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ABSTRACT

Landfills are recognized as important reservoirs of microplastics (MPs), which may
be remobilized and dispersed into the atmosphere through anthropogenic activities.
In the context of landfill mining, excavation operations can intensify dust generation
and promote the release of previously buried microplastics, yet this pathway remains
poorly investigated. This study evaluated the influence of landfill mining excavation
on the atmospheric dispersion and deposition of microplastics under distinct oper-
ational and spatial conditions at a landfill located in northeastern Brazil. Atmospher-
ic particles were collected using passive atmospheric deposition sampling at five
sampling points representing distinct excavation and operational scenarios. Putative
microplastics were visually identified and quantified using stereomicroscopy without
polymer confirmation. The highest deposition rates were observed near the exca-
vation of older waste deposits, indicating that prolonged burial plays an important
role in plastic degradation and the generation of secondary microplastics. Lower
deposition rates were recorded at locations less directly influenced by excavation,
suggesting contributions from routine landfill activities such as waste transport and
leachate management. Fibers and fragments with light coloration predominated,
consistent with advanced weathering of plastic materials. Overall, the results indi-
cate that excavation during landfill mining may enhance atmospheric microplastic
remobilization and dispersion. These findings highlight the importance of including
atmospheric microplastic monitoring in environmental assessment and manage-
ment frameworks for landfill mining projects.

1. INTRODUCTION

Solid waste management (SWM) has traditionally been
guided by the sustainability R’s, including reduce, reuse,
repurpose, and recycle. In the context of landfills, however,
this framework must be expanded to incorporate long-term
resource management and recovery strategies (Roque,
2018; Wille et al., 2022). From this perspective, landfills
should no longer be regarded solely as final disposal sites,
but as components of sustainable materials management
systems.

This paradigm shift is embodied in landfill mining
(LFM), which redefines landfills as temporary storage sys-
tems from which deposited waste can be excavated and
valorized as secondary raw materials (Van Passel et al,,
2013). Resource recovery through LFM may involve ma-
terial recycling, energy recovery, and the optimization of
landfill space in both area and volume (Faitli et al., 2019;
Marella & Raga, 2014). Accordingly, landfills are increasing-
ly recognized as repositories of secondary resources that

can be reintegrated into production chains, aligning waste
management with the principles of the circular economy
(Hermann et al., 2014; Jani et al., 2016).

Landfill mining operations typically involve a sequence
of stages, including the removal of vegetation and topsoil,
site preparation, waste excavation, material separation and
processing, treatment and/or recycling of recovered mate-
rials, and post-mining site rehabilitation (Danthurebandara
et al., 2015; Frandegard et al., 2013). These activities have
been associated with significant emissions of particulate
matter, with total releases estimated to range from 1.61 to
5.04 tons over the operational period (Zari, Smith & Ferrari,
2023).

Due to the high proportion of plastic materials in mu-
nicipal solid waste, landfills have become important reser-
voirs of microplastics (MPs), which can be transferred to
surrounding environments via atmospheric, hydrological,
and soil pathways (Golwala et al., 2021; Jambhulkar et al.,
2024). Recent estimates suggest that microplastic emis-
sions at the soil—air interface may reach up to 48 kilotons
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per year for particles smaller than 100 pm, underscoring
the significance of atmospheric transport as a pathway for
microplastic dispersion (Yang et al., 2024).

Microplastics are defined as synthetic polymer parti-
cles smaller than 5 mm, while nanoplastics are generally
below 1 pm in size. These particles are now recognized as
ubiquitous contaminants, occurring across diverse natural
and urban environments (Habibi et al., 2022). While prima-
ry microplastics are intentionally produced at the micros-
cale, secondary microplastics originate from the fragmen-
tation and degradation of larger plastic items, processes
driven by ultraviolet radiation, chemical interactions with
leachates, and thermomechanical stresses in landfill envi-
ronments (Goli & Singh, 2023). Consequently, landfill ma-
trices often contain large amounts of microplastics, with
reported concentrations reaching up to 83 particles.gil’,
and may be incorporated into the dust generated during
excavation (Sholokhova et al., 2023).

Once mobilized, microplastics can be transported
through the atmosphere by wind-driven processes, ena-
bling their redistribution across ecosystems. Following
atmospheric transport, particles may be removed from the
air column via dry deposition or wet deposition, depend-
ing on meteorological conditions such as precipitation
and humidity, as well as particle size and density (Biiks
& Kaupenjohann, 2020; Montagner et al., 2021). Experi-
mental studies further demonstrate that microplastics, in-
cluding aged particles, may induce adverse effects in soil
organisms, including oxidative stress and metabolic dis-
turbances (Jiang et al., 2023). In addition, inhalation of mi-
croplastic-associated particulate matter has been linked
to inflammatory and genotoxic responses in humans (Ha-
bibi et al., 2022).

Habibi et al. (2022) and Huang et al. (2020) described
the main characteristics of the two main approaches
used for atmospheric microplastic sampling. Active sam-
pling uses suction pumps to draw a known volume of air
through filters or collection substrates. This method allows
the measurement of airborne microplastic concentrations
per unit volume of air (MPs/m?) and is widely used in air
quality, human exposure, and health risk studies. It also en-
ables the rapid collection of relatively large air volumes (2
10 23.93 m?), producing data that can be compared across
different locations and time periods.

Although passive sampling does not measure airborne
MP concentrations per unit volume of air, it enables the
estimation of atmospheric deposition rates per unit area
(particles/m?/day) and is particularly useful for evaluating
particle dispersion, transport, and environmental accumu-
lation over a long period (Habibi et al., 2022; Huang et al.,
2020). While active samplers allow controlled airflow and
high collection efficiency, passive samplers offer oper-
ational simplicity and lower costs, making them suitable
for long-term monitoring and multi-site assessments (Tor-
res-Agullo et al., 2021).

Methods for microplastic (MP) identification range from
visual inspection under stereomicroscopy to advanced
spectroscopic techniques, such as FTIR and micro-Raman
analysis. Although visual identification is widely used in at-
mospheric MP studies because it is simple and low-cost,

it has important limitations and may lead to particle mis-
classification, especially in complex environmental matri-
ces (Habibi et al., 2022). Therefore, results based solely
on visual identification should be interpreted with caution,
particularly when polymer confirmation is not performed.

In Brazil, among the 80 studies evaluated, 60% relied
exclusively on visual inspection for MP identification, while
23.75% employed microscopic examination without subse-
quent chemical confirmation using analytical techniques.
Nevertheless, in an effort to reduce the subjectivity asso-
ciated with visual analyses, the number of studies incor-
porating chemical characterization methods to confirm the
polymeric composition of MPs has increased since 2020.
(Montagner et al., 2021).

In this context, Le et al. (2023) emphasized the impor-
tance of developing analytical approaches for atmospheric
MP monitoring that are not only accurate and reliable but
also simple, efficient, and economically accessible. In this
regard, visual analysis using stereomicroscopy combined
with complementary procedures, such as the hot-needle
test to exclude certain organic particles, has been widely
applied and can provide relevant preliminary information
regarding particle abundance and morphology (Dong et al.,
2023; Hidalgo-Ruz et al., 2012; Jarosz et al., 2022; Lusher
et al., 2020; Sharaf Din et al., 2024).

Despite increasing evidence of microplastic contam-
ination in landfill matrices, limited attention has been
paid to their atmospheric dispersion under landfill mining
(LFM) conditions. Gupta et al. (2025) and Zhang et al.
(2025) highlighted that most studies have focused on MPs
in leachates and mined materials, particularly in the fine
fraction of excavated waste, whereas no studies or risk as-
sessments specifically addressed airborne MP generation
during LFM activities. According to Yang et al. (2025), only
two studies reported airborne MPs associated with landfill
operations, neither of which directly investigated landfill
mining.

In this context, Lou et al. (2025) emphasized that ef-
fective landfill mining projects should include quantitative
assessments of MP contamination in fine mined fractions
and dust-control measures to reduce atmospheric disper-
sion. This highlights the need for studies on the dispersion
and atmospheric deposition of MPs during landfill excava-
tion, as these activities may resuspend and transport con-
taminant particles into surrounding environments.

This study tests the hypothesis that excavation activi-
ties during landfill mining operations represent a relevant
source of atmospheric microplastic dispersion, with spa-
tial patterns shaped by waste age, proximity to excavation
zones, and operational conditions. Accordingly, the objec-
tive of this study is to evaluate the atmospheric deposition
of microplastics within a landfill undergoing landfill mining
activities, using passive sampling to (i) characterize spa-
tial variations in microplastic deposition, (ii) assess the
influence of excavation activities relative to other routine
landfill operations, and (iii) provide baseline information to
support future risk assessments and mitigation strategies
for landfill mining projects.
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2. MATERIALS AND METHODS
2.1 Study area

The study was conducted at a landfill located in the
Reconcavo region of Bahia, northeastern Brazil. The site
operated as a controlled landfill between 2000 and 2011
and was later converted into a sanitary landfill under a con-
cession agreement with a private company, which remains
responsible for its operation (Martins, Silva & Carneiro,
2017). Except for the criterion related to minimum distance
from population centers, which could not be fully assessed
due to the absence of historical imagery, the landfill com-
plies with Brazilian regulatory requirements regarding ter-
rain slope, soil characteristics, distance from water bodies,
and absence of occupation in legally protected areas (San-
tos, De Souza & Vaz, 2018).

From 2016 to 2022, the landfill received an average of
approximately 168 tons of municipal solid waste per day,
according to the Brazilian National Information System on
Sanitation (SNIS), a national database of solid waste man-
agement statistics (SNIS, 2021; SNIS, 2022). Based on the
average gravimetric composition reported by Alfaia et al.
(2017), the landfill is estimated to contain at least 64,386
tons of plastic waste.

This site was selected because it was undergoing pi-
lot-scale landfill mining activities at the time of the study,
which allowed for the evaluation of excavation-induced re-
mobilization and atmospheric dispersion of microplastics
under pilot-scale operational conditions.

2.2 Sampling design and experimental rationale

To test the hypothesis that excavation activities during
landfill mining prospecting act as a significant driver of

atmospheric microplastic dispersion, a spatially distribut-
ed passive sampling design was adopted. Five sampling
points were selected to represent distinct operational and
spatial conditions within the landfill (Figure 1), including
areas directly influenced by excavation, zones affected by
routine operational activities, and locations more distant
from active mining fronts.

The spatial arrangement of the sampling points was
designed to capture gradients of influence from distinct
landfill operational areas, including excavation zones, ac-
cess roads, leachate lagoons, and waste handling areas
(Table 1). Sampling points were positioned to represent
proximity to these specific operational sources. This spa-
tial design, combined with the identification of potential
interference sources, allowed the assessment of (i) spa-
tial variability in atmospheric microplastic deposition, (ii)
the relative contribution of excavation activities compared
with routine landfill operations, and (iii) the influence of
proximity to the excavation area associated with the older
mined waste, consistent with the objectives defined in the
Introduction.

2.3 Atmospheric microplastic sampling

Sampling devices were strategically oriented to max-
imize exposure to the prevailing wind direction, thereby
increasing the likelihood of capturing wind-driven particle
transport. Sampling was conducted on 14 May 2024 under
stable and sunny conditions to reduce short-term meteor-
ological variability. The sampling period was preceded by
eight consecutive days of rainfall, which likely enhanced
wet deposition and atmospheric washout of suspended
particles, potentially resulting in reduced background con-
centrations of airborne microplastics.

FIGURE 1: Spatial distribution of sampling points for atmospheric deposition of microplastics at the landfill located in the city of Santo
Antonio de Jesus, Bahia (Brazil), with indication of excavation area of the older mined waste.
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TABLE 1: Characterization of sampling points and potential sources of interference in the atmospheric deposition of microplastics.

Sarn pling Topog!' aphic Location Potential sources of interference
point elevation (m)
Area near the work front, corresponding to the receiving Dust generation associated with daily covering of waste
P1 172.34 point of newly collected waste. and presence of larger plastics, potentially subject to
mechanical fragmentation.
Landfill plateau, in the third vertical layer Less direct influence from dust sources; proximity to the
P2 188.34 main access road for collection trucks, with possible
resuspension of particles.
P3 188.53 Landfill plateau, third vertical layer, near the first excava- Direct influence from an excavation area associated with
’ tion trench. waste approximately two years old.
Berm, located at the base of the landfill, near the second Direct influence from an excavation area associated
P4 183.9 excavation trench. with waste approximately ten years old, potentially more
degraded and fragmented.
Area near the leachate lagoons. Absence of relevant dust sources; possible influence of
P5 182.39 aerosols generated by the drainage and movement of
leachate.

Wind direction data from the Brazilian National Insti-
tute of Meteorology (INMET, n.d) climatological normals
indicated a prevailing southeast (SE) wind regime (SE-NW
transport). This wind field governs atmospheric advection
of particulate matter, including microplastics, and was
used as the reference for interpreting exposure conditions
and guiding the sampling design. However, the absence of
concurrent in situ wind measurements (speed and direc-
tion) limits a more detailed characterization of short-term
atmospheric transport dynamics and deposition variability.

At sampling points P1, P2, P3, and P5, collection be-
gan immediately prior to the initiation of landfill excavation
operations near P3 and continued for approximately six
hours, encompassing two landfill excavation operations
cycles and the subsequent waste sorting and packaging
operations. This sampling period was designed to capture
the cumulative effect of particle emissions associated with
landfill mining operations on microplastic deposition.

Due to restricted access to P4 during the morning shift,
sampling at this location was conducted in the afternoon
for a total duration of three hours, including approximately
two hours of excavation followed by an additional hour to
allow the gravitational settling of lighter particles. The ab-
sence of sampling during the initial excavation phase con-
stitutes a relevant methodological limitation of the present
study, as emissions generated between 10:00 and 12:00
were not captured at P4, potentially leading to an underes-
timation of particle deposition.

Differences in exposure time were normalized in the es-
timation of deposition rates (particles/m?/day). However,
this normalization does not fully account for potential tem-
poral variations in microplastic emissions across different
stages of the excavation process. Therefore, results from
P4 should be interpreted with caution when compared with
those from other sampling locations.

Microplastics were collected using a passive dry dep-
osition method to characterize spatial deposition fluxes.
Due to operational and logistical constraints associat-
ed with landfill excavation, sampling was conducted in a
single campaign. To account for local environmental var-
iability and improve the representativeness of the meas-
urements, three replicate collectors were deployed at each
sampling point.

Specifically, 100 mm glass Petri dishes containing
qualitative filter paper (80 g m2) were placed on platforms
positioned 30 cm above ground level (Cui et al., 2022).
The three Petri dishes were exposed simultaneously and
treated as independent replicate samples of atmospheric
deposition. Results are presented as mean + standard devi-
ation (n=3). Accordingly, the standard deviation reflects the
variability among replicate deposition samples collected at
the same site and during the same exposure period, rather
than solely analytical uncertainty.

To minimize contamination during sampling, the Petri
dishes were pre-washed with deionized water, wrapped in
aluminum foil during transport from the laboratory to the
landfill, and handled without latex gloves to avoid the in-
troduction of synthetic particles. Following exposure, the
dishes were immediately covered, wrapped in aluminum
foil to minimize contamination during handling and trans-
port (Sivalingam et al., 2024), and transferred to the LAQ-
UA/UFRB laboratory for analysis.

2.4 Microplastic identification and quality assur-
ance

Microplastics were identified and quantified by visual
analysis using a WF10X binocular stereomicroscope
(Sharaf Din et al., 2024). The visual identification proce-
dure was performed sequentially: (i) selection of particles
<5 mm; (ii) assessment of uniform thickness, colors, and
surface gloss; and (iii) mechanical testing with a cold nee-
dle to evaluate particle flexibility, with brittle particles con-
sidered likely to be of organic or mineral origin (Lusher et
al., 2020; Yang et al., 2021). When uncertainty remained,
(iv) a hot-needle test was applied, in which a heated needle
was pressed against the particle and melting was used as
a diagnostic criterion for microplastics (Loppi et al., 2021).
Despite its low cost, this technique does not allow for the
determination of polymers, is subject to analyst subjectiv-
ity, and destroys the particles, preventing subsequent rea-
nalysis.

In the present study, spectroscopic or chemical confir-
mation of polymer identity (e.g., FTIR or Raman spectrosco-
py) was not performed, representing an important method-
ological limitation. Consequently, some visually identified
particles may correspond to non-plastic anthropogenic or
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FIGURE 2: Mean number of microplastic particles deposited at the different sampling points of the landfill located in Santo Anténio de

Jesus, Bahia (Brazil).

natural materials, potentially leading to false positives and
overestimation of MP abundance. Therefore, the identified
particles should be interpreted as visually classified puta-
tive microplastics, and some degree of false-positive clas-
sification cannot be excluded.

To minimize particle loss and cross-contamination dur-
ing sample handling, Petri dishes and filter papers were
rinsed with deionized water inside a laminar flow hood, and
the resulting rinsates were filtered under vacuum condi-
tions (Habibi et al., 2022). To evaluate potential laboratory
contamination and support data quality assurance, three
procedural blanks consisting of Petri dishes with filter pa-
per were prepared and processed following the same pro-
tocol as the exposed samples (Cui et al., 2022). All filters,
including blanks, were subsequently analyzed under the
stereomicroscope.

3. RESULTS AND DISCUSSION

3.1 Microplastic identification and quality assur-
ance

Figure 2 and Table 2 show the mean atmospheric mi-
croplastic deposition at each sampling point. A descriptive
analysis showed that P4 exhibited the highest mean par-
ticle deposition (344,963.03 particles/m?/day), indicating
elevated particulate loading at this site. In addition, the

standard deviation at P4 was higher than at the other sam-
pling points, suggesting greater variability in the collected
samples (SD = 116,851.30 particles/m?/day).

The Shapiro-Wilk test indicated that the data were nor-
mally distributed at all sampling points (p > 0.05), support-
ing the use of parametric statistical approaches. Tukey’s
post-hoc test (Table 3) indicated that P4 differed signifi-
cantly from all other sampling points (p < 0.001), whereas
no significant differences were observed among P1, P2, P3,
and P5.

Despite the observed normality, non-parametric anal-
yses were additionally performed due to the small sam-
ple size and the presence of extreme values at P4. The
Kruskal-Wallis test indicated statistically significant differ-
ences among sampling points (p = 0.019). However, pair-
wise comparisons using the Dwass-Steel-Critchlow-Fligner
post-hoc test (Table 4) did not identify significant differenc-
es between individual pairs of sampling points.

Overall, Tukey’s test indicated a significant effect asso-
ciated with P4, whereas the Dwass-Steel-Critchlow-Fligner
procedure did not detect significant pairwise differences.
These differences reflect methodological sensitivity to ex-
treme values and distributional assumptions, as well as
the influence of small sample size on rank-based proce-
dures.

TABLE 2: Summary of descriptive statistics and Shapiro-Wilk normality test for spatial deposition fluxes at each sampling point (P1-P5).

Sampling point Mean SD Minimum Maximum W Shapira- Wilk o

P1 60775.97 15986.81 42781 73339 0.91340 0.430
P2 92522.07 3391.06 89636 96257 0.95301 0.583
P3 53306.30 14043.40 38706 66718 0.99463 0.860
P4 344963.03 116851.30 245481 473645 0.95317 0.583
P5 74526.95 11460.10 63153 86071 0.99984 0.975
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TABLE 3: Post-hoc Tukey HSD test results for pairwise comparisons of particle deposition rates (particles/m2/day) among sampling

points (P1-P5), including mean differences and significance levels.

P1 P3 P4 P5

Average difference - -31746 7469.7 -284187** -13751
3 p-value - 0.945 1.000 <.001 0.997

Average difference 39215.8 -252441* 17995
P2 p-value 0.891 0.001 0.993

Average difference - -291657*** -21221
Pe p-value - <.001 0.987

Average difference - 270436%**
P p-value - <.001

Average difference -
P5

p-value -

Note: *p <.05, **p <.01, ***p <.001

3.2 Spatial patterns and operational influences

The highest values were recorded at P4, located adja-
cent to the excavation area containing older waste, which is
consistent with previous findings indicating that prolonged
burial enhances plastic degradation and fragmentation,
thereby increasing the generation of secondary microplas-
tics (Canopoli, Coulon & Wagland, 2020).

Previous studies on landfill mining have reported strong
associations among microplastic abundance, landfill age,
excavation depth, and the fine fraction of mined waste
(FFM < 4 mm), suggesting that both degradation stage and
waste stratification influence microplastic availability for
remobilization (Jambhulkar et al., 2024; Sholokhova et al.,
2023). In the present study, areas influenced by older waste
showed consistently higher atmospheric deposition, rein-
forcing burial time as a key factor controlling secondary
microplastic generation and dispersion during excavation.

P2 (mean =92,522.07 particles/m?/day + 3,391.06) and
P5 (mean = 74,527.95 particles/m?/day + 11,460.10) show
intermediate values, which are less directly influenced by
excavation activities. At P2, the proximity to the access

TABLE 4: Dwass-Steel-Critchlow-Fligner post-hoc pairwise com-
parisons of particle deposition rates (particles/m?/day) among
sampling points (P1-P5) following a Kruskal-Wallis test.

w P
P1 P2 2.77746 0.284
P1 P3 -0.92582 0.966
P1 P4 2.77746 0.284
P1 P5 1.54303 0.811
P2 P3 -2.77746 0.284
P2 P4 2.77746 0.284
P2 P5 -2.77746 0.284
P3 P4 2.77746 0.284
P3 P5 2.16025 0.545
P4 P5 -2.77746 0.284

Note: p > 0.05 indicates no statistically significant differences between
sites

road suggests a contribution from vehicle-induced resus-
pension, given that one of the main sources of microplastic
(MP) contamination is tire abrasion, which generates parti-
cles that further degrade into fibers and fragments (Gupta
et al.,, 2025). At P5, deposition may be partly associated
with aerosolization processes at leachate ponds (Le et al.,
2023; Liu & Zheng, 2025).

P1 (mean = 60,775.97 particles/m?/day + 15,986.81)
and P3 (mean = 53,306.30 particles/m?/day + 14,043.40)
showed comparable deposition rates and likely represent
background levels of atmospheric microplastic transport
within the landfill area. Despite its higher elevation and
greater distance from the landfill's routine operational area,
P3 may primarily reflect the influence of excavation trench
1. The short residence time and high humidity conditions
(resulting from the rainy period preceding the sampling
date) may have contributed to the observed lower particu-
late matter flux.

In Brazil, until now, only two studies have reported
atmospheric microplastic deposition in landfill environ-
ments using passive methods, neither of them addressing
landfill mining. Deposition rates reported by Oliveira et al.
(2022) during routine landfill operation (57,845.94 parti-
cles/m?/day + 10,890.45) are comparable to baseline val-
ues observed in this study (P1 and P3), whereas Rezende
et al. (2020) reported substantially lower levels (mean =
14,323.94 particles/m?/day * 1,555.28). In a Chinese land-
fill, the deposition rate was considerably lower, at 6,164.0 +
532.0 particles/m?/day (Yang et al., 2025). Differences may
reflect operational intensity, landfill age, site characteristics,
and methodological variability.

Several authors highlight the need for standardization
of microplastic collection and identification procedures to
support the development of stricter regulations aimed at
mitigating pollution associated with these contaminants
(Habibi et al., 2022; Kabir et al., 2023; Singh et al., 2023; Siv-
alingam et al., 2024). To improve the reliability of the results,
it is recommended to increase the number of samples per
sampling point and to adopt varying sampling durations, in-
cluding periods equivalent to the excavation time as well
as longer intervals, such as 24 or even 48 hours (Choi et
al., 2024).
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Although passive deposition methods may underesti-
mate total airborne microplastic concentrations compared
with active sampling approaches (Dong et al., 2023), the
method was suitable for the comparative objective of this
study. The spatial distribution of particle deposition, with
higher values observed at P4, suggests the presence of a
localized hotspot in the study area. This pattern may be as-
sociated with landfill mining activities occurring at or near
this sampling point.

These results are consistent with the possibility that
excavation activities influence microplastic dynamics in
the surrounding environment, potentially through direct
emissions and/or the resuspension of previously de-
posited particles from the landfill surface. However, the
present data do not allow for a direct distinction between
these mechanisms, and the observed patterns should be
interpreted as indicative of increased atmospheric avail-
ability of microplastics in areas influenced by excavation
activity.

3.3 Morphology and color distribution of MPs

The predominance of lightly colored particles at this
point supports this interpretation (Figure 3), as weather-
ing processes promote pigment loss in plastics over time
(Kabir et al., 2023). This pattern is environmentally rele-
vant, given the higher likelihood of ingestion of white and
transparent microplastics by aquatic organisms (Bharath,
Muthulakshmi & Natesan, 2023).

The results demonstrate the occurrence of microplas-
tics at all sampled points (P1-P5), with a significant pre-
dominance of fibers compared to fragments. Among the
evaluated points, P4 showed the highest percentages of
microplastics, especially in the fiber category, suggesting
a possible contribution or accumulation of these particles
associated with the second excavation trench. A similar
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pattern was observed at P5, which may be related to its
proximity to the leachate lagoon.

Fragments showed lower percentages than fibers at all
sampling points. This difference may indicate either a low-
er contribution from degraded rigid plastics or a greater en-
vironmental persistence and transport capacity of fibers.
Studies indicate that fibers have a high dispersion potential
due to their low weight and elongated shape, which favor
their suspension in the atmosphere and subsequent depo-
sition (Yang et al., 2024).

The heterogeneous composition observed in the
graphs, represented by the different colors of the stacked
bars, suggests a diversity of microplastic sources. The
predominance of certain color classes may reflect spe-
cific patterns of plastic consumption and disposal in the
region. Furthermore, the simultaneous presence of several
categories indicates that the detected microplastics orig-
inate from multiple handling, degradation, and transport
processes.

Representative microplastic particles are shown in Fig-
ure 4, predominantly composed of fibers and fragments
with light coloration. This morphology and color distribu-
tion are consistent with advanced weathering processes
and have been widely reported as dominant features in
atmospheric microplastic deposition (Habibi et al., 2022;
Kabir et al., 2023; De Souza, Parolin & Crispim, 2024).

Mineral particles and biological fragments were also
observed in the samples, reflecting the complex composi-
tion of atmospheric fallout in the study area. Microplastic
identification was confirmed using the needle test, which
has proven effective in distinguishing synthetic materials
from natural ones based on physical response to mechan-
ical probing. Only particles confirmed as microplastics
were included in the morphological analysis.

Overall, the findings demonstrate that landfill mining
excavation constitutes a relevant pathway for atmospher-

E
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FIGURE 3: Percentage distribution of microplastic (MP) colors among sampling points P1-P5.
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FIGURE 4: Representative examples of microplastics and co-occurring particulate materials identified in atmospheric deposition during

excavation of the mined material.

ic microplastic dispersion, modulated by waste age, op-
erational conditions, and particle characteristics. These
results support the inclusion of atmospheric microplastic
monitoring in environmental assessments and risk man-
agement frameworks for landfill mining projects.

4. CONCLUSIONS

Passive atmospheric deposition during landfill mining
revealed a predominance of fibrous and fragmented pu-
tative microplastics with light coloration, consistent with
advanced weathering and fragmentation of long-buried
plastic waste. These characteristics suggest that the de-
tected particles were predominantly secondary microplas-
tics generated through degradation processes within the
landfill mass.

Atmospheric deposition exhibited marked spatial var-
iability, with the highest deposition rates recorded near
the excavation of older waste deposits. Greater variability
in particle deposition was also observed at this location,
indicating heterogeneous particulate release associated
with excavation activities and waste characteristics. Para-
metric analyses indicated significant differences involving
P4; however, the small sample size and the influence of ex-
treme values reduced the consistency between parametric
and non-parametric statistical comparisons.

Overall, the observed spatial pattern suggests that pro-
longed burial enhances plastic degradation and increases
the generation of secondary microplastics. The presence
of microplastics at locations distant from active excava-
tion fronts further indicates that atmospheric dispersion
is influenced not only by excavation activities but also by
routine landfill operations, including waste handling and
vehicle traffic.

Visual identification combined with hot-needle testing
enabled a preliminary distinction between synthetic and
non-synthetic particles; however, the absence of spectro-
scopic confirmation remains an important limitation of this
study. Some natural or anthropogenic particles may have
been visually misidentified as microplastics, potentially
leading to overestimation of particle abundance. There-
fore, the reported values should be interpreted as indicative
estimates of atmospheric microplastic deposition rather
than absolute deposition rates.

Direct human health risks were not evaluated in this
study. However, the presence of airborne microplastics
during excavation activities raises concerns regarding oc-
cupational exposure and particle deposition in surrounding
environments. These findings indicate that landfill mining
may contribute to atmospheric microplastic emissions,
particularly during excavation and material handling stag-
es. Therefore, atmospheric microplastic monitoring and
mitigation measures should be incorporated into environ-
mental management and impact assessment frameworks
for landfill mining projects.
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