Air pollution and hospital admissions for
respiratory diseases in the subequatorial
Amazon: a time series approach

Poluigdo do ar e admissdes hospitalares por
doencas respiratérias na Amazoénia subequatorial:
abordagem em séries temporais

1 Universidade do Estado de
Mato Grosso, Caceres, Brasil.
2 Instituto de Satide Coletiva,
Universidade Federal de
Mato Grosso, Cuiabd, Brasil.
3 Escola Nacional de Satide
Piiblica Sergio Arouca,
Fundagao Oswaldo Cruz, Rio
de Janeiro, Brasil.

4 Instituto de Medicina
Social, Universidade do
Estado do Rio de Janeiro, Rio
de Janeiro, Brasil.

5 Centro de Previsdo de
Tempo e Estudos Climdticos,
Instituto Nacional de
Pesquisas Espaciais,
Cachoeira Paulista, Brasil.

6 Instituto de Fisica,
Universidade de Sao Paulo,
Sdo Paulo, Brasil.

Correspondence

E. Ignotti

Universidade do Estado de
Mato Grosso.

Av. Tancredo Neves 1095,
Caceres, MT

78200-000, Brasil.
eignotti@uol.com.br

Abstract

The objective of the study is to evaluate the effect
of the daily variation in concentrations of fine
particulate matter (diameter less than 2.5um -
PM2.5) resulting from the burning of biomass on
the daily number of hospitalizations of children
and elderly people for respiratory diseases, in Alta
Floresta and Tangard da Serra in the Brazilian
Amazon in 2005. This is an ecological time series
study that uses data on daily number of hospital-
izations of children and the elderly for respiratory
diseases, and estimated concentration of PM2.5.
In Alta Floresta, the percentage increases in the
relative risk (%RR) of hospitalization for respira-
tory diseases in children were significant for the
whole year and for the dry season with 3-4 day
lags. In the dry season these measurements reach
6% (95%CI: 1.4-10.8). The associations were sig-
nificant for moving averages of 3-5 days. The %RR
for the elderly was significant for the current day
of the drought, with a 6.8% increase (95%CI: 0.5-
13.5) for each additional 10ug/m3 of PM2.5. No
associations were verified for Tangara da Serra.
The PM2.5 from the burning of biomass increased
hospitalizations for respiratory diseases in chil-
dren and the elderly.

Respiratory Tract Diseases; Hospitalization; Air
Pollution
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Introduction

In the Amazon and Central regions of Brazil,
thousands of fires with smoke clouds covering
millions of square kilometers break out during
the dry season, (which typically lasts from June
to October), and are detected every year by
satellite (Centro de Previsdo de Tempo e Estudos
Climaéticos, Instituto Nacional de Pesquisas
Espaciais. http://www.cptec.inpe.br). Almost
all the fires are man made and are started for
distinct reasons: for selling wood, clearing
pastures, preparing the land for crops, manual
harvesting of sugarcane, and as a result of land
disputes 1. Among the states which constitute
the Brazilian Amazon, Mato Grosso had the
highest concentration of heat outbreaks (36%)
and of deforested area (38%) in the period 2000
to 2006 2.

There are no doubts that air pollution has
a negative impact on human health. Of all the
health effects related to air pollution, respira-
tory diseases are the most significant, especially
amongst vulnerable groups like children and the
elderly 34. Epidemiological studies address both
the shortandlong-term health effects of exposure
to particulate matter suspended in air and gas-
eous contaminants, however the latter are scarce.
Further, most of the studies refer to population
groups living in metropolitan areas exposed to air
pollution formed by emissions from industries
and/or intense road traffic 56,7,8,9,10,
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In the subequatorial Amazon, air pollution
studies as a result of fires began in 1998 (Progra-
ma de Grande Escala da Biosfera-Atmosfera na
Amazodnia. http://lba.cptec.inpe.br/lba/site/),
but it was only in 2007 that the first findings sug-
gesting an association between the surround-
ing air and respiratory diseases were published
11,12,13,

The emission of air pollutants in the Ama-
zon is not homogeneously distributed. On the
contrary it is concentrated along the so-called
“deforestation arc”, which covers Southeastern
Maranhao state, Northern Tocantins, Southern
Par4a, Northern Mato Grosso, Rondo6nia, South-
ern Amazonas and Southeastern Acre, account-
ing for over 85% of the fires that occur in Brazil
during the regional dry season 14. During this pe-
riod, concentrations of particulate matter with
an aerodynamic diameter of less than 2.5um,
originating from the burning of biomass vary
from 300 to 600pg/m3 at the sites where the fires
are most intense 15.

Any particulate with a diameter measuring
less than 2.5um (PM, ;) is recognized as a threat
to human health as well as a cause of reduced life
expectancy 16. These particulates, known as fine
particles, represent 60% of the particulate matter
produced by the burning of biomass in the Ama-
zon 17 and are potentially poisonous because they
deeply penetrate the lung tissues from where they
can unleash a series of health effects due to their
physical, chemical, toxicological and/or carcino-
genic nature 18,19, In spite of this, studies of the
effects of emissions derived from the burning of
biomass are scarce, although some research has
been developed in Asian countries concerned
with the burning of the Indonesian forests in
1997 2021, In Brazil there are studies that address
the burning of sugarcane in the Southeast of the
country 22,23, However this region is not only the
most industrialized and densely populated area
of the country, but also has a very different cli-
mate to that of the Amazon region.

The objective of this study is to assess the
association between daily variations in PM, 5
concentrations resulting from the burning of
biomass and the daily numbers of children and
elderly people hospitalized due to respiratory
diseases. The study population included all resi-
dents in the municipalities covered by the Re-
gional Health Offices of Alta Floresta and Tan-
gard da Serra, Mato Grosso State, in the Brazilian
Amazon in 2005.
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Materials and methods
Study design

The study was carried out using an ecological
design and a time series analytical framework to
model the daily counts of hospital admissions
for respiratory causes of children and the
elderly, measurements of daily concentrations of
PM, 5, and meteorological and calendar-related
variables.

Study population

The municipalities of Alta Floresta and Tangara
da Serra were selected for the study because they
presented the worst indicators of morbidity and
mortality due to respiratory diseases amongst
children under 5 between 2000 and 2004 24.

Aggregated hospital admissions data from
the set of municipalities neighboring Alta Flo-
resta and Tangara da Serra, bound to the respec-
tive Regional Health Offices, were also used in
this study due to the possible displacement of
patients seeking care at better hospitals. These
two municipalities are the regional references
for hospitalization and therefore receive patients
through spontaneous demand from neighboring
towns, although the patient’s place of residence
is not always recorded accurately. It is possible
that patients living in smaller towns omit this fact
in order to facilitate the admission process. An-
other justification for aggregating the admissions
by place of residence in that area is to increase
the number of individuals in the study and, con-
sequently, to increase the statistical power. The
area of the regional health office of Alta Floresta is
shown in Figure 1 and encompasses the munici-
palities of Alta Floresta, Apiacds, Carlinda, Nova
Bandeirantes, Nova Canaa do Norte, Nova Monte
Verde and Paranaita. These municipalities are lo-
cated in the extreme north of the state of Mato
Grosso and south of the “deforestation arch” of
the Brazilian Amazon, covering 58,558km2 with
an estimated population of 101,278 inhabitants
during the study period (Secretaria Estadual de
Planejameto de Mato Grosso. http://www.sep-
lan.mt.gov.br), including 10,815 (10.7%) children
under 5 and 3,478 (3.4%) people over 64.

The area of the regional health office of Tan-
gard da Serra comprises the municipalities of
Arendpolis, Barra do Bugre, Brasnorte, Campo
Novo dos Parecis, Denise, Nova Marilandia,
Nova Olimpia, Porto Estrela, Santo Afonso and
Sapezal. One main economic activity in the ar-
ea is sugarcane production with around 65% of
output being manually cut, then burned. It is
estimated that approximately 90,000 hectares of
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Figura 1

The municipalities of Alta Floresta and Tangara da Serra, Mato Grosso state, subequatorial Amazon.
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sugarcane are burned every year_(http://www.se
plan.mt.gov.br). These municipalities occupy an
area of 66,262km?2, with an estimated population
of 198,984 inhabitants during the study period
(Instituto Brasileiro de Geografia e Estatistica.
Censo Demogréfico de 2000. http://www.ibge.
gov.br), including 21,991 (11%) under five year
olds and 6,204 (3%) over 64 year olds.

The dispersion patterns of PM, 5 hardly vary
across the municipalities of Alta Floresta and
Tangard da Serra, meaning that misclassification
of exposure should not occur due to aggregation
of the municipalities. As regards the exposure
investigated in this study, it is known that PM, 5
remains in the atmosphere for a relatively long
period of time (around 2 weeks) due to the re-
duced weight and size of the particulates 25.

Data source and management

Hospital admission (outcome) data were ob-
tained from the database of the Hospital Informa-
tion System within the Unified National Health
System (SIH-SUS) for all non-elective hospital
admissions of children under five and elderly
people over 64, which occurred during the pe-
riod 1 January to 31 December 2005 (http://www.
datasus.gov.br). The analysis concerns hospital
admissions for all causes in chapter X (JOO to J99)
of the 10th revision of the International Classifica-
tion of Diseases (CID-10) 26. Due to municipali-
ties having small population sizes and, therefore,
low counts of hospital admissions it was not pos-
sible to analyze specific causes.

Daily measurements of PM, 5 were estimated
by means of the Coupled Aerosol and Trace Gases
Transport Model for the Brazilian Development
of the Regional Atmospheric Modeling System
(CATT-BRAMS) 27 developed at the Centro de
Previsao de Tempo e Estudos Climéticos, Insti-
tuto Nacional de Pesquisas Espaciais (CPTEC/
INPE). The model provides PM, ; measurements
every three hours over a grid of 30x30km?2 cells.
Daily arithmetic averages of concentrations of
fine particulate matter were calculated based on
the averages of the set of cells which make up
the territorial area of the municipalities under
investigation.

Daily meteorological information regarding
the temperature and relative air humidity were
obtained from the Brazilian Airport Author-
ity (INFRAERO) weather station located in Alta
Floresta and from the National Meteorological
Institute INMET) automatic station located in
Tangard da Serra.
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Data analysis

The analyses were performed for the whole year
as well as restricted to the dry season, from July
to November, for both age groups. It is known
that the fires begin after a few days without rain
and continue for approximately one month after
the start of the rainy season, while rainfall is still
sparse. That is why the so-called “dry season” in
this study refers to the period in which, as well
as being less humid, also has frequent readings
(over 50% of the days) of average daily levels of air
pollution over 25ug/ma3, from 1 July to 30 Novem-
ber 2005 (153 days).

The daily number of hospital admissions for
respiratory diseases was considered as the out-
come variable and the average daily levels of
PM, ;5 were analyzed as the main exposure. Cal-
endar effects were accounted for by means of
indicator variables for the days of the week and
holidays. However they showed to be non-signif-
icant. The number of days passed since the start
of the study was used to adjust for the temporal
trend and seasonality by means of smooth func-
tions. Furthermore, smooth functions of tem-
perature and relative air humidity were used in
order to account for the non-linearity of meteo-
rological variables. Generalized additive models
with Poisson errors 2829 were used to estimate the
association between PM, 5 exposure levels and
hospital admissions for respiratory diseases in
children and elderly people. This particular class
of models was used in order to properly account
for non-linearity of the time series components
and meteorological variables. Likelihood ratio
testing showed that the non-linearity hypothesis
holds. The linear effects of the pollutants were es-
timated for the same day and up to one week be-
fore the outcome and moving averages of up to 15
days. The latter represent accumulated exposure
on the days before the outcome. Decisions about
variables kept in the model as well as the degrees
of freedom for the non-linear terms were based
on the usual diagnostics for regression analysis
of time series data, e.g. periodogram, partial au-
tocorrelation function, and the quantile plotting
of standardized deviance residuals.

The results were expressed in terms of the
percentage increase in hospital admission rates
for respiratory diseases per additional 10pg/ms3in
the estimated mean of PM, 5 concentrations, and
respective 95% confidence intervals (95%CI). The
analyses were carried out by means of the Ares
library 30, a home tailored collection of routines
for data analysis of time series of air pollution in
the software R version 2.8.1 (The R Foundation
for Statistical Computing, Viena, Austria; http://
WWW.I-project.org).



Results

In 2005 there were 481 children and 365 elderly
hospital admissions due to respiratory diseases,
with a daily average of 1.3 and 1.0 respectively,
in the Alta Floresta region. In Tangard da Serra,
1,897 children and 403 elderly people were hos-
pitalized with such diseases, with a daily average
of5.2 and 1.1, respectively. As regards the average
daily PM, 5 levels, in Alta Floresta during the dry
season an average of 44.5pg/m3 (+ 39ug/ms3) was
registered, with a maximum of 257.5pg/ms3. In
Tangard da Serra the average daily PM, ; mea-
surement was 30.6 pg/m3 (+ 28.6pg/m3) and the
maximum, 209.9ug/m3. Minor variations in the
average temperature of Alta Floresta and Tan-
gard da Serra were observed with sporadic days
of temperature drops, more significantly in Tan-
gard da Serra. These regions present an average
temperature of 28°C (22 to 36°C) and 25°C (14 to

Table 1

AIR POLLUTION AND HOSPITAL ADMISSIONS

30°C), respectively. As regards relative air humid-
ity, similar measurements were verified between
the two sites studied, with daily averages of 60
to 70%. However, during the dry season the Alta
Floresta region presented a minimum of 15%,
whereas in Tangard da Serra the minimum was
29% (Table 1).

Figure 2 shows the typical reduction in rela-
tive air humidity during the dry season. It begins
in the month of May, with the lowest levels re-
corded in the month of August. Both Alta Floresta
and Tangard da Serra present some days of tem-
perature drops mainly between July and October,
the dry season as described above. The average
PM, 5 levels are higher between the months of
August and October. However, the emissions in
Tangara da Serra begin in the month of May, two
months before those registered in the Alta Flo-
resta region.

Descriptive analysis of the variables: number of hospital admissions for children and the elderly by respiratory disease, temperature, humidity and PM, 5. Alta

Floresta and Tangaré da Serra, Mato Grosso State, Brazil, 2005.

Average (SD) Minimum P25 P50 P75 Maximum
Alta Floresta
Whole period 2005
Respiratory disease admissions < 5 years old 1.32(1.25) 0.00 0.00 1.00 2.00 6.00
Respiratory disease admissions < 65 years old 1.00 (1.09) 0.00 0.00 1.00 2.00 5.00
Temperature (°C) 27.5(2.16) 21.70 26.20 27.80 28.90 36.30
Humidity (%) 68.3 (14.18) 15.44 59.58 67.77 78.30 97.78
PM, 5 (ug/m3) 20.4 (32.58) 0.00 2.07 5.22 26.64 257.45
Dry season 2005
Respiratory disease admissions < 5 years old 1.35(1.19) 0.00 0.00 1.00 2.00 5.00
Respiratory disease admissions < 65 years old 0.97 (1.12) 0.00 0.00 1.00 2.00 5.00
Temperature (°C) 27.96 (2.39) 21.70 26.9 28.20 29.40 36.30
Humidity (%) 60.15 (13.95) 15.44 50.8 60.64 68.13 94.76
PM, 5 (ug/m3) 44.49 (39.09) 0.00 18.20 31.91 61.75 257.45
Tangaréa da Serra
Whole period 2005
Respiratory disease admissions < 5 years old 5.20 (3.64) 0.00 2.00 5.00 7.00 19.00
Respiratory disease admissions < 65 years old 1.10 (1.09) 0.00 0.00 1.00 2.00 7.00
Temperature (°C) 24.68 (2.71) 13.66 24.04 25.21 26.24 29.65
Humidity (%) 71.47 (15.29) 28.73 60.67 76.27 84.10 94.56
PM, 5 (ug/m3) 17.19 (22.84) 0.00 3.61 8.72 21.24 209.87
Dry season 2005
Respiratory disease admissions < 5 years old 4.77 (3.11) 0.00 2.00 5.00 7.00 18.00
Respiratory disease admissions < 65 years old 1.09 (1.01) 0.00 0.00 1.00 2.00 4.00
Temperature (°C) 24.70 (3.48) 13.66 23.62 25.60 26.93 29.65
Humidity (%) 62.08 (16.01) 28.73 48.83 63.44 75.65 94.56
PM, 5 (ug/m3) 30.63 (28.56) 0.00 13.26 22.19 41.41 209.87
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Figura 2

Time evolution of humidity, temperature, and PM2.5 included in the study of the Alta Floresta (a) and Tangara da Serra (b) region. Mato Grosso, Brazil, 2005.
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(continues)

Figure 3 presents the percentage increases in
the number of hospital admissions for respira-
tory diseases in children for the year 2005 and for
the dry season of 2005, with a lag period of up to
7 days and accumulated effects of up to 15 days
(moving averages) for each 10pg/m3 increase in
PM, 5 concentration in the Alta Floresta region.
Significant values are observed for the whole year
and for the dry season with 3 and 4-day lags. For
the whole year, the increased risk for a 3-day lag
was 4.7% (95%CI: 0.6-9.1) and for 4 days it was
4.2% (95%CI: 0.1-8.5). In the dry season these
measurements reach 6% (95%CI: 1.4-10.8) and
5.1% (95%CI: 0.6-9.8).
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For accumulated exposure there were no
associations ascertained for the series which
covers the whole year. In the dry season a trend
of increased risk for up to 12 days was verified.
However, the associations were only significant
for moving averages of 3 to 5 days. For the mov-
ing average of 3 days, the increased risk was 6.8%
(95%CI: 0.56-13.3); for 4 days 7.8% (95%CI: 1.3-
14.5); and for 5 days 7.5% (95%CI: 0.6-14.9).

Figure 4 presents the percentage increases in
the number of hospital admissions for respira-
tory diseases in elderly people for the year 2005
in the Alta Floresta region. Significant values
are observed for the whole year for exposure on
the actual day and with lags of 4, 5 and 6 days.
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For the actual day, the increased relative risk is
4.3% (95%CI: 0.25-8.6); for a 4-day lag it is 5.5%
(95%CI: 0.56-10.6) for increases of 10ug/m3 of
PM, ;. In the analyses of the accumulated effects
according to moving averages, significant asso-
ciations were ascertained with lag periods of 4, 5,
6, 8 and 9 days with a percentage increase of the
relative risk ranging from 5.5 to 4.1% in the 4 and
6-day lags, respectively. The upper limit of the
confidence intervals for single lag analyses was
9.8% and for moving averages 10.6%.

In the analyses of the dry season, significant
associations were only ascertained for the cur-
rent day with an increased relative risk of 6.8%
(95%CI: 0.5-13.5) for each additional 10pg/ms3
of PM, 5.

The analyses performed for Tangard da Serra
did not show any association between variations

in the PM, 5 levels and the number of hospital
admissions for respiratory diseases in children
and elderly people using single lag or moving
average models.

Discussion

The burning of vegetation that traditionally oc-
curs in the Amazon as part of the deforestation
process has an adverse effect on human health.
The population living in the Alta Floresta region
has been exposed to high levels of air pollution
since the early 1990s during the dry season. The
associations verified in this study refer to an in-
creased risk of roughly 7% in the daily number
of hospital admissions of children and elderly
people for an additional 10pug/ms3 of PM, 5. How-
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Figura 3

Percentage increase in the relative risk and 95% confidence interval in the number of hospital admissions for respiratory
diseases in children for the year 2005 (a; ) and the dry season of 2005 (b; d) with a single lag period of up to 7 days and
accumulated effects of up to 15 days (moving averages) for a 10 pg/m3 increase in the PM2.5 concentration in the Alta

Floresta region. Mato Grosso, Brazil, 2005.
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Figura 4

Percentage increase of relative risk and 95% confidence interval in the number of hospital admissions for respiratory
diseases in elderly people for the year 2005 (a; c) and the dry season of 2005 (b; d) with a single lag period of up to 7 days
and accumulated effects of up to 15 days (moving averages) for a 10 pg/m3 increase in the PM2.5 concentration in the

Alta Floresta region. Mato Grosso, Brazil, 2005.
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ever, it is known that during the studied period
frequent daily variations ranging from 50 to
90ug/m3 of PM, s were registered. Considering
the linearity assumed between exposure and
the outcome, one can say that the percentage
increase in the risk of hospital admissions for re-
spiratory diseases in children and elderly people
frequently reached values of between 45 to 63%.

The associations ascertained between ac-
cumulated exposure to PM, 5 of 3 to 5 days and
hospital admissions of children can be explained
by the possible differences in the resilience of
the respiratory apparatus between the two age
groups studied. When exposed to increased con-
centrations of atmospheric pollutants, children
spontaneously suffer a reduced lung function of
up to 0.51/min at that site 31. Other children may
present clinical symptoms of respiratory inju-
ries leading to an increased demand for primary
health care. On the other hand, in elderly people
the effects of exposure become immediately ap-
parent, resulting in hospitalizations on the same
day as the variation in the exposure levels. Elderly
people aged over 64 may present chronic chang-
es in the respiratory system due to exposure to
tobacco and/or preexisting diseases 4.

In Alta Floresta, primary health care services
through the public Family Health Program (FHP)
cover 85% of the population in the urban area
and 75% across the entire municipality. These
services give priority to pediatric care (Secretaria
Municipal de Satde de Alta Floresta. http://www.
altafloresta.mt.gov.br/secretarias/ver/?act=13).
It is possible that this priority leads to the lower
number of patients who require hospitalization
and the increased lag period in hospital admis-
sions for this age group. In absolute terms, the
frequency of child admissions is practically the
same as that of the elderly.

The lack of association between the PM, 5
levels and hospital admissions for respiratory
diseases in Tangara da Serra may be the result of
lower exposure levels when compared to those
estimated for Alta Floresta. The daily average
PM, ;5 level estimated for the region of Tangard da
Serra during the dry season of 2005 was 30.6ug/
m3, while in Alta Floresta it was 44.5ug/ms3.

Aswell as thelower exposure to PM, ; to which
the population of Tangard da Serra was subject-
ed, Rosa et al. 12 verified that hospital admissions
of children in this location are influenced by the
kind of health care management, which allows
hospital services to be outsourced by the public
health system. This kind of management allows
the priorities of hospital services to be distorted.
Tangard da Serra presents an annual number of
hospital admissions for pneumonia in children
that is 13 times greater than the expected num-
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ber, according to Pan-American Health Organi-
zation (PAHO) standards 12. Nevertheless, even if
this hypothesis is valid for children, it would still
not suffice to explain the lack of any association
between PM, 5 pollution and hospital admissions
for respiratory diseases in elderly people.

Brunekreef & Holgate 32 remark that there is
no clear existence of any threshold of PM, ; expo-
sure up to which it is not detrimental to human
health. Emmanuel 21 found increased outpatient
care and hospital admissions for respiratory dis-
eases in the general population for PM, 5 expo-
sure peaks of 120pg/m3 in Singapore as a result
of forest fires in Indonesia, over 500km away. In
Brazil, studies concerning the effects of pollu-
tion derived from the burning of biomass have
been conducted in the sugarcane production
areas in the Southeast of the country. Cancado
et al. 23 ascertained a 21.4% increase in hospital
admissions of children and elderly people for an
additional 10pg/m3 of PM, 5 with a daily aver-
age of 22.8pug/m3. According to the World Health
Organization (WHO) 3, PM, 5 levels above a daily
average of 25pg/m3 are harmful to health. Stud-
ies carried out in Sao Paulo 7 and Rio de Janeiro 8,
Brazil, present results of association between
PM;,,, among other pollutants, and the effects
on health in terms of morbidity and mortality. If
we consider that up to 70% of coarse particulate
matter is represented by fine particulates, for
Sao Paulo a daily average of 46,5ug/ms3 of PM, 5
is estimated for the period 1993 to 1997 7, a value
even higher than those verified in Alta Floresta.

The levels of outdoor pollution bring frequent
criticisms of studies which assess the effects of
atmospheric pollutants on human health, be-
cause in the majority of areas studied most
people spend most of the time indoors 32. An-
other important criticism results from pollution
measurements not being made at the individual
level 29. In this study, neither of these criticisms
would seem relevant because this area is charac-
terized by a hot and humid climate and homes
or workplaces are usually open, with large win-
dows or balconies. During the day and even in
the early evening, children play out in the yards
and streets. Furthermore, as the study refers to
fine particulate matter resulting from burning
biomass located some kilometers away from the
homes, the exposure varies much less at the in-
dividual level.

The results of the analyses conducted for the
dry season are more consistent than the results
for the entire year due to the exposure level in
that period. In Mato Grosso there are peaks of
hospital admissions for respiratory diseases in
children at the end of the rainy season. Rosa et
al. 12 discuss this increase, suggesting the influ-



ence of operational factors such as the hiring of
physicians by the public service in the months of
February and March, the start of the school term
and possibly the presence of more allergenic
fungi due to the excessive increase in humid-
ity. When specifying epidemiological time series
models in general, and in this study in particu-
lar, such factors are not taken into account and,
therefore, analysis of the annual series may still
involve some uncontrolled effects. Standardized
residual analysis could reveal problems in the
model specification; however it is possible that
the general residual diagnosis is considered sat-
isfactory even with the omission of important
factors on the linear predictor.

The use of exposure data estimated by mod-
eling is presented as an important tool in moni-
toring the air quality in the Brazilian Amazon re-
gion, where emissions are largely a result of bio-
mass burning. Taking as a reference the whole
Amazon area of roughly 6 million km2, it would
be logistically and financially unfeasible to track
the air quality of this region through terrestrial
monitors. However, the need to aggregate the

Resumo

Avaliar o efeito da variagdo didria nas concentragoes
de PM2.5 da queima de biomassa sobre o niimero di-
drio de hospitalizagées de criangas e idosos por doen-
cas respiratorias, em Alta Floresta e Tangard da Serra,
Amazoénia brasileira, em 2005. Estudo ecologico de
séries temporais de hospitalizagodes por doengas respi-
ratorias de criangas e de idosos, estimativas de concen-
tragoes didrias de PM2.5, varidveis meteorologicas e de
calenddrio. Para Alta Floresta os aumentos percentuais
do risco relativo (%RR) de internagoes por doengas res-
piratérias em criangas foram significantes para o ano
todo e para o periodo de seca com defasagens de 3-4

AIR POLLUTION AND HOSPITAL ADMISSIONS

average exposure data of this study may lead to
a smoothing of the PM, ; levels. The use of ag-
gregate average data according to health care
regions could possibly result in underestimated
risks.

In this study, the effects of biomass burning
were analyzed regarding hospital admissions
only for treating respiratory diseases. It is known
that the impacts of pollution range from sub-
clinical effects to increased mortality through a
variety of injuries 4. Added to the effects on hu-
man health, there is the influence that fires in the
Brazilian Amazon have on climate change due to
the production of greenhouse gases 33, as well as
immediate losses in the ecosystem which have
been widely described in the literature 34.

In conclusion, the PM, 5 generated by the
burning of biomass in the Amazon does have
an impact on people’s health, with increased
hospital admissions for respiratory diseases in
children and the elderly. Short-term as well as
long-term effects of PM, 5 exposure on mortality
in the Amazon region are to be investigated in
future studies.

dias. No periodo de seca o incremento é de 6% (IC95%:
1,4-10,8). Para médias moveis de 3-5 dias as associa-
¢bes mostraram-se significantes. O %RR para idosos
foram significantes para o dia corrente na seca com
6,8% (IC95%: 0,5-13,5) de incremento para aumento
de 10ug/m3 de PM2.5. Ndo foram verificadas associa-
coes para Tangara da Serra. As emissoes de PM2.5 pe-
la queima de biomassa na Amazonia aumentaram as
hospitalizacoes por doengas respiratorias de criangas
e idosos.

Doencas Respiratorias; Hospitalizagdo; Poluigdo do Ar
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