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RESUMO

Atmospheric pollution is one of the main consequences of
anthropogenic activities in the environment. The insertion
of particles suspended in the air, which are composed of dust, fumes,
microplastics, and aerosols emitted by industries, vehicles, and
constructions, alters the quality of the environment they are inserted
into, impacting both human health and the environment. Therefore,
this study aimed to identify the atmospheric particles that may
influence the air quality in the Region of Horténsias (municipalities of
Canela and Gramado) in Rio Grande do Sul state. The concentrations
of the particulate matter PM,, and PM, = were evaluated at two
sites from April 2021 to April 2022. The fine and coarse particulate
matter sampler (FCS) was used to collect samples at the site located
in Canela. In Gramado, besides the FCS, a dichotomous sampler was
also used. The filters were observed under a microscope to evaluate
the presence of polymeric material. The selected particles were
then analyzed by scanning electron microscopy (SEM) coupled with
energy-dispersive x-ray spectroscopy (EDS). Six samples of PM, . did
not meet the air quality standards recommended by the World Health
Organization guideline. The results demonstrated low air quality, and
the microscopic analysis detected the presence of particles with
polymeric material characteristics. These particles suggest traces of
microplastics, in addition to the presence of vehicular soot and fly ash
when analyzed by SEM/EDS.

Keywords: air quality monitoring; particulate matter analysis;
environmental health; fine and coarse particles.

Apoluicdoatmosféricaéumadasprincipais consequénciasdasatividades
antrépicas no meio ambiente. A inser¢do de particulas suspensas no
ar, compostas por poeiras, fumos, microplasticos e aerosséis emitidos
por industrias, veiculos e construgdes, altera a qualidade do ambiente
em que estdo inseridas, impactando tanto a saide humana quanto o
meio ambiente. Portanto, este estudo teve como objetivo identificar
as particulas atmosféricas que influenciam a qualidade do ar na Regido
de Horténsias (municipios de Canela e Gramado) no Rio Grande do
Sul. As concentragGes do material particulado MP, e MP, foram
avaliadas em dois locais no periodo de abril de 2021 a abril de 2022.
O amostrador de material particulado fino e grosso (AFG) foi utilizado
para coleta de amostras no local localizado em Canela. Em Gramado,
além do AFG, também foi utilizado um amostrador dicotomico.
Os filtros foram observados ao microscopio para avaliar a presenca
de material polimérico. As particulas selecionadas foram entdo
analisadas por microscopia eletrénica de varredura (MEV) acoplada a
espectroscopia de raios x por dispersdo de energia (EDS). Seis amostras
de MP, nao atendiam aos padrdes de qualidade do ar recomendados
pelas diretrizes da Organizagdo Mundial da Saude. Os resultados
demonstraram baixa qualidade do ar, e a analise microscdpica detectou
a presenga de particulas com caracteristicas de material polimérico.
Essas particulas sugerem vestigios de microplasticos, além da presencga
de fuligem veicular e cinzas volantes quando analisadas por MEV/EDS.

Palavras-chave: monitoramento da qualidade do ar; andlise de material
particulado; saide ambiental; particulas finas e grossas.
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Introduction

Air quality is a significant public health concern (Li, T et al., 2018).
It is estimated that nearly the entire global population inhales pollut-
ed air that exceeds the limits set by the World Health Organization
(WHO, 2021) guidelines. The main atmospheric pollutant present in
the environment in high concentrations is particulate matter (PM),
which can reduce the average life expectancy by 2.2 years worldwide
(Aqli, 2020). The origin of these particles is directly associated with
anthropogenic emissions and their effects are related to systemic in-
flammation, oxidative stress, and mutagenicity in cells throughout the
body, affecting organs such as the lungs, heart, and brain (Yurak and
Fedorov, 2024).

PM is a set of pollutants composed of dust and fumes and any other
solid or liquid matter dispersed in the air. These particles have aerody-
namic properties, including their diameter, which is used to classify
them. Inhalable coarse particles have less than 10 pum diameter, capable
of passing through the upper respiratory tract and reaching the lungs.
In contrast, fine particles have a diameter of 2.5 um or less and are
considered a main indicator of population health (Payne et al., 2023).

PM concentration in the atmosphere is associated with stationary
sources, such as combustion processes in boilers and mobile sources,
with an emphasis on vehicle emission (Guimaraes, 2017). In large ur-
ban centers, the growing number of vehicles has brought impacts on
the environment and citizens™ quality of life, such as the soot expelled
from vehicle exhaust that accumulates on streets and facades of build-
ings. It is possible to verify the immediate effect, as the flow capacity
in vehicle traffic becomes reduced, resulting in increased fuel burning
and emission of pollutants substances into the air (IPEA, 2011; Crisp-
im et al., 2012). Depending on the stability of the atmosphere, topog-
raphy, and meteorological conditions of the region, PM can propagate
over long distances and form complex compounds of pollutants with
varied physical-chemical properties and toxicities (Guimaraes, 2017).

The presence of PM is also associated with polymeric particles, that
can be found in the form of fragments, films, and fibers due to their
widespread use throughout the world (Pal et al., 2025). Microplastic
particles are synthetic organic compounds characterized by having a
size smaller than 5 mm. When released into the environment, these
compounds undergo continuous processes of photooxidation and
chemical weathering, which can alter their structure and result in their
fragmentation. The toxicity of microplastics involves exacerbated ox-
idative stress and cytotoxicity, as well as the translocation of the ma-
terial through the bloodstream to peripheral tissues, leading to prob-
able potential inflammatory lesions due to their affinity with tissues
(He et al., 2023).

The shape of microplastics has been used to associate with their
origin and transport. Among the types and shapes most commonly
reported in the literature are filaments and fibers, which are associ-
ated with the degradation and erosion processes of plastic particle

surfaces, as well as the time they remain in the environment. In a

2

study conducted by Li, Y et al. (2018), microplastic fibers were detect-
ed in abundance, with over 80% of the fibers analyzed by scanning
electron microscopy (SEM) measuring less than 20 pm. The main
sources of contribution were identified as dust from the surface and
construction sites.

According to the Environmental Company of the State of Sdo
Paulo (CETESB, 2019), air quality can also be altered depending on
meteorological conditions that determine a higher or lower concen-
tration of PM in the atmosphere. Due to its harmful effects on the
environment and human health, PM is used as an indicator of air
quality. This pollutant is used as an indicator because it is linked to
a higher frequency of occurrences and damaging effects on the envi-
ronment and human health.

The municipalities included in this study are located in a region
where the local economy is largely driven by tourism activity, focused
on economic factors. However, this economic activity impacts nega-
tively, such as overcrowded facilities and vehicle congestion (Vidal and
Riedl, 2016). These occurrences reflect the introduction of atmospher-
ic pollutants into the air, from stationary sources, such as combustion
processes in boilers, and mobile sources, in particular vehicular emis-
sions (Crispim et al., 2012).

Thus, atmospheric monitoring is an important tool that assists
in the evaluation of current air quality conditions and ensures that
the guidelines are being implemented. The absence of such monitor-
ing can hinder the assessment of pollution’s impact on public health
(WHO, 2021).

Therefore, the present work aimed to perform a case study to (i)
evaluate the concentration of PM

2.5-10
in the municipalities of Canela and Gramado, located in the Region

and PM, ; in two selected sites

of Horténsias (RS); (ii) analyze the morphology of particles present in
PM, . ,and PM

2.5-10
compare the PM concentrations with the standards established by the

WHO guidelines.

. (iii) evaluate the presence of microplastics; and (iv)

Methods

Study area

The PM samples were collected from two urban areas in the mu-
nicipalities of Canela and Gramado, located in the Region of Hortén-
sias in the state of Rio Grande do Sul, Brazil. These cities mainly
rely on tourism as their economic activity. Gramado has the largest
tourist infrastructure in the state, attracting an average of 6.5 mil-
lion people per year, and is considered a national reference in the
promotion of events. It is also considered one of the ten most visited
and safest destinations in Brazil (Ministério do Turismo, 2020), with
an estimated population of 36,384 inhabitants and a territorial area
of 239.341 km?, being delimited to the North by the municipality of
Canela, which has 45,857 inhabitants and covers an area of 253 km?
(IBGE, 2022).
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According to the State Department of Transit (DETRAN, 2022),
Gramado had a fleet of 21,418 vehicles in 2012, and as of 2022, this
number increased to 30,529, representing 41% of new vehicles circu-
lating in the municipality over the past decade. Statistical data on the
vehicle fleet reported between January and July 2021 by the Empresa
Gatcha de Rodovias (EGR) demonstrated that more than 1.3 million
vehicles entered Canela and Gramado through the toll plazas on the
access paths to these municipalities, resulting in approximately 3.6 mil-
lion visitors during this period. The highest vehicular traffic record was
reported in July 2021, allowing access to more than 732,000 tourists
(EGR, 2021).

The sampling site in Gramado is located in a central area 230 me-
ters from the RS-235 highway and 650 meters from the RS-115 high-
way. The sampling site in Canela is also located in a central area, 260
meters from the RS-235 highway and 270 meters from one of the main
tourist attractions in the city, the Catedral de Pedra. These highways
serve as the main access route to these municipalities. Some of the ob-
served impacts are overcrowded facilities and intense vehicle conges-
tion (Vidal and Riedl, 2016).

The sampling sites were in areas influenced by activities that at-
tract visitors, such as the gastronomic and hotel sectors, as well as areas
characterized by the intense flow of vehicles, according to the Amer-
ican Society for Testing and Materials (ASTM), which defines the
conditions under which the sampler must be installed (ASTM, 2006).
Figure 1 shows the location on the map of the PM sampling sites in the

Region of Horténsias in the municipalities of Canela and Gramado.

Figure 1 - Sampling sites in the cities of Canela (S1) and Gramado (S2).

3

Particulate matter sampling
The PM,,and PM,,

and April 2022 for 24 hours, covering all seasons of the year. However,

samples were collected between April 2021

sample losses were registered in May and June 2021 for Gramado and
in April and November 2021 for Canela. In this study, a total of 44 sam-
ples were gathered (n=11 for PM,, and n=11 for PM
and n=11 for PM, , and n=11 for PM, _  in Canela).
The MCZ Dichotomous Particulate Sampling System (MicroPNS-Di-
choto model) was used to collect 12 samples in the city of Gramado
(n=6 for PM, , and n=6 for PM, ), from November 2021 to April 2022.
The equipment performs the inertial separation of fine and coarse parti-

1510 in Gramado

cles by a virtual impactor, dividing the sample flow into two separate sys-
tems and fractioning the air sample at a sampling flow rate of 900 L min™
(PM,,) and 100 L min™* (PM, , , ). The PM, , | particles are directed to the
first deposition layer and deposited on a 47 mm diameter polycarbonate
membrane filter, while the PM, , particles are collected separately in anoth-
er membrane with the same specification (Costa et al., 2018).

All collections in Canela were performed using the fine and coarse sam-
pler (FCS), and an additional 10 samples were taken in Gramado during
May and October 2021 (n=>5 for PM, , and n=5 for PM, , |

has two polycarbonate filters arranged in series, with the first stage retaining

). The equipment

the coarse fraction (PM, . ), while the second stage is composed of a 2 ym

2.5-10
pore filter and is responsible for the collection of PM, .. The sampler is con-
nected to a vacuum pump, and the airflow measurements are performed
using a volumetric gas meter (LAO brand, G1.6 model), which remains con-

nected to the equipment during the sampling period (Teixeira et al., 2011).
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The sampling filters were weighed before and after each collec-
tion and then stored in a desiccator for 24 hours to remove moisture.
The PM concentrations were calculated using a gravimetric method,
with a Shimadzu analytical balance model AUW220D.

Microscopic analysis

The mapping of particles, such as microplastics, was carried out
using an optical microscope (Olympus CX41 model) with a sam-
pling effort of 15 minutes for each sample and magnification up to
400 times. Optical light microscopy was the first characterization
technique used to investigate microplastics, providing information
on their size, thickness, degradation stage, and color. The light trans-
mitted by the light source is focused and intensified by a lens that
illuminates the object of interest, and the magnification produced by
the image is determined by the powers of the ocular and objective
lenses. Most of the objective lenses are designed for imaging air sam-
ples (Mertz, 2019).

In this study, 24 samples presented characteristics of polymeric
particles, such as color and shape. Part of the filter section that con-
tained the particle of interest was removed and subjected to morpho-
logical analysis and chemical characterization, following the steps de-

tailed in Figure 2.

11

SEM: scanning electron microscopy; EDS: energy dispersive x-ray spectroscopy.
Figure 2 - Step flowchart for microscopic analysis through scanning
electron microscopy, and energy dispersive x-ray spectroscopy.

4

Morphological analysis and chemical characterization

The scanning electron microscope (SEM) was used for mor-
phological analysis. Twenty-four samples were selected and pre-
liminarily assessed by an optical microscope. The analysis provided
sample characterization by employing an electron beam accelerat-
ing voltage of 10 and 20 kV, combined with energy dispersive x-ray
spectroscopy (EDS). These techniques made it possible to analyze
particles individually, allowing for the description of their compo-
sition and morphology at a magnification of up to 6,000 x (Micic
et al., 2003).

Meteorological data

The meteorological data were obtained from the National Insti-
tute of Meteorology (Instituto Nacional de Meteorologia - INMET)
station located in the municipality of Canela, which was chosen due
to its proximity to the sampling site. The station is identified as
Canela A-879, with code OMM 86990, and is located at an altitude
of 831 meters, with coordinates of latitude -29.368788° and longi-
tude -50.827231°.

The wind direction and speed data obtained from the monitoring
station during the sample collection period were used to prepare a
wind rose. These meteorological data were then used to evaluate the re-
lationship between wind conditions and PM concentrations observed
in this study.

The WRPLOT View 8.0 software was used for graphical repre-
sentation, enabling a wide view of the distribution of wind speed and
direction in a given location. Figure 3 represents the distribution of
wind in the North, South, East, and West directions during the studied
period, allowing for the identification of the prevailing winds on the

days of the collections.

Figure 3 - Wind rose of the sampling sites from April 2021 to April 2022.
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Figure 3 reveals that the predominant wind direction occurred
from North to South, with a predominant wind speed between
3.60 and 5.70 m s, followed by a portion of wind speed between
2.10 and 3.60 m s'. As for the speed of the South to North winds,
it was observed a range between 2.10 and 3.60 m s, followed by
calm winds, with speeds between 0.50 and 2.1 m s. The resulting
vector was 53° and represented 14.1% of the total winds, indicating
that the directions fluctuated frequently during the sampling peri-
od. Calm winds in this study represented only 0.71% of the total.
The predominant wind speed (21.5%) was recorded between 2.10
and 3.60 m s,

Results and Discussion

Fine and coarse particulate matter

Figure 4 presents the concentrations of PM,, and Figure 5
shows the concentrations of PM,,
at the collection sites in Canela (S1) and Gramado (S2) between
April 2021 and April 2022. It was noted that the concentrations
obtained for both PM, and PM,, |

ipality of Gramado compared to Canela. The results demon-

, including values obtained

were higher for the munic-

strated that five samples of PM,, and six samples of PM,
were not in accordance with the air quality guidelines estab-
lished by the WHO.

The highest concentrations of PM,, were reported in Decem-
ber 2021 in Canela (21.52 ug m™) and Gramado (102.50 ug m?),
exceeding the air quality standards recommended by the WHO
guidelines (15 pg m). Although Brazilian legislation (CONAMA
491/2018 [Brasil, 2018]) establishes less restrictive conditions (60
pg m?), the WHO global air quality guidelines, updated in 2021,
provide new evidence-based standards concerning the air pollu-
tion’s impacts on health (WHO, 2021).

Figure 4 - Concentrations of PM, _in Canela (S1) and Gramado (S2)
between April 2021 and April 2022.

5

High concentrations were also recorded in Canela (SI) and
Gramado (S2) in October 2021. Such periods (October and December)
comprise the time when major events occur in the cities. The festivities
were estimated to attract over 3.7 million visitors.

The concentration of PM, , (18.41 pg m™) reported for Gramado
(S2) in October 2021 was observed under the incidence of prevailing
winds blowing from the South to Northeast, with speeds ranging from
2.10 to 3.60 m s™. To the South of this location are the two main routes
that receive significantly vehicles accessing the city. Alves et al. (2020)
demonstrated that vehicular and industrial emissions were the primary
sources contributing to the incidence of PM in the cities of Sdo Leop-
oldo and Canoas in Rio Grande do Sul, Brazil. The impacts of atmo-
spheric particles are indicated in epidemiological studies that provided
sufficient evidence for the WHO to determine that short- and long-
term exposures to PM, _ are related to negative effects on respiratory
health (WHO, 2021).

Regarding PM
November 2021 and April 2022 showed concentrations that exceed-

5510 Six samples collected in Gramado (S2) between
ed the values considered safe for public health (60 pug m~) according
to the WHO (2021) guidelines. Conversely, the results obtained for
Canela (S1) were in accordance with the air quality standards for PM,
,» With the highest concentration observed in December 2021 (35.08
ng m?). Coarse particles commonly have their origin associated with
natural sources and can be generated through the resuspension of solid
materials under conditions of great atmospheric stability. The trans-
portation of PM at higher altitudes can occur over long distances, lead-
ing to pollutant concentrations at ground level, even in the absence
of nearby pollution sources (Hwang et al., 2024). Alves et al. (2020)

correlated atmospheric particles found in PM_ . samples with natural

2.5-10
sources associated with the Earth’s crust. However, since the sample
content was not subjected to more advanced analysis, the association

of these particles with natural sources remains suggestive in this study.

Figure 5 - Concentrations of PM,, | , in Canela (S1) and Gramado (S2)
between April 2021 and April 2022.
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Microscopic analysis

The criteria for the identification and classification of particles
under the microscope followed the procedures described by De-
hghani et al. (2017), regarding the analysis of color and shape of
particles. The shape of polymeric particles is attributed to fibers,
fragments, and spheres. The colors can be varied; predominantly
among them, are the colors black and blue. Figure 6 presents some
of the particles analyzed under the microscope.

The atmospheric particles indicated in Figures 6A, 6B, and
6C correspond to PM, ,, while the particles identified in Figures
6D, 6E, and 6F correspond to PM

collected in the municipality of Gramado. It is observed that the

55.10- Most of these samples were
atmospheric particles had an elongated shape, with a predominant
black color and a lesser amount of blue and green, corroborating
Torres-Agullo et al. (2021), who also found a prevalence of black
color for fibers and fragments and a significant presence of blue

color in fibers.

Analyses by scanning electron microscopy coupled with
energy-dispersive x-ray spectroscopy

The morphological analyses were performed using SEM cou-
pled with EDS. Figure 7 shows the atmospheric particles collected
in the municipality of Gramado with traces of artificial polymeric

fibers and their elemental composition.

Anthropogenic activities are the primary contributors to the in-
sertion of microplastic into the atmosphere (Yao et al., 2022).

Figure 7A shows a particle detected in Gramado. A study
conducted by Li, Y et al. (2018) in Beijing observed these par-
ticles on surface dust and classified them as artificial polymeric
fibers composed mainly of silicon and oxygen (Si and O) (Fig-
ure 7B). These particles are characterized as being fibrous or in
aregular bar-shape and some of them have varied compositions,
including silicon, magnesium, and aluminum (Si, Mg, and Al)
or silicon, aluminum, and potassium (Si, Al, and K), indicating
a mixture of minerals and fibers. In this sense, the high lev-
els of Si and O (Figure 7B) and the morphology of the particle
demonstrated in Figure 7A are in accordance with the findings
reported by Li, Y et al. (2018), suggesting that this particle may
be a polymeric fiber of artificial origin. Such particles represent
an important fraction of inorganics, being contained in con-
struction materials such as tiles, cement, and thermal insulation
materials (Khadem et al., 2018). Thus, there may be a relation-
ship between the identified particles and ongoing construction
activities in the city of Gramado. According to the Union of the
Region of Horténsias (Sinditur), the hotel sector alone has ex-
perienced substantial growth, with the addition of over 35 thou-
sand beds, due to the increasing number of visitors in the region
(Sinditur, 2020).

Figure 6 - Particles with polymeric trace identified by microscope in PM, , (A, B, C) and PM, _ (D, E, F). Particles found in Canela (B, D) and Gramado (A, C, and F).

6
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Figure 7 - Particles of artificial fibers and their chemical characteristics. Atmospheric particles with traces of artificial polymeric fibers identified in

Gramado in PM A) and their chemical characterization (B).

2.5-10 (

Figure 8 shows atmospheric particles in Gramado that demon-
strate characteristics suggestive of microplastic fibers, along with
their corresponding chemical composition as identified by EDS.
Li, Y et al. (2018) also conducted a similar study to characterize
microplastic fibers, associating the regular shape and predominant
composition of carbon and oxygen (C and O) in these particles, in
addition to small amounts of sodium (Na), Mg, Al, Si, K, and cal-
cium (Ca). Similar results were reported by Dehghani et al. (2017)
who found microplastic fibers that presented traces of Al, Na, Ca,
Mg, and Si, in addition to C and O. The authors related the street
dust as a potentially significant source for the contamination of
microplastics. Polymeric materials with low density are likely to
be suspended and resuspended in the atmosphere by the action of
winds and vehicle flow (Yao et al., 2022). All particles shown in Fig-
ures 84, 8B, 8C, 8G, and 8H had regular shapes and elevated peaks
for C and O, similar to that reported by Dehghani et al. (2017) and
Li, Y et al. (2018).

Liao et al. (2021) used the FTIR spectroscopy technique for mi-
croplastic characterization, identifying about 20 types of suspect
plastics with a size range of 10-300 wm. This technique is widely
adopted and was applied to identify polymeric particles in a study
on microplastics in China. In the present study, the size of the at-
mospheric particles varied between 20 and 120 um. The variability
among the results of the studies from airborne microplastic may stem
from the lack of standardized methods for collecting, quantifying,
and interpreting data.

According to Niu et al. (2024), after being released into the en-
vironment, these particles continue to physically decompose into
smaller particles over time; however, particles smaller than 500 pm
are difficult to be accurately determined when using visual obser-
vation alone. Besides, measurements of atmospheric microplastics
using active pump sampling, like the one employed in this study, are
very scarce, since for this type of evaluation, most of the studies use
the passive deposition method (Liao et al., 2021).

Due to the scarcity of methodologies and studies related to the

concentration and dispersion of atmospheric particles that con-

7

tain plastic material, this work found limitations in the records of
polymeric particles. Therefore, secondary analyses are necessary
to confirm suspicion and evaluate the degradation of these parti-
cles in the environment.

Figure 9 shows the atmospheric particles of varying origin
found in the present study, PM,, (Figures 9a and 9b) and PM
(Figure 9c¢).

2.5-10

Small soot spheres are formed in internal combustion engines
from the explosion of gaseous mixtures of air and hydrocarbons
(Micic et al., 2003). A study conducted by Alves et al. (2020) in
the city of Sdo Leopoldo (RS), Brazil, identified vehicular soot in the
samples, similar to that illustrated in Figure 9A in our work. Among
the factors that contribute to this occurrence, the proximity of the
collection point to the RS-235 highway, which serves as an access
route to Gramado, can be mentioned as favoring the appearance of
this type of particle in PM, .

Figure 9C shows a particle of a spheric shape, recorded in PM, ,
in Gramado. Similar particles were identified by Micic et al. (2003)
as a spherical agglomerate of fine fly ash particles from local power
plants in the region of Belgrade, Serbia. The fly ash particles have a
perfectly spherical shape, generated by the solidification of molten
silicate materials in the flow of smoke and flames, and soot particles
can be absorbed on their surface. Although in the region of this study
there are no coal plants, atmospheric pollutants can spread across
continents, especially those with little reactivity and particulate mat-
ter that depend on the atmospheric stability, topography, and me-
teorological conditions of the region (Guimaraes, 2017). Figure 9B

represents a particle found in PM in Canela, a similar particle

2.5-10
was suggested by Alves et al. (2020) as coming from the Earth’s crust,
having a natural origin.

It is observed that atmospheric particles identified in Figures 7
and 8 have a different morphology when compared to atmospheric
particles from known sources, such as vehicle soot and fly ash, rein-
forcing the indication that these particles may be polymeric parti-
cles. However, there are not enough studies to evaluate the presence

of microplastics in the atmosphere of the study region.
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Figure 8 - Particles suggestive of microplastic fibers and their respective chemical characteristics in Gramado. PM, _ (A, B, H) and their respective chemical
characterization (D, E, K). PM (C, G) and their respective chemical characterization (F, J).

2.5-10

Figure 9 - Particles of varying origins identified in Gramado and Canela. Vehicle soot particle identified in PM, , in Gramado (A); particles found in PM
in Canela (B); and particle found in PM, ; in Gramado (C).

2.5-10
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Studies reported that the atmosphere is an important route for
transporting microplastics and influences the flow of plastic pollution
in other environments, such as land and sea. Microplastic particles
have already been found in the urban atmosphere and remote regions,
far from any source of emission of these particles (Evangeliou et al.,
2020). This indicates that if the presence of plastic material is con-
firmed in the sampling area of this study, environments and areas close
to the municipalities of Canela and Gramado may be influenced by the
presence of this material. However, systematic studies on microplastic
patterns in the air are needed to understand the exposure to these par-

ticles transported in different environments.

Conclusions

The study sought to identify atmospheric particles in the Region of
Horténsias in Rio Grande do Sul state (Brazil) through sampling at two
sites, located in the municipalities of Canela and Gramado, from April
2021 to April 2022. The analyses revealed the presence of particles with

traces of polymeric material, vehicular soot, and particles suggestive
of fly ash. PM, , and PM, , concentrations in Gramado were consis-
tently higher than in Canela, with several samples exceeding WHO air
quality standards. This suggests that air quality in the region is affected
by anthropogenic activities, particularly those related to tourism and
heavy vehicular traffic.

The detection of particles with characteristics of polymeric mate-
rial, including microplastics, is particularly concerning. These micro-
plastics can originate from various sources such as synthetic fabrics,
tire abrasion, and urban dust.

The data obtained in this study provide an important basis for air
quality management in the region. Local authorities can use this infor-
mation to develop policies and mitigation strategies aimed at reducing
atmospheric pollutant emissions, especially in areas with high concen-
trations of tourism activities and vehicular traffic. Additionally, further
studies are needed to better understand the dispersion patterns of mi-

croplastics and their implications for public health and the environment.
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