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ABSTRACT
OBJECTIVE: To assess the association between daily exposure to air
pollution and lung function in school children.
METHODS: Panel study with a random sample of 118 students (between 6
and 15 years of age), enrolled in a public school of the city of Rio de Janeiro,
state of Rio de Janeiro, and living within 2 km of the study site. Data on
students’ characteristics were obtained with a questionnaire, including the
International Study of Asthma and Allergies in Childhood – ISAAC. Daily
peak expiratory flow measurements were taken to measure lung function.
Daily data on PM10, SO2, O3, NO2 and CO levels, temperature and humidity
were provided by a portable monitor. Repeated measurements of lung function
were associated with pollutant levels with a multilevel model adjusted for time
trend, temperature, air humidity, exposure to smoking at home, presence of
asthma, height, sex, weight and age of children.
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RESULTS: Mean peak expiratory flow was 243.5 l/m (sd=58.9). The lowest
mean peak expiratory flow was 124 l/m, and the highest, 450 l/m. For the
10 μg/m³ increase in PM10, there was a 0.34 l/min decrease in mean peak
flow on the third day. For the 10 μg/m³ increase in NO2, there was a decrease
between 0.23 l/min and 0.28 l/min in mean peak flow after exposure. CO and
SO2 effects on students’ peak flow were not statistically significant. O3 showed
a protective result: an increase in 10 μg/m³ of O3 would be associated, after a
day of exposure, with a 0.2 l/min increase in mean lung function.
CONCLUSIONS: Even within acceptable levels most of the time, air
pollution, especially PM10 and NO2, was associated with a decrease in lung
function in children living in the city of Rio de Janeiro.
DESCRIPTORS: Air Pollution, adverse effects. Child. Respiratory
Function Tests. Inhalation Exposure. Respiratory Tract Diseases,
prevention & control.

INTRODUCTION
Harmful effects of air pollution on human health have been observed not only
in the mortality in general and due to respiratory and cardiovascular diseases,
but also in the morbidity, including increases in respiratory symptoms and
decreases in lung function.5
In Brazil, time-series studies have assessed the impact of pollutants on population
health.8,17,18 A study performed in the two largest Brazilian cities, Rio de Janeiro
and São Paulo,8 found that air pollution was associated with both respiratory and
cardiovascular health. The number of hospitalizations due to respiratory diseases
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in children rose as a result of increases in pollution: 1.8%
in Rio de Janeiro and 6.7% in São Paulo for 10μg/m3
increases in PM10 (particulate material with up to 10
micrometers in diameter); yet in São Paulo, 6.7% for
10μg/m3 increases in SO2 (sulfur dioxide) and 1.7% for
1ppm increases in CO (carbon monoxide). Air pollution was also associated with prevalence of asthma in
children, in a study performed in the cities of Duque de
Caxias and Seropédica, state of Rio de Janeiro.15
Among international studies, one investigation in rural
Holland found a reduction in lung function during two
weeks after a pollution episode, when SO2 and particulate material levels rose, affecting 1,000 children aged
between six and 12 years.2 In Austria, 975 children
were followed for three years, when a reduction in
lung function, associated with an increase in PM10,
SO2, NO2 (nitrogen dioxide) and O3 (ozone) levels,
was observed.11 These studies indicate that the impact
of air pollution on asthmatic children, expressed in
school absenteeism and higher number of hospitalizations, seems to be more serious among those with lower
socioeconomic level.9
Time-series studies have been employed to support
arguments aimed at reducing exposure limits or showing health impacts with pollution levels well below
the limits recommended by the Resolution No 3/90 of
the Conselho Nacional do Meio Ambiente – CONAMA
(National Environmental Council).a
Participants in the panel studies have their lung function
assessed with a daily measurement of peak expiratory
flow, asthma episodes and number of nebulizations.
These studies are frequently performed to estimate
acute effects of air pollution on susceptible populations,
such as children1 and asthmatic adults.25
Exposure to air pollution can be measured individually
with portable personal monitors or by a station located
near the study site. In the latter case, it is assumed that
individuals live in the same location where air monitoring is performed. Thus, situations in which susceptible
population samples remain in the same place for relatively long periods of time are used. In this manner,
both exposure to air pollution and respiratory or cardiac
symptoms, or yet lung function indicators, can be more
accurately assessed.3
This study aimed to investigate the association between
daily exposure to air pollution and lung function in
schoolchildren.
METHODS
This study was performed in the Complexo de
Manguinhos, located in the city of Rio de Janeiro,
a
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Southeastern Brazil, in 2004. This area has some fixed
and mobile sources with high potential for air pollution,
among which is an avenue with intense flow of heavy
vehicles (Avenida Brasil), Manguinhos refinery, Caju
garbage and transferring station, in addition to several
other small factories. A sample of 120 children from one
public school was selected, of which ten students from
12 classes were randomly chosen. These children, aged
between six and 15 years, were considered to belong
to low-income families and living within 2 km of the
study site. A panel study was performed, whose main
characteristic is its longitudinal dimension, with daily
measurements of exposure to pollutants and peak expiratory flow in children during three months. Children
were submitted to daily tests for six weeks in a row,
in May, June, September and October of 2004. These
were performed in the morning, between 9:00am and
12:00pm, from Mondays to Fridays.
Information on students was obtained with the application of a questionnaire, weight and height measurements and peak expiratory flow tests. Questionnaire
was answered by those responsible for the children,
and included eight questions from the International
Study of Asthma and Allergies in Childhood (ISAAC)
protocol, used to assess the severity and diagnosis of
asthma.24 Starting with the standardization of the research instruments (written questionnaire), they were
validated by a pilot study, in several countries, and by
Solé et al,21 in Brazil, confirming its applicability and
reproducibility. After this phase, ISAAC began to be
performed in several parts of the world and it has been
validated, until now, for the 6-to-7-year and 13-to-14year age groups.
The test was performed under technical supervision and
followed by a pediatrician and a pneumologist. A portable Mini-Write Peak Flow Meter® (Clement Clare,
London, UK) was employed. Children were instructed
to breathe in deeply, place the peak flow meter on their
mouth and then blow quickly and strongly. They would
blow three times, values would then be noted down, and
the highest value would be selected for analysis.
Lung function in children was assessed with a peak
flow test. This test aims to measure the maximum expiratory flow, which represents the highest peak flow
value found after forced expiration, measured in liters
per minute.
Information on air quality was obtained with a mobile
pollutant monitoring unit from the Rio de Janeiro City
Department of Environment, at the study site. Data
on PM10, SO2, O3, NO2 and CO were used as daily
air pollution indicators for children under the same
exposure conditions. Meteorological conditions were

CONAMA. Resolução Nº 003/1990. Dispõe sobre padrões de qualidade do ar, previstos no PRONAR. Diário Oficial da União. 22 ago
1990;Seção 1:15937-9 [internet]. [citado 2008 mar 10]. Disponível em: http://www.mma.gov.br/port/conama/legiabre.cfm?codlegi=100
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obtained with measuring devices located at the Galeão
Airport. Minimum, mean and maximum temperatures
and relative air humidity were used.
Considering the structure of a panel study or repeated
measurements, a time series of about 120 peak expiratory
flow observations was associated with each child.
The statistical analysis approach consisted in exploring the data’s natural hierarchy. Repeated lung function measurements were analyzed with a Gaussian
multilevel model, where the first and second level
units were the days with pulmonary assessments and
the children, respectively. Main exposure variables
were the daily levels of PM10, SO2, O3, NO2 and CO
pollutants. Daily meteorological conditions and child
individual characteristics, such as weight, height, sex,
age, presence of asthma, and exposure to smoking,
were considered as confounding variables. The variable
“air pollution exposure” and the meteorological factors were designated to first level units, whereas child
individual characteristics were considered as second
level variables.
The mean time trajectory of peak flow measurements
was adjusted using a third-degree polynomial curve
(parametric spline), which admitted that each child had
their own individual trajectory adjusted (random effects
in the polynomial curve parameters). This strategy was
employed so that modeling of the observed child lung
function levels took into consideration child growth
during the study period, as well as the learning of
measurement device use.
It was assumed that both the exposure to pollution
and meteorological conditions could have had lagged
effects on lung function trajectories. Thus, indicators
were created from simple lags and cumulative indices
(moving averages) of the same day and previous days
for pollutants and meteorological factors. Part of the
analysis aimed to determine which meteorological
factor indicators, among all those available, best fit
the data. Using the daily measured median time series
of model residues that considered adjustment by trend
(parametric spline), dose-response graphical models
(daily residue series as previously described versus
meteorological indicator series) and significance and/or
goodness-of-fit tests of models, based on inclusion of
indicators, were used to select temperature and humidity indicators. When there were doubts about the most
suitable indicator, the final choice was made according
to the Akaike’s information criterion (AIC).
The dose-response pattern observed between each
meteorological indicator, selected in the previous step,
and lung function, was adjusted in a way similar to that
previously described for the time trajectory (parametric),
admitting, if necessary, that children could have their
own dose-response curves adjusted (random effects).

With this approach, the absence of observations on
certain days (eventual absence of children in school)
does not compromise the estimation process of model
parameters. However, due to the data’s temporal nature,
self-correlation patterns were adequately adjusted.
There are different procedures to estimate self-correlation and also to diagnose adjusted models, in terms of
the presence of self-correlation residues. Some of these
procedures were applied to guarantee the correct identification and modeling of self-correlation and the pattern of partial self-correlation function of median daily
series and residue averages from the model adjusted by
trend, temperature and humidity was analyzed.
The effects of pollution on daily variations in the students’ peak expiratory flow trajectory were estimated
after controlling for factors associated to both their lung
function and pollution levels. The base model consisted
of these confounding factors, which included the time
trend, temperature, relative air humidity and the following students’ characteristics: age, height, smoking in
the family and asthma. This base model was diagnosed
according to the presence of outliers, normality, and correct specification, among other things. When the model
was considered adequate, it was used in the following
phases to estimate effects of interest.
After determining the base model, the effect of air
pollution on lung function could be estimated for each
pollutant, and each lag was incorporated into the basic
model, one at a time. The effects of pollutants on lung
function levels were estimated both on average and
individually (random effects).
This study was approved by the Research Ethics Committee of the Universidade Estadual do Rio de Janeiro.
Consent from parents and teachers was obtained to adjust
the project to the school’s educational guidance norms.
RESULTS
A total of 118 children were assessed (two children
were excluded from the study, due to their change of
schools) with mean age of 9.14 years (sd=1.84), mean
height of 1.36 meters (sd=0.12) and mean weight of
32 kg (sd=10.7). Half of the students were female. Out
of the 118 children, 18.4% were asthmatic, and 49.1%
lived in a home with smokers.
Mean peak expiratory flow was 243.5 l/min (sd=58.9).
The lowest mean peak expiratory flow was 124 l/min
and the highest was 450 l/min. On average, students
had peak flow measured for 78 days, varying from
nine to 122 days. Random missing values were assumed on the days students were absent from school
and discarded from the analysis. This procedure
considered students’ absences as random missing
data, assuming these absences were not caused by the
association between air pollution and health. In the
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case of students changing schools during their period
of study, this change of schools was also considered
not to be associated with air pollution levels.

and SO2 levels rose. SO2 effects must be interpreted with
caution, due to the great amount of missing data for this
pollutant in the study period (Table 2 and Figure 2).

Daily mean levels of air pollutants in the Complexo
de Manguinhos, during the study period, surpassed the
maximum limits established by the CONAMA resolution Nº 003/1990 (horizontal line in the graphs) for
PM10 and O3, and did not surpass these limits for CO,
NO2 and SO2, as observed on Table 1 and Figure 1.

O3 showed a significant protective effect; a 10 μg/m³
increase in O3 was associated with a 0.2 l/min increase
in mean peak expiratory flow, one day later. In contrast,
considering the three-day lag, there was a reduction
in mean peak expiratory flow, though not significant
(Table 2 and Figure 3).

Data on pollutants were missing on some days, especially for SO2. For PM10, the mean in the period was
84.7 μg/m³ (sd=29.5) and the highest mean concentration on one day was 199 μg/m³. CO varied between
0.1 and 3 ppm, whereas NO2 varied between 35 and
216 μg/m³.

NO2 was significantly associated with a decrease in
students’ peak expiratory flow. Increases of 10 μg/m³ in
NO2, on a certain day were associated with a decrease
from 0.23 l/min to 0.28 l/min in mean lung function,
two and three days later, respectively. There was also
an increase in local levels of NO2 corresponding to the
difference between the least polluted day of the 10%
most polluted days (90 percentile of NO2 distribution)
and the most polluted day of the 10% least polluted
days (10 percentile of NO2 distribution) associated
with a reduction of 3.66 l/min in mean peak expiratory
flow. This value represented a decrease of about 1.5%
in students’ lung function. In this case, the mean peak
expiratory flow would have dropped about 0.22 l/min
for a 10 μg/m³ increase in the moving average levels
of three days of NO2 (Table 2 and Figure 2).

Average temperature was 26ºC (sd=3.1) and relative air
humidity varied between 50% and 96%, with a mean
of 73.6% (sd=9.2).
PM10 was associated with a decrease in students’ peak
expiratory flow. Increases of 10 μg/m³ in PM10 on a
certain day caused a decrease in peak flow, varying
between 0.32 l/min and 0.52 l/min, depending on the
lag. An increase of 10 μg/m³ in PM10, for example,
led to a 0.34 l/min decrease in mean lung function in
children, three days later (Table 2 and Figure 2).
The rise in PM10 levels corresponding to the difference between the group of 10% most polluted days (90
percentile of PM10 distribution) and the group of 10%
least polluted days (10 percentile of PM10 distribution)
was associated with a decrease of 2.42 l/min in mean
peak expiratory flow. This value represented a reduction of about 1% in children’s mean lung function at a
certain moment (Table 2).
CO and SO2 effects on students’ peak flow were not
statistically significant. There was also a trend towards
a decrease in students’ peak expiratory flow when CO

DISCUSSION
Air pollution was associated with a reduction in students’
lung function in the short term. Specific increases in
PM10 and NO2 levels were associated with decreases in
lung function. In contrast, CO, SO2 e O3 levels were not
associated with reductions in students’ lung function.
Similar effects were obtained in panel studies from
other regions.22 A systematic review study with children to investigate air pollution effects concluded that,
according to a classic meta-analysis model, children’s
peak flow levels would decrease 0.012 l/min (95% CI

Table 1. Distribution of pollutants and meteorological variables. City of Rio de Janeiro, Southeast Brazil 2004.
Variable

n

% missing

mean

sd

min

p10

p50

p90

max

PM10 (µg/m³)

210

2.33

84.68

29.47

41.0

53.0

78.5

123.1

199.0

CO (ppm)

186

13.49

0.97

0.63

0.1

0.3

0.8

1.8

3.0

SO2 (µg/m³)

104

51.63

18.59

17.89

0.0

5.0

13.5

40.7

96.0

O3 (µg/m³)

187

13.02

81.08

37.67

12.0

35.6

79.4

129.3

192.0

NO2 (µg/m³)

171

20.47

92.50

35.30

35.0

58.0

86.0

140.0

216.0

Minimum temperature (ºC)

215

0.00

21.68

2.39

14.4

18.7

21.6

25.1

27.1

Average temperature (ºC)

215

0.00

25.96

3.11

19.5

21.7

25.9

30.1

33.6

Maximum temperature (ºC)

215

0.00

31.59

4.65

21.4

25.0

31.6

37.8

43.0

Relative air humidity (%)

215

0.00

73.57

9.18

50.0

61.0

74.0

84.0

96.0

Air pollutant

Meteorological characteristic
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−0.047; −0.019), very similar to that observed in this
panel study, −0.034 l/min (95% CI −0.053; −0.012), for
the same PM10 increase and a two-day lag.
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Figure 1. Distribution of pollution by PM 10, CO, SO2, O3
and NO2 in the period studied. Rio de Janeiro, Southeast
Brazil, 2004.

−0.017; −0.008)22 on average for a 10 μg/m³ increase
in PM10 levels. When considering a random coefficient
model, the mean effect was −0.033 l/min (95% CI

In 2001, a study with children aged between seven and
nine years, in the city of São Paulo, Southeast Brazil,
observed associations with several pollutants.4 Even
though no pollutants could be singled out as the main
cause of the harmful effects on child health, for an
interquartile variation in PM10 concentration, there
was a 1.05% reduction in peak expiratory flow, a result
comparable to that found in this study. Other international studies have shown a correlation between the 10
μg/m³ increase in PM10 and the reduction of more than
10% in peak flow for the same day.14,15,16
Nitrogen dioxide (NO2) is a strong respiratory irritant
produced by different fixed and moving pollutant
sources. In this study, it was associated with reductions
in students’ lung function. This result is corroborated by
other panel studies in children with distinct outcomes,
such as cough and respiratory symptoms.12 In contrast,
among children younger than 18 months of age, this
association between exposure to NO2 and respiratory
problems was not observed.19 Different results show
that other studies need to assess the impact of NO2 on
child lung function.
Carbon monoxide (CO), sulfur dioxide (SO2) and
ozone (O3) were not associated with harmful effects
on child lung function in this study. However, peak
expiratory flow decreasing trends associated with
increases in levels of pollutants, such as CO and SO2,
were identified.13 Studies on CO have shown its impact,
correlated with the increase in adult arterial pressure20
and child symptoms.10
Contrary to what was expected, the increase in ozone
levels was associated with an increase in child lung
function. Absenteeism may partly explain this result,
due to the reduction in mean lung function on the
second and third days after exposure, although not
significant. In other words, the hypothesis is that more
sensitive children are absent on the first day after
exposure, returning on the following days. Further
analysis using a logistic regression model for absenteeism related to pollutants levels may help understand
these findings.
Results of this study diverge from those of some studies,8 and agree with others.6 Ozone was associated with
a reduction in lung function in Swiss children after
physical exercise and in those who remained outdoors
for a longer time.7
Conflicting information about O3 could be related to
the methods used in different studies, the low ozone
levels, or even the negative correlation between ozone
and other pollutants, such as PM10 and NO2.
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Table 2. Estimated reductions in child peak expiratory flow (in l/min) for increases in pollutants* and increases according to
least and most polluted days**. Rio de Janeiro, Southeast Brazil, 2004.
Pollutant

coef

(95% CI)

coef(10-90)

(95% CI)

p-value

PM10 (µg/m³)
1-day lag

-0.11

-0.319;

0.106

-0.74

-2.234;

0.745

0.327

2-day lag

-0.32

-0.526;

- 0.120

-2.26

-3.685;

- 0.838

0.002

3-day lag

-0.35

-0.555;

- 0.136

-2.42

-3.889;

- 0.954

0.001

2-day mean

-0.34

-0.605;

- 0.078

-2.40

-4.242;

- 0.549

0.011

3-day mean

-0.52

-0.824;

- 0.211

-3.63

-5.776;

- 1.478

0.001

1-day lag

-0.37

-1.316;

0.585

-0.58

-2.085;

0.927

0.451

2-day lag

-0.82

-1.702;

0.070

-1.29

-2.698;

0.110

0.071

3-day lag

-0.48

-1.483;

0.515

-0.77

-2.351;

0.816

0.342

2-day mean

-0.65

-1.838;

0.545

-1.02

-2.913;

0.863

0.287

3-day mean

-0.87

-2.383;

0.640

-1.38

-3.777;

1.015

0.259

1-day lag

-0.28

-0.942;

0.380

-1.00

-3.362;

1.355

0.404

2-day lag

-0.38

-0.986;

0.235

-1.34

-3.519;

0.841

0.229

3-day lag

0.13

-0.427;

0.688

0.47

-1.523;

2.456

0.646

2-day mean

-0.69

-1.439;

0.066

-2.45

-5.138;

0.236

0.074

3-day mean

-0.56

-1.293;

0.175

-2.00

-4.616;

0.625

0.136

CO (ppm)

SO2 (µg/m³)

O3 (µg/m³)
1-day lag

0.21

0.016;

0.395

1.92

0.145;

3.695

0.034

2-day lag

-0.11

-0.273;

0.049

-1.05

-2.554;

0.460

0.173

3-day lag

-0.16

-0.330;

0.006

-1.51

-3.088;

0.059

0.059

2-day mean

0.02

-0.186;

0.233

0.22

-1.738;

2.183

0.824

3-day mean

-0.08

-0.314;

0.159

-0.73

-2.941;

1.487

0.520

1-day lag

0.01

-0.153;

0.165

0.05

-1.251;

1.353

0.939

2-day lag

-0.28

-0.447;

- 0.118

-2.31

-3.663;

- 0.966

0.001

3-day lag

-0.23

-0.400;

- 0.065

-1.91

-3.282;

- 0.531

0.007

2-day mean

-0.16

-0.357;

0.037

-1.31

-2.926;

0.305

0.112

3-day mean

-0.22

-0.444;

0.001

-1.82

-3.641;

0.007

0.051

NO2 (µg/m³)

* Increase in 10 units for all pollutants, except for CO: 1 unit.
** Corresponding to the difference between the least polluted day of the 10% most polluted days and the most polluted day
of the 10% least polluted days.

Lack of data when measuring pollutants is one of the
limitations of this study. In contrast, the following are
among the advantages of this study: daily follow-up
of children, daily monitoring of exposure to pollution
near the place of residence and study, and use of multidisciplinary team with the collaboration of municipal,
state and federal institutions.
Another advantage was the use of a multilevel model
and adjustment for confounding variables, enabling
the estimation of pollution effects on lung function.
Several statistical models can be employed to analyze
repeated measurements similar to the ones found in
this study, which used a multilevel model with two
hierarchical levels. The first level has each student’s

peak expiratory flow repeated measures (outcome),
the air pollutants (main exposures) and time-related
confounding factors (time and meteorological indicators). Growth experienced by each child in the study
period influences their lung function. However, due to
age and genetic factors, it could be hypothesized that
each child has their own growth curve. Thus, the growth
pattern was specifically modeled for each child, using
random effect models in the lung function time trajectory. The second hierarchical level has the students’
characteristics that can either explain or change the
association between outcome and main exposures, such
as age, height, weight, presence of respiratory disease
(asthma, for example) and passive smoking.
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lag 3
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PM 10
lag 1
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-0.40
lag 1

lag 2
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Figure 2. Estimated reductions in child peak expiratory flow (in l/min) and confidence intervals for increases of 10 units in
pollutants (except for CO: 1 unit). Rio de Janeiro, Southeast Brazil, 2004.

Air pollutants exposure limits have been the subject of
discussion in different countries. The 2005 report by
the World Health Organization (WHO)23 established
new guidelines on air quality and reduction of current limits of human exposure. Even though there are
many scientific publications on air pollution effects on
population health and distinct methods used to measure
these effects,3 questions about the effective impact
of different pollutants still remain. Panel studies can
contribute to a better understanding of the effects and
risks of air pollution on human health.
Panel studies allowed us to investigate in more detail the
impact of specific air pollutants on child lung function.
The methodology applied here can be reproduced in

other regions and also allows factors that may interfere
with lung function to be better controlled for.
Further studies on the impact of air pollution on population health from different regions may contribute to
the application of better and local methods of air pollution control.
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