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Abstract: Objective: To determine factors 
associated with respiratory disease symptoms 
in communities living near an open cast coal 
mine in northern Colombia.
Methods: A survey was applied three times a 
year, during rainy and dry seasons, inquiring 
about health conditions and the homes’ 
internal and external environment. People 
classified as having symptoms of respiratory 
disease if they fell into at least one of three 
respiratory symptomatology groups. All other 
persons were classified as having no symptoms 
of respiratory disease. Fixed effects logistic 
models were estimated to determine which 
factors influence the probability of respiratory 
symptomatology.
Results: Children with a history of asthma or 
pneumonia and adults who live in inadequate 
housing, cook with wood, smoke, or have a 
history of pneumonia or hypertension are 
more likely to have symptoms of respiratory 
disease. In this study, the concentration 
of particulate matter and proximity to the 
mining operation do not have a significant 
influence on this probability; however, this 
may be due to the remoteness of some air 
quality monitoring stations from homes and 
other sources of contamination in the area.
Conclusions: In addition to outdoor air 
pollution, other factors are associated with 
respiratory symptoms in the population 
living near the open cast coal mine. Indoor 
air pollution, physical characteristics of the 
dwellings, lifestyles, and having a history 
of disease increase the risk of respiratory 
symptoms. For future studies, we recommend 
having air quality monitoring stations as close 
as possible to the homes, identifying other 
potential sources of contamination in the area, 
and carrying out objective medical evaluations 
of the respiratory health conditions of the 
population.
Keywords: Opencast coal mine; Respiratory 
diseases; Air pollution; Risk factors; Colombia.

INTRODUCTION
Air quality is a critical factor for human 

health since as the inhalation of pollutants 
can adversely affect the respiratory and 
cardiovascular systems. Exposure to air 
pollution can cause a wide range of health 
problems, ranging from minor irritations 
to serious chronic diseases. Common air 
pollutants include fine particulate matter 
(PM2.5), ozone, nitrogen dioxide, sulfur 
dioxide, carbon monoxide, and volatile 
organic compounds. These pollutants can have 
negative health effects, including respiratory 
problems such as asthma, bronchitis and 
emphysema, cardiovascular disease, lung 
cancer, and neurological effects.

In addition, pollutants can 
disproportionately impact specific 
populations, such as children, older adults, and 
people with pre-existing health conditions. 
Long-term exposure to air pollution can also 
reduce life expectancy (MANISALIDIS et al., 
2020). 

In Colombia, mining exploitation 
processes generate debates about the benefits 
to the economy, its effects on air quality, and 
the respiratory health of the populations 
living near the extraction site. Consequently, 
investigating the possible association between 
air quality in areas surrounding coal mines 
and the respiratory health of those living in 
these areas is of academic and political interest. 
The mining industry is one of the sectors 
that contributes the most to the Colombian 
economy. According to the Ministry of Mines 
and Energies, between 2009 and 2013, coal 
production grew by an average of 3.28% 
(UNIDAD DE PLANEACIÓN MINERO 
ENERGÉTICA, 2014). 

One of the largest opencast coal mines 
in the world is in the central area of the 
department of La Guajira in northeastern 
Colombia and generates 38.9% of coal 
production in Colombia. Indigenous people 
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living under precarious conditions primarily 
inhabit the region where extraction occurs. 
Most roads are unpaved, and many houses 
cook with firewood, a risk factor for chronic 
lung disease.

A study looked at the particulate matter’s 
effect on children’s respiratory health. 
This study took a population exposed and 
unexposed to opencast coal mining and found 
that the children’s past and present respiratory 
health was similar. Nonetheless, the visits to 
the family doctor for respiratory conditions 
were higher in the communities exposed to 
the open cast mine during the study period 
(PLESS-MULLOLI et al., 2000).

Respiratory diseases are associated with 
lifestyles, biological conditions, and access to 
healthcare services (ACADEMIA NACIONAL 
DE MEDICINA, 2015). Although there is 
some evidence of the correlation between air 
quality and respiratory health, it continues 
to be a relevant subject of study, considering 
that particulate matter comes from a variety 
of polluting sources (roads, household 
conditions, and business emissions) and that 
the disease burden depends on factors such 
as intensity, frequency, and time of exposure 
to pollution (PALACIOS; KATALINA, 
2019). Most of the air pollutants that emerge 
from opencast mining are total suspended 
particulate matter (TSP) with an aerodynamic 
diameter of less than 10 µg/m3 (PM10) 
(HUERTAS, José I. et al., 2012; HUERTAS, 
José I.; HUERTAS; SOLÍS, 2012) Dust from 
blasting and transporting materials have 
been identified as the main source of TSP 
and PM10 particulate matter emissions in 
opencast mining operations (HUERTAS, Jose 
I.; CAMACHO; HUERTAS, 2011).

It is essential to know if there is an 
association between living near opencast 
coal mining and the respiratory health of 
children and adults, as high concentrations of 
particulate matter (TSP and PM10) have been 

associated with asthma and allergies, among 
other diseases (GUARNIERI; BALMES, 
2014; SIMOES OLMO et al., 2011). Asthma 
is a common disease that affects children and 
adults of all ages. According to findings of the 
International Study of Asthma and Allergies 
in Childhood (ISAAC), its average prevalence 
in Latin America is 13%, ranging between 9% 
and 13% in Colombia (GIL TORRES, 2015).

On the other hand, the combustion of 
fuels, the burning of waste, and forest fires 
raise PM2.5  particulate matter emissions 
(ECHEVERRI LONDOÑO; VASCO; JAIME, 
2008; HARRISON et al., 2012; OLAYA-
OCHOA; OVALLE MUNOZ; URBANO 
LEÓN, 2017; ROJAS; GALVIS, 2005). 
PM2.5  has been identified  as a metric more 
closely associated with adverse health effects 
than PM10 (HARRISON et al., 2012).

An environmental aspect of pressing 
concern in mining operations is the study of 
particulate matter generation and its effects 
on neighboring communities. Consequently, 
a growing field of research on the respiratory 
health of communities living near these 
operations could inform public policy and 
establish environmental regulations that 
minimize risk factors and reduce certain 
diseases.

This present study sought to identify the 
factors associated with respiratory symptoms 
in the communities living near an opencast 
coal mining in the north of Colombia.

METHODOLOGY
This research is a non-experimental 

analytical cohort study with a longitudinal 
follow-up period of one and a half years that 
included rainy and dry seasons to control for 
the possible influence of climate conditions 
on respiratory symptoms. Three visits were 
made: the first in April 2019 (dry season), the 
second in November 2019 (rainy season), and 
the third in March 2020 (dry season).
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PARTICIPANTS AND DATA 
COLLECTION
To indirectly measure the association 

of mining operations with the presence of 
respiratory symptoms, exposed and non-
exposed communities were defined by 
adapting criteria used in previous studies 
(FERNÁNDEZ-NAVARRO et al., 2012; 
HOWEL; PLESS-MULLOLI; DARNELL, 
2001). A community was considered exposed 
if its distance to the mining operation was 3 
km or less and non-exposed if the distance was 
greater than 3 km. The exposed communities 
were Campoalegre, El Pilar and San Francisco, 
and the non-exposed communities were Brisas 
de Rancheria, El Cerro, El Rodeo, Guayacanal 
and Pozohondo (Figure 1).

The area had five air quality monitoring 
stations: Fonseca, Campoalegre, Barrancas, 
Pozohondo, and Provincial. All the stations 
captured PM2.5 and PM10 measurements 
except the Fonseca station, which did not 
capture PM2.5 measurements. Figure 1 shows 
the communities and air quality monitoring 
stations involved in the study. 

The concentrations of particulate matter 
were collected every third day in the months 
of each period at the air monitoring stations, 
and the Inverse Distance Weighted (IDW) 
interpolation was carried out by QGIS 3.10 
software to assign the average concentration 
of PM10 and PM2.5 to the nearest home. Figure 
1 shows the level of PM2.5 and PM10 obtained 
in the three visits carried out in the study, 
considering the annual AQG (Air Quality 
Guideline) proposed by the World Health 
Organization in 2021 (WORLD HEALTH 
ORGANIZATION, 2021).

During the dry season (Apr/2019 and 
Mar/2020), the concentration of PM10 
was between 31 and 50 µg/m3, below the 
maximum level of particulate matter allowed 
in Colombia (MINISTERIO DE AMBIENTE 
Y DESARROLLO SOSTENIBLE, 2017), 

except near the Campoalegre station, which 
captured levels above 50 µg/m3 for the Campo 
Alegre community. The concentration of 
PM2.5 was between 16 and 25 µg/m3, within the 
maximum allowable limits, both in exposed 
and unexposed areas (Figure 1). During the 
rainy season (Nov/2019), particulate matter 
levels were reduced to 21-30 µg/m3 PM10 and 
11-15 µg/m3 PM2.5.

The distance from communities to the 
nearest air monitoring station was highly 
variable, ranging from 0.06 to 12.4 km. 
The farthest communities were: Brisas de 
Rancheria, 12.4 km from Pozohondo station 
and 2.3 km from the Fonseca station; El Cerro, 
4.7 km from the Pozohondo station; San 
Francisco, 3.5 km from the Provincial station; 
and Guayacanal, 2.8 km from the Pozohondo 
station. 

The minimum sample size for exposed 
and non-exposed households was calculated 
using the Epidat 4.2 software, considering 
the following criteria: estimated prevalence 
for Chronic Obstructive Pulmonary Disease 
(COPD) of 8.9% (CABALLERO et al., 2008), 
strength of the test at 82%, confidence level of 
90%, equal group sizes, and relative risks of 2 
or more statistically significant. The sample 
size was 324 households; 340 households were 
enrolled at the first visit and 323 remained 
until the end of the study. 

The survey was applied face-to-face 
by interviewers who lived in the area and 
spoke the participants’ mother tongue, 
Wayuunaiki. Children 12 years or younger 
and adults 45 years or older were surveyed in 
each household. Data collection previously 
required the informed consent of adults and 
the assent of children.  The average duration 
of application per household with four people 
was about 102 minutes, and the information 
was digitized in the Kobotoolbox app during 
the visit. 
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Figure 1. PM10 and PM2.5 according to AQG level in communities and air monitoring stations.

Category Risk Condition

Population 
characteristics

No health insurance

History of asthma treated in the year prior to the survey

History of pneumonia or bronchitis treated in the year prior to the survey

History of malnutrition treated in the year prior to the surveya

History of delayed motor and language development treated in the year prior to the surveya

History of hypertension treated in the year prior to the surveyb

History of diabetes treated in the year prior to the surveyb

Current or former smokerb

External 
environment

Increased average concentration of PM10 via the IDW method

Increased average concentration of PM2.5 via the IDW method

Exposed (living up to 3.8 km of the mining operations)

Living near unpaved roads, roads with constant volume of traffic or heavy transport like trucks, buses 
or trains

Living near garbage dumps or garbage burnings

Living near brick kilns or quarries

Garbage burning for disposal
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Category Risk Condition

Indoor 
environment

Presence of moisture in walls, floor or ceiling of the house

Presence of mold or fungus in any surface of the house

Inadequate ventilation in the house: Little or no air exchange between the indoor and external 
environment.

Indoor smokers: presence of smokers in the house in the last 7 days

Cooking with wood or charcoal

Pets indoors: presence of pets inside the house

Critical overcrowding: more than three persons per room (excluding kitchen, bathroom and garage)

Inadequate housing: Physical characteristics of households considered unsuitable for human 
habitation. In urban areas, households with wall material made of zinc, fabric, canvas, cardboard, 
cans, waste, plastic or dirt floors. In rural areas, households with wall material of plastered wattle and 
daub, unplastered wattle and daub or rough wood, board, plank, and dirt floors.
Inadequate services: lack of access to basic sanitary and hygiene living conditions. In urban areas, 
households that lack toilets or an aqueduct that is supplied with water from rivers, springs, water 
tanks or rainwater. In rural areas, households that lack toilets and aqueducts and are supplied with 
water from rivers, springs or rainwater.

Table 1. Risk conditions that may be associated with symptoms of respiratory disease.
a For children aged 12 years or younger

b For adults aged 45 years or older

Environment Risk factor
Total 

(n=323)
Exposed 
(n=161)

Non- exposed 
(n=162) p-value

n (%) n (%) n (%)

Indoor

Cooking with wood or charcoal 126 (39.0) 57 (35.4) 69 (42.6) 0.185
Inadequate housing 85 (26.3) 34 (21.1) 51 (31.5) 0.034*
Pets indoors 78 (24.1) 33 (20.5) 45 (27.8) 0.126
Indoor smokers 46 (14.2) 22 (13.7) 24 (14.8) 0.767
Critical overcrowding 41 (12.7) 21 (13.0) 20 (12.3) 0.851
Inadequate ventilation 40 (12.4) 19 (11.8) 21 (13.0) 0.751
Inadequate services 31 (9.6) 1 (0.6) 30 (18.5) 0.000*
Moisture in walls, floors or ceiling 10 (3.1) 4 (2.5) 6 (3.7) 0.527
Surfaces with mold/fungus 8 (2.5) 3 (1.9) 5 (3.1) 0.480

External

Near unpaved roads or heavy traffic 207 (64.1) 96 (59.6) 111 (68.5) 0.096
Garbage burning for disposal 124 (38.4) 42 (26.1) 82 (50.6) 0.000*
Near garbage dumps or garbage burnings 75 (23.2) 31 (19.3) 44 (27.2) 0.093
Near brick kilns or quarries   6 (1.9) 6 (3.7) 0 (0.0) 0.013*

Table 2. Time-invariant environmental characteristics (indoor and external) of exposed and non-exposed 
households.

* Statistically significant difference between exposed and non-exposed households (p-value<0.05).
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IDENTIFICATION OF PEOPLE WITH 
RESPIRATORY DISEASE SYMPTOMS
Based on the symptoms of respiratory 

diseases reported by Goldman and Schafer 
(GOLDMAN; SCHAFER, 2020) three major 
groups of respiratory disease symptoms were 
defined:

1. Persistent cough in the last six months, 
with phlegm (yellow, brown, reddish or 
green) and frequent expectoration.
2. Shortness of breath with wheezing that 
required treatment, or use of oxygen or 
inhalers as treatment to improve breathing.
3. Having ever felt chest pressure, weight 
on the chest or chest pain, and nasal 
flaring, sinking of the skin between the ribs 
when breathing, increased respiratory rate, 
painful breathing, persistent fever, fatigue, 
night sweats, feeling weak, blue skin color 
or unexplained weight loss.
A person was considered to “have 

respiratory disease symptoms” when he or 
she met the above criteria established in at 
least one of the three symptomatic groups. All 
other persons were classified as “having no 
respiratory symptoms”.

STATISTICAL ANALYSIS
Table 1 presents the individual variables 

and the internal and external environment of 
the households considered for the analysis, 
specifying the risk condition for having 
respiratory symptoms.

The analysis accounted for 323 households 
(161 exposed and 162 non-exposed) and 592 
people who participated in all three visits 
(338 children aged 12 years or younger and 
254 adults aged 45 years or older). We built 
a panel database to visualize the behavior of 
individuals over time (TORRES-REYNA, 
2007) and to estimate random effects logistic 
models, suitable when panel data and binary 
response variables are available. These models 
allow the inclusion of random effects that 

explain the existing variability in the study 
individuals due to repeated measurements, 
consider time-invariant and time-variant 
explanatory variables, and admit correlation 
of observations (BARTELS, [s. d.]). 

The results of this model include the Odds 
Ratios (ORs) and the intraclass correlation 
coefficient rho that takes values between zero 
and one (HEDEKER; GIBBONS, 2006). A 
coefficient significantly different from zero 
(p<0.05 to reject the null hypothesis, H0: 
rho=0) indicates the percentage of variance 
of the dependent variable not explained by 
the independent variables considered in the 
model, which is due to the repeated measures. 

For each age group, two multivariate 
models were generated, separated by the 
two air pollution measures recorded (PM2.5 
and PM10) due to the high linear correlation 
existing between them (HO et al., 2003; 
WANG et al., 2006). Variables statistically 
significant at the bivariate level (p<0.05), 
and without high correlation with the other 
explanatory variables, were included in the 
multivariate regression models. In all models, 
the exposure variable was incorporated, even 
if it had not been significant in the bivariate 
models, because it was considered a factor 
that could influence the respiratory condition 
of individuals. The estimation was performed 
using the Stata statistical software package 
Stata/IC version 13. 

RESULTS

TIME-INVARIANT AND TIME-
VARYING RISK CONDITIONS
The percentage of households was 

determined according to time-invariant 
indoor and external environmental 
characteristics. The results show that the 
homes are frequently located near roads with 
traffic and dust (64%). 38-39% of households 
cook with firewood and burn garbage to 
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dispose of it, and approximately one in four 
households live in inadequate housing, allow 
pets in the house, or live near garbage dumps 
or garbage burners. Significant differences by 
exposure group resulted in only four of the 13 
factors considered (Table 2).

Table 3 shows the percentage of people 
according to characteristics that changed 
between the three visits, indicating those in 
which the relative weights differ significantly 
between exposed and non-exposed.

For PM2.5 and PM10 concentrations, 
the average values during the rainy season 
were lower than the dry season, yielding 
consistently and significantly higher values in 
the exposed group throughout the three visits 
(Table 3). The largest differences according to 
exposure, greater than 11 µg/m3, occurred in 
the concentrations of PM10 collected on the 
first visit, going from approximately 45 in 
the exposed group to 34 in the non-exposed 
group. 

Compared to the dry season findings, 
during the rainy season, there was an increase 
in the percentage of children and adults with 
self-reported symptoms related to respiratory 
diseases, suggesting that this perception is not 
directly related to the particulate matter but 
rather to the weather conditions. 

The absence of healthcare coverage in 
children tended to decrease over time, going 
from 5.0% to 3.3%, while in adults it increased 
from 2.0% to 4.3%. 

Regarding having a history of respiratory 
diseases, the prevalence of asthma and 
pneumonia increased between study 
collection periods and tended to be higher in 
children versus adults. 

Similarly, the percentage of children 
with a history of delayed motor or language 
development or a history of malnutrition 
between the first and third visits increased 
1.5 and 3.0 percentage points, respectively. 
Among adults, the prevalence of diabetes 

and hypertension increased between the first 
and third visits, from 4.7% to 7.1% and from 
26.0% to 29.1%, respectively. 

Relating to cigarette smoking, the number of 
former smokers increased from 15% to 24.8% 
adults between visits 1 and 3, and the number 
of adult smokers remained relatively constant 
over time with significant differences between 
exposed and non-exposed population.

RELATIONSHIP BETWEEN RISK 
FACTORS AND RESPIRATORY 
HEALTH
The multivariate logistic regression models 

with fixed effects were estimated considering 
the presence of respiratory disease symptoms 
as the dependent variable and considering 
as independent variables those significant in 
the bivariate models. Figure 2 shows the ORs 
and confidence intervals for the independent 
variables considered in each model, together 
with the significance of the intraclass 
correlation coefficient rho. 

The intraclass correlation coefficient was 
significantly different from zero (p<0.05), 
indicating that in 15% of the models for 
population aged 12 years or younger, and 
20.5% in the models for population aged 45 
years or older, the variance of the dependent 
variable not explained by the independent 
variables was due to the repeated measures. 

The risk of having respiratory disease 
symptoms among children with a history of 
asthma or pneumonia with treatment in the 
past year is 2.7 (95% CI: 1.2, 6.0) and 3.3 (95% 
CI: 1.8, 6.1) times as high as the risk of having 
the outcome among those without these 
preexisting health conditions, respectively. 
Other characteristics such as living in the 
area exposed to the mining operation and not 
having adequate ventilation in the home have 
no significant influence on the presence of 
respiratory disease symptoms in children.

Among adults, the results indicate that the 
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Age group Risk factor
Visit 1 (dry season) Visit 2 (rainy season) Visit 3 (dry season)

n (%) n (%) n (%)

Children 
12 years 
old and 
younger 
(n=338)

Concentration of PM2.5 
a 19.4   (1.7)*   12.2   (0.8)*   17.5   (0.4)*

Concentration of PM10 
a 39.7   (6.3)*   27.8   (2.6)*   39.7   (2.1)*

Respiratory disease symptoms 83    (24.6) 127    (37.6) 121    (35.8)
Pneumonia or bronchitis with treatment 21      (6.2)   23      (6.8)   28      (8.3)
No health insurance 17      (5.0)*   14      (4.1)   11      (3.3)
Asthma with treatment 12      (3.6)   12      (3.6)   15      (4.4)
Delayed development with treatment   5      (1.5)     8      (2.4)   10      (3.0)
Malnutrition with treatment   2      (0.6)     4      (1.2)   12      (3.6)

Adults 45 
years old 
and older 
(n=254)

Concentration of PM2.5 
a 19.2   (1.8)*   12.2   (1.0)*   17.4   (0.3)

Concentration of PM10 
a 39.3   (6.7)*   27.8   (2.9)*   39.3   (1.8)*

Respiratory disease symptoms 78    (30.7) 113    (44.5)   98    (38.6)
Hypertension with treatment 66    (26.0)   69    (27.2)   74    (29.1)
Former smoker 38    (15.0)   51    (20.1)   63    (24.8)
Smoker 25      (9.8)*   27    (10.6)*   25      (9.8)*
Diabetes with treatment 12      (4.7)   16      (6.3)   18      (7.1)
Pneumonia or bronchitis with treatment 12      (4.7)   13      (5.1)   14      (5.5)
No health insurance   5      (2.0)     8      (3.1)   11      (4.3)
Asthma with treatment   3      (1.2)     3      (1.2)     5      (2.0)

Table 3. Time-varying characteristics by age group and visit.
a Values for concentration of particulate matter (PM2.5 and PM10) are the mean and standard deviation in 

parenthesis, in units of µg/m3.

* Statistically significant difference between exposed and non-exposed households (p-Value<0.05).

Figure 2. Multivariate logistic models. Adjusted ORs and 95% CIs of factors associated with respiratory 
diseases symptoms.
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risk of having respiratory symptoms when 
cooking with firewood, wood, or charcoal or 
if living in a dwelling with inadequate services 
is 2.7 (95% CI: 1.4, 5.2) and 2.3 (95% CI: 
1.1, 4.7) times as high as the risk of having 
the outcome among those cooking without 
solid fuels or not in those living conditions, 
respectively. The risk of having the health 
outcome among former smokers is 1.7 (95% 
CI: 1.1, 2.8) times as high as those who have 
never smoked. For preexisting conditions, 
the risk of having respiratory symptoms 
among adults with a history of pneumonia or 
hypertension is 2.7 (95% CI: 1.1, 6.6) and 2.5 
(95% CI: 1.5, 4.0) times as high as those who 
have no history of these diseases, respectively. 
The other variables, including exposure, do 
not significantly explain the probability of an 
adult having respiratory disease symptoms. 

For both children and adults, the influence 
of particulate matter concentrations PM2.5 
and PM10 on the risk of having symptoms of 
respiratory diseases is low.

DISCUSSION
This longitudinal cohort study, conducted 

in some communities living near opencast 
coal mining, identified the factors associated 
with symptoms of respiratory disease in two 
population groups (children aged 12 years or 
younger and adults aged 45 years or older).

The results showed that children with a 
history of asthma or pneumonia had a higher 
risk of respiratory symptomatology than those 
without this history. This risk was higher in 
adults with the following risk factors: having 
a history and treatment of pneumonia 
or hypertension, living in a house with 
inadequate services, being a former smoker, 
or cooking with wood or charcoal. 

Some studies have found that the 
respiratory health of people can be affected 
by certain conditions in the households, 
such as the presence of mold/moisture, floor/

wall material and smokers in the household 
(ANWAR et al., 2021; QUIROZ et al., 2013; 
ZHUGE et al., 2020)

Likewise, it has been shown that some 
recurrent practices such as cooking with 
wood or charcoal (GIODA; PONCE DE 
LEON, 2017; WOOLLEY et al., 2021, 2020) 
or burning garbage (DEPARTMENT OF 
ENVIRONMENTAL QUALITY, 2019; 
KHAWAJA, 2017)” affect the respiratory 
health of the population, especially young 
children, pregnant women, elderly, and people 
with respiratory diseases such as asthma. 

On the other hand, a weak association 
resulted between PM2.5 and PM10 particulate 
matter concentrations and respiratory disease 
symptoms in children and adults, in contrast 
to what previous research has found. 

Authors have shown that increased 
particulate matter concentrations are 
associated with increased mortality from 
respiratory and cardiovascular diseases 
(ATKINSON et al., 2014; FAJERSZTAJN et al., 
2017; GRISALES-ROMERO et al., 2021; LI et 
al., 2022; POPE III et al., 2002; ZANOBETTI; 
SCHWARTZ, 2009) more visits to the 
emergency room for respiratory diseases 
in children and young adolescents and for 
cardiovascular diseases in adults (FERREIRA 
BRAGA et al., 2007; WU et al., 2021) and higher 
prevalence of rhinitis or asthma especially in 
children and adolescents (BRANDT et al., 
2015; LIU et al., 2019; MCCONNELL et al., 
1999) Exposure to different sources and types 
of air pollutants has effects on the respiratory 
system, both acute (increased symptoms, 
emergency room visits, hospitalizations and 
deaths) and chronic (increased incidence of 
asthma, COPD and lung cancer) (SANTOS et 
al., 2021).

The findings from this research showed 
no significant association between exposure 
to the mining operation and the risk of 
respiratory symptomatology. However, 
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other studies have proven that there is an 
increased risk of respiratory diseases due to 
proximity to different sources of pollution, 
such as opencast coal mines (HOWEL; 
PLESS-MULLOLI; DARNELL, 2001; PLESS-
MULLOLI et al., 2000; PLESS-MULLOLI; 
HOWEL; PRINCE, 2001), opencast gold and 
copper mining operations (HERRERA et al., 
2018, 2016), power plants, quarries and oil 
refineries (LOYO-BERRÍOS et al., 2007), and 
timber industries (MARCHETTI et al., 2014; 
RAVA et al., 2012). 

Few studies have been conducted in 
Colombia on the factors affecting respiratory 
health in communities near opencast coal 
mining operations (ARREGOCÉS et al., 2018; 
QUIROZ et al., 2013). The present research 
provides evidence of the association between 
self-reported respiratory disease symptoms in 
the population near the opencast coal mining 
and indoor and external environmental 
factors, frequent practices (cigarette smoking 
or cooking with firewood), and having a 
history of respiratory or chronic diseases.

MAIN LIMITATIONS
The distance defined for the variable 

“exposure” might not objectively characterize 
mining operations as a source of pollutant 
emissions.

The population environmentally exposed 
to mining operations includes communities 
living in the immediate vicinity, but could 
extend much further due to the transport 
of contaminants to more distant locations, 
and this, in turn, could under or over-
estimate the effect on respiratory health 
(STEPHENS; AHERN, 2001). Obtaining data 
from air quality monitoring station filters 
that characterize the particulate matter (i.e., 
specifying the pollutant source) would allow 
for a more objective assessment.

On the other hand, air quality monitoring 
stations were not located equidistant from 

all households. Although some stations were 
located close to the homes, others were far 
away, and this could have influenced the 
average concentration of PM10 and PM2.5 
assigned to the corresponding households.

Finally, the assessment of respiratory 
conditions and their risk factors were identified 
by inquiring about the population’s perception 
through surveys applied at the individual level 
(self-reported) and not through an objective 
assessment of the respiratory condition based 
on clinical examinations and a presumptive 
diagnosis.

CONCLUSIONS
The results presented in this study 

provide evidence of the main factors that 
could influence the respiratory health of 
people living near coal mining operations 
in Colombia. Some studies have shown the 
association between respiratory condition 
and air quality, but this is the first study 
that considers and identifies several factors 
that are also associated with the presence of 
respiratory symptomatology.

The concentration of particulate matter 
produced in the open cast coal mining process 
is one of the many factors that can affect 
people’s respiratory conditions. In addition 
to this factor, this study evaluated indoor 
environmental conditions and personal 
characteristics associated with respiratory 
symptoms. Frequent practices of household 
members, such as smoking or cooking with 
firewood, wood, or charcoal, increase the 
probability of having respiratory problems, as 
does living in a house with inadequate services. 
The likelihood of respiratory symptomatology 
also increases when the person has a history 
of respiratory/chronic illness with ongoing 
treatment to manage their health condition.

The effect of particulate matter levels on 
respiratory health could be impacted by 
two factors: (1) some air quality monitoring 
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stations were distant from the homes and thus 
may not be accurately representing the actual 
exposure to the surrounding air quality; 
and (2) there may be other sources of PM2.5 
and PM10 emissions in the area. For future 
studies of this type, it is suggested to ensure 
monitoring stations are closer to the homes 
and to control and measure other external 
sources of pollution that could generate 
respiratory symptomatology.

Likewise, to guarantee an objective 
measurement of the respiratory condition 
of people, it is recommended that an expert 
physician carry out a clinical assessment.
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