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ABSTRACT: The purpose of this article was to establish the association between exposure to
particulate matter and respiratory symptoms evaluated in students who remain in schools
at the municipality of Guachetá (Colombia). This is a cross-sectional study conducted on
children between 4 and 17 years old, in two schools in the municipality of Guachetá. During
a period of 11 consecutive working days, using a personal sampling pump and a low-cost
real-time sensor, concentrations ofPM10 andPM2.5 weremeasured. A survey was applied
to a sample of 276 students, obtaining respiratory symptoms and general data. A prevalence
ratio (PR) was estimated to show the possible association between exposure to particulate
matter and respiratory symptoms. The school with the highest concentrations of particulate
matter presented a possible association with all the respiratory symptoms evaluated in the
school facilities, with a PR of 3.05 (95%CI:1.62-5.76) for cough, 1.85 (95%CI:1.06-3.24) for
phlegm, 5.12 (95%CI:2.17-12.07) for shortness of breath, 3.83 (95%CI:2.07-7.10) for sneezing
and 2.25 (95%CI:1.12-4.54) for dry nasal passages. In conclusion, children who are located
in the school closest to a coke furnace and disrepair roads where heavy traffic circulates,
are possibly associated with the presence of respiratory symptoms during their stay in the
school facilities. For living in the urban area, cooking with firewood or charcoal, and living
with smokers at home, a possible association with the evaluated respiratory symptoms was
found.

RESUMEN: Se estimó la posible asociación entre la exposición a material particulado medido
en dos colegios del municipio de Guachetá (Colombia) y los síntomas respiratorios en los
estudiantes entre los 4 y 17 años que permanecen en los colegios. x,Durante un periodo
de 11 días hábiles consecutivos, se midieron las concentraciones de PM10 y PM2.5,
empleando una bomba de muestreo personal y un sensor a tiempo real de bajo costo,
respectivamente. Se aplicó una encuesta a una muestra de 276 estudiantes, obteniendo
datos sobre los síntomas respiratorios. Se estimó una razón de prevalencias (RP),
encontrando que el colegio con mayores concentraciones de material particulado presentó
una posible asociación con todos los síntomas respiratorios evaluados en las instalaciones
del colegio, con una RP de 3.05 (IC95 %:1.62-5.76) para tos, 1.85 (IC95 %:1.06-3.24) para
flemas, 5.12 (IC95 %:2.17-12.07) para dificultad para respirar, 3.83 (IC95 %:2.07-7.10) para
estornudos y 2.25 (IC95 %:1.12-4.54) para resequedad en las fosas nasales. En conclusión,
los estudiantes que se ubican en el colegio más cercano a una coquizadora y vías en mal
estado por donde circula tráfico pesado, se asocian posiblemente con la presencia de
síntomas respiratorios durante su permanencia en las instalaciones del colegio. El vivir en
el casco urbano, cocinar con leña o carbón y convivir con fumadores en el hogar, también
presentó una posible asociación con los síntomas respiratorios evaluados.

1. Introduction

Air pollution, which generates a negative impact on
the health of the population, increases mortality
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and hospitalizations due to affectations mainly in the
respiratory and cardiovascular systems [1, 2]. Adverse
effects are observed in a higher percentage in susceptible
populations such as children, who have a higher rate of
inhalation, immature defenses and lungs, and are still
developing immune systems [3, 4]. The most studied
pollutants related to these diseases are particulate
matter less than 10 microns (PM10) and less than 2.5
microns (PM2.5), due to their toxic effect on humans.
These particles are made up of a mixture of matter in the
solid and liquid state suspended in the air, which vary
in size, shape and composition according to their origin [5].

In Colombia, development models favor the economic
dimension and attract foreign investment to take
advantage of the nation’s natural resources. The country
is attractive for investors from other countries interested
in the exploitation of coal, which affects air quality [6].
Underground mining has processes such as mineral
coking, which emits particulate matter that affects people
inside the mines and in the area of external influence [7].
This is evident in the municipality of Guachetá, located in
the province of Ubaté, in the department of Cundinamarca,
118 km north of Bogotá, where the coal coking activities
located around the urban area pollute the air.

The municipality is one of the many places in the country
that do not have an air quality surveillance systemand have
little information about the coal activity that takes place
in the area. The exploitation of coal in Guachetá began
approximately 45 years ago with family-type business units
that have been maintained over the years. Those business
units are largely informal and do not have any monitoring
and environmental mitigation processes [8]. In some part,
the problem of environmental deterioration comes from a
lack of knowledge of people of the rules that the authorities
in charge have established and also because of personal
economic interests since it is the main source of livelihood
[8]. By 2019, 30 mining titles and 108 mines, which operate
24 hours a day, were registered with the Mayor’s Office
and the mining unit of the municipality [9]. Taking into
account this panorama, the present research established
the possible association between exposure to particulate
matter (PM10 and PM2.5) and respiratory symptoms in
students from two schools in the municipality of Guachetá,
Colombia.

2. Materials and methods

A descriptive cross-sectional study was carried out in
order to evaluate the exposure of students to particulate
matter and the presence or absence of symptoms of
respiratory disease in them. The research was conducted
in two schools in the urban area of the municipality of
Guachetá. The first is the high school headquarters

(grades six to eleven) of the departmental educational
institution El Carmen with a population of 488 students.
It is surrounded by a main unpaved road that leads to the
municipality of Lenguazaque, the heavy vehicles used to
transport coal pass through the area, and three rods with
little vehicles traffic. In addition, the institution is located
near a coke furnace. The second educational institution is
the Gonzalo Jiménez School, which houses grades zero
to fifth, with a population of 481 students. The school has
only one pedestrian traffic lane attached. The institution
is located next to a restaurant on the southwestern side;
there is a kitchen that works with firewood, whose chimney
overlooks the school park (Figure 1).

The sample of students was selected under a stratified
random sampling, dividing the students according to their
level of education, from grade 0 to 11. Students who had
lived in the municipality for more than two years were
chosen. Children were in a range between 4 and 17 years
old and included those who were healthy and those who
presented symptoms related to respiratory diseases. The
sample size was 276 students with a level of confidence
of 95%. With the updated lists for each stratum (grade),
a simple random sampling was applied to obtain the
students who would be surveyed by course.

This study was classified as an analysis without risk,
according to the provisions of Article 11 of Resolution
8430 of 1993 of the Colombian Ministry of Health. The
children who were surveyed agreed to participate in the
study by signing an informed consent. For primary school,
the survey was answered by the guardian and the child,
while in secondary, it was completed by the students.
General data, family history and symptoms related to acute
respiratory diseases (coughing, sneezing, shortness of
breath, throat irritation, phlegm, and dry nasal passages)
evidenced within the school facilities were searched for.
The respiratory symptoms sought with the survey were
obtained from the National Environmental Health Survey,
prepared by the Ministry of Health and Social Protection of
Colombia.

2.1 Particulate matter measurement

For PM10 measurement, a GilAir-3 brand volumetric flow
personal sampling pump was used, which had a flow rate
of 1500 cc/min. This pump was connected, through a tube,
to a cyclone that filters PM10, so that it was retained in a
PVC filter, to then determine the concentration of particles
by means of the gravimetric method [10]. Regarding the
measurement of PM2.5, real-timemonitoring was carried
out with the Airbeam equipment, recognized within the
emerging technology of low-cost air sensors. Using a light
scattering method, it quantifies fine particles (PM2.5),
relative humidity (RH), and temperature with r = 0.65 [11].
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Figure 1 Urban districts in the municipality of Guachetá and location of the El Carmen and Gonzalo Jiménez schools 2019

The concentrations of the pollutants were reported at
reference conditions (25 ◦ C and 101,325 kPa).

To select the sampling points, the schools were explored
previously using the Airbeam. With it, the points with
the highest concentration of PM2.5 were identified. The
monitoring equipment was positioned at a height of 1.5
meters from the ground, attached to a tripod, where no
obstacles were located within a radius of 2 meters. These
instruments were guarded by the researchers, in order to
avoid accidents due to any manipulation attempted by the
students.

The monitoring was conducted between August 30th and
September 13th, 2019. No measurements were taken on
weekends due to school policies. The sampling was run
simultaneously in each school for 11 consecutive working
days, between 7 a.m. and 1 p.m. Data frommeteorological
stations were not used because the closest station was in
the municipality of Ráquira. Therefore, the data could not
be extrapolated due to orographic conditions.

2.2 Analysis of data

A descriptive analysis of the variables of interest
obtained in the surveys was carried out, as well as
the concentrations of particulate matter registered by the
personal sampling equipment. For the concentrations
obtained from the monitoring equipment, correlations
were calculated between the two schools and the days
of sampling in each school. At the same time, equality
or difference of variances and means between the
monitoring days in each institution were estimated.
The prevalence ratio (PR) was estimated to detect the
possible associations between the presence of respiratory
symptoms and the concentrations of particulate material,
the proximity of the houses to mines, the use of wood
ovens, and other possible variables. Additionally, a logistic
regression was carried out with each one of the variables
obtained in the survey and the respiratory symptoms of
the children. For the calculation of logistic regression,
correlations and difference of variances and means, the
Stata 11 program was used, while, for PR, the EPI INFO
7.2.3.1 software was used.
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3. Results

3.1 General characteristics

Out of the 969 students enrolled in both schools, a
representative sample of 276 students was taken. The
sample had a loss of 25%, due to the fact that some
students withdrew from the institutions or the parents did
not agree to participate in the study. Finally, 120 students
from the El Carmen School and 87 from the Gonzalo
Jiménez institution participated. Among those surveyed,
men and women each accounted for 50% of the population.
In the El Carmen school, the average age was 13.82 years
(SD: ± 1.87), while in Gonzalo Jiménez it was 8.21 years
(SD: ± 2.09). Out of the total, 60.9% of those students
surveyed live in urban areas, 11% live near a mine, 26.1%
cookwith firewood and 20.8% livewith smokers inside their
homes. Regarding the respiratory symptoms exhibited by
the children within the school facilities, coughing occurred
in 74.4% of the students, followed by sneezing, with 71.1%,
in third place, phlegm was present, with 50.2%, dry nasal
passages, with 22.7%, and, finally, shortness of breath,
with 18.8%. The percentage of reported symptoms was
always higher at the El Carmen School, compared to the
Gonzalo Jiménez School (Table 1).

3.2 Particulate matter concentrations

The daily average of PM10 in the El Carmen School was
190.47µg/m3, while the Gonzalo Jiménez institution
presented a value of 190.29µg/m3. For PM2.5, the
daily average of six hours in the El Carmen School was
8.37µg/m3, higher than the average found in Gonzalo
Jiménez, which was 6.91µg/m3 (table 2). The correlation
for PM10 and PM2.5 between schools was -0.26 and
-0.07, respectively, which is statistically significant. When
the correlation analysis between the days of measurement
in each school was conducted, it was evidenced that there
is a positive correlation. In addition, equal variances and
means of concentration were shown between schools,
which were statistically significant.

The values obtained for PM10 in the monitoring always
exceeded the guideline value of air quality for 24 hours
(50µg/m3) of the World Health Organization (WHO); for
PM2,5 the values did not exceed the guideline value for 24
hours (25µg/m3), although it was only exceeded on one
occasion at the Gonzalo Jiménez school. As for the hours
with the highest concentration ofPM2.5, thesewere traced
to the first hours of the day for the two schools, and were
higher in the Gonzalo Jiménez School (Figure 2). Indeed,
during these hours, productive coal coking activities are
carried out.

3.3 Relationship between respiratory
symptoms in students within school
facilities and particulate matter
exposure, among other variables

Evaluating the presence of respiratory symptoms in
schools, it was evidenced that the school with the
highest concentrations of particulate matter (El Carmen)
presented a possible association with symptoms of
shortness of breath, sneezing, coughing, dry nasal
passages and phlegm, in comparison with the school that
has lower concentrations of particulate matter (Gonzalo
Jiménez), all of which are statistically significant.

When the sex variable was evaluated, a possible
association with phlegm, shortness of breath, and
sneezing was found for the female sex, while the
symptoms of coughing and dry nasal passages are
possibly associated with the male sex. For the variable
living near amine, a possible associationwith the symptom
of shortness of breath was found. As for cooking with
firewood, a potential association with the symptoms of
coughing, phlegm, sneezing and dry nasal passages was
evidenced. Finally, for the variables living in the urban
area and smokers at home, a possible association was
found with the five respiratory symptoms studied (Table 3).

When performing the logistic regression, it was evidenced
that all the respiratory symptoms studied presented a
statistically significant relationship in the models that
included the children’s school, corroborating what was
calculated in the PR (Table 3). The presence of symptoms
in children was explained by each model between 7% and
16% (Table 4).

When the analysis in each school was conducted, a
coincidence was evidenced regarding the general analysis.
Thus, symptoms of phlegm and sneezing are possibly
related to the female sex, while living near a land mine
may be associated with shortness of breath and having
phlegm and dry nasal passages are potentially associated
with cooking with wood. Having a smoker at home is
possibly associated with coughing, shortness of breath,
and sneezing, and, finally, living in the urban area is
associated with the presence of the five respiratory
symptoms evaluated (Table 5).

The logistic regression showed that the variable place
of residence was related to the symptoms of phlegm,
sneezing, and cough, only in the Gonzalo Jiménez School,
being statistically significant. The estimated models
explained between 6 to 8% of the presence of the
corresponding symptom.
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Table 1 Demographic characteristics and risk factors of school students

Variables
El Carmen
n %

Gonzalo Jiménez
n %

Sex
Male 63 52.5 42 48.3
Female 57 47.5 45 51.7

Age
4-11 years old 12 10.0 84 96.6
12-17 years old 108 90.0 3 3.4

Place of
residence

Rural district 54 45.0 27 31.1
Urban area 66 55.0 60 68.9

Living near
a mine

Yes 13 10.8 10 11.5
No 107 89.2 77 88.5

Cooking with
firewood

Yes 41 34.2 13 14.9
No 79 65.8 74 85.1

Smokers at
home

Yes 29 24.2 17 16.1
No 91 75.8 73 83.9

Cough
Yes 100 3.3 54 62.1
No 20 16.8 33 37.9

Phlegm
Yes 68 56.7 36 41.4
No 52 43.3 51 58.6

Shortness of
breath

Yes 33 27.5 6 6.9
No 87 72.5 81 93.1

Sneezing
Yes 99 82.5 48 55.2
No 21 17.5 39 44.8

Dry nasal
passages

Yes 34 28.3 13 14.9
No 86 71.7 74 85.1

n: number of students surveyed

Table 2 PM10 and PM2.5 concentrations in El Carmen and Gonzalo Jiménez schools for a period of 6 hours during the 11-day
monitoring

School Pollutant Median SD Min P25 P50 P75 Max.
El Carmen PM10

(
µg/m3

)
190.47 152.24 60.18 63.84 181.81 262.29 570.15

PM2.5

(
µg/m3

)
8.37 4.67 2.69 4.94 6.70 10.66 23.93

Gonzalo PM10

(
µg/m3

)
190.29 202.20 62.36 63.03 127.65 187.89 768.23

Jimenez PM2.5

(
µg/m3

)
6.91 9.04 0.17 1.22 2.49 8.89 44.55

*standard deviation; Min: 1st percentile; P25: 25th percentile; P50: median of the sample; P75: 75th
percentile; Max: 99th percentile

4. Discussion

The present study found a possible association between the
respiratory symptoms registered in the students during
the school day, with the concentrations of particulate
matter evaluated in the institutions coming from a coke
furnace located a few kilometers from the municipality
and from heavy-duty trucks and resuspended dust in the
roads inside Guachetá. It was observed that the El Carmen
School, located near fixed and mobile sources, had a
higher prevalence of all respiratory symptoms and levels
of particulate matter, compared to the Gonzalo Jiménez

School. This scenario has not been evaluated in any other
research in Colombia, being this, the first study to examine
this in a small-scale mining activity, which is replicated in
many municipalities in Colombia.

In Bogotá capital of Colombia, concentrations of PM10

were characterized, eight hours a day, in three district
schools located near roads with high vehicular traffic,
and one school attached to a road in a semi-rural
zone, in which values were found in a range between
55 and 91µg/m3 [12], lower than those registered in
the present study; the difference in the concentrations
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Figure 2 Average hourly concentration of PM2.5 during the 11 days of monitoring at the El Carmen and the Gonzalo Jiménez
schools

Table 3 Prevalence ratio (PR) between the presence of respiratory symptoms with school, proximity to mines, place of residence,
cooking with firewood, and smokers at home

Variable
Coughing

PR
(CI95 %)

Phlegm
PR

(CI95 %)

SB
PR

(CI95 %)

Sneezing
PR

(CI95 %)

DP
PR

(CI95 %)

School
El Carmen
Gonzalo
Jiménez

3.05
(1.62-5.76)*

1.85
(1.06-3.24)*

5.12
(2.17-12.07)*

3.83
(2.07-7.10)*

2.25
(1.12-4.54)*

Sex
Female
Male

0.91
(0.49-1.71)

0.91
(0.49-1.71)

1.10
(0.55-2.22)

1.27
(0.70-2.33)

0.98
(0.51-1.89)

Place of
residence

Urban
Rural district

1.73
(0.92-3.25)

1.88
(1.07-3.30)*

1.57
(0.74-3.30)

1.70
(0.93-3.14)

1.69
(0.85-3.41)

Living near
a mine

Yes
No

0.60
(0.24-1.51)

0.89
(0.38-2.14)

1.61
(0.59-4.39)

0.40
(0.17-0.93)

0.94
(0.33-2.69)

Cooking with
firewood

Yes
No

1.12
(0.54-2.30)

1.33
(0.71-2.49)

0.82
(0.36-1.86)

1.60
(0.78-3.30)

1.27
(0.62-2.62)

Smokers at
home

Yes
No

2.00
(0.84-4.78)

1.18
(0.60-2.31)

1.41
(0.62-3.18)

1.45
(0.66-3.16)

1.43
(0.67-3.06)

* p <0.050; PR: Prevalence Ratio; 95%CI: 95% confidence interval; SB: shortness of breath; DNP: dry nasal passages.

recorded between the studies can be explained in relation
to the emission sources of the zones. For example,
the emissions derived from heavy-duty trucks and the
resuspended dust, product of not paving the main road
that leads to the municipality of Lenguazaque, located
next to the El Carmen School. Additionally, the sampling
sites, which were located outdoors (sports court and park),
can be affected by cleaning activities and the continuous
movement of students in the institutions.

Regarding the 6-hour average concentrations of PM2.5

recorded in our study (6.91 and 8.37µg/m3), these do not
exceed the daily value established by the WHO, although
they are higher than those evidenced in other studies, such
as the one conducted in Spanish educational institutions,
which registered average concentrations of 1.70 and
3.60µg/m3, in which real-time measuring equipment was
used [13]. The PM2.5 values obtained in our work may
have as their origin the chimney of the restaurant located
in front of the Gonzalo Jiménez school patio, while, for El
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Table 4 Logistic regression for symptoms and variables in all the students

Symptom Variable B Sig Exp (B)
R2 of

Nagelkerke

Coughing
School

Place of residence
1.265
-0.789

0.000
0.022

3.544
0.454

0.117

Phlegm
School

Place of residence
0.650
-1.264

0.031
0.01

1.916
0.282

0.103

Shortness of breath
School

Place of residence
-0.960
1.633

0.025
0.001

0.383
5.121

0.116

Sneezing
School

Place of residence
1.514
-0.842

0.000
0.014

4.543
0.431

0.159

Dry nasal passages
School

Place of residence
0.855
-0.846

0.022
0.027

2.351
0.429

0.069

Table 5 Prevalence ratio (PR) between the presence of respiratory symptoms with proximity to mines, place of residence, cooking
with firewood, and smokers at home, in the El Carmen and Gonzalo Jiménez schools

El Carmen School

Coughing
PR

(CI95 %)

Phlegm
PR

(CI95 %)

SB
PR

(CI95 %)

Sneezing
PR

(CI95 %)

DP
PR

(CI95 %)

Sex
Female
Male

1.13
(0.43-2.97)

1.10
(0.53-2.27)

1.25
(0.56-2.79)

1.25
(0.48-3.25)

0.75
(0.34-1.70)

Place of
residence

Urban
Rural district

1.62
(0.62-4.25)

1.88
(0.91-3.92)

1.63
(0.72-3.73)

1.81
(0.70-4.67)

1.95
(0.85-4.50)

Living near
a mine

Yes
No

0.40
(0.11-1.40)

0.62
(0.20-1.97)

1.76
(0.54-5.80)

0.43
(0.12-1.50)

1.20
(0.34-4.20)

Cooking with
firewood

Yes
No

0.96
(0.35-2.63)

1.12
(0.52-2.42)

0.64
(0.27-1.56)

1.37
(0.49-3.85)

1.14
(0.49-2.65)

Smokers at
home

Yes
No

1.33
(0.41-4.37)

0.93
(0.40-2.15)

1.26
(0.50-3.14)

1.02
(0.34-3.10)

1.56
(0.63-3.83)

Gonzalo Jiménez school

Coughing
PR

(CI95 %)

Phlegm
PR

(CI95 %)

SB
PR

(CI95 %)

Sneezing
PR

(CI95 %)

DP
PR

(CI95 %)

Sex
Female
Male

0.83
(0.35-1.99)

1.07
(0.46-2.54)

0.93
(0.18-4.92)

1.50
(0.64-3.52)

2.38
(0.68-8.25)

Place of
residence

Urban
Rural district

2.91
(1.15-7.38)*

2.67
(0.99-7.17)*

SD
2.94

(1.16-7.45)*
2.81

(0.60-13.06)
Living near
a mine

Yes
No

0.91
(0.23-3.51)

1.48
(0.40-5.57)

1.60
(0.17-15.19)

0.30
(0.08-1.21)

0.60
(0.07-5.16)

Cooking with
firewood

Yes
No

0.67
(0.20-2.20)

1.26
(0.38-4.13)

SD
0.94

(0.29-3.09)
1.04

(0.20-5.40)
Smokers at

home
Yes
No

2.56
(0.67-9.70)

1.52
(0.48-4.79)

1.05
(0.11-9.83)

1.57
(0.48-5.14)

0.94
(0.18-4.83)

* p <0.050; PR: prevalence ratio; 95% CI: 95% confidence interval; SB: shortness of breath; DNP: dry nasal passages; ND: no data

Carmen, the data is represented by the traffic, mainly, of
heavy-duty trucks on the main avenue and by the coke
furnace located a few kilometers from the school.
Epidemiological studies carried out in the last decade
have shown that the effects of particulate matter in its
breathable fraction are manifested mainly in irritation
of the eyes and the respiratory tract [14]. The present
research showed that the school with the highest
concentrations of PM10 had a higher prevalence of

all respiratory symptoms, which coincides with a study
carried out in Kajang (Malaysia), which identified a possible
association between exposure to PM10 and PM2.5 in
schools located near heavy traffic roads and the coughing
(PR = 10.24) and shortness of breath (PR = 8.31) symptoms
[15].

In Jinan (China), the association between exposure to
PM2.5 and symptoms in school children was sought.
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That study found that, due to the increase of 10µg/m3 of
the pollutant, the Odds Ratio (OR) was 1.02 for coughing
and 1.03 for sneezing [16]. In Colombia, Rodríguez
et al. found that, in preschoolers who lived in areas
with high levels of PM10, the symptoms of sneezing
and phlegm had an incidence rate of 1.20 and 1.05,
respectively [17]. In Bogotá, in 2007, it was observed
that children under five years of age who attended a
kindergarten in the town of Puente Aranda with an
average concentration of PM10 of 91µg/m3, presented
an incidence rate ratio (IRR) of 1.3 for phlegm and 1.1 for
coughing, compared to the kindergarten with the lowest
level of the contaminant (50µg/m3) [18]. Years later,
in five localities in the same city, a relationship between
coughing symptoms and exposure was found with higher
levels of air pollution in children under five years of age
who attended kindergartens with an IRR of 1.23. These
kindergartens were located at a distance of less than 100
m from the main fixed or mobile sources, as well as roads
in poor condition, high traffic flow roads, chimneys, and
industrial estates [19].

Finally, regarding carbon emissions exposure, Álvarez et
al. evaluated respiratory symptoms and lung function
in children between 6 and 14 years of age who lived in
areas exposed and not exposed to PM10 derived from
coal loading. It was evidenced that the infants who lived
in the areas of greater exposure had upper respiratory
tract symptoms (nasal congestion, itching, sneezing,
rhinorrhea, and epiphora), with an OR of 2.18 [20].

Exposure to PM2.5 is related to emissions derived from
the combustion of vehicular traffic, in addition to mining
production processes. This pollutant can be deposited
in the lung alveoli and trigger an inflammatory response
and shortness of breath [21]; it can also pass into the
bloodstream, becoming a cause of diseases such as
asthma [22], cerebrovascular accidents, heart disease,
lung cancer, among others [23].

With regard to sex, the present research found that being
a woman is potentially associated with the symptoms of
phlegm, shortness of breath, and sneezing. Thus, the
evidence in Hong Kong is corroborated, regarding the
association between high levels of air pollution and the
presence of phlegm in girls between the ages of 8 and
13 who were studying in schools in that city (OR = 1.44) [24].

For the variables related to the location and housing
conditions of the students, it was observed that residing
in the urban area of Guachetá is possibly associated with
the five symptoms evaluated. This confirms what was
evidenced in Vietnam, in rural and urban areas, where
sputum or phlegm was presented in a higher proportion
in urban areas (16%) than in rural areas (11%) [25]. In

Colombia, in five coal-bearing municipalities of the Cesar
department, after evaluating respiratory symptoms and
possible associated factors in children under 12 years
of age, a relationship was found between children who
lived in households where they cooked with firewood or
charcoal and the presence of nocturnal dry cough (OR =
1.34), compared to those who lived in houses that cooked
with another fuel [26].

For the symptom of phlegm, in the present research, a
possible association of this with cooking with firewood
and the presence of smokers at home was found. The
latter was also related to symptoms of shortness of breath
(PR = 1.41) and coughing (PR = 2). In Wuhan (China),
the association between seventh-grade children living
with smokers and symptoms of coughing (OR = 1.19)
and phlegm (OR = 1.60), as well as the use of coal as
fuel with coughing (OR = 1.04) and phlegm (OR = 1.12)
were observed [27]. On the other hand, in Italy, there is
a relationship between women exposed to secondhand
smoke and the respiratory symptoms of cough (OR = 1.52)
and shortness of breath (OR = 2.91) [28]; in Romania,
passive smokers were associated with the presence of
symptoms in asthmatics such as shortness of breath
(OR = 2.87) and allergies in children with symptoms such
as sneezing, coughing, presence of phlegm, dry nasal
passages (OR = 5.18). Furthermore, the study linked stoves
that use wood and charcoal as fuel with the presence of
symptoms associated with allergies (OR = 1.91) [29].

One weakness evidenced by this research was the reason
why some of the students from the Gonzalo Jiménez
School did not participate, in the cases in which the survey
was completed by father and son. Due to the fact that one
of the main economic activities in the municipality is coal
mining, some parents denied permission to their children
because of their own interests. This was mitigated by the
selection of more students also randomly, in order to cover
a representative sample in the analysis of results. On the
other hand, a child’s daily exposure to air pollution is the
sum of exposure to variousmicroenvironments throughout
the day. However, our study only had access to the school.
The use of low-cost air sensors leads to a possible bias in
the accuracy of air quality measurements. However, its
use to observe trends in the behavior of the pollutant has
been used in other studies [30], thus minimizing this bias.
Finally, the lack of meteorological data in the study area
can influence the possible association found in each of
the schools. Nonetheless, taking the municipality as the
unit of analysis shows that the population is exposed to
emissions from the nearest coal mine, which is confirmed
in the answers of all students of the school in their lower
and upper grades.

However, although the purpose of the study was to
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establish the presence of respiratory symptoms in
students in the school facilities, household conditions
that could influence the presence of symptoms were
also evaluated. This provided a broader picture of the
situation of the minors. Another strong point of the
study was the use of measurement equipment in real
time and by gravimetric method. Thanks to these, a
better assessment of exposure was obtained in school
facilities. Low-cost emerging sensors have been used
in other studies, showing a good correlation between
environmental measurement and the one obtained with
personal measurement equipment in real time [30].

5. Conclusions

The findings of the present study show a possible
association between the concentrations of particulate
matter and respiratory symptoms in children under
17 years who attend two educational centers in the
municipality of Guachetá. There, emissions from coal
coking and the condition of the local road network are
possibly associated with the prevalence of coughing,
phlegm, shortness of breath, sneezing, and dry nasal
passages. These types of scenarios are constantly
presented in many municipalities in Colombia. However,
since they are not very significant, they are not evaluated.
That situation leads to long-term health problems for
the population. Additionally, the location of roads in poor
condition where heavy cargo vehicles circulate influences
the presence of respiratory symptoms. For this reason,
educational centers and other types of facilities that
house vulnerable populations should be located far from
these sources of exposure. In this sense, residential land
uses, and the location of schools must be reviewed and
adjusted according to the environmental impact that the
coal industry may cause within the municipality.

Finally, the information resulting from this research
provides evidence that allows the generation of prevention
actions, which must be directed by the competent health
and environment institutions of Guachetá, in order to
promote optimal health conditions in its population. In
addition, the research contributes to the characterization
of the environmental determinants that strengthen the
territorial policy and the spatial ordering of productive
activities, urban regulations, and identification of the
health risk for the population.
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