0.092) between the four evaluations but more significant differences 
were found for the inflammation parameters (p<0.001). This is in accordance with the 
known age related changes for FENO23 and for the predicted spirometric values24 that 
can spuriously introduce a trend of lung function deterioration without clinical 
significance.   
 
According to GEE (Table 5, Figures 1 and 2), after adjustment, increasing mean 
individual exposure to PM10 in the studied week, was associated with a trend of 
deterioration of airways, reaching significance with a decrease of the FEV1 (-1.64; CI 
95%: -3.20 to -0.10), pH on EBC (-0.21; CI: -0.30 to -0.12) and an increase of ∆FEV1 
(1.19; CI 95%: 0.12 to 2.26). Associations were also found for an increase of NO2 
exposure: a decrease of FEV1 (-6.31; CI 95%: -11.87 to -0.76), FEV1/FVC (-2.79; CI 
95%: -5.71 to 0.14), FEF25-75% (-10.20; CI 95%: -18.80 to -1.59), pH on EBC (-0.69; 



CI 95%: -1.04 to -0.35) and an increase of ∆FEV1 (4.72; CI 95%: 0.91 to 8.53). No 
associations were achieved for ozone after adjustment. 
 
Benzene, toluene and ethylbenzene were the VOC’s for which we found a significant 
association between increasing exposure and airway changes (Table 5 and Figure 1), 
being all three related with a deterioration of lung function. For benzene we found a 
decrease of FEV1 (-4.33; CI 95%: -7.13 to -1.53), FEV1/FVC (-1.71; CI 95%: -3.24 to -
0.18), FEF25-75% (-5.89; CI 95%: -10.16 to -1.62), pH on EBC and an increase of 
∆FEV1 (2.79; CI 95%: 0.92 to 4.65). For toluene we found a decrease of FEV1 (-1.10; 
CI 95%: -1.97 to -0.23) and an increase of ∆FEV1 (0.97; CI 95%: 0.44 to 1.50). For 
ethylbenzene we observed a decrease of FEV1 (-1.79; CI 95%: -3.32 to -0.25), FEF25-
75% (-2.48; CI 95%: -4.81 to -0.16) and an increase of ∆FEV1 (1.30; CI 95%: 0.27 to 
2.35).  
 
For VOCs, EBC pH exhibited a consistent trend of negative associations (Figure 2), 
reaching significance in the case of benzene (-0.24; CI95%: -0.42 to –0.06) and ethyl-
benzene (-0.14; CI95%: -0.23 to -0.04). VOC´s presented also a trend of positive 
associations with FENO, namely ethylbenzene (1.99; CI 95%: -0.00 to 3.99). 
 
Clinical outcomes (Table 6) were positively associated with toluene, for which an 
increase of rescue medication and emergency department visits were related with 
increasing mean exposure: 0.21 (CI 95%: 0.01 to 0.42) and 0.26 (CI 95%: 0.06 to 0.46), 
respectively. Positive associations were found also between need of rescue medication 
and benzene (0.76; CI 95%: -0.11 to 1.62) and ethylbenzene (0.45; CI 95%: 0.02 to 
0.87). The negative associations between increasing exposure to PM10 (-0.70; CI 95%: -
1.14 to -0.25) and NO2 (-2.08; CI 95%: -3.59 to -0.58) and a decrease of reported 
wheezing symptoms were unexpected. 
 
The results from the application of two-pollutant models for FEV1 and pH on EBC are 
presented in OS. Results similar although not significant to those of the one-pollution 
models were observed In the case of FEV1, benzene was the only pollutant that 
persisted with statistically significant negative associations while for pH, PM10 was the 
pollutant that prevailed. 
 
 
 
DISCUSSION 
 
In this study we used a methodology to assess total exposure of the child to different 
pollutants. To this extent, we took into account the different indoor and outdoor 
environments where children spent their day that can provide different concentrations of 
pollutants. Our data illustrate that mean levels of major air pollutants in just one 
microenvironment could either under-estimate or over-estimate the real exposure of the 
child. Differences in air quality were found between houses and schools. Moreover, 
there were also differences from one house to the other. 
 
During the week of the study, increasing total exposure to PM10, NO2, benzene, toluene 
and ethylbenzene was associated with a decrease of FEV1 and an increase of ∆FEV1. 
Increase exposure to NO2 and benzene were also associated with a decrease of 
FEV1/FVC and FEF25-75% while ethylbenzene was also associated with a decrease of 



FEF25-75%. Increasing exposure to PM10, NO2, benzene and ethylbenzene was 
associated with acidity of EBC. Ethylbenzene was the only pollutant with a significant 
positive association with FENO. Toluene was the only pollutant positively associated 
with symptoms in the previous months. 
 
Exposure to PM10 as estimated using a function of both concentrations and daily activity 
patterns was related to lung function decline, even in a non-industrial city. We did not 
find any significant association between PM10 and FENO as others suggested9,25 
although we adjusted the analysis for important confounding factors23. However, we 
should note that in our study, airways acidity was related with different pollutants, 
namely with PM10, NO2, benzene and ethylbenzene, suggesting a link between airways 
inflammation.  
 
The spirometric findings for PM10 and NO2 are not in agreement with the negative 
associations found for wheezing in the previous months. This could to be in accordance 
with a study26 where increasing exposure to PM10 was associated with reduction in peak 
expiratory flow, but not with wheezing or dyspnea. 
 
Benzene, toluene and ethylbenzene were the VOCs associated with lung function 
deterioration and airways inflammation. Toluene is a known cause of occupational 
asthma27, where exposure to higher levels is common. Low levels of VOC seem to 
increase the risk of childhood19 and adult28 asthma symptoms but associations with lung 
function have been more difficult to find29. Ethylbenzene has been suggested as a 
significant risk factor for asthma too19, fact that is in accordance with the airways 
changes found in our study.  
 
As far as we know, this is the first time that associations between individual’s exposure 
to air pollution, using both indoor and outdoor air pollution monitoring and modelling 
techniques, and various respiratory outcomes were looked simultaneously. Our final 
results are in agreement with most previous epidemiological evidence on either outdoor 
or indoor measurements. Other panel studies9,30 with asthmatic children looked for 
associations between air pollutants and airways changes through a comprehensive 
assessment that included spirometry, FENO and EBC analysis. Although, in the 
majority, only outdoor air pollutants were taken into account. Delfino et al21, in a panel 
study with 53 asthmatic children, assessed PM2.5 and NO2 through personal active air 
samplers worn in a backpack, reaching a negative association between FEV1 and 
increasing personal exposure to PM2.5 and NO2. 
 
A major strength of our study is the fact that for each children exposure calculation took 
into account different indoor (home and school) and outdoor microenvironments 
through direct measurements or modeling methods, combining day-time activities. It 
has recently been indicated that future research will require increasing specificity of 
exposure assessment to identify the potential roles of individual exposure to air 
pollution components. This could elucidate potential mechanisms and facilitate studies 
of mixtures and gene-air pollution interactions31. It could be important namely for PM10, 
NO2 and benzene as they usually have urban transports as their major sources. Although 
in our study, traffic exhaust did not seem to be the most important source of PM10 and 
benzene for individual’s exposure. In addition, the correlation matrix among the 
pollutants showed that the patterns were strongly influenced by the day-activity profile 



and by the different environments used for the exposure calculation, which is difficult to 
take into account. 
 
Additionally, we choose a prospective study, with repeated measures, with uniform 
medical evaluations and exposure assessments to different pollutants. The use of 
different objective outcomes (spirometric and inflammatory) is also a point that we 
should emphasise.   
 
A limitation of our investigation could result from the fact that we considered only 4 
weeks of children’s life which prevents the study of causality. We did not consider the 
weekends and we are aware that this approach may have affected the total exposure to 
important indoor residential air pollutants. Furthermore, the proper role of each 
pollutant could not be identified in our study. Yet, new data have shown that 
multipollution is an important phenomenon to be taken into account in the assessment 
of health effect of air quality32. In order to deal with this issue we applied two-pollutant 
models. However, this approach does not allow taking fully into account the effects of 
the other pollutants. Thereafter, our data do not allow establishing the separate effects of 
the various pollutants but the observed effects can be indicative of a pollution mix. In 
addition, we decided to study only the effects of individual exposure to air pollutants 
over the airways in a susceptible group, the wheezers. A future research area to clarify 
the links between air pollution and respiratory effects should include a control group. 
 
 
 
CONCLUSION 
 
Our study suggests a relation between total exposure to air pollutants assessed in 
various environments and airways changes in wheezing children. It suggests also that 
attention should be dedicated to air quality in houses and schools in childhood as most 
part of the children’s time is spent in these environments, and namely to VOCs. These 
pollutants that are very common nowadays seem to have an impact on airways even at 
low concentrations33.  
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Table 1:  Description of the sample 
 Total 
Total 51 (100%) 
Sex   
   Boys 28 (54.9%) 
   Girls 23 (45.1%) 
Age in years   
   Total (mean±SD) 7.3±1.1 
Height (in cm)  
    Median [Q1-Q3] 127.0 [121.0-130.0] 
Weight (in Kg)  
    Median [Q1-Q3] 27.5 [25.0-32.0] 
BMI   
   Median [Q1-Q3] 17.3 [15.5-19.5] 
Parental  education  
   Primary or Secondary 23 (45.1%) 
   High School or University 28 (54.9%) 
Atopy  
   No 24 (47%) 
   Yes 27 (53%) 
Parental smoking  
   No 41 (80.4%) 
   Yes 10 (19.6%) 
Older siblings  
   No 22 (43%) 
   Yes 29 (57%) 
Mould or dampness at home  
   No 45 (88%) 
   Yes 6 (12%) 
Pets at home  
   No 31 (61%) 
   Yes 20 (39%) 
Fireplace at home  
   No 23 (45%) 
   Yes 28 (55%) 
BMI,  Body Mass Index; Q1, first quartile; Q3, third quartile 
Age, height, weight and BMI concern the beginning of the study



Table 2: Concentrations of air pollutants (μg.m3) for each visit, measured in the houses (indoor) and schools 
(indoor and outdoor). Visits 1 and 3 took place in January and 2 and 4 in June.
          
 Visit 1  Visit 2  Visit 3  Visit 4  
Houses - indoor       
   PM10 - - - -  
   NO2 * * * *  
   O3 * * * *  
   Benzene 3.3 [0.8-33.1] 1.1 [0.4 -5.0] 11.9 [1.2 -50.0] 1.8 [ 0.4-24.0]  
   Toluene 25.7 [2.0-113.7] 17.9 [3.1-127.6] 37.3 [7.0-161.0] 14.8 [2.1 -82.5]  
   Xylenes  13.3 [1.4-182.6] 7.9 [2.0 -37.3] 9.8 [1.1-271.0] 10.4 [1.1 113.0]  
   Ethylbenzene 3.5 [0.4-55.0] 2.0 [0.7-7.3] 22.8 [5.2-83.0] 2.4 [0.6 -22.0]  
   Formaldehyde 11.2 [4.3-19.7] 19.6 [5.0-39.3] 14.4 [1.5-33.6] 13.2 [1.9 -39.4]  
Schools   

       Indoor 

     

   PM10 124.3 [47.8-168.5] 65.5 [42.7-104.8] 105.9 [72.0 -160.7] 67.4 [29.2 -112.8]  
   NO2 * * * *  
   O3 * * * *  
   Benzene 1.4 [1.2-1.5] 0.5 [0.4-0.6] 5.0 [1.9 -7.8 ] 1.2 [ 1.0-1.4]  
   Toluene 38.0 [4.3-78.7] 10.7 [3.4 -27.6] 22.4 [ 12.0- 31.0] 11.6 [ 3.6- 26.0]  
   Xylenes 5.6 [2.8-7.0] 3.5 [1.8-5.6 ] 10.3 [1.1 -36.5] 23.8 [1.1 -58.0]  
   Ethylbenzene 1.4 [0.7-2.1] 1.0 [0.6- 1.5] 10.3 [ 7.3- 16.0] 5.8 [1.0-14.0]  
   Formaldehyde 11.2 [4.3-19.7] 10.0 [5.4- 20.0] 7.5 [ 5.0-12.4] 2.2 [1.1-3.3]  
       Outdoor      
   PM10 40.5 [17.4-92.7] 41.7 [26.8-53.0] 66.4 [ 32.3-133.9] 36.6 [30.9-41.8]  
   NO2 21.0 [15.0-28.0] 12.0 [7.0 -18.0] 17.0 [6.0 -25.0] 12.0 [9.0 -16.0]  
   O3 21.8 [18.8-25.6] 47.0 [37.0-57.0] 18.0 [9.0 -26.0] 77.0 [60.0 -95.0 ]  
   Benzene 1.3 [ 0.9-1.6] 0.7 [0.5-1.1] 3.5 [ 2.2-5.0] 1.2 [.9-1.4]  
   Toluene 2.3 [ 1.4-3.2] 2.9 [1.8-4.3] 6.0 [ 4.2-8.6] 2.4 [2.0-2.9]  
   Xylenes  2.1 [1.6 -2.5] 2.3 [1.1 -4.2] 1.9 [ 1.1-4.2] 1.2 [ 1.1-1.3]  
   Ethylbenzene 0.4 [0.3 -0.6] 0.6 [0.3-1.1] 5.0 [ 1.0-8.8] 1.0[ 1.0-1.0]  
   Formaldehyde 2.3 [2.1 -2.8] 2.3 [1.7-2.6] 3.6 [ 3.0-4.3] 0.7 [0.2-1.4]  
Data are presented as mean concentrations among the n schools/houses (minimum of the concentrations of the n 
schools/houses -maximum of the concentrations of the n schools/houses);  
*: undetectable measurement 
 - : not measured 

 



 
Table 3: Quantification of total children’ exposure to air pollutants (μg.m3) and weather conditions in the children seen 4 times: Visit 1 and 3 took place 
in January and visits 2 and 4 in June. Results are expressed as means [minimum -  maximum] for each visit  

          
 Visit 1  Visit 2  Visit 3  Visit 4  p-value 

Exposure to:          
   PM10  64.9 [23.8-67.8]  39.9 [38-41.8]  66.1 [61.5-70.3]  37.9 [37.1-48.1]  p<0.001

   O3  19.1 [11.5-25.1]  27.1 [24.9-35.1]  35.8 [35.5-36.0]  44.5 [44.2-44.9]  p<0.001

   NO2  8.4 [5.0-8.6]  6.5 [5.8-7.5]  18.4 [16.9-20.4]  15.5 [14.0-17.7]  p<0.001

   Benzene 2.9 [1.2-25.7]  1.0 [0.5-3.5]  10.7 [3.6-39.2]  1.6 [0.7-13.9]  p<0.001

   Toluene 28.3 [3.3-91.7]  16.2 [3.8-90.9]  32.8 [10.3-108.1]  13.4 [3.8-33.5]  p<0.001

   Xylenes  10.8 [2.2-111.8]  6.7 [2.4-26.2]  10.1 [2.1-185.6]  12.9 [2.5-78.2]  p<0.001

   Ethylbenzene 2.8 [0.6-33.5]  1.7 [0.7-5.2]  19.8 [7.6-60.6]  3.2 [0.8-16.0]  p<0.001

   Formaldehyde 12.2 [5.2-28.9]  15.4 [6.1-29.1]  13.5 [2.9-29.5]  10.0 [2.3-30.1]  p<0.001

Weather Conditions          

   Temperature1 (Cº) 6.8 [6.0-8.0]  20.3 [17.0-24.0]  8.4 [7.0-11.0]  11.3 [11-14]  p<0.001

   Humidity2 (%) 80.3 [78.0-82.0]  68.0 [51.0-86.0]  75.3 [67.0-83.0]  66.0 [55.0-72.0]  p<0.001

1: Average temperature in the day of the visit; 2: Relative humidity in the day of the visit 
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Total exposure for the child in the studied week, where Expi is the total exposure for the child i over the specified period of time;  
Cj is the pollutant concentration in each microenvironment j and ti,j is the time spent by the person i in microenvironment 
 
 
 
 
 
 
 
 



Table 4: Spirometry, airway inflammation parameters and clinical outcomes in the children seen 4 times: Visits 1 and 3 took place in January and 2 and 4 
in June. Results are expressed as median [1st Quartile - Q3, third quartile] 

          
 Visit 1  Visit 2  Visit 3  Visit 4  p-value 

Spirometry          
   FEV1% 102 [85.5-110]  99.5 [90.8-110]  95 [86-103]  96 [86.5-105]  0.010 

   FEV1/FVC 0.78 [0.73-0.84]  0.80 [0.75-0.85]  0.79[0.74-0.83]  0.80 [0.76-0.84]  0.092 

   FEF25-75% 79.5 [61-105]  83 [63-108]  76 [63-95]  77 [64-101]  NS 

   ∆FEV1% 7 [3-14.5]  6 [3-13]  7.5 [5-13]  7 [3-11]  NS 

Inflammation          

   FENO ppb 12 [8-22.5]  18.5 [10-27.3]  20 [12-38.3]  16 [8-42]  0.001 

   pH EBC 8.41 [8.23-8.50]  8.06 [7.71-8.26]  7.76 [7.05-8.11]  8.07 [7.48-8.27]  0.001 

Clinical Outcomes           

   Wheezing 46 (90%)  27 (53%)  22 (43.1%)  20 (39.2%)  0.001 

   Rescue medication 27 (53%)  19 (37.7%)  19 (37.7%)  18 (35.3%)  0.068 

   Emergency department 16 (31.3%)  9 (17%)  6 (11.8%)  4 (7.8%)  0.006 

FVC: Forced Vital Capacity; FEV1: Forced Expiratory Volume in 1 second; FEF25-75%: Forced Expiratory Flow  between 25-75% of vital capacity;   
∆FEV1: The increase of FEV1 as a percentage of the initial value, after bronchodilator; EBC: Exhaled Breath Condensate; FENO: Fraction of exhaled nitric oxide; NS: p-value > 0.100 
Clinical outcomes concerns the previous six months 
 
 
 
 
 
 
 
 
 
 
 



 
Table 5: Relationships between total children’ exposure to air pollutants, spirometric and inflammatory parameters 
 FEV1% FEV1/FVC  FEF25-75%  ∆FEV1% pH EBC FENO ppb 
PM10       

 
-1.64 (-3.20  to - 0.10),  
p=0.037 

-0.56 (-1.37  to 0.26),  
NS 

-1.55 (-3.97 to 0.96),  
NS 

1.19 (0.12 to 2.26),  
p=0.030 

-0.21 (-0.30 to -0.12), 
p<0.001 

1.02 (-0.93  to 2.97),  
NS 

       
O3       

 
-3.83 (-13.16 to 5.49),  
NS 

-0.03 (-4.89 to 4.84),  
NS 

-5.45 (-19.95 to 9.04),  
NS 

2.19 (-3.81 to 8.19),  
NS 

0.17 (-0.40 to 0.74), 
NS 

-5.06 (-16.24  to 6.12),  
NS 

        
NO2       

 
-6.31 (-11.87  to  -0.76),  
p=0.026 

-2.79 (-5.71 to 0.14), 
p=0.062 

-10.20 (-18.80 to -1.59),  
p=0.020 

4.72 (0.91 to 8.53),  
p=0.015 

-0.69(-1.04 to -0.35),  
p<0.001 

3.72 (-3.26 to 10.71), 
NS 

       
Benzene        

 
-4.33 (-7.13  to -1.53),  
p=0.002 

-1.71 (-3.24 to -0.18),  
p=0.028 

-5.89 (-10.16  to -1.62),  
p=0.007 

2.79 (0.92  to 4.65),  
p=0.003 

-0.24 (-0.42 to -0.06),  
p=0.010 

2.24 (-1.43 to 5.93),  
NS 

       
Toluene       

 
-1.10 (-1.97 to - 0.23),  
p=0.013 

-0.23 (-0.70 to 0.25), 
NS 

-1.14 (-2.49  to 0.21),  
p=0.098 

0.97 (0.44 to 1.50),  
p<0.001 

-0.03 (-0.08 to 0.03),  
NS 

0.94 (-0.15  to 2.03),  
p=0.090 

       
Xylenes       

 
-0.25 (-1.07  to 0.56),  
NS 

0.09 (-0.35 to 0.54),  
NS 

-0.22 (-1.47 to 1.02),  
NS 

-0.29 (-0.83 to 0.25),  
NS 

-0.00 (-0.05 to 0.06),  
NS 

0.61 (-0.45  to 1.67),  
NS 

       
Ethylbenzene       

 
-1.79 (-3.32 to -0.25),  
p=0.023 

-0.46 (-1.30 to 0.37),  
NS 

-2.48 (-4.81 to -0.16), 
p=0.036 

1.30 (0.27 to 2.35),  
p=0.013 

-0.14 (-0.23 to -0.04),  
p=0.007 

1.98 (-0.01 to 3.96),  
p=0.051 

       
Formaldehyde       

 
-2.99 (-6.58 to 0.59),  
NS 

-0.71 (-2.58  to 1.17), 
NS 

-3.93 (-9.40 to 1.53),  
NS 

1.20 (-0.88 to 3.28),  
NS 

-0.03 (-0.22 to 0.23), 
NS 

2.31 (-1.87 a 6.50),  
NS 

       
FVC: Forced Vital Capacity; :FEV1: Forced Expiratory Volume in 1 second; FEF25-75%: Forced Expiratory Flow  between 25-75% of vital capacity;  ∆FEV1: The increase of FEV1 as a percentage of the initial value, 
after bronchodilator; EBC: Exhaled Breath Condensate; FENO: Fraction of  exhaled nitric oxide; CI: Confidence interval; NS: p-value > 0.100 
Regression coefficients were adjusted for time of the evaluation, sex, age,  atopy, height, weight, older siblings, parental  education, parental smoking,  average temperature, relative humidity, pets at home, fireplace at 
home, mould or dampness at home;   
Regression  coefficients (CI 95%) represent the mean change in spirometric and inflammatory parameters for increments of 10 μg.m3 of air pollutant 
 
 
 
 



 
 

Table 6: Relationships between total children’ exposure to air pollutants and clinical 
outcomes  
 Wheezing Need of rescue medication  Emergency Department  
PM10    

 
-0.70 (-1.14 to -0.25),  
p=0.002 

-0.04 (-0.45 to 0.38),  
NS 

0.10 (-0.49 to 0.70),  
NS 

    
O3    

 
-0.44 (-2.76 to 1.89),  
NS 

-0.75 (-2.96 to 1.46),  
NS 

-1.88 (-4.45 to 0.69),  
NS 

    
NO2    

 
-2.08 (-3.59  to -0.58),  
p=0.007 

-0.01 (-1.44  to 1.46),  
NS 

-0.02  (-2.10  to 2.05),  
NS 

    
Benzene     

 
-0.23 (-1.07  to 0.61),  
NS 

0.76 (-0.11 to 1.62),  
p=0.088 

0.47 (-0,41 to 1.35),  
NS 

    
Toluene    

 
0.12 (-0.11 to 0.35),  
NS 

0.21 (0,01 to 0.42),  
p=0.041 

0.26 (0.06 to 0.46),  
p=0.010 

    
Xylenes    

 
0.01 (-0.19 to 0.20),  
NS 

0.17 (-0.04 to 0.38), 
NS 

0.12 (-0.09  to 0.33),  
NS 

    
Ethylbenzene    

 
-0.35 (-0.80  to 0.10), 
NS 

0.45 (0.02  to 0.87),  
p=0.039 

0.19 (-0.38  to 0.78),  
NS 

    
Formaldehyde    
 -0.21 (-1.08 to 0.66),  

NS 
-0.08 (-0.86 to 0.70),  
NS 

0.60 (-0.17 to 1.37), 
NS 

CI: Confidence interval; NS: p-value > 0.100 
Regression coefficients were adjusted for time of the evaluation, sex, age,  atopy, height, weight, older siblings, parental  
education, parental smoking,  average temperature, relative humidity, pets at home, fireplace at home, mould or dampness at 
home, 
Regression  coefficients (CI 95%) represent the mean change in clinical outcomes for increments of 10 μg.m3 of air pollutant 
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Figure 1: Percent changes and corresponding 95% confidence intervals
in FEV1 for 10 µg.m -3.h increm ents of air pollutant, after adjustm ent
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Figure 2: Exhaled breath condensate pH changes and 95% confidence intervals,
for 10 g.m-3.h increments of air pollutant, after adjustment

 
 


