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Abstract

We conducted a cohort study to investigate the
association between exposure to three different
levels of outdoor air pollution and incidence
of respiratory symptoms in a population with
chronic cardiovascular and respiratory disease.
We accompanied 756 participants for a period of
six months through the maintenance of a daily
record of symptoms and clinic visits. The symp-
toms with highest incidence rates were sneezing
and hacking cough. Multivariate analysis showed
that incidence of total symptoms was 60% and
74% lower in areas with medium and low levels
of pollution compared to areas with high levels
of pollution. These results suggest that negative
respiratory effects occur at concentrations of par-
ticulate matter PM10 > 60ug/ms3.
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Introduction

Air pollution is a well known environmental
determinant of health, especially among urban
populations 1. This association is probably due to
growing industrialization and an increase in the
use of motor vehicles. The effects of this process
have been shown not only in developed coun-
tries but also in small and large cities in the de-
veloping world 2.

Several studies have demonstrated the as-
sociation between air pollution and respiratory
and cardiovascular diseases 3:4,5,6. Increased con-
centrations of particulate matter with an aero-
dynamic diameter of less than 10ug/m3 (PM10)
is associated with an acute increase in emer-
gency room visits, hospital admissions, respira-
tory symptoms, mortality rate due to respiratory
and cardiovascular disease and restricted activity
days due to morbidity 7.8.

Children and older or chronically sick indi-
viduals are most susceptible to the negative ef-
fects of air pollution 9,10. This finding is explained
biologically by an immature or low immunologi-
cal system response and particulate matter en-
tering the respiratory system is expected to have
a more acute respiratory effect in susceptible
people 11.

Bucaramanga is a city with approximately
600,000 inhabitants located 980 meters above
sea level in the northwest of Colombia. Average
annual temperature is 22.1°C (18.8°C to 30°C)
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and average annual humidity is 83.9%. The city’s
air quality monitoring network has shown PM10
concentrations that are higher than the locally-
adjusted national limits 12 (maximum limit of
134ug/ms3 24 hours) and the international lim-
its 13 (maximum limit of 150pg/m3 24 hours) in
some areas.

A recent study of children under seven years
of age living in the city and exposed to high and
low levels of PM10 concentrations did not find
any association between exposure to PM10 and
incidence of respiratory symptoms 14. However,
most of the children studied were healthy and it
is not known whether exposure to different levels
of PM10 has an adverse effect on the city’s sus-
ceptible population considered as those individ-
uals with a chronic cardiovascular or respiratory
morbidity background.

The aim of this study was to analyze the ef-
fects of exposure to three different levels of air
pollution, measured in PM10 concentrations, on
the respiratory health of Bucaramanga’s suscep-
tible population.

Materials and methods
Study design

We conducted a prospective cohort study where
exposure was considered to be air pollution lev-
els measured in PM10 concentrations registered
in the participants’ area of residence and out-
come is the incidence of respiratory symptoms.
Air quality was measured by the air quality moni-
toring network of the Bucaramanga Agency for
Environmental Protection. Three manual (Higvol
Andersen Graseby) and three electronic instru-
ments were used for this purpose at six points
around the city (one in the north, south, east and
west and two in the city center) before, during
and after the study.

Before sampling, we defined three different
categories of air pollution levels with the follow-
ing mean PM10 concentrations: low (< 40ug/m3),
medium (between 40 and 60pg/ms3) and high (>
60ug/m3). However, for analysis purposes the
neighborhoods were reclassified according to the
PM10 concentration registered during the follow-
up period using the same cut-off points.

Areas with high levels of pollution were iden-
tified in the city center (PM10 daily mean of
651g/m3) and south (PM10 daily mean of 83png/
m3), characterized by a high concentration of
bus, motorcycle and commercial motor vehicle
traffic. Areas with medium levels of pollution
were found to be present in the north (PM10 daily
mean of 52g/m3) and east (PM10 daily mean of
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48pug/m3) of the city where traffic mainly consist-
ed of motorcycles and, to a lesser extent, buses,
taxis, motor vehicles and shoe-making machines
in some houses. The west point of the city was
considered as having a low level of pollution
(PM10 daily mean of 35pg/ms3) and character-
ized by motorcycle and taxi traffic and a smaller
presence of buses and motor vehicles and small
scale commercial activity.

Participants

People of all age groups living around the six sites
described above were contemplated. People with
chronic cardiovascular or respiratory disease
were included. However, people with neurologi-
cal impairment or severe respiratory disease and
using a partial or permanent oxygen supply were
excluded. A sample size of 260 people per area (a
total of 780 over the three areas) was calculated
based on the following parameters: a power of
80%, alpha 0.05, a gap between higher and lower
incidence of 10% and follow-up losses of up to
20%. At the beginning of the study; eligible people
were invited to participate and a standard ques-
tionnaire was administered to obtain the follow-
ing information: socio-demographic variables
(age, sex, length of time living in the area, edu-
cational level, occupation and type of health care
system used); presence of indoor and outdoor
pollutants (smoking, firewood, humidity, pets,
pests, industry, construction sites); personal and
family medical background (asthma, bronchitis,
chronic cardiovascular and respiratory diseases);
respiratory symptoms measured by standard
questionnaires according to the participant’s age
group (infants, children and adults).

Follow-up

Visits were made to show participants how to
keep a daily accurate record of variables over a pe-
riod of six months. The correct use of this record
was monitored by phone and personal visits by
trained field staff. The record included questions
on daily respiratory symptoms and clinic visits:
hacking cough, coughing up phlegm, asphyxia,
wheezing, use of inhalers, sneezing, increase in
symptoms, outpatient visits, emergency room
visits and hospitalization.

Statistical analysis

We conducted a descriptive analysis using a
measure of proportion and central tendency. In-
cidence rates were calculated for each separate
symptom (hacking cough, coughing up phlegm,
asphyxia, wheezing, use of inhalers and sneez-



ing) and for the sum of all symptoms (the “total
symptoms” variable). The incidence rate ratio
(IRR) was calculated as a measure of association
using the area with high levels of PM10 pollu-
tion as a comparative reference category for the
areas with low and medium levels of pollution
collapsed into a single category. Due to the hi-
erarchical nature of the associations studied, a
multilevel mixed-effects Poisson analysis was
conducted to adjust the effect of exposure to
air pollution on other variables associated with
symptom incidence. We used individual as the
first level unit and neighborhood (proximity to
cement industry and PM10 concentration area
measurements) as the second level. We used the
software Stata 10.0 (Stata Corp., College Station,
USA) to perform the analysis.

Ethics

The study complied with the ethical principles
of autonomy, confidentiality and beneficence
in compliance with international guidelines for
research involving human subjects. The study
was approved by the Ethics Committee of the
Fundacién Oftalmolégica de Santander — Clinica
Carlos Ardila Lulle FOSCAL in Bucaramanga.

Results

We studied 770 people in areas with low (263),
middle (259) and high (248) levels of air pollu-
tion, measured in PM10 concentrations, in 24
neighborhoods across the city of Bucaramanga
between October 2009 and April 2010. Table
1 shows the main characteristics of the study
population.

The participants were predominantly female
(60.9%), with an age range from one to 90 years
old and with the following socioeconomic status:
middle (74%), low (14%) and high (12%).

The average number of people per house-
hold was 4.5 and the average number of rooms
was three. Overcrowding was found to occur in
4.5% of homes. The predominant roof and floor
material was tiles. Cigarette smoking (20.6%) and
aerosols (22.5%) were the most common sources
of indoor pollution. Domestic animals (dogs,
cats, birds) and pests (cockroaches) were also
commonly found in participant’s homes. Some
neighborhoods had potential outdoor sources
of pollution, such as shoemaking and carpentry
workshops near the houses (Table 2).

Approximately 34% of participants had a
relative with a medical history of asthma. In the
area with high levels of pollution, 11.6% of par-
ticipants had relatives with chronic bronchitis,
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whereas in the other areas this proportion was
around 7%.

All participants had at least one chronic
disease. The most common form of respiratory
morbidity was asthma in both children (31.5%)
and adults (28%). Chronic bronchitis (13%) and
chronic obstructive pulmonary disease (7%)
were also common in adults. Among the referred
cardiovascular morbidities, arterial hyperten-
sion (47%), diabetes (27%), congestive cardiac
failure (15%) and cardiac arrhythmias (13%)
were the most commonly diagnosed in adult
participants.

At the beginning of the study, the prevalence
of respiratory sounds during the year leading up
to the study was 66% in children under one year
old, 80% in children between one and 14 years old
and 43.7% in children over the age of 15. Follow-
up was carried out with 95% of the participants
for a period of six months.

The incidence rate of total symptoms per 100-
participant-day was 46.7 across all areas with the
following differences between zones: 17 in areas
with high levels of pollution, 74.4 in areas with
medium levels of pollution and 53.2 in areas with
low levels of pollution. The IRR for each symptom
was higher in areas with medium levels of pollu-
tion, except for the variables wheezing and use of
inhalers that were higher in areas with high levels
of pollution.

Some individual and neighborhood variables
were also associated with the incidence of re-
spiratory symptoms. Multivariate analysis using
Poisson’s multilevel approach showed that, af-
ter adjustment for these confounding variables,
when compared to areas with high levels of pol-
lution, the incidence of total symptoms was 60%
and 74% lower in areas with medium (IRR = 0.40;
95%CI: 0.16-0.93) and low levels of pollution
(IRR = 0.26; 95%CI: 0.05-0.92) respectively.

Given that the effect of the areas with me-
dium and low levels of pollution on respiratory
symptoms was similar, we merged these two ar-
eas into one category to compare it with the high
pollution area. Using this approach we found
that the incidence of total symptoms was 51%
lower in areas with medium to low levels of pol-
lution (IRR =0.49; 95%CI: 0.37-0.66). This finding
is similar to that of the incidence of wheezing but
not significant for the other symptoms evaluated
(Table 3). Multilevel model analysis of total and
individual symptoms also showed that living in
a house with mold (fungal growth) or near to a
construction site were consistently associated
with higher incidence rates for most respiratory
symptoms.

Living near to cement manufacturing plants
was associated with an increased incidence of

Cad. Saude Publica, Rio de Janeiro, 28(4):749-757, abr, 2012

751



752

Rodriguez-Villamizar LA et al.

Table 1

Sociodemographic characteristics of the study population. Bucaramanga, Colombia, 2009.

Variable Area with Area with Area with Total
high levels of low levels of medium levels (n=770)
pollution pollution of pollution
(n =248) (n =263) (n =259)
n % n % n % n %
Sex
Female 150 61.2 167 63.5 152 58.0 469 60.9
Male 98 40.0 96 36.5 107 40.8 301 39.1
Age [average] (years) 46 49 56 52
Length of time resident in zone (months)
6-12 25 10.2 1.1 20 7.6 48 6.2
13-18 2 0.8 1.1 4 1.5 9 1.2
19-24 24 9.8 2.7 2 0.8 33 4.3
More than 24 196 80.0 250 95.1 231 88.2 267 87.9
Educational level
Kindergarten 9 3.6 5 1.9 6 2.3 20 2.6
Elementary 108 43.5 92 35.0 106 40.9 306 39.7
High School 74 29.8 100 38.0 90 34.7 264 34.3
Associate-degree 32 12.9 46 17.5 36 13.9 114 14.8
University 5 2.0 3.0 1 0.4 14 1.8
None 15 6.0 2.3 19 7.3 40 5.2
Not applicable 5 2.0 2.3 1 0.4 12 1.6
Occupation
None 24 9.7 1 0.4 12 4.6 37 4.8
Student 42 16.9 7 2.7 43 16.6 92 1.9
House wife 51 20.6 115 43.7 74 28.6 240 31.2
Employee 10 4.0 6 2.3 13 5.0 29 3.8
Independent worker 40 16.1 28 10.6 34 13.1 102 13.2
Retired 18 7.3 16 6.1 32 12.4 66 8.6
Not applicable 31 12,5 44 16.7 41 15.8 116 15.1
Health care system
Paid by own 158 63.7 193 73.4 102 39.4 453 58.8
Paid by State 75 30.2 58 221 142 54.8 275 35.7
No health care system 15 6.0 12 2.6 14 5.4 41 5.3

wheezing (IRR = 3.92; 95%CI: 1.19-12.89) and
hospitalization (IRR = 5.70; 95%CI: 1.61-9.01). In
contrast, the presence of birds as pets in houses
seems to be protective for all type of symptoms,
but not for hospitalization (IRR = 1.85; 95%CI:
1.21-2.41).

Discussion

We found a positive association between the in-
cidence of respiratory symptoms and exposure
to daily mean concentrations of PM10 > 60ug/m3
in people with chronic cardiovascular or respira-
tory disease.
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Our study considered symptoms described
by the individual and not according to a diag-
nosis made by health professionals. The fact
that the symptoms an individual records may
depend on their interest in the study or the care
taken in filling out the forms could result in an
information bias. However, our primary inter-
est was to explore the association between levels
of exposure to PM10 and perceived morbidity
as a first manifestation of morbidity, contrary to
diagnosed morbidity, which is subject to con-
founding bias due to factors associated with
health care, such as access to medical services,
that are frequently present in the Colombian
health care system. Information bias due to lack



Table 2
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Presence of indoor and outdoor pollutants. Bucaramanga, Colombia, 2009.

Variable Area with high Area with low Area with medium Total
levels of pollution levels of pollution levels of pollution (n =770)
(n = 248) (n = 263) (n = 259)
n % n % n % n %
Indoor pollutants
Cigarettes 53 21.4 57 21.7 49 18.9 159 20.6
Tobacco 1 0.4 1.5 0 0.0 5 0.6
Aerosols 77 31.0 31 11.8 66 25.5 174 22.6
Firewood 28 11.3 1.1 14 5.4 45 5.8
Carbon 2 0.8 0.0 I 4.2 13 1.7
Other indoor pollutants
Fungus like formation 31 12.5 8 3.0 29 1.2 68 8.8
Humidity 64 25.8 32 12.2 44 17.0 140 18.2
Cockroaches 132 53.2 12 42.6 148 57.1 392 50.9
Cats 54 21.8 31 11.8 34 13.1 19 15.5
Dogs 83 335 104 39.5 92 355 279 36.2
Birds 64 25.8 70 26.6 82 31.7 216 28.1
Rodents 68 27.4 92 35.0 49 18.9 209 271
Outdoor pollutants
Ovens 181 73.0 42 16.0 109 42.1 332 43.1
Ornaments 122 49.2 58 221 57 22.0 237 30.8
Shoemaker workshops 154 62.1 184 70.0 125 48.3 463 60.1
Cement manufacturing plants 50 20.2 55 20.9 6 2.3 111 14.4
Dump 59 23.8 61 23.2 52 20.1 172 22.3
Carpentry workshops 164 66.1 117 44.5 116 44.8 397 51.6
High concentration of traffic 204 82.3 97 36.9 197 76.1 498 64.7
Construction sites 106 42.7 30 1.4 99 38.2 235 30.5

of recording or poor memory was controlled by
phone checks and personal visits to participants
in order to remind them to accurately fill out the
daily record.

The measurement of air pollution was an-
other potential source of bias since it was not
possible to place more than two monitoring sta-
tions in each study area. However, the air quality
monitoring network in Bucaramanga, which was
responsible for measurement, followed World
Health Organization (WHO) criteria in the selec-
tion of monitoring sites and complied with the
Environmental Protection Agency (EPA) guide-
lines for the installation and operation of outdoor
equipment. A quality check of the measurements
resulting from the use of manual monitors was
carried out by comparing final results of PM10
weight per filter in two different reference labo-
ratories in the city.

The inclusion criterion for patients was self-
reported chronic respiratory or cardiovascular
disease confirmed by clinical documents pro-

vided by the participants at enrollment. As these
were not cross-checked with patients’ medical
histories available in health care centers, this may
result in a selection bias in the case of individuals
that did not report or remember their actual mor-
bidity. However, certain studies 15 have shown
that memory bias is less likely to occur in cases of
chronic disease in adults or catastrophic events
in children, and in all cases the participant and
the relatives taking care of him/her were aware of
the chronic disease.

To control confounding bias in the survey of
basic variables, personal, household and neigh-
borhood variables were collected at enrollment
and a simple stratified and multivariate analysis
of other variables also associated with the inci-
dence of symptoms was conducted. The results
of this analysis also suggest other indoor pollu-
tion variables, such as fungal formationin homes,
which are highly associated with the incidence
of respiratory symptoms. A recent study in the
same areas of the city showed that some types of
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Table 3

Multilevel analysis of outdoor air pollution area effect on incidence of respiratory symptoms. Bucaramanga,

Colombia, 2009-2010.

Variable General symptoms Wheezing Hacking cough
IRR 95%Cl IRR 95%Cl IRR 95%Cl
Level of pollution * 0.49 0.37-0.66 0.52 0.37-0.73 0.42 0.05-1.03
Aerosols 0.96 0.94-0.99 0.76 0.69-0.83 0.98 0.93-1.03
Fungus like formation 1.33 1.29-1.37 1.56 1.40-1.72 1.33 1.24-1.43
Birds 0.84 0.83-0.86 0.76 0.71-0.82 0.85 0.81-0.88
Ornaments 0.92 0.89-0.94 0.77 0.70-0.85 0.95 0.90-1.00
Cement manufacturing plants 1.36 0.70-2.62 3.92 1.19-12.89 1.50 0.61-3.67
Dump 0.71 0.69-0.93 0.72 0.66-0.79 0.69 0.66-0.73
Construction sites 1.24 1.21-1.27 1.12 1.03-1.22 1.19 1.13-1.25
Coughing up phlegm Asphyxia Symptoms increase
IRR 95%Cl IRR 95%Cl IRR 95%Cl
Level of pollution * 0.33 0.02-1.15 0.71 0.29-3.70 0.92 0.23-3.66
Aerosols 0.92 0.86-0.97 0.74 0.70-0.79 5.43 3.98-7.40
Fungus like formation 1.73 1.62-1.85 0.84 076-0.92 4.96 3.44-7.14
Birds 0.87 0.82-0.91 0.65 0.62-0.69 0.56 0.40-0.78
Ornaments 0.84 0.79-0.90 0.81 0.76-0.87 1.49 1.06-2.11
Cement manufacturing plants 1.93 0.26-4.61 1.38 0.28-3.50 0.95 0.16-3.95
Dump 0.72 0.68-0.77 0.70 0.66-0.75 0.59 0.40-0.86
Construction sites 1.10 1.0-1.16 1.24 1.17-1.31 0.48 0.32-0.70

Outpatient visits

Emergency room visits

Hospitalization

IRR 95%Cl IRR 95%Cl IRR 95%Cl
Level of pollution * 0.50 0.14-1.94 0.67 0.13-1.34 1.36 0.37-5.00
Aerosols 1.60 1.37-1.87 1.10 0.81-1.51 1.79 1.36-2.37
Fungus like formation 1.10 0.87-1.40 0.73 0.43-1.24 0.80 0.46-1.38
Birds 0.84 0.72-0.98 0.80 0.59-1.07 1.85 1.21-2.41
Ornaments 0.96 0.80-1.14 0.85 0.61-1.17 1.85 1.29-2.67
Cement manufacturing plants 0.97 0.23-4.30 1.71 0.21-3.66 5.70 1.61-9.01
Dump 1.02 0.86-1.20 1.81 0.6-1.15 1.40 1.39-2.70
Construction sites 0.82 0.68-0.98 1.43 1.06-1.91 2.90 2.14-3.92

IRR: incidence rate ratio (adjusted); 95%Cl: 95% confidence interval.

* Middle-low pollution levels compared to high pollution levels (reference category).

fungus and mites are associated with respiratory
asthma-like symptoms in children under the age
of seven 16.

Our findings are consistent with others re-
ported in a variety of countries. An epidemio-
logical survey among Japanese schoolchildren
showed that the prevalence of asthmatic symp-
toms, chest congestion and phlegm was sig-
nificantly correlated with PM10 levels 17 where
annual average PM10 concentrations in urban
areas next to roads, urban areas near to roads and
suburban settings were 45.1-52.7ug/m3, 36.5-
43.3pg/m3 and 27.8-32.4ug/ms3 respectively.
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Moon et al. 18 recently found similar associa-
tions among children in Korea but these were
site-dependent for each pollutant.

In Sidney, Morgan et al. 19 conducted a time
series analysis of associations between daily hos-
pital admissions and external contaminants. This
study revealed that an increase in daily maximum
concentration of particles at a certain time was
associated with increased admissions for chronic
obstructive pulmonary disease (3.01%; 95%CI:
0.38-6.52). Associations between air pollutants
and respiratory symptoms, low birth weight and
lung cancer have also been shown in Sri Lanka 20.



In Latin-America, studies on the relation be-
tween PM10 concentrations and mortality have
been carried out in Brazil, Chile and Mexico. In
Sao Paulo, studies showed that an increase in
PM10 concentrations equivalent to 10pug/ms3 was
associated with an increase of 3% in daily mor-
tality in people aged 65 years and over 21. The
same increase in PM10 concentrations resulted
in an increase of 0.8% in daily mortality (95%CI:
0.6-1.2) in Chile 22 and 0.5% (95%CI: 0.3-0.7) in
Mexico 23.

Many years ago in Mexico, Romieu et al. 24 re-
ported an increase of 4% in respiratory symptoms
in asthmatic children and a decrease of 0.35%
in lung function associated with an increase in
PM10 concentrations of 10pg/ms3. These results
are consistent with others in the USA 25. In a simi-
lar recent study in Brazil, Moura et al. 26 reported
an increase of 6.7% in pediatric visits of children
under the age of two associated with PM10 con-
centrations.

Our findings suggest the existence of effect-
modifying variables associated with co-morbid-
ity, such us cardiac congestive failure and dia-
betes, indicating different effects on respiratory
symptoms depending on the type of morbidity.
Kan et al. 27 found season, sex, age, and education
were modifiers of the effects of outdoor air pollu-
tion on daily mortality in Shanghai, China: how-
ever, these researchers used information sources
that did not take into account morbidity back-
ground. In Colombia, although seasons are not
well defined due to the country’s location in the
tropics, dry and wet periods are identifiable and
their effect should be explored in further analysis.
Schikowski et al. 28 also found an independent
association between long-term exposure to air
pollution and impaired respiratory health and
increased cardiovascular mortality.

For most of the population in developed and
developing countries, the effect of exposure to
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PM10 on human health occurs when exposure
is regular and consistent. Chronic exposure to
these particles increases the risk of cardiovascu-
lar and respiratory disease and lung cancer 29.
In response to this situation and to protect pub-
lic health in USA, the EPA has been implement-
ing the National Ambient Air Quality Standards
(NAAQS) 13since 1970. These standards have been
updated and are currently adopted by a number
of countries, including Colombia, to protect air
quality. Currently the 24-hour PM10 standard
is 150pg/m3 and the annual mean standard is
50pg/m3. Our findings reveal that these adjusted
levels for Colombia are higher than the threshold
limit for incidence of respiratory symptoms in
susceptible populations. This population is the
first to be affected by air pollution and there-
fore should be the first to be protected through
the imposition of adequate standard limits.

In 1987 the WHO produced guidelines 30 in or-
der to reduce the sanitary effects of air pollution.
The current guidelines 31, applicable throughout
the world based on scientific evidence, fix the 24-
hour and annual mean standard PM10 at 50ug/
m3 and 20pug/m3 respectively. These limits are
more conservative than those suggested by the
NAAQS and are more consistent with our find-
ings. These levels were also proposed to reduce
greenhouse effect gases and global warming.

We recommend the adoption of the WHO
guidelines for air quality and the inclusion of
environmental counseling into educational pro-
grams directed at patients with chronic respira-
tory or cardiovascular disease regardless of age,
in Bucaramanga and Colombia as a whole. Future
research should be aimed at determining the im-
pact of reductions in PM10 concentrations 32 on
the quality of life of populations and at refining
the measurement and analysis methodologies to
enable the investigation of the effect of smaller
particles such as PM2.5 and other pollutants 33.

Cad. Saude Publica, Rio de Janeiro, 28(4):749-757, abr, 2012

755



756

Rodriguez-Villamizar LA et al.

Resumen

Se realizo un estudio de cohorte para investigar si la
exposicion a tres niveles diferentes de contaminacion
atmosférica extra-domiciliaria estd asociada a la in-
cidencia de sintomas respiratorios en una poblacion
con enfermedad cardiovascular o respiratoria cronica.
Se siguieron por un periodo de seis meses a 756 parti-
cipantes con morbilidad, usando calendario diario de
sintomas y visitas personales. Los sintomas que tuvie-
ron mayores tasas de incidencia fueron el estornudo y
la tos seca. El andlisis multivariado mostro que la zona
de mayor contaminacion estaba asociada con un 60%
¥y 74% mds de sintomas respiratorios, comparada con
la zona de contaminacion media y baja, respectiva-
mente. Estos resultados sugieren que los efectos nega-
tivos a nivel respiratorios son vistos con exposiciones
por encima de 60ug/ms3 de material particulado PM10
en esta poblacion.

Signos y Sintomas Respiratorios; Enfermedad Crénica;
Contaminacion del Aire; Poblacion
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