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Abstract: Nowadays, Indoor Air Quality (IAQ) is a subject of high importance due the several studies that were conducted in the past years
and which revealed the impact of poor IAQ upon on schools, such as students’ absence and acute health symptoms that decrease students’
performance. The IAQ in classrooms is expected to play a key role in the assessment of the effects of the children’s personal exposure to air
pollution since they spend on average 7-11h per weekday at school. A statistical treatment was conducted over a database of indoor air
parameters and the primary schools where these parameters were sampled (urban area of Lisbon, Portugal). The aim of this study was to
assess the associations between indoor air parameters (measured inside classrooms of primary schools) with the schools building
characteristics, through the use of statistical methods. Several associations were found. Overall, the conclusions of this study point to the
following recommendations: 1) classrooms should face streets rather than patios and should not be located in basements, 2) the density of
students can affect the indoor environment and should be limited, 3) wooden materials appear to have advantages as building materials due
to a lower input of contaminants. Other factors, like ventilation, cleanings and use chalk versus whiteboard pens, can reduce or increase
specific contaminants inside the classrooms.
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INTRODUCTION
Clean air is a basic requirement of life (WHO, 2010). The Indoor Air Quality (IAQ) has been the object of several studies due
to an increasing concern within the scientific community on the effects of indoor air quality upon health, especially as people
tend to spend more time indoors than outdoors (Canha et al., 2010; Freitas et al., 2011; Fraga et al., 2008; Lee et al., 2002).
The quality of air inside homes, offices, schools or other private and public buildings is an essential determinant of healthy
life and people’s well-being (WHO, 2010).
People can be exposed to contaminants by inhalation, ingestion and dermal contact. In the past, scientists have paid much
attention to the study of exposure to outdoor air contaminants, because they have realised the seriousness of outdoor air
pollution problems. However, each indoor microenvironment has unique characteristics, determined by the local outdoor air,
specific building characteristics and indoor activities (Pegas et al, 2010). Indeed, hazardous substances are emitted from
buildings, construction materials and indoor equipment or due to human activities indoors (Carrer et al., 2002).
Reports about buildings with air-related problems have received increasing attention since the 1970s (Spengler, J.D. and K.
Sexton, 1983). In an indoor environment, dust on floors and other surfaces contains minerals, metals, fibres from textiles,
paper, and insulation material, particles from tobacco smoke, including polycyclic aromatic compounds (PAH’s). For this
reason, the indoor environment is cleaned to maintain an acceptable level of perceived cleanliness, to prevent surface
degradation, to control potential risk of infection from microorganisms, and to control dust exposure in general. All of these
pollutants could cause significant damage to health globally (WHO, 2010).
The IAQ in school buildings is expected to be a key role player in the assessment of the effects of the children personal
exposure to air pollution as children spend at least a third of their time inside school buildings, that is, approximately seven or
more hours a day in school (Almeida et al., 2010; Pegas et al., 2010). Poor IAQ can affect scholarly performance and
attendance (Mendell, M. and G. Heath, 2005). Environmental asthma triggers commonly found in school buildings include
respiratory viruses; cockroaches and other pests; mold resulting from excess moisture in the building; dander from animals in
the classroom; and dander brought on the clothing from animals at home. Second-hand smoke and dust mites are other
known environmental asthma triggers found in schools. Children with asthma may be affected by other pollutants from
sources inside schools, such as unvented stoves or heaters and common products including chemicals, cleaning agents,
perfumes, pesticides and sprays.
Indoor Air Quality problems in schools may be even more serious than in other categories of buildings, due to higher
occupant density and insufficient outside air supply, aggravated by frequent poor construction and/or maintenance of school
buildings (Pegas et al., 2010). Schools are seen as particularly likely to have environmental deficiencies because chronic
shortages of funding contribute to inadequate operation and maintenance of facilities. Previous studies showed the poor
indoor environmental quality at schools may be explained by: (1) insufficient ventilation in schools, especially in winter, (2)
infrequently and not thoroughly cleaned indoor surfaces, and (3) a large number of students in relation to room area and
volume, with constant re-suspension of particles from room surfaces (Janssen et al., 1999).
Children constitute a sensitive group with higher risk than adults because children are particularly vulnerable to pollutants
due to their undeveloped airways (Stranger et al., 2007). Moreover, children have greater susceptibility to some
environmental pollutants than adults, because they breathe higher volumes of air relative to their body weights and their
tissues and organs are actively growing (Mendell, M. and G. Heath, 2005). The effects of air pollution on children have been
growing (Khan et al., 2007) and one of the consequences is the increase of the prevalence of allergic rhinitis (ISAAC, 1998).
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The aim of this study was to assess the associations between indoor air parameters (measured inside classrooms of primary
schools) with the schools building characteristics, through the use of statistical methods. Improving the understanding of the
sources of the indoor air pollutants in schools, this study will contribute to identify what sort of additional actions should be
taken to enforce an effective improvement of IAQ in schools.
EXPERIMENTAL
Sampling Site And Schools Description
This study was carried out in Lisbon, which is the largest city of Portugal. Lisbon has a population of about half a million
inhabitants in 84.8 km2 while the metropolitan area of 2870 km2 has around 2.8 million inhabitants. Data on the
characteristics of classrooms and indoor air were collected in 14 primary schools in Lisbon. Figure 1 shows the location of
these 14 primary schools. For each school, data were collected in two classrooms, named for reference purposes as classroom
“a” and classroom “b”. The information concerning the classrooms characteristics is already presented and described (Freitas
et al., 2011). All schools have natural ventilation and there is no forced ventilation or air conditioning system in use
(ventilation is done by opening doors and windows). The data studied here is part of a larger study, which has been described
and analysed in previous research (Almeida et al., 2011; Canha et al., 2010, 2011; Pegas et al., 2010, 2011).
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Figure 1. Spatial distribution of the 14 primary schools in Lisbon, Portugal, studied in this work.

Sampling And Chemical Analysis
Three campaigns for total particulate matter sampling were conducted: spring (May-June 2009, total of 34 days), autumn
(October-December 2009, total of 62/68 days) and winter (January-March 2010, total of 76/78 days). Sampling of VOCs and
carbonyls was performed in the same periods but only for 14 consecutive days within the studied season. Although there are
results for all the campaigns and measured parameters, only the campaigns and measured parameters which have results for
the two classrooms of all 14 schools were considered in this study. The sampling and analysis methods used for the studied
parameters were already fully described elsewhere (Freitas et al., 2011). All the values of the parameters were normalized to
the day. The indoor analysed parameters were: VOCs, Carbonyls and Total Particulate Matter (TPM, by passive deposition)
and its composition in terms of chemical elements and water-soluble ions.
Statistical Analysis
Wilcoxon signed rank tests (Hollander, M. and D.A. Wolfe, 1973) were used to test differences between seasonal
concentrations of the studied parameters. To investigate the association between independent variables (classroom
characteristics) and dependent variables (measured parameters), for each dependent variable a linear model was first applied
using all the ten independent variables characterizing the classrooms. The independent variables considered are: 1) level of
classroom, 2) number of student per m3, 3) number of windows and doors opened, 4) type of board, 5) floor material, 6)
ceiling material, 7) presence of heating device, 8) dusty surfaces, 9) number of cleanings per day, 10) view from classroom.
The thirty-one dependent variables analysed are part of one of the following groups: 1) total particle mass, 2) chemical
element mass, 3) mass of water soluble ions, 4) VOCs, 5) carbonyls.
Then, the independent variables were taken out from the model, one by one, in order to select the best model. The best model
selected was the one that minimized the AIC (Akaike, H., 1974; Hollander, M and D.A. Wolfe, 1973) and had all terms
significant. This analysis was conducted in the statistics package R. All selected models have all terms significant at 5%. The
multiple R-squared refers to the fraction of variance explained by the model and was calculated for all selected models.
RESULTS
Seasonal Variability
The seasonal variation of total particulate matter is resumed in Figure 2. The results of the Wilcoxon signed rank tests
indicated that the concentration of total particles in the air is lower in the spring than in the autumn (p=0.001) and in the
winter (p<0.001). On the other hand, the tests showed no evidence to suggest a difference in the concentration of total
particles in the air between the autumn and the winter (p=0.76).
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Figure 2. Boxplot of TPM mass, in mg/day, in three seasons in 28 classrooms of 14 primary schools.

Concerning to Cr, K, Sb, Sc and Zn concentrations in autumn and winter in 28 classrooms of the 14 schools, an evidence was
found which suggest that the air concentration is smaller in the winter than in the autumn for Cr (p<0.001), K (p=0.03) and
Sb (p=0.016). On the contrary, there is no evidence supporting a difference between autumn and winter in the concentrations
of Sc (p=0.11) and Zn (p=0.22).
About VOCs and carbonyls, the statistical tests suggested that the air concentrations are larger in the winter than in the
autumn for pentane (p<0.001), isooctane (p<0.001) and acetone (p<0.001). The test results supported that the concentration
of benzene in the air is lower in the spring than in the autumn (p<0.001). There is also evidence that the concentration is
smaller in the autumn than in the winter (p<0.001). The results indicated no difference in the concentration of toluene
between the spring and the autumn (p=0.20), but suggested that the concentration is smaller in the spring than in winter
(p<0.001) and also smaller in the autumn than in the winter (p<0.001).
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Analysis of the Association of the Classroom/School Characteristics and the Particle Mass, Water Soluble Ions, Air
Concentration of Certain Elements VOCs
The results obtained are summarized and fully described in a work already published (Freitas et al., 2011). The effects (i.e.
regression coefficients) are shown for variables with significant effects. Figure 3 illustrates the relation of some of these
variables in boxplot charts.
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Figure 3. Boxplot for significant parameters (selected examples).

Mass of total particulate matter: In autumn and winter, 73% and 67% respectively of the variability across classrooms of the
particle mass indoor is explained by classroom characteristics. There are negative significant associations with the number of
windows opened (p<0.01 in autumn; p<0.05 in winter) and the existence of heating device (p<0.001 in autumn; and p<0.05
in winter). Classroom facing the street – as opposed to an inner patio – are associated with lower concentrations of particle
mass indoor in both autumn and winter (p<0.001 in autumn and p<0.01 in winter). The ceiling material (p<0.001 in autumn
and p<0.01 in winter) has also a significant effect, with the results suggesting that wood may be associated with lower levels
of particle mass indoor and false ceilings with higher levels of particle mass indoor. Regarding the particle mass in spring,
none of the variables is significant at 5%.
Chemical elements in particulate mass: Available measurements for the chemical elements refer all to the autumn season.
The classroom characteristics considered in this study explained 57% of the variability of Cr. Significant effects were found
for: (i) the ceiling material (p<0.05), with a positive association with wood ceilings, and (ii) the existence of a heating device
(p<0.05) with lower Cr when devices are present. According to the value of the multiple R2, the floor and ceiling materials
explain together 52% of the variation of the Sb in particle mass indoor. The significant effects of floor material (p<0.05) and
the ceiling material (p<0.01) suggest lower Sb amount in classrooms with vinyl floors and slab ceilings. For Sc in particle
mass, 57% of its variation is explained by: (i) the number of windows/doors opened (p<0.05), which is negatively associated
to Sc, (ii) the use of whiteboard with pen (p<0.01), which is associated to higher Sc amount, (iii) the ceiling material
(p<0.05), with slab associated to lower levels of Sc in the classroom, and (iv) the classroom facing the streets as opposed to
an inner patio, the former being negatively associated to the Sc amount in the classroom (p<0.05). With 55% of the
variability explained, the Zn in particle mass displays significant effects for (i) the number of students per m3 (positive
relation, p<0.01), (ii) the existence of a heating device in the classroom (negative relation, p<0.05), (iii) the dust present in
the classroom (negative relation, p<0.01) and (iv) the number of cleanings per day (negative relation, p<0.001).
Water-soluble ions in particulate mass: All data on ions were collected in the winter season. The classroom characteristics
appear to explain a large part of the variability across classrooms of Cl-, Mg2+ and Na+ ions (multiple R2 equals 0.81, 0.77
and 0.68, respectively). On the contrary, few variation has been explained for the SO42- and Ca2+ ions, as the multiple R2 are
relatively low (0.18 and 0.25, respectively). This suggests that other factors, not included in this study, may have
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responsibility for the variability of these ions. For example, the sodium and chloride ions present significant associations with
almost the same group of variables. Namely, both ions present significant associations with the floor level of the classroom
(p<0.05) suggesting lower concentrations in the ground and 1st floors. The floor and the ceiling materials also have
significant effects on these two ions with wooden floors and ceilings presenting the lowest coefficient and thus associated
with lower concentrations. In addition, the number of cleanings per day also has a significant negative effect (Na+: p<0.05;
Cl-: p<0.001). The results indicate that the use of whiteboard with pen – as opposed to blackboard with chalk - is associated
with higher levels of the soluble ion Cl- indoor (p<0.01) and the number of windows/doors opened is associated with lower
levels of Na+ indoors. Results for the water soluble ions K+, F-, NO3- and PO43- are described elsewhere (Freitas et al., 2011).
VOCs and Carbonyles: For example, toluene and isooctane, both collected in autumn, present significant effects for the same
variables: floor level (p<0.001 and p<0.01, respectively), ceiling material (p<0.001), heating device (p<0.001) and classroom
facing street/inner patio (p<0.01). These variables explain 92% and 80% of variability of these pollutants, respectively. For
both VOCs, higher concentrations are associated with classrooms in the basement, facing inner patios or without heating
devices. Classrooms with wooden ceilings are associated with higher levels of toluene while classrooms with cork ceilings
are associated with higher levels. Lower concentrations of both are associated with classrooms on the ground floor, with
heating devices, facing the street. Classrooms with slab ceilings are associated with lower levels of toluene and those with
wooden ceilings are associated with lower levels of isooctane. Benzene was measured in spring, autumn and winter, but only
the autumn and winter measurements show significant effects with variables considered in this study, which explained 82%
and 53%, respectively, of the variation of those measurements. For the autumn measurement, significant effects were found
for floor level (p<0.01), floor material (p<0.05), presence of heating device (p<0.001), dust in surfaces (p<0.01) and
classroom facing the street/inner patio (p<0.001). The concentration of benzene in winter was shown to be significantly
larger from that in the autumn and the set of variables with significant effects is also different: type of board (p<0.01), the
ceiling material (p<0.05), dust (p<0.05) and the number of cleanings per day (p<0.05). Results for m+p xylene, n-hexane,
acetone, 2-methylpentane, cychlohexane, ethanol and isopropanol, which variation is between 78% to 50% and it is explained
by a one or more schools characteristics, are described elsewhere (Freitas et al., 2011). For all other VOCs and carbonyls, the
multiple R2 is less than 50% and the selected models contain at most two variables with significant effects.
DISCUSSION OF THE RESULTS
In this study, models were applied to several components of the air to investigate associations with classrooms
characteristics. Some patterns emerged across these analyses:
1.

2.

3.
4.

5.

6.
7.

Classrooms facing a street seem to have lower air concentrations of several components than those facing an inner patio.
This could be linked to ventilation issues as inner patios may generate less air movement and consequent accumulation
of some components. Classrooms facing the inner patios are associated with higher concentration of Au, Sc, PO43-, F-,
isooctane (autumn), acetone, benzene (autumn) and toluene, as well as TPM mass with less particle mass in the autumn
and winter.
Classrooms with higher number of windows/doors opened were associated with less particle mass, K, Sc, acetone and
Na+ in the air, possibly due to increased ventilation. However, a larger number of opened windows/doors was also
associated with more o-xylene and ethanol, which suggest outdoor sources for these two components.
Crowded classrooms (high density of students per m3) seem to lead to increased concentrations of several components,
such as, Zn, 2-methylpentane, methanol, isooctane (winter) and benzene - (autumn).
Classrooms located in basements seem to suffer from accumulation of several components, perhaps due to lack of
ventilation. The results indicated that the air of the classrooms in the basement tended to have more particle mass,
cyclohexane, ethanol, isooctane, acetone, benzene, toluene, Na+ and Cl-.
Cleanings appear to contribute to a decrease in several air components, but to an increase of others. It is possible that
some components of the cleaning products pass into the air. Classrooms with higher number of cleanings a day were
associated with higher concentrations of acetaldehyde but reduced concentrations of Zn, several ions (Na+, Cl-, K+, NO3, F-, Mg2+), 2-methylpentane, methanol and benzene (winter).
Chalk and whiteboard pens are expected to liberate distinct substances. The use of whiteboard pens was associated with
higher concentrations of Sc, benzene (winter), Cl-, PO43-, NO3- and F-.
Different construction materials appear to impact on specific elements. Overall, wood seems to lead to a reduced
concentration of several elements. Wooden ceilings in particular were associated with lower concentrations of particle
mass, K, Sc, cyclohexane, isooctane (autumn) and acetone; wooden ceilings and floors were associated with lower
concentrations of Na+, Cl-, Mg2+ and K+. Plastic floors on the contrary were associated with higher concentrations of
several components, including Sb; VOCs such as n-hexane, n-heptane, ethylbenzene, m+p xylene and o-xylene; several
ions, like Cl-, Mg2+ and NO3-. These results support evidence on the emissions of hazardous substances from buildings
and construction materials (WHO, 2010; Carrer et al., 2002), but must be interpreted with caution as there is only one
classroom with plastic floor and one school (two classrooms) with wooden ceilings. The significant effects observed
could be associated with other factors presented in that particular classroom/school.

Few components in this study were measured for more than one season. The seasonal analysis, albeit limited, suggested
higher concentrations in winter as compared to spring of particle mass and of two VOCs, benzene and toluene. Spring being
the season when windows tend to be open due to higher temperatures, these results suggest that these components get trapped
in classrooms for lack of ventilation. The concentrations of isooctane, acetone, benzene and toluene seem to be higher in
winter than in autumn. For some elements, namely Cr, K and Sb, the concentrations seem, on the contrary, to be higher in
autumn than in winter.
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CONCLUSIONS
This study shows the importance of considering cleaning and ventilation practices as well the construction materials when
studying the indoor air quality in schools. It is known for example than benzene has adverse health effects. The results
obtained here suggest that lower concentrations of benzene may be obtained with less crowded and better ventilated
classrooms, frequent cleanings and by avoiding the use of whiteboard pens.
Overall, the conclusions of this study point to the following recommendations: 1) classrooms should face streets rather than
patios and should not be located in basements, 2) the density of students can affect the indoor environment and should be
limited, 3) wooden materials appear to have advantages as building materials due to a lower input of contaminants. In
particular, in this work, wood did not contribute to an increase of the VOCs, as reported in previous research (Norback et al.,
1995). Other factors, like ventilation, cleanings and use chalk versus whiteboard pens, can reduce or increase specific
contaminants inside the classrooms. Therefore, caution is suggested when deciding on building materials for schools and on
school practices, such as cleaning and boards, as these may affect the indoor air which children will breathe for long periods
of the day.
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