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Classroom ventilation and indoor air quality—results from the

FRESH intervention study

Abstract Inadequate ventilation of classrooms may lead to increased
concentrations of pollutants generated indoors in schools. The FRESH study,
on the effects of increased classroom ventilation on indoor air quality, was
performed in 18 naturally ventilated classrooms of 17 primary schools in the
Netherlands during the heating seasons of 2010-2012. In 12 classrooms,
ventilation was increased to targeted CO, concentrations of 800 or 1200 ppm,
using a temporary CO, controlled mechanical ventilation system. Six
classrooms were included as controls. In each classroom, data on endotoxin,
p(1,3)-glucans, and particles with diameters of <10 um (PM () and <2.5 pum
(PM> 5) and nitrogen dioxide (NO,) were collected during three consecutive
weeks. Associations between the intervention and these measured indoor air
pollution levels were assessed using mixed models, with random classroom
effects. The intervention lowered endotoxin and f(1,3)-glucan levels and PM;,
concentrations significantly. PM, for instance was reduced by 25 ug/m? (95%
confidence interval 13-38 pg/m?) from 54 pg/m? at maximum ventilation rate.
No significant differences were found between the two ventilation settings.
Concentrations of PM, s and NO, were not affected by the intervention. Our
results provide evidence that increasing classroom ventilation is effective in
decreasing the concentrations of some indoor-generated pollutants.

Practical Implications
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To improve classroom indoor air quality, an increase in ventilation is often suggested. In this study, a short-term inter-
vention was implemented and classroom ventilation was increased during two weeks to two different levels. We found
that increased ventilation with unfiltered air resulted in decreased levels of indoor-generated pollutants, while levels of
outdoor-generated pollutants remained unchanged. These results suggest that in low-polluted areas, ventilation with

unfiltered air (either natural or mechanical) may well be used to improve classroom indoor air quality.

Introduction

When it comes to the effects of indoor air quality
(IAQ) on child development, schools are an important
environment to consider, as children spend much of
their time there. In 2013, a literature review on TAQ in
schools and related health effects was presented (An-
nesi-Maesano et al., 2013). The authors concluded
that results indicated relationships between IAQ and
health (especially respiratory health) on one hand and
IAQ and cognitive performance on the other hand.
Other recent studies, not included in this review,
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provide additional evidence for negative effects of
poor TAQ on school absentecism (Mendell et al.,
2013; Simons et al., 2010) and school performance
(Bako-Biré et al., 2012; Haverinen-Shaughnessy et al.,
2011). Although the importance of high IAQ in
schools has long been recognized, poor TAQ is still fre-
quently reported (Fromme et al., 2007; Heudorf et al.,
2009; Madureira et al., 2009; Mydlarz et al., 2013;
Stranger et al., 2008; Van Dijken et al., 20006).

Many studies suggest that ventilation improves the
IAQ in schools as it removes indoor-generated pollu-
tants (Annesi-Maesano et al., 2013; Daisey et al.,



2003; Fromme et al., 2007; Heudorf et al., 2009;
Madureira et al., 2009; Mendell and Heath, 2005;
Seppanen and Fisk, 2004; Sundell et al., 2011). How-
ever, few studies have experimentally manipulated
ventilation and studied the effect on classroom concen-
trations of relevant pollutants generated indoors and
outdoors. In the recent review on IAQ in schools by
Chatzidiakou et al. (2012), ten studies were discussed
that have linked ventilation rates to levels of classroom
pollutants. Of these ten studies, only three actively
manipulated classroom ventilation (Gold et al., 1996;
Guo et al., 2008; Heudorf et al., 2009). These studies
used an experimental design, but were limited in their
sample size (1 or 2 classrooms in 1 or 2 schools) and
focussed on only one specific pollutant (particulate
matter or ozone). Even though these studies have illus-
trated that higher ventilation rates improved IAQ in
schools, the research need for more experimental stud-
ies considering the effect of preventive measures taken
in schools to improve the IAQ remains.

With this in mind, the FRESH (Forced-ventilation
Related Environmental School Health) study was
designed. This study set out to investigate the effect of
increased classroom ventilation on IAQ in primary
schools in the Netherlands during the heating season.
As most schools in the Netherlands rely on natural
ventilation, it is in the heating season that schools are
especially at risk for poor TAQ, as compliance to ade-
quate ventilation often causes thermal complaints. By
means of an experimental design using a temporary
intervention in a relatively large sample of classrooms,
we were able to study the effects of ventilation on sev-
eral indoor pollutants at the same time. As we inter-
vened on the amount of ventilation by increasing
outdoor air supply without any filtering, we were also
able to investigate in a controlled manner whether this
increase in ventilation would lead to an increase in
levels of outdoor air pollutants within the classroom
(cf. Seppanen and Fisk, 2004).

Methods
Study design and participating schools

The FRESH study has been designed as a longitudinal,
experimental study in primary schools in the northern
and north-eastern part of the Netherlands. Three
groups of classrooms have been included: a control
group and two intervention groups with a cross-over in
ventilation rate. The intervention consisted of a spe-
cially designed mechanical ventilation device that was
installed in the participating classrooms for the dura-
tion of the study. With this installation, ventilation was
increased as necessary to limit indoor CO, concentra-
tions to either 800 or 1200 ppm. Recirculation was
used to ensure a steady airflow and to blind teachers,
children, and study personnel to the Ilevel of
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ventilation. Per classroom, the study lasted for three
consecutive weeks, with the first week serving as base-
line. In the following two weeks, classrooms allocated
to the intervention were ventilated by means of the
ventilation system. Classrooms were either ventilated
at a maximum setting of 800 ppm in the second week
and 1200 ppm in the third week, or the other way
around. In the control classrooms, natural ventilation
continued according to the teachers’ preference. Data
collection was performed in the heating seasons of the
school years of 2010-2011 and 2011-2012. In total, 18
classrooms of 17 primary schools participated in the
study. Classroom CO, concentrations were recorded
with data loggers (GRP-300 Pro or ATV-IAQ set,
ATAL B.V., Purmerend, The Netherlands) with a log
interval of 4 min. Reported CO, concentrations are
restricted to actual classroom occupancy, excluding
breaks and other activities outside the classroom (e.g.,
physical education). On average, log time was approxi-
mately 22 h (range 14-25 h). A more detailed descrip-
tion of the study design, the participating classrooms,
and the intervention can be found elsewhere (Rosbach
et al., 2013) and in the Appendix S1.

Indoor air quality measurements

In each classroom during three consecutive weeks,
indoor air quality measurements were performed. All
samplers were installed at the beginning of the school
week (usually Monday morning, before lessons started)
and were collected again at the end of the week (Friday
afternoon, after lessons had finished). Due to various
causes (such as failing equipment), not all indoor air

Table 1 Available indoor exposure measurements per classroom

Harvard
EDC impactor Ogawa
Condition Classroom  Endotoxin ~ f(1,3)-Glucan ~ PM;g  PM,5 NO,
Intervention E1 X X + + +
1800-1200 ppm  E2 X X + + +
E3 + + X X +
E4 + + + X +
E5 + + + * +
E6 + + + + +
Intervention E7 + + + + +
21200-800 ppm E8 + + + + +
E9 + + + + +
E10 + + + X +
ET + + + + +
E12 + + + + +
Control C1 + + X + +
C2 X X * + +
C3 X X * * +
C4 + + + + +
C5 + + + X +
C6 + + + + +

+ = complete; x = not available; * = partially complete (either week 2 or week 3 is
missing).
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measurements were available for all classrooms.
Table 1 provides an overview of the samples that have
been successfully collected per classroom.

Endotoxin and [(1,3)-glucans. The electrostatic dust
fall collector (EDC) was used to collect settled dust for
the determination of endotoxin and pf(1,3)-glucan
levels (Noss et al., 2008, 2010b). The EDC is a low-cost
passive sampler, consisting of a simple plastic folder
containing two electrostatic wipes. At the beginning of
each week, on Monday morning, the EDC was either
placed on top of a high cabinet within the classroom or
hung approximately 50 cm below the ceiling. At the
end of each week (Friday afternoon), the EDC was col-
lected and stored at —20°C until laboratory analysis.
Per EDC, one wipe was extracted, as described else-
where (Noss et al., 2010a). In each classroom, during
one week, an additional, closed EDC was placed adja-
cent to the EDC to serve as field blank. On average,
EDCs were exposed for approximately 103 h (range
79-104 h).

EDC extracts were tested for endotoxin content
using a limulus amoebocyte lysate (LAL) assay (Londa
Group, Basel, Switzerland) according to the manufac-
turer’s protocol. Endotoxin results were expressed in
endotoxin units per square meter (EU/m?). The lower
limit of detection (LOD) for the endotoxin assay was
320 EU/m?. One sample had a level below the LOD.
This sample was assigned a value of 2/3 of the detec-
tion limit (213 EU/m?).

EDC extracts were tested for glucans with a f(1,3)-
glucan sandwich enzyme immunoassay (Noss et al.,
2010b). p(1,3)-glucan levels were expressed in nano-
grams per m? (ng/m?). Three samples (all in classroom
E8) were below the lower LOD of 144 ng/m? These
samples were assigned a value of 96 ng/m? (2/3 of the
LOD).

Particulate matter. Using Harvard Impactors (Air
Diagnostics and Engineering Inc, Harrison, ME,
USA), indoor mass concentrations of particles with
diameters of <10 um (PM;) and <2.5 um (PM> 5) were
measured. Sampling took place at a height of approxi-
mately 1.50 m and, where possible, on opposite sides of
the classroom. Timer switches were used to restrict
sampling to approximately school hours. Average
exposure time was approximately 39 h (range 32-43 h).
The impactors operated at a 10 1/min flow. Flow read-
ings and elapsed time indicators (measured with cali-
brated equipment) were used to calculate the sampled
volume. Particles were collected on Teflon filters
(37 mm diameter, 2 um pore size, PVC supportive ring,
Pall, NY, USA) and particle mass was determined
gravimetrically, with filters pre- and post-weighed in a
climate-controlled room (Brunekreef et al., 2005). Out-
door PM,, and PM, s concentrations were retrieved
from the nearest rural background stations of the
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National Air Quality Monitoring Network of the
Dutch Institute for Public Health and the Environment.
From these data, 5-day weekly average concentrations
were calculated. All particulate matter concentrations
were expressed in pg/m?3.

Nitrogen dioxide (NO,). Indoor and outdoor NO,
concentrations were measured with OGAWA passive
samplers (OGAWA & Company Inc., Pompano
Beach, FL, USA), containing pre-coated NO, and NO
pads. Each week, two samplers were installed indoors
and one sampler was placed outdoors. In addition,
during one of the three study weeks, one field blank
(indoors) and one field duplicate (outdoors) were
installed for quality assurance. Within the classroom,
the OGAWA badges were placed at the same location
as the PM equipment. Outdoors, one sampler was
attached close to the school building at a height of
approximately 3 m. All samplers were installed on
Monday morning and collected on Friday afternoon,
with an average exposure time of approximately 103 h
(range 79-103 h).

The pads were analyzed by spectrophotometric
determination of nitrite, using the Saltzman method
(Van Roosbroeck et al., 2007). In addition to the field
duplicate and field blank, laboratory blanks were
retained. From each batch of 40 samplers, four were
kept in the laboratory and analyzed together with the
badges from that batch. The average concentration of
these batch blanks was subtracted from all samples in
that batch. Per classroom, the average of the two
indoor placed samplers was used as indicator for
indoor concentrations. NO, concentrations were
expressed in ug/m?.

Statistical analysis

Data analyses were performed using IBM SPSS Statis-
tics for Windows, version 22 (IBM Corp., Armonk,
NY, USA) and SAS for Windows, version 9.2 (SAS
Institute Inc., Cary, NC, USA), and statistical signifi-
cance was tested against a two-sided a-level of 0.05.

The distributions of the microbial components were
right skewed, and therefore, the levels were In-trans-
formed. Results for endotoxin and f(1,3)-glucans were
therefore presented as geometric means (GM) and geo-
metric mean ratios (GMR).

Descriptive statistics at baseline were determined,
and for all exposure variables, analyses of variance
(aNovA) were performed on baseline results to test for
initial differences between the three groups of class-
rooms (either starting the intervention at 800 ppm CO,
or at 1200 ppm, or control). Changes in the exposure
variables were expressed as differences compared to
baseline measurements and were compared between
the groups by means of linear mixed models with
adjustment for week and a random classroom intercept
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Fig. 1 Boxplots of the different exposure variables per condition per week

to take into account the dependency of the repeated
measurements within the same classroom. The effect of
the intervention (setting at 800 ppm or at 1200 ppm)
was tested using non-intervention classrooms as the
reference group. After initial analysis, the results for
PM;, and PM, 5 were tested for confounding by out-
door concentrations of PM;, and outdoor PM, s,
respectively, and NO, concentrations were considered
for confounding by outdoor NO, concentrations.

Results

In the first (baseline) week, mean CO, concentration
was 1335 ppm (s.d. = 325). As a result of our interven-
tion, CO, concentrations decreased on average
491 ppm; with the intervention set at 800 ppm, mean
CO, concentration was 841 ppm (s.d. = 65), and with
the intervention set at 1200 ppm, mean CO, concentra-
tion was 975 ppm (s.d. = 73). During the second and
third week, mean CO, concentration was 1350 ppm
(s.d. = 486) in the control classrooms.

At baseline, the geometric mean endotoxin level was
2307 EU/m? (range 642-8232 EU/m?), the geometric
mean f3(1,3)-glucan level was 969 ng/m? (range 96—

2497 ng/m?), the mean PM,, concentration was
52.1 pg/m* (range 24-102 pug/m?), the mean PM, s
concentration was 17.4 ug/m? (range 3-34 ug/m?), and
the mean NO, concentration was 19.0 ug/m* (range
10-30 pg/m?). The mean outdoor PM;, concentration
was 31.8 ug/m?> (range 14-94 ug/m3), the mean
outdoor PM, s concentration was 20.1 pg/m? (range
5-59 pg/m?), and the average outdoor NO, concentra-
tion was 28.2 ug/m* (range 13-42 ug/m?). No signifi-
cant differences in levels or concentrations at baseline
were found between the three groups of classrooms.
A full description of all exposure measurements per
classroom per week is provided in the supporting
information (Tables S1-S8).

As a result of the intervention, the levels of all expo-
sure variables except NO, at the setting of 800 ppm
were found to be decreased as compared to baseline
measurements. In the control classrooms however, the
levels of all exposure variables increased somewhat.
These changes are depicted in the boxplots presented
in Figure 1. In the supporting information, a more
extended Table S9 is provided with the baseline results
and the differences compared to baseline for the differ-
ent intervention settings.
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Table 2 Results from the mixed model analysis of the change compared to baseline for the three settings of the intervention

NO,

PM; 5

PMyq

p(1,3)-glucan

Endotoxin

Difference
(ug/m?)

Difference
(ug/m?)

Difference
(ug/m?)

P

95% CI

P

95% CI

P

95% CI

95% Cl P GMR 95% Cl P

GMR

0.819

(—4.83.8)
(—5.3,5.2)
(—6.6:3.9)

0.5
—0.0
-13

0.926

(—10.6;11.6)

(—=19.7,7.0)
(—16.6;10.4)

0.5
—6.4
=31

0.415

(—10.4;26.1)

0.096

(0.98;1.85)

1.34
0.47
0.47

0.102
0.004

(0.95;2.72)

(0.18;0.61)
(0.21,0.73)

Intercept
Setting

0.995
0.629

0.373
0.661

0.014

(—53.8,—10,0)

0.002 -319
—286

(0.32;0.69)
(0.32,0.68)

0.33

800 ppm

0.025

(—50.5,—6.7)

0.002

0.012

0.39

1

1200 ppm

Setting
Setting
Week
Week

Control (reference)

2

(—4.3;4.5) 0.969 1.7 (0.3;3.1) 0.031

(0.89;1.36) 0.385 -20 (—7.4:35) 0.491 0.1

0

1.1

0.638

(0.63;1.33)

3 (reference)

GMR, geometric mean ratio. Bold values indicate a statistical significant difference.

The results of the mixed model analysis of the
changes in indoor air quality, presented in Table 2,
show that changes in endotoxin and p(1,3)-glucan
levels as well as PM;, concentrations from baseline
were significantly different at the two experimental
ventilation settings as compared to the control class-
rooms. A different representation of the same mixed
model analyses shows that for endotoxin, f(1,3)-glu-
can, and PM,,, these decreases from baseline were
statistically significant for both intervention settings
(Table 3). At the same time however, no significant
differences were found between the two experimental
settings. For PM, s and NO,, no effects of the inter-
vention were found. Further adjustments for out-
door NO,, outdoor PM;,, and outdoor PM,;
concentrations did not change these findings (results
not shown).

Discussion

This study shows that increased ventilation decreased
indoor endotoxin, f(1,3)-glucan, and PM;, but not
PM, s and NO, levels in primary school classrooms
studied during two winter seasons in the Netherlands.
However, no difference was found between the two
experimental settings of the intervention.

Strengths of our study are the rigorous experimental
design, the investigation of two different experimental
settings, the inclusion of five different IAQ variables
simultaneously, and the control for differences in out-
door air pollution concentrations. This study included
measurements of three pollutants that are mostly
indoor generated (endotoxin, f(1,3)-glucan, PM;,) and
two pollutants that have their main source located out-
side (NO,, PM, 5). The supplied air was not filtered to
make the ventilation comparable to common practice
(natural ventilation) in the Netherlands. This enabled
us to study whether an increase in ventilation leads to
an increase in indoor concentrations of pollutants that
are generated outdoors (i.e., PM, s and NO,). In the
areas we studied, this was not found to be the case.

One of the limitations of our study involves the con-
tinuous sampling NO,, endotoxin, and f(1,3)-glucan.
While the intervention operated only during school
hours and the inlet of outdoor air was only increased
when the indoor CO, concentrations exceeded the tar-
geted value, sampling of NO,, endotoxin, and f(1,3)-
glucan continued 24 h per day. As a result of this, the
precise effect of the intervention during occupancy of
the classroom is unknown and it may have influenced
our findings. Endotoxin and f(1,3)-glucan are mostly
generated indoors, and their levels are related to class-
room occupancy; it is therefore likely that the observed
decreases of these levels would be larger if sampling
would have been limited to schools hours. Also for
NO,, we cannot rule out completely that measured
indoor concentrations would have been affected by the
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Table 3 Mean changes from baseline for the different intervention settings

Classroom ventilation and indoor air quality

Endotoxin Bl1,3)-glucan PM;q PM, 5 NO,
Difference Difference Difference
GMR  95% Cl P GMR  95% Cl P (ug/m?) 95% Cl P (ug/m?) 95% ClI P (1g/m?) 95% Cl P
800 ppm 050 (0.34,0.74) 0.004 067 (053084 0005 —251 (—375—-127) 0002 -58 (—13.4,1.8)  0.169 0.3 (—2.8;35) 0836
1200 ppm 060  (0.41;0.88) 0.024 066 (0.53,0.83) 0.004 —218 (—34.2,—-94) 0005 -25 (—10.453) 0539 —1.0 (—=4.1;21) 0551
Control 154  (094251) 0113 141  (1.041.91) 0.046 6.8 (—11.2,24.9) 0.472 0.6 (—10.4,11.6) 0.920 0.4 (—3.9,46) 0872

GMR, geometric mean ratio. Bold values indicate a statistical significant difference.

intervention if measured during school hours. This is,
however, not very likely as our schools were not
located closely to apparent sources of NO, and little
differences between indoor and outdoor NO, concen-
trations were observed. Another limitation of our
study is the lack of outdoor particulate matter concen-
trations measurements at the school locations. Data on
outdoor PM o and PM, 5 concentrations were retrieved
from the National Air Quality Monitoring Network;
however, for our study region, only one urban mea-
surement site was available, providing only data on
PM,. Furthermore, this measurement site was located
close to a busy road. Taking into account that we
excluded schools located in close proximity to busy
roads, together with the low levels of ambient air pollu-
tion in our study regions and the fact that multiple
rural measuring sites were able to provide data on both
PM;, and PM, 5, we opted for using data from these
rural sites. This decision may have led to an underesti-
mation of the true concentrations at the school loca-
tions, especially for PM, 5. At the same time however,
the PM;, concentrations at the rural and urban mea-
suring sites were highly correlated and within the same
range (r = 0.95, rural: 7-98 pg/m3, urban: 9-103 ug/m?3).
Even though we recognize the limitation of the usage of
the particulate matter data from rural routine monitor-
ing sites, we assume that the possible underestimation
does not influence our findings, even more so as indoor
concentrations were not affected by outdoor concen-
trations. A final limitation of our study is that we were
not able to achieve the planned contrasts in indoor
CO, concentrations between the two predefined levels
of ventilation (Rosbach et al., 2013).

Our baseline measurements enable us to compare
the indoor concentrations in our classrooms to other
schools and studies. Recently, a study has been per-
formed in primary schools in the Netherlands, Finland,
and Spain, on the levels of endotoxin and f(1,3)-glucan
in schools with and without moisture damage. Just as
in our study, EDCs were continuously exposed, but for
a duration of eight weeks, as compared to one week in
our study. In the Dutch non-damaged schools, the
geometric mean endotoxin level was 27 kEU/m? and
the geometric mean f(1,3)-glucan level was 10.6 ug/m>
(Jacobs et al., 2014). These results are comparable with
the one-week exposure levels we measured, taking into
account the eight times shorter exposure time in our

study. Two reviews, partly considering the same stud-
ies, have described studies on the level of indoor partic-
ulate matter in schools (Chatzidiakou et al., 2012; Lin
and Peng, 2010). These reviews report wide ranges for
indoor concentrations of both PM;, and PM,z;,
between and within studies. PM, concentrations ran-
ged from 9 to 169 ug/m>, and PM, 5 ranged from 3 to
88 ug/m’. Our mean baseline measurements of 52
pg/m® (PM;o) and 17 ug/m® (PM,.s) fall within these
ranges, making our findings comparable with previous
findings. Even though the discussed studies vary in
their sampling method and duration, Lin and Peng
(2010) state that sampling integrals have little influence
on measured levels of PM;, and PM, s, but that these
levels are impacted by season and meteorology, venti-
lation rates, and classroom activities, as well as sources
both indoors and outdoors.

Few studies have used an experimental design to
study the effect of ventilation on IAQ, and these stud-
ies were performed in a small number of schools or
classrooms. In the review of Chatzidiakou et al.
(2012), three experimental studies were discussed. A
study by Guo et al. (2008) was performed in one class-
room of one school, and it evaluated the effect of dif-
ferent ventilation scenarios that combined window
opening, use of air conditioning, and use of fans. They
concluded that higher air exchange rates in this class-
room were associated with lower indoor concentra-
tions of the particle number concentration as
measured with a scanning mobility particle sizer. In
another investigation by Heudorf et al. (2009), the
effect of intensified cleaning and ventilation was stud-
ied in two schools. Per school, two classrooms were
studied during three weeks in which PM;, and CO,
were measured. Just as in our study, the first week was
a baseline; in the second week, they intensified class-
room cleaning; and in the third week, in addition to
the intensified cleaning, they also increased classroom
ventilation. As a result of their combined interven-
tions, PM;, concentrations significantly decreased
from 79 ug/m® at baseline to 64 ug/m’ in week 2 and
3. They found no consistent effect of the increased ven-
tilation alone on PM,,, but indicated that the intensi-
fied cleaning prevented resuspension of settled dust.
The third study, by Gold et al. (1996), was executed in
six classrooms of one primary school in Mexico City.
Aim of the study was to reduce children’s exposure to
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ambient ozone levels under different conditions of ven-
tilation and air filtration. As ambient ozone has its
main sources outside, they reduced ventilation to
improve the IAQ and concluded that to reduce chil-
dren’s indoor exposure, it was best to keep doors and
windows closed. Recently, a new experimental study
on improving IAQ in schools has been published (Fis-
cher et al., 2015). This case study was performed in
one classroom of one school in Sweden. In the study,
three different ventilation regimes (off, intermittent,
on) were performed during the night. Outcome param-
eters were particulate matter, ozone, and volatile
organic compounds (VOC). The authors concluded
that night-time ventilation does not affect indoor PM;
concentrations as long as daytime ventilation is ade-
quate. Furthermore, they discovered that ozone (out-
side sources) will react with VOC (inside sources)
which creates secondary organic aerosols and thus
increases particle number. This implies that during the
night, ventilation should either be limited to keep
indoor ozone concentrations low or increased to
reduce indoor VOC concentrations. No studies have
been published on the relationship between ventilation
and classroom levels of endotoxin or f(1,3)-glucan.
However, other studies have provided some evidence
that increased classroom ventilation reduces concen-
trations of bioaerosols, such as molds, bacteria, and
allergens (Chatzidiakou et al., 2012).

Even though we did not filter the outdoor air before
introducing it into the classrooms, we did not find an
increase of PM, 5 or NO», which both have mainly out-
door sources. This provides evidence that for schools
not located closely to apparent sources of PM, s or
NO,, ventilation with unfiltered air (either natural or
mechanical) will not lead to an increase of indoor levels
of these substances. This may eliminate some of the
worries expressed by Seppanen and Fisk (2004). How-
ever, as outdoor conditions vary greatly between and
within countries, caution is needed when generalizing
these results. If schools are located in close proximity
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