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ABSTRACT

Introduction: There are many artisans brick kilns near the communities in 
Nejapa city. The reported prevalence of respiratory diseases or symptoms 
in this city is 7.2%. This study aims to determine the relationship between 
exposure to smoke generated by artisan brick kilns and the presence of 
respiratory symptoms in residents ≥18 years of age in a gated community in 
the Nejapa city. 
Materials and methods: This is an analytical cross-sectional study that 
included 46 individuals. Data were collected through an interview form and an 
observation form. Frequency analysis, association measures, and prevalence 
ratios were calculated. This study received ethical approval. 
Results: Twenty-nine individuals reported respiratory symptoms such 
as sneezing, itching, and nasal congestion. Twenty-eight people reported 
experiencing respiratory symptoms. The most frequently reported symptoms 
were sneezing, nasal itching, nasal congestion, and cough. Daily exposure to 
smoke from the brick kilns doubled the risk of nasal congestion. Living at 61 
m or more from the brick kilns increased the risk of nasal congestion by 3.22 
times. Living at a distance between 46 and 60 m from the kilns doubled the 
risk of coughing. 
Conclusion: There is a relationship between the development of respiratory 
symptoms and daily exposure to smoke generated by artisan brick kilns. The 
risk of developing symptoms varies depending on the distance between the 
individual’s residence and the brick kilns.
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Introduction 

Air pollution is an unavoidable threat to public 
health [1, 2]. Exposure to air pollution can 
cause a range of adverse health effects, such as 
respiratory diseases, cardiovascular diseases, and 
lung cancer [3, 4]. It is estimated that in 2019, 
air pollution was responsible for 6.7 million (CI 
5.90–7.49 million) deaths worldwide [5].

Exposure to atmospheric pollutants, such as 
particulate matter, ozone, nitrogen dioxide, and 
sulfur dioxide, is linked to public health issues 
and daily mortality across the globe [1]. One 
of the occupational activities that produces a 
significant amount of these pollutants is artisan 
brick production [6]. In Latin America, it is 
estimated that 40–50% of brick production is 
carried out in artisanal brick kilns [7].

A study conducted in Nepal showed the presence 
of respiratory symptoms such as cough (14.3%), 
phlegm (16.6%), and bronchitis (19.0%) in people 
occupationally exposed for one year to smoke 
from brick kilns [8]. Another study conducted 
on brick kiln workers in Bengal, India, showed 
a prevalence of 46.8% for dyspnea, 39.2% for 
phlegm, 27.6% for chest tightness, 25.2% for 
chronic cough, 28.8% for sneezing, and 14.4% 
for wheezing [9]. Additionally, there is evidence 
supporting the relationship between air pollution 
and chronic respiratory diseases such as asthma 
and Chronic Obstructive Pulmonary Disease 
(COPD) [10].

In El Salvador, the artisanal production of bricks 
is a very common activity [11]. These brick 
kilns are located near communities, exposing 
all inhabitants to the pollutants emitted by these 
kilns. There are approximately 70 brick kilns in 
Nejapa city [12].

In the department of San Salvador, a prevalence 
of 17.6% for acute respiratory infections was 
reported in 2020 [12], and specifically in the 
municipality of Nejapa, a prevalence of 7.2% was 
reported [13]. This prevalence may be influenced 
by the presence of pollutants emitted by artisanal 

brick kilns, most of which operate without any 
authorization or environmental control. 

This is the first study conducted in El Salvador as an 
initial approach to understanding the relationship 
between exposure to brick kiln smoke and the 
presence of respiratory symptoms. Therefore, this 
study aimed to determine the relationship between 
exposure to smoke generated by artisanal brick 
kilns and the presence of respiratory symptoms 
in individuals ≥18 years of age living in a gated 
community in Nejapa city.

Materials and methods 

This study employed an analytical cross-sectional 
design, conducted with individuals≥18 years of 
age residing in a gated community in the Nejapa 
city. This is a residential area near the artisan 
brick kilns of Nejapa. The perimeter wall of the 
community directly borders the artisan brick kilns 
and has a total of 200 residents ≥18 years of age. 
The study sample was calculated based on this 
population using the StatCalc function of EpiInfo 
version 7. A respiratory symptom prevalence 
of 7.2% and a 95% confidence interval were 
considered for the sample calculation. The final 
sample consisted of 134 individuals.

The study included individuals ≥18 years of age 
with respiratory symptoms and apparently healthy 
individuals. It excluded people who only used 
the residence on weekends, active and passive 
smokers, individuals with high occupational 
risks due to inhalation of chemicals (smoke, 
silica, asbestos, cotton, sawdust, coal, etc.), 
and those with pre-existing pulmonary diseases 
or diagnosed respiratory conditions (chronic 
bronchitis, bronchial asthma, emphysema, 
bronchiectasis, pneumonia, chronic obstructive 
pulmonary disease, asbestosis, silicosis).

When administering the data collection tool, only 
104 individuals responded, but only 47 met the 
established criteria to ensure the quality of the 
information required for the study and to avoid 
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biases in the results. Therefore, this study was 
based on 47 residents of the gated community. 
The study sample was selected using non-
probabilistic random sampling.

The study variables included age, gender, 
education level, occupation, duration of residence 
in the area, distance from the residence to the brick 
kilns, perception of smoke in the residence, time 
of day when smoke was perceived, frequency 
of smoke presence, presence of particles in the 
residence, location in the home where particles 
were most noticeable, presence of smoke particles 
outside the residence, outdoor location where 
particles accumulated, presence of smoke from 
other sources, other sources of smoke emissions 
in the area, predominant direction of the smoke 
plume, respiratory symptoms, frequency of 
respiratory symptoms, duration of respiratory 
symptoms, geographic location where the person 
experienced the most intense symptoms, and time 
of day when respiratory symptoms occurred.

Based on the study variables, two data collection 
instruments were created (an interview tool and 
an observation tool). The interview tool was 
structured into three sections (sociodemographic 
data, assessment of exposure to brick kiln smoke, 
and presence of respiratory symptoms). The 
interview tool consisted mainly of structured, 
closed-ended questions. The observation 
tool contained only one section, focused on 
assessing exposure to smoke from the brick 
kilns. Both instruments were digitized using the 
KoboToolBox platform.

For data collection, the link to the tool was shared 
via a WhatsApp group that included all residents 
of the gated community. This WhatsApp group 
was managed by community leaders who added 
the researchers during the data collection period 
to actively promote the completion of the survey. 
In addition, house-to-house visits were conducted 
to encourage the completion of the interview tool, 
covering all the residences.

The study area was visited to observe all aspects 
indicating population exposure to smoke from the 

brick kilns. Authorization was requested from the 
owners of two homes near the kilns to conduct 
an observational evaluation of smoke residue in 
the homes. Subsequently, access was requested 
to a home located at a medium distance from 
the kilns, and finally, a residence at the furthest 
point from the kilns was visited to compare the 
exposure marks generated by the smoke from 
the kilns. Google Maps was used to measure the 
distance between the residences and the brick 
kilns.

First, the interview and observation databases 
were exported from KoboToolbox to an Excel 
sheet. Second, a quality control process was 
performed to identify typing errors, missing 
data, and inconsistencies between variables. The 
databases were then merged into a single file, 
which was migrated to Epi Info version 7.2.5.0 
for analysis, using frequencies and percentages 
to describe the findings. Finally, the risk of 
developing respiratory symptoms due to exposure 
to brick kiln smoke was calculated using the 
Prevalence Odds Ratio (POR), with a 95% 
confidence interval and statistical significance 
set at p<0.05.

Results and discussion

A total of 47 residents of the gated community were 
interviewed. The average age of the respondents 
was 40.8 years (SD 14.5). The majority (29) 
were women. The predominant age group was 
30 to 39 years (16 people) (Table 1). More than 
three-quarters of the population (37 people) had a 
professional or higher education level, followed 
by eight people with secondary education. The 
most common occupation was housewife (8 
people), followed by five entrepreneurs and five 
physicians (Table 1).
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Table 1. Sociodemographic characteristics of the population ≥18 years of age residing in a gate community 
(n = 47)

Variables N % 

Age group 
  

≥18 to 29 years 11 23 

30 to 39 years 16 34 

40 to 49 years 7 15 

50 to 59 years 7 15 

Over 60 years 6 13 

Sex 
  

Male 18 38 

Female 29 62 

Educational level 
  

Basic education 2 4 

Secondary education 8 17 

Professional 31 66 

Specialist 2 4 

Master's degree 4 9 

Occupation 
  

University student 2 4 

Lawyer 1 2 

Physician 5 11 

Teacher 2 4 

Housewife 8 17 

Entrepreneur 5 11 

Businessperson 3 6 

Nurse 1 2 

Others 20 43 

Distance between homes and artisan 

brick kilns 

  

15 m or less 9 20 

16 to 30 m 12 26 

31 to 45 m 5 11 

46 to 60 m 2 4 

61 m or more 19 39 
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Thirteen individuals had lived in the community 
for two years or less, and three had lived there 
for between two and four years. Twenty-three 
individuals lived in the community for between 
four and six years, while eight people lived 
there for more than six years. These results 
are like a study conducted in Bengal, India, 
where individuals exposed to smoke from 
artisanal brick kilns, especially workers who 
had been employed for over 20 years, had a 
higher prevalence of respiratory symptoms [9]. 
Various studies have demonstrated that chronic 
exposure to different atmospheric pollutants 
increases the incidence of respiratory diseases, 
so it is expected that individuals who have lived 
longer in the community, and are exposed to 
prolonged smoke from the kilns, would present 
with a higher number of respiratory symptoms 
[14-16]. In El Salvador, artisanal brick kilns use 
firewood as fuel for brick firing, as it is a cheap 
and easily accessible material [17]. Valdés et 
al. reported that the fuel used in artisanal brick 
kilns includes firewood, bagasse, rice husks, 
and coal. In Latin America, fuel primarily 
comes from biomass [7], due to its low cost 
compared to alternative fuels.

Regarding the distance between their homes 
and the artisan brick kilns, most participants 
(19) lived more than 60 m away, followed by 
those whose homes were between 16 and 30 m 
away (12 participants) (Table 1).

Most of the residents (42 people) reported 
perceiving smoke inside their homes. Most 
participants indicated that the times of day when 
smoke is perceived in the home are during the 
afternoon and evening, with the latter receiving 
31 affirmative responses (Table 2). Regarding 
the frequency with which smoke is perceived, 
30 residents said they noticed it more than 
three times per week (Table 2). When asked 
if they perceived smoke from other sources, 
only 10 participants responded affirmatively, 

with nine of them identifying sugarcane fields 
as an alternative source of smoke emissions 
(Table 2). The presence of smoke outside the 
homes increases exposure to this pollutant. It 
has been shown that exposure and proximity 
to pollution sources outside the home increase 
the concentration of pollutants inside [18]. 
External pollutants infiltrate homes through 
open windows or doors, and due to pressure 
and temperature differences, air is transported 
in and out of homes [18].

In El Salvador, the gate community are 
becoming increasingly popular due to various 
factors, including socio-economic reasons and 
population growth [19]. The high demand for 
housing in the metropolitan area of San Salvador, 
or nearby, has led construction companies to 
acquire land near pollution sources, such as 
artisanal brick kilns, large-scale fields irrigated 
with pesticides [20], and sugarcane fields that 
are burned before harvest, among others, for 
the construction of high-end private residential 
projects. However, construction companies 
often do not consider the environmental aspects 
of these areas, putting the health of people who 
move to these places at risk [21-23].
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Table 2. Exposure to smoke from brick kilns and other sources among residents ≥18 years of age in a gate 
community located in Nejapa city (n = 42)

Variable N % 

Time of day when smoke is perceived in the house 
  

Morning 13 31 

Afternoon 21 50 

Evening 31 74 

Frequency of smoke presence in the house 
  

Three times per week or less 12 29 

More than three times per week 30 71 

Other sources of smoke emissionsb 
  

Factories 1 2 

Sugarcane fields 9 21 

Burning trash 2 5 

aPercentages do not add up to 100% since not all participants reported perceiving smoke from other sources. 

Calculated with n = 42 for each category, which are not mutually exclusive. 

bNot mutually exclusive. Percentages were calculated for each category with n = 42. 

 

Twenty-eight people reported experiencing 
respiratory symptoms, this contrasts with a 
study conducted in Nepal, where brick kiln 
workers mainly presented lower respiratory tract 
symptoms such as chronic cough and phlegm, 
bronchitis, dyspnea, and asthma [8]. This could be 
because brick kiln workers are directly exposed 
to more concentrated pollutants emitted from 
the kilns for longer periods, compared to cluster 
residents who are exposed to lower amounts and 
concentrations. Eleven participants were between 
30 and 39 years old. The most frequently reported 
symptoms were sneezing (18), nasal itching (16), 
nasal congestion (13), and cough (11). Other 
studies support the decline in lung function with 
age [24, 25]. A study conducted in Sudan found 
that as age increased, the risk of developing 
chronic respiratory diseases also increased [26].

A bivariate analysis revealed a statistically 

significant association between the frequency of 
smoke perception and the presence of respiratory 
symptoms (POR 8.43; 95% CI 2.1–33.77; p = 
0.000). Participants who reported perceiving 
smoke in their homes more than three times per 
week were eight times more likely to experience 
respiratory symptoms compared to those who 
perceived smoke less frequently. This finding 
highlights the potential role of cumulative 
exposure over time, even in non-occupational 
settings.

No statistically significant associations were 
found between other factors, such as age, gender, 
or distance from the kilns, and the presence of 
respiratory symptoms. The lack of significance 
for distance may reflect the dispersion of 
pollutants beyond the immediate vicinity of the 
kilns or the influence of indoor air pollution, 
which can dilute the effect of proximity [18]. 
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Table 3. Risk factors associated with the presence of respiratory symptoms in the gate community residents

Regarding gender, while women reported more 
symptoms than men, this was not statistically 
significant. Similar observations have been 
documented in other studies, where gender 
differences in respiratory health were linked 
to variations in household exposure levels, 
particularly in settings with greater indoor 
pollution [17, 18]. Although these findings were 

not statistically significant, they do not exclude 
the possibility of underlying associations, 
which may require larger sample sizes or more 
controlled conditions to detect. These results 
suggest that other environmental and behavioral 
factors may contribute to respiratory health 
outcomes in populations living near artisan 
brick kilns (Table 3).

Risk factor 
Association with respiratory symptoms 

POR 95% CI p 
Age group 

   

≥18 to 29 years 0.65 0.16 - 2.60 0.72 
30 to 39 years 1.55 0.43 - 5.64 0.54 
40 to 49 years 0.39 0.07 - 2.01 0.39 
50 to 59 years 2.66 0.27 - 26.09 0.63 
60 to 69 years 1.92 0.18 - 20.10 1.00 

70 years or older 0.59 0.03 - 10.14 1.00 
Sex 

   

Female 3.57 1.0 - 12.67 0.09 
Male 0.28 0.07 - 0.99 0.09 

Length of residence in the community 
   

2 years or less 0.39 0.10 - 1.46 0.28 
>2 to 4 years 1.23 0.10 - 14.69 1.00 
>4 to 6 years 0.97 0.29 - 3.26 1.00 
>6 to 8 years 5.33 0.59 - 47.84 0.13 

Frequency of smoke perception 
   

Three times per week or less 0.11 0.02 - 0.47 0.00 
More than three times per week 8.43 2.1 - 33.77 0.00 
Season when smoke is perceived 

   

Dry season (May to October) 1.84 0.39 - 8.62 0.45 
Rainy season (November to April) - - - 

Time of day when smoke is perceived 
   

Morning 2.22 0.63 - 7.80 0.34 
Afternoon 1.64 0.48 - 5.57 0.54 
Evening 1.63 0.44 - 6.07 0.68 

Distance between the nearest brick kiln and home 
   

15 m or less 0.40 0.09 - 1.76 0.27 
16 to 30 m 4.16 0.78 - 22.03 0.09 
31 to 45 m 0.90 0.13 - 6.01 1.00 
46 to 60 m 0.59 0.03 - 10.14 1.00 

More than 60 m 0.79 0.23 - 2.73 0.96 
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This study has several limitations that should be 
acknowledged to interpret the findings better. The 
small sample size reduces the statistical power 
of the analysis and limits the generalizability of 
the results beyond the studied population. The 
initially calculated sample size was three times 
larger; however, the application of strict exclusion 
criteria, including the removal of individuals with 
pre-existing pulmonary conditions, smokers, and 
those with occupational exposure to harmful 
chemicals, significantly reduced the final sample. 
Additionally, the cross-sectional design of this 
study prevents establishing causality between 
exposure to smoke from artisan brick kilns and the 
presence of respiratory symptoms. The absence 
of data on important potential confounders, such 
as socioeconomic status, access to healthcare, 
and other environmental factors, may have 
influenced both exposure and the development 
of respiratory symptoms. Furthermore, reliance 
on self-reported data introduces the possibility of 
recall bias or subjective variability in responses. 
The lack of direct measurement of pollutant 
concentrations from the brick kilns also limits 
the ability to accurately quantify exposure levels. 
Despite these limitations, this study provides 
valuable insights into the relationship between 
environmental exposure to brick kiln emissions 
and respiratory health, serving as a foundation for 
future research and public health interventions.

Given the significant association between 
frequent exposure to brick kiln smoke and 
respiratory symptoms, immediate policy actions 
are needed to reduce exposure in residential areas 
near artisanal kilns. Authorities should enforce 
stricter environmental regulations to ensure 
that brick kilns implement cleaner production 
methods, such as transitioning from biomass 
fuels to less polluting alternatives or adopting 
more efficient kiln designs that reduce emissions. 
Urban planning regulations must also prioritize 
creating buffer zones between residential 
developments and industrial activities, such as 
brick kilns, to minimize exposure to harmful 
pollutants. Additionally, community-level 
interventions, such as awareness campaigns 

about the health risks associated with air pollution 
and measures to improve indoor air quality, 
including proper ventilation and air filtration 
systems, could further mitigate the impact of 
smoke exposure. Collaborative efforts between 
local governments, public health institutions, 
and the affected communities will be crucial in 
designing and implementing these interventions 
effectively.

Conclusion

Residents of the gate community who are exposed 
to smoke generated by artisanal brick kilns more 
than three times a week have a higher risk of 
experiencing respiratory symptoms, with sneezing 
being the most frequently reported symptom. 
While no statistically significant association was 
found between respiratory symptoms and factors 
such as distance to the kilns, sex, or age, the 
results highlight the critical role of cumulative 
exposure in residential settings.

To address these findings, it is essential to 
enforce environmental regulations that promote 
cleaner production practices in artisanal kilns. 
Furthermore, establishing adequate buffer 
zones between residential areas and industrial 
activities is necessary. These measures could 
significantly reduce the health risks associated 
with air pollution and improve the quality of 
life for affected communities. Future research 
should focus on quantifying pollutant levels and 
exploring additional confounders to strengthen 
the evidence base for these interventions.
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