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Abstract

Air pollution poses a significant public health risk, particularly in
artisanal brick production. This study assessed air quality and its impact
on the pulmonary function of workers in Tlaquepaque, Jalisco, Mexico
[2023-2024]. Measurements of PM,s, PM;o, CO-, and formaldehyde
[H2CO] were conducted across four zones using portable monitoring
devices, complemented by spirometry tests. PM, s concentrations [up to
636 ng/m*] and PM;, [up to 902 pg/m?] exceeded regulatory limits, with
higher severity in zones 2 and 4. CO2 and H,CO levels also surpassed
reference thresholds, especially during and after rainfall. Weak winds
limited the dispersion of pollutants. Spirometry results revealed that
48.1% of workers showed obstructive impairment, predominantly in the
Suggestive of Obstruction category, with Mild, Moderate, and Severe
obstruction each accounting for 11%. The findings underscore the urgent
need for mitigation measures and public policies to safeguard
occupational and environmental health.

Assessment of Lung Function Using Spirometry in Brick Factory Workers: Impact of Air
Pollution in Tlaquepaque, Jalisco (2023-2024).

Method

+ Monitoring of PMys,

Resumen

La contaminacion del aire representa un riesgo significativo para la salud
publica, especialmente en la produccion artesanal de ladrillos. Este
estudio evaluo la calidad del aire y su impacto en la funcion pulmonar de
trabajadores en Tlaquepaque, Jalisco, México [2023-2024]. Se midieron
PM, s, PM,o, CO: y formaldehidos [H,CO] en cuatro zonas utilizando
equipos  portatiles, complementados con espirometrias. Las
concentraciones de PM; s [hasta 636 ug/m®] y PM; [hasta 902 pg/m?]
superaron los limites normativos, con mayor severidad en las zonas 2 y
4. E1 CO2 y H,CO excedieron valores de referencia, sobre todo durante y
después de lluvias. Vientos débiles limitaron la dispersion de
contaminantes. El 48.1% de las espirometrias evidencié compromiso
obstructivo, predominando la categoria Sugerente a Obstruccion y con
Obstruccion Leve, Moderada y Grave distribuidas homogéneamente con
11% cada una. Los hallazgos evidencian la urgencia de medidas de
mitigacion y politicas publlcas para proteger la salud laboral y ambiental.
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Introduction

Air pollution plays a crucial role in public health,
especially in industrial areas where emissions of
various pollutants are a significant concern
[Rodriguez et al., 2020]. This phenomenon is a
key feature of developing urban environments,
where industrial activity and population density
combine to create conditions that can be harmful
to human health [Pefia, 2023]. In the context of
brick production, a predominant artisanal sector
in Tlaquepaque, Jalisco, Mexico, exposure to air
pollutants is a major concern due to the
combustion processes involved in brick
manufacturing [Gallegos et al, 2006].

Inhalation of fine particles, such as PM> 5
and PMio, as well as gases such as CO> and
H>CO, has been shown to have significant
adverse effects on lung function, highlighting
the need for studies assessing the respiratory
health of exposed workers [Nicolaou, 2024;
Raza et al 2022; Berumen et al 2021; Wei et al
2024].

Artisanal brick production in
Tlaquepaque represents a vital economic sector
that  nevertheless  carries  considerable
environmental and health risks. Brick kilns,
typically fuelled by solid fuels such as wood and
waste, are sources of pollutant emissions that
contribute to the degradation of air quality
[Berumen et al, 2021].

Recent studies have linked prolonged
exposure to fine particles and harmful gases to a
range of respiratory problems, including
decreased lung function, increased incidence of
chronic respiratory diseases, and exacerbation of
pre-existing conditions such as asthma [Raza et
al., 2021; Angarita 2023; Pannia 2023]. Previous
research has documented that PM>s and PMio
particles, due to their ability to penetrate deep
into the lungs, are particularly harmful, causing

inflammation and reducing respiratory capacity
[Chen et al., 2022].

Recent evidence suggests that exposure
to HxCO, a volatile organic compound
commonly emitted by combustion processes,
can have acute and chronic toxic effects on the
respiratory system and is referred to as a major
urban risk factor for the development of some
types of cancer [Khoshakhlagh et al, 2024;
Olaguer, 2023].
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It has previously been observed that CO»,
although less studied in the context of air
pollution, can contribute to the burden of air
pollutants and indirectly affect respiratory health
[Taha et al, 2025; Salthammer, 2024].

The assessment of lung function through
spirometry is a fundamental diagnostic tool that
allows the quantification of the effects of
exposure to these pollutants on the respiratory
capacity of individuals [Rahman et al, 2019].

This approach is essential for
understanding the magnitude of the impact of air
pollution on the health of brick production
workers and nearby residents.

Despite growing evidence of the adverse
effects of air pollution, there are significant gaps
in  knowledge about how these specific
pollutants  affect occupationally exposed
populations in artisanal settings. Most studies
have focused on urban areas with more diverse
sources of pollution, leaving a gap in
understanding the effects on communities that
depend on artisanal brick production.

This study addressed the need for a
comprehensive assessment of air quality and
respiratory health in Tlaquepaque, Jalisco, an
area with a high concentration of brick kilns,
where pollutant emissions are an environmental
and public health concern.

The overall objective of this research was
to investigate the relationship between air
pollution and lung function in brick production
workers in Tlaquepaque, Jalisco, Mexico, during
the period 2023-2024. Systematic air quality
monitoring was carried out, measuring
concentrations of PMz s, PMjo, CO2 and H>CO,
together with meteorological variables such as
wind direction and speed, to assess the impact of
these pollutants on the respiratory health of
workers.

Spirometry tests carried out during a
health campaign determined the prevalence of
lung function disorders, providing empirical data
on the effects of exposure to specific pollutants.

This study is pioneering in its focus on
artisanal brick poduction and its impact on
respiratory health, offering a unique perspective
on the environmental and public health
challenges in areas of artisanal brick production.
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By addressing gaps in the literature, this
research provides a solid basis for the
development of public health policies and
mitigation strategies that protect the health of
workers in Tlaquepaque and similar areas.

The combination of  detailed
environmental monitoring and respiratory health
assessment provides a comprehensive view of
the impact of air pollution in this specific
context, highlighting the importance of effective
interventions and mitigation strategies to reduce
exposure to harmful pollutants. This holistic
approach not only seeks to improve the quality
of life of brick production workers, but also to
set a precedent for future research in similar
artisanal settings.

In the context of increasing
industrialisation and urbanisation, it 1is
imperative to understand how specific pollutants
affect respiratory health in communities
dependent on artisanal production. The lack of
comprehensive studies in these areas has limited
the ability of policymakers to implement
effective measures that address environmental
and public health concerns. By filling these gaps,
this study provides empirical data that can guide
policy formulation and the implementation of
safer and more sustainable practices in brick
production.

Furthermore, the research highlights the
importance of integrating occupational health
and environmental protection into regional
economic development. By providing scientific
evidence on the risks associated with exposure
to pollutants in artisanal brick production, it
underscores the need to adopt cleaner
technologies and safer production practices that
can reduce emissions and improve the health of
workers and surrounding communities.

Methods

This study was conducted in the southern part of
the municipality of Tlaquepaque, Jalisco,
Mexico, a region known for its intense artisanal
brick production activity.

The study areas were selected according
to specific criteria that ensured the
representativeness and relevance of the data
obtained. Four study areas were defined, each of
which included at least five brick kilns and were
located in proximity to residential or educational
areas [Figure 1].
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Figre 1
Location of the study areas, south of the
Municipality of Tlaquepaque, Jalisco

A total of nine measurement points were
established in each of the study areas: eight
distributed around the perimeter of the study
area and one in the centre, providing a
representative value for each of the pollutants
studied [Figure 2]. The choice of these points
was based on a systematic design that considered
the potential dispersion of pollutants from
emission sources to surrounding areas.
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Figure 2

Distribution of measurement points in each
study area

The study was conducted during the
period from August 2023 to April 2024,
covering three monitoring phases that
corresponded to different climatic conditions:
during rains [August-September], after the rains
[November-December], and before rains
[March-April].

This temporal design allowed for the
evaluation of seasonal variations in pollutant
concentrations and their relationship to
prevailing weather conditions.

Vargas-Chi, Melisa del Carmen, Figueroa-Montafio, Arturo, Orozco-
Medina, Martha Georgina and Martinez-Abarca, Javier Omar. [2025].
Assessment of lung function using spirometry in brick factory workers:
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For air quality monitoring, the Temptop
M2000 portable device was used, designed to
measure concentrations of PMz s and PM o, COa,
and  H,CO.  Meteorological  variables,
specifically wind direction and speed, were
recorded using the Vantage Pro2 Duo 6162
portable weather station. This equipment
provided accurate data on wind patterns, which
is crucial for understanding the dispersion of
atmospheric pollutants. At each of the
established points, measurements were taken for
10 minutes, seeking stability and safety, both for
air quality and wind, ensuring that the
meteorological data could be correlated with the
pollution data.

In October 2023, in order to assess the
lung function of workers, a respiratory health
campaign was carried out with the support of the
Respiratory Therapy Unit of the Civil Hospital
of the University of Guadalajara. For this
purpose, a PC-Easy on PC-based intuitive
solution spirometer was used to perform
spirometry on volunteer workers. Participants
were selected through convenience sampling,
obtaining a sample of 27 adult participants,
ensuring the inclusion of individuals of different
ages, working conditions, and an almost equal
distribution between women and men, 14 and 13
respectively, providing a comprehensive view of
respiratory health in the study community.

Spirometry was performed following
strict protocols to ensure the accuracy and
reproducibility of the results. Individuals were
instructed on the procedure and provided with a
controlled environment for testing.

To categorise the results, the Respiratory
Therapy Unit relied on the Global Initiative for
Chronic Obstructive Lung Disease [Agusti et al,
2022] and the Spirometry Manual by Pérez et al.,
2016, resulting in five categories of spirometry:

1] Suggestive of obstruction, indicating the
presence/onset of a loss of lung function but
without confirmed damage,

2] Mild obstruction, damage is already present
but in its early stages,

3] Moderate obstruction, the damage is more
pronounced, there is already a loss of lung
function and medical follow-up is required,
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4] Severe obstruction, the patient's lung function
is already compromised and in many cases
irreversible

5] Normal, airflow percentages are within
normal ranges, but lung disease cannot be ruled
out.

The data obtained were analysed to
identify patterns of deterioration in lung function
that could be related to exposure to air pollutants,
especially those emitted by brick-making
activity. This comprehensive methodological
approach allowed not only for detailed
characterisation ~ of  air  quality and
meteorological conditions, but also for direct
assessment of the impact of these variables on
the respiratory health of exposed individuals.

The combination of environmental and
clinical data provides a solid basis for
identifying risks and developing mitigation
strategies that can be implemented in the future
to protect the health of communities affected by
air pollution in this region.

Results and discussion

The results are described with an emphasis on the
distribution of pollutants and the comparison of
the recorded pollution levels with national air
quality standards for PMio and PM;s [NOM-
025-SSA1-2021].

With regard to CO; and H>CO, Mexico
does not have specific regulations for their
monitoring and control, so the description and
comparative analysis of these is based on the
information reported in the work of Xia et al,
2020 on regional transport and combustion
efficiency, using CO2 and CO as markers. With
regard to H>CO, the value of 0.010 ppm
recommended by the Office of Environmental
Health Risk Assessment [OERSA] and referred
to in the work of Zhang et al., 2022, was taken
as a reference. The distribution of the
meteorological variables of wind speed and
direction, which are key to the transport and
dispersion of pollutants, is also described.

Table 1 summarises the results of the study,
emphasising the pollutants studied, the
standardised value or value referred to in the
literature, and the range of concentrations above
the specific values for each pollutant, for each of
the study periods and areas.
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The standard values of 33 and 60 pg m™
for PM» s and PM particles correspond to the
daily average value as the exposure limit that
defines the threshold for the manifestation of
health impacts. In particular, these levels have
been adjusted based on the review and
recommendations proposed by the World Health
Organisation in September 2021, supported by
scientific evidence collected and analysed since
the last update of the air quality guidelines,
which had been in force since 2005.

The new WHO global guidelines [WHO,
2021] on air quality provide clear evidence of the
damage that air pollution inflicts on human
health at concentrations even lower than
previously assumed. The guidelines recommend
new air quality levels to protect the health of
populations by reducing levels of key air
pollutants, some of which also contribute to
climate change.

PM3s

The results of measurements taken at artisanal
brick production sites recorded highly variable
concentrations of PMas5, which was to be
expected given the diversity of conditions
present.

These include the weather, the size of the
kilns, and the type and amount of fuel used for
firing, as wood, sawdust, firewood and a wide
variety of solid waste are used as fuels.

Overall, in the study, the range of
concentrations that exceeded the standard value
of 33 pg m™ ranged from 40 to 636 ug m™>.
Regarding the distribution of these values by
study period, it was observed that the period
Before Rainfall [28%] and the period After
Rainfall [25%] had a slightly higher distribution
compared to the period During Rainfall [21%]
[Table 1].

The occurrence of the highest average
during the During Rainfall period [216 pg m?]
could be related to the conditions of the
magnitude and direction of the prevailing wind
at the time of measurement, which may have
directed the pollution plume towards the sensor,
or perhaps coincided with the most active
moment of combustion when the highest particle
emissions are generated.
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In each of these study periods, zones 2
and 4 stand out with the highest proportion of
records above the limit established for health
protection, with a percentage of occurrence of
56% and 67% of the total number of points
sampled in each of the study zones [Table 1].

The findings of the study on fine particles
pose significant health risks due to their ability
to penetrate deep into the lungs, enter the
bloodstream, and distribute to various organs.
Their systemic effects are largely mediated by
inflammation and oxidative stress, contributing
to a wide range of diseases [Carazo et al, 2013;
Balmes, 2015; Carmo et al, 2013]

Table 1
Air pollutants and comparison with standard
values based on Mexican Official Air Quality
Standards

Range of
concentrations
> to standard
or reference

Average and  Percentage
percentage of

of violations  violations
per period by area

Pollutant/standard
or reference value

value
Before the Zone 2
rains [179 /  [56%)]
PM>5/33  ug m? 28%]
[NOM-025-SSA1- . 3 During rains  Zone 2
2021) 40-636ugm™ 13167219 [56%]
After the Zone 4
rains [171 /  [67%]
25%]
Before the Zone 2
rains [301 /  [56%]
PM,;y/60 ug m 28%]
3 . .
°[NOM-025-SSA1- . During rains  Zone 1
2021) 06-901.6 ug 1™ 1306 /21951 [33%]

After the Zone 4
rains [314/ [67%]
26%]

Before the Zone 2
rains [678/  [22.22%)]
CO,/550 ppm [Xia 8%]

etal, 2022] During rains  Zone 1
336-834ppm 605 305 [11.11%)
After the Zone 4
rains [649/  [44.44%]
14%]
Before the Zone Il and
rains [0.025  zone 2
/81%] [100%]
During rains  Zone 3 and
FORMALDEHIDOS [0.041 /  Zone 4
H,CO/0.010  ppm 91%] [100%)]
[Zhang et al, 2022] After the In the 4
0.010-0.102 rains [0.029  study
ppm /100%] areas
[91%] 100% of
values
exceeded
the
reference
value.
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PARTICLES PMyy

Concentrations of this pollutant that exceeded
the standard value of 60 ug m™ ranged from 66
to 902 pg m. Similar to the distribution of fine
particles, the highest proportion of values above
the standard were recorded in the pre-rainfall
period [28%] and post-rainfall period [26%]. For
the period during rainfall, the number of records

above the reference value reached 21% [Table 1].

By study area, the distribution of critical
conditions was recorded most frequently in areas
2 and 4, where pollution levels for this pollutant
exceeded the reference value in 56% and 67% of
cases during the pre-rainfall and post-rainfall
periods, respectively [Table 1].

The coarsest particles, measuring 10 pm,
are efficiently trapped by the body's respiratory
defences, including the nasal passages and the
mucociliary clearance system. This limits their
penetration into the deepest parts of the lungs
and reduces their potential to cause systemic
health effects. However, they can still contribute
to respiratory irritation and exacerbate
conditions such as asthma. Their overall impact
on health is considered less significant compared
to smaller particles. Continuous and long-term
exposure to airborne particles has been linked to
respiratory diseases, cardiovascular diseases and
premature death [Belkin, 2024; Adah, 2023;
Raju, 2020].

CO,

COaz is a colourless, odourless gas that is a natural
component of the Earth's atmosphere. Although
essential for processes such as photosynthesis,
CO:2 is considered an air pollutant when its levels
in the atmosphere increase significantly due to
human activities, mainly the burning of fossil
fuels, deforestation, and certain industrial
processes.

The main anthropogenic sources of CO»
include the combustion of coal, oil, and natural
gas, as well as cement production and
deforestation. Unlike other air pollutants such as
carbon monoxide or sulphur dioxide, CO> is not
toxic at typical outdoor air concentrations.

However, its role as a pollutant focuses
more on its indirect effects through climate
change and its impact on indoor air quality.
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In enclosed spaces, high levels of CO>
can indicate inadequate ventilation, which can
lead to the accumulation of other pollutants.
Exposure to high levels of indoor CO; [above
1000 ppm] can cause symptoms such as
headaches, dizziness, fatigue, and difficulty
concentrating [Chakraborty et al, 2014;
Medgyesi et al, 2017].

Xia et al, 2022, in their work on regional
transport and combustion efficiency, describe
the worst pollution events as those with
concentrations above 550 ppm. As there are no
specific regulations for this pollutant in Mexico,
the description of results is based on this
reference. Thus, the range of concentrations
above the reference value ranged from 556 to
834 ppm. Table 1 shows that the highest number
of concentrations above this value was 14% in
the period after rainfall, followed by the period
before rainfall with 8%. Similarly, for this
pollutant, zones 2 and 4 most frequently
exceeded the number of records above the value
referred to by Xia et al, 2022.

H>CO

Formaldehyde is a volatile organic compound
that plays an important role in atmospheric
chemistry. It is a common air pollutant of natural
and anthropogenic origin, and its presence in the
atmosphere can have implications for air quality
and human health [Dubey et al, 2021]. Due to the
wide variety of sources emitting this pollutant,
its presence was recorded in more than 80% of
the study periods, in a range of concentrations
from 0.010 to 0.102 ppm, exceeding the value of
0.10 ppm recommended by OERSA [Zhang et
al., 2022].

For each of the study periods, the average
concentrations were 0.025, 0.041, and 0.029
ppm, respectively. However, the period after
rainfall stands out because in 100% of the study
areas, the records were higher than the value
recommended by OERSA [Table 1].

This is because, in addition to the
emissions generated by the brickworks, the areas
studied during all periods were highly urbanised
areas, which had other fixed and mobile sources
that emitted or contributed to the presence of this
pollutant. Likewise, in the low humidity season,
this phenomenon is accentuated due to the dry
conditions of the atmosphere.
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Wind distribution

Studies on the urban climate of the Guadalajara
Metropolitan Area [ZMG] that refer to the
annual surface wind regime in the region
identify a higher occurrence of warm, humid
winds from the east, which are more intense and
prevalent in March, June, October, and
December, when the city reaches its maximum
ventilation.

On the other hand, winds from the west
are of medium intensity [average speed of 2 to 3
m s7'], so in January and July they tend to affect
the city's ventilation more frequently due to their
presence, and together with periods of calm,
which on average reach periods of up to eleven
hours, significantly affect the city's ventilation as
they are responsible for the accumulation of
pollutants in the atmosphere of the ZMG.
[Jauregui, 1992].
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Figure 3

Wind rose of the most frequent wind
directions [a] and magnitudes [b] recorded by
the wind pattern in the ZMG [Figueroa, 2005].

Figure 3 shows a clear predominance of
westerly [W] and easterly [E] winds and the
highest frequency magnitudes between 0.56-
1.50 m s-1. Also important are the wind
magnitudes classified as calm [<0.56 m s-1] and
light breeze [0.56-2.44 m s-1], which
cumulatively account for 61% of all the records
analysed in the graph.

This confirms the high potential for
accumulation of pollutants due to lack of
ventilation in the ZMG.
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Table 2
Wind distribution during monitoring

SPEED m/s

Direction |00~ |05- [1.0- [15- [2.0- [2.5- [3.0- |7otal

0.5 1.0 L5 2.0 2.5 3.0 3.5
N 2 5 4 1 1 1 14
NE 1 4 1 1 7
E 5 6 8 8 4 31
SE 4 7 2 1 1 15
S 4 5 2 11
SW 1 2 3 6
W 4 6 2 3 15
NW 4 2 1 1 8
TOTA
L 21 39 24 15 6 1 1 107

Table 2 shows the distribution of winds
recorded during the study. In line with the
studies by Jauregui, 1992, and Figueroa, 2005,
the wind pattern recorded a predominant
direction of E and W winds with frequencies of
31 and 15 of the total. The most frequent wind
speeds ranged from 0.0 to 1.5 m/s, which, based
on the Beaufort wind scale [Fortin, 2002], these
winds are classified as calm [<0.56 m/s] and
light [0.6-1.6 m/s], highlighting the favourable
conditions for the accumulation of pollutants in
the study areas, as 78% of the winds were calm
to light.
Statistically differences in
pollutants

significant

The results of the hypothesis tests to assess
statistically significant differences in PMa s and
PMio in relation to the different study periods
[before rain, during rain, after rain] were not
statistically significant [P>0.05]. Similarly, the
hypothesis tests for CO; did not yield
statistically significant results for either the
periods or the study areas [P>0.05].

With regard to the hypothesis tests to
assess statistically significant differences
between the different zones of study, the results
were statistically significant, with Zone 2
standing out with the highest average value for
both pollutants, P<0.05 [Figures 4a and 4b].
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Medians for the concentration of PM2.5
particles [a] and PM o [b]

Table 3 shows the results of the contrast
of means between the different zondes of study,
and emphasises the difference of the average
concentration recorded in zone 2 with the rest of
the study zones. In particular, the table
distinguishes two homogeneous groups, group A
with zones 3, 1, and 4; and group B consisting
exclusively of zone 2, where the average value
exceeds the average concentration for both
pollutants by two to three orders of magnitude.

Table 3

Homogeneous groups for study zones based on
statistically least significant differences [LSD

In relation to the zones, the highest
average was recorded in zone 2 [Figure 5b],
although the difference observed with zone 4 is
not statistically significant, so they form the
same homogeneous group C [Table 4]. Other
homogeneous groups that the table also
distinguishes by their overlap between the range
of concentration values, are groups A made up
of zones 3 and 1 with means of 0.022 ppm and
0.026 ppm, as well as zones 1 and 4 in group B
with means of 0.026 ppm and 0.031 ppm
respectively.

Table 4

Homogeneous groups for periods and zones of study
based on least significant statistical differences. [LSD

95%].
H2CO ppm H2CO ppm
Period | Media | Homogeneous | Zone | Media | Homogeneous
Groups Groups
Before | 0.021 A 3 0.022 | A
the
rains
After 0.029 B 1 0.026 | AB
the
rains
During | 0.038 C 4 0.031 BC
rains
2 0.039 C

Lung function analysis

Based on the results obtained through spirometry

95%).

PM.s pg m™ PMio pg m?

Zone | Media | Homogeneous | Zone | Media | Homogeneous
Groups Groups

3 28.5 A 3 46.3 A

1 36.9 A 1 60.6 A

4 49.9 A 4 95.3 A

2 122.3 B 2 191.1 B

Concerning H,CO, hypothesis tests were
highly significant for both periods and zones of
study [P=0.0007]. The results distinguish the
period during rainfall with the highest average
concentration of 0.038 ppm [Figure 5a]. These
levels could be justified due to the high solubility
of formaldehyde in water, so that higher
humidity or intermittency in water may facilitate
its dissolution and dispersion in the air.

0401 (X0.000
4 AJ . 4

|

|o

[>

Beoreniss  Duisgniss  Abernins 1 ) 3 P
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Figure 5
H,>CO concentration averages for periods [a] and
study areas [b].
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tests voluntarily administered to artisanal brick
production workers during the respiratory health
campaign, a worrying pattern of lung function
deterioration was identified. Of the 27
participants evaluated, 51.9% had results
consistent with normal lung function, while
48.1% showed some degree of obstructive
impairment in their respiratory capacity [Table
5]. This distribution shows a high burden of
respiratory morbidity, as almost half of the
workers show functional impairment consistent
with obstructive lung disease, probably of
occupational origin.

Table 5
Pulmonary function status of study participants
Suggestiv Mild Moderate |Severe
e of . q . |Norm |Row
Sex 3 obstructi | obstructi | obstructi
obstructi al total
on on on
on
Woman | 1 2 2 2 7 14
3.7% 7.4% 7.4% 7.4% 25.9% |51.9%
Man 3 1 1 1 7 13
11.1% 3.7% 3.7% 3.7% 25.9% |48.2%
Colum
a total 3 3 3 14 27
14.8% 11.1% 11.1% 11.1% 51.9% 1090‘00
0
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Of the 48.1% of cases with some degree
of obstructive impairment in their respiratory
capacity, 14.8% of participants were classified in
the suggestive to obstructive category,
corresponding to evidence of a loss of lung
function, but without confirmed damage.
However, the categories of mild, moderate, and
severe obstruction were evenly distributed at
11.1%.

These categories are related to the
presence of initial damage to compromised and,
in many cases, irreversible lung function [Table
5].

The presence of obstructive alterations in
almost half of the workers evaluated highlights
an alarming pattern. These findings are
consistent with chronic exposure to atmospheric
pollutants typical of the artisanal brick
production process, such as fine particles
capable of penetrating deep into the respiratory
tract, generating chronic inflammation and
bronchial remodelling, as well as toxic gases and
irritating chemical compounds that can induce
bronchoconstriction and exacerbate respiratory
diseases [Moreira et al, 2018; Montoya et al,
2014, Nicolaou et al, 2023; Patel et al 2023].

When comparing the spirometry results
in relation to the gender of the participants,
similar percentages of impairment were
observed [Table 5]. However, women show a
higher concentration of cases with moderate and
severe obstruction [4 of the 6 most severe cases],
which could suggest greater biological
vulnerability or differential exposure, possibly
associated with the type or duration of work
tasks, since women, in addition to participating
in the production process, are also involved in
food preparation, where they mainly use
firewood for cooking.

The higher prevalence of findings
suggestive of obstruction in men could indicate
earlier stages of lung deterioration, which
represents an opportunity for early detection and
intervention. These findings reinforce the
hypothesis that constant exposure to pollutants
such as PMjo, PMzs5, CO> and H,CO can
progressively compromise the respiratory health
of workers. Consequently, it is imperative to
establish  preventive  strategies, periodic
monitoring of lung function, improvements in
ventilation conditions, and mandatory use of

personal protective equipment in these industries.
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From a clinical point of view, the
alterations detected by spirometry are indicative
of a respiratory  obstructive  pattern,
characteristic of diseases such as chronic
obstructive  pulmonary  disease, chronic
bronchitis, or pulmonary emphysema. The
distribution of degrees of obstruction among
participants shows that lung damage is not only
common but, in some cases, has already reached
advanced stages.

Finally, this profile of respiratory
abnormalities is consistent with what s
described in the literature on the occupational
effects of working in industries exposed to
incomplete combustion and constant release of
atmospheric pollutants [Balmes, 2015]. The lack
of protective measures and adequate ventilation
in the workplace considerably increases the risk
of developing chronic respiratory diseases.

Thus, the data analysed highlight the
urgent need for health and regulatory
interventions to mitigate the respiratory risk
associated with this traditional productive
activity in Tlaquepaque.

Conclusions

This study identified that PM,s and PMio
particle concentrations in the southern part of the
municipality  of  Tlaquepaque,  Jalisco,
significantly exceeded the regulatory values
established for health protection, particularly in
zones 2 and 4. PM: s concentrations ranged from
40 to 636 ug m->, with the periods before and
after rainfall showing a higher proportion of
records above the regulatory limit.

Similarly, PMio concentrations reached
critical levels, ranging from 66 to 902 pug m->,
with adverse conditions prevailing during the
periods before and after rainfall. These findings
suggest that emissions from artisanal brick
production pose a significant risk to air quality
and, therefore, to the health of nearby
communities.

The present study reveals that CO2 and
H>CO concentrations also exceeded the
reference and recommended values, respectively.
In the absence of specific regulations in Mexico,
CO; concentrations were evaluated based on the
value referred to by Xia et al., 2022, showing
that zones 2 and 4 frequently recorded higher
levels, especially during the period before
rainfall.
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On the other hand, H,CO was detected in
more than 80% of the study periods, with
concentrations exceeding the value
recommended by OERSA, with the post-rainfall
period being the most critical. These results are
important because they provide information on
the presence of pollutants that not only affect air
quality but also have direct implications for
public health.

The wind distribution, predominantly
from the east and west and classified mainly as
weak winds, suggests a dispersion pattern that
could influence the concentration and transport
of pollutants. Low wind speeds could contribute
to the accumulation of particles and gases in the
study areas, exacerbating local pollution
conditions.

Clinically, the finding of obstructive
alterations in 48.1% of workers evaluated by
spirometry confirms the presence of significant
lung function impairment, consistent with
chronic conditions such as chronic obstructive
pulmonary disease. The similarity in prevalence
between sexes, together with the greater severity
observed in women, raises new lines of research
on biological differences and occupational
exposure in this sector.

This work contributes to the field of
environmental health by integrating
environmental measurements, statistical
analysis, and clinical evaluation within the same
methodological framework, generating local
evidence that strengthens the understanding of
the respiratory risks associated with artisanal
brick production. The results support the urgent
need for public policies that regulate emissions,

promote clean technologies, strengthen
environmental  monitoring, and  ensure
occupational respiratory surveillance
programmes.

Further work is needed to deepen the
understanding of pollutant emission and
dispersion mechanisms in this region. Future
research should focus on the detailed
characterisation of emission sources and the
development of predictive models that can
anticipate episodes of high pollution. In addition,
further research is needed to examine the long-
term effects of exposure to these levels of
pollution on the respiratory health of brick
factory workers.
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Further research should be conducted to
explore mitigation strategies that include cleaner
production technologies and environmental
regulation policies that specifically address the
problem of air pollution in artisanal brick
production areas. These efforts would contribute
significantly to improving air quality and
protecting public health in Tlaquepaque and
similar regions.
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