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Abstract

The behavior of microplastics (MPs) in aquatic environments is influenced by a variety of factors; however, the
impact of seasonal variations and meteorological conditions on MPs remains insufficiently explored and understood. This
research investigates the impact of seasonality on the presence, transfer, and removal efficiency of MPs at a wastewater
treatment plant (WWTP) in Lampang, Thailand. The study monitored the fate and transport of MPs across the rainy,
winter, and summer seasons of 2023 - 2024. The results indicated that the average MP concentration was highest during
the rainy season, at 1.20 £ 1.27 particles/L, compared to 0.27 = 0.50 particles/L and 0.27 + 0.54 particles/L during the
winter and summer seasons, respectively. Statistical analysis using ANOVA confirmed a statistically significant
difference in MP abundance among the 3 seasons (p < 0.05). Across all seasons, most MPs detected in the WWTP
processes were characterized by sizes of 151 - 350 um, gray coloration, and fragment shapes. The chemical composition
of MPs primarily included polyethylene terephthalate (PET), polypropylene (PP), and polyethylene (PE). Despite these
findings, seasonal trends in MP abundance within the secondary treatment processes were inconsistent. These
inconsistencies underscore the necessity for further investigation into the fate and transport of MPs under varying
conditions, including overflow scenarios. Furthermore, the design and implementation of effective wastewater
management strategies, specifically tailored to seasonal variations, are crucial for improving MPs removal efficiency and
minimizing their discharge into natural bodies of water.

Keywords: FT-IR microscope, Microplastic, Microplastic removal, Seasonality, Stabilization pond, Wastewater
treatment plant

Introduction

Plastic contamination has rapidly emerged as one
of the most pressing environmental issues worldwide
[1]. Small plastic particles, defined as microplastics
(MPs) and less than 5 mm in diameter, have exacerbated
this environmental challenge [2]. These particles, which
originate from sources such as cosmetic products,
synthetic textiles, and the degradation of larger plastic
debris, have spread across nearly every ecosystem [3].
Due to their environmental persistence and potential
risks to wildlife, human health, and ecosystem balance,
addressing the scale of MP pollution and developing
solutions to mitigate it have become increasingly urgent
[4]. MPs are categorized into primary and secondary

types based on their source and characteristics. Primary
MPs are small plastic particles intentionally included in
products like cosmetics and personal care items (e.g.,
facial scrubs, toothpaste) and microfibers shed from
clothing and other textiles. In contrast, secondary MPs
are generated through the fragmentation of larger plastic
waste in the environment, such as fragments from
plastic containers, food packaging, bottle caps, and
disposable foam containers [5]. Human activities are the
primary contributors to the presence of MPs in
municipal wastewater, with industrial sources also
playing a significant role. These activities include the
release of MPs from clothing during laundry and the
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everyday use of personal care products (e.g., facial
cleansers, toothpaste, shower gels) that enter wastewater
treatment plants (WWTPs). The 6 most commonly
identified MPs in influent and effluent wastewater are
polyethylene (PE), polypropylene (PP), polyamide
(PA), polyester (PES), polystyrene (PS), and
polyethylene terephthalate (PET) [6-9]. Understanding
the properties and composition of MPs in WWTP
effluents is crucial for estimating the levels of MP
pollution in nearby estuaries and aquatic environments
[10]. WWTPs serve as critical points for capturing MPs
before they enter aquatic environments; however, the
efficiency of MPs removal in current WWTPs is
incomplete, with many captured MPs ending up in the
sludge phase [11]. Consequently, research into the fate
and transport of MP pollutants has become increasingly
important. Factors such as polymer type, shape, density,
and morphology influence the behavior and removal
efficiency of MPs in WWTPs [11,12]. For example,
previous studies have shown that microspheres are
removed more effectively than fibrous MPs, with
fragments being the easiest shape to remove, followed
by pellets and fibers [6]. Understanding the impact of
MP shapes on removal efficiency is essential for
improving WWTP performance in addressing MP
pollution.

In aquatic environments, the behavior and
distribution of MPs are further complicated by seasonal
and weather-related variations, which have been largely
overlooked in existing research. Many studies have
emphasized the need for further investigation into how
seasonal and temporal factors influence the extent and
dispersion of MP particles in these environments
[13,14]. Given that climate change is intensifying the
severity and frequency of extreme weather events, it is
essential to examine the migration and transformation of
MPs in WWTPs under these conditions, including heavy
flooding, severe droughts, and instances of combined
sewer overflows driven by stormwater surges [1]. The

objective of this study is to examine the concentration
of MPs in a municipal WWTP with a stabilization pond
in Thailand, with a focus on seasonal effects. According
to 2016 data, Thailand has the highest number of
stabilization ponds, with 45 out of a total of 101 used for
treating municipal wastewater [15]. Therefore, this
study investigates the detection, fate, and transport of
MPs within the treatment system. While previous
research has explored the ecotoxicity of MPs based on
size categories of 100 um, 500 um, 1 mm, and 5 mm
Wang et al. [16], this study specifically focuses on MPs
sized 0.3 - 5.0 mm. These smaller particles exhibit
behavior like that of colloidal particles, making them
particularly responsive to dynamic processes within
WWTPs. The goal of this study is to improve our
comprehension of the pathways, dynamic behavior, and
transport mechanisms of MPs. These findings are
crucial for both environmental scientists and engineers
[17], as well as for WWTP operators, to develop more
effective strategies for addressing the impacts of
seasonal variations on MP pollution.

Materials and methods

Collection of wastewater samples

This research was conducted in Lampang
Province, Northern Thailand. The wastewater treatment
system processes wastewater from Lampang City
Municipality, located in the Mueang Lampang District
of Lampang Province. The system utilizes a stabilization
pond (SP) treatment process, covering a total area of
334,420 m? and capable of handling 12,300 m3 of
wastewater per day. Incoming wastewater passes
through an automatic bar screen before being collected
in 3 open ponds: 1) facultative pond 1, with a capacity
of 169,923 m3; 2) facultative pond 2, with a capacity of
222,850 m3; and 3) the maturation pond, with a capacity
of 71,034 m3 [18]. The treated water is subsequently
released into the Mae Kuei stream.
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Figure 1 Wastewater sampling points.

Figure 1 presents a schematic diagram of the
WWTP processes and wastewater collection points.
Wastewater samples were collected using the grab
sampling method, with a sample volume of 5 L taken
from various stages of the WWTP: the plant’s influent
(raw wastewater), facultative pond 1, facultative pond 2,
maturation pond, and effluent (treated wastewater).
Field blank samples were also collected and analyzed
using the same procedure applied to the other samples,
with deionized (DI) water substituted for the wastewater
samples. To assess the effect of seasonality on MPs
circulation, sampling was conducted 3 times during each
season: the rainy season (September - October 2023),
winter (February 2024), and summer (April - May
2024). For each season, a representative sample was
analyzed, with 3 replicates for MP analysis. All samples
were preserved at 4 °C until pretreatment.

Sample pretreatment

To evaluate the presence of MPs in wastewater
samples, a method adapted from the National Oceanic
and Atmospheric Administration (NOAA) for analyzing
MPs in wastewater was employed [19,20]. This method
involves a multi-step separation process using a series
of standard test meshes with progressively smaller
apertures. In this experiment, a sieve with a mesh size of
0.3 mm was utilized. The retained solids on the 0.3 mm
sieve were dried in a water bath at 90 °C overnight.
Labile organic matter present in the collected solids was
removed using Wet Peroxide Oxidation (WPO).
Specifically, the solids retained on the sieve were
transferred to a beaker, where 20 mL of a 0.05 M Fe (11)
solution and 20 mL of 30 % hydrogen peroxide (H.O.)
were added. The mixture was allowed to react at room
temperature for approximately 5 min, followed by
digestion at 60 °C on a hot plate until complete

Facultative pond 2

Maturation pond  Receiving
water bodies

degradation of the organic matter was achieved. The
final volume of the mixture was adjusted to 25 mL using
DI water. The resulting solution was filtered through a
0.2 um cellulose nitrate membrane filter with a diameter
of 25 mm. The filter was then dried at 45 °C for
approximately 2 h and stored in either a petri dish or an
aluminum container. It was subsequently kept in a
desiccator until analysis for microplastic content.

Identification of microplastics

The cooled-down filter papers were analyzed
using a Fourier transform infrared (FT-IR) microscope
(Bruker, LUMOS 1I) to assess the number, length,
morphology, and classification of MPs. This instrument
utilizes infrared wavelengths to detect and measure
small MP samples. Each chemical compound produces
a distinct infrared spectrum, enabling identification. The
types of MPs were determined through Attenuated Total
Reflection (ATR) measurements, with spectra compared
against a polymer database (IR Library). Spectra
exhibiting match quality below 70 % were excluded
from the dataset.

Removal of MP in WWTP

The removal of MPs is evaluated by comparing
their concentrations in the influent and effluent of the
WWTP. As depicted in Figure 1, a standard combined
WWTP system consists of multiple treatment stages,
including facultative pond 1, facultative pond 2, and
maturation ponds. MP removal in WWTPs occurs
through various mechanisms. Low-density MPs often
attach to suspended solids and are subsequently
removed through sedimentation, settling into the sludge
phase [21].
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Results and discussion

Total quantities of MPs in the WWTP

Wastewater samples demonstrated significantly
higher MP concentrations during the rainy season
compared to both the winter and summer seasons. As
presented in Table 1, the average concentration of MPs
during the rainy season was 1.20 + 1.27 particles/L,
whereas the concentrations during the winter and
summer seasons were both 0.27 £ 0.50 particles/L and
0.27 £ 0.54 particles/L, respectively. These findings are
consistent with prior research, which reported elevated
MP concentrations in the sediments of the Mvudi River

in South Africa during the hot-wet season, compared to
the cooler dry and hot-dry seasons [22]. However, they
contrast with other studies, which observed higher MP
concentrations in harbor sediments in Taiwan and in
wastewater samples from Nonthaburi City, Thailand,
during the dry season rather than the wet season [1,23].
The authors observed that variations in the number of
MPs found in different wastewater treatment systems
may be attributed to differences in the observation
period, regional factors, and specific treatment system
configurations [1].

Table 1 Number of MPs across each WWTP process during the rainy, winter, and summer seasons.

Number of MPs* (Particles/L)

WAVEE process Rainy Winter Summer Average
Influent 3.22+1.20 0.22+0.44 0.44£0.73 1.30 £ 1.61
Secondary treatment
Facultative pond 1 0.22+0.44 0.44+0.53 0.44+0.73 0.37+0.56
Facultative pond 2 1.00 £ 0.00 0.44+0.73 0.00 £ 0.00 0.48 +£0.58
Maturation pond 1.00 + 0.87 0.22+0.44 0.33+0.50 0.52+0.70
Effluent 0.56+0.53 0.00 +0.00 0.11 +£0.33 0.22+0.42
Average 1.20+1.27 0.27+0.50 0.27 £ 0.54 0.58 £0.95

*Average * standard deviation.

The average MP concentration in the Lampang
WWTP was lower than that reported in several other
studies investigating MPs of similar sizes (0.05 - 5.0
mm). For instance, influent samples from 3 municipal
WWTPs in the Bangkok metropolitan area of Thailand
exhibited an average MP concentration of 12.2
particles/L, which is higher than the results observed in
this study [24]. In the Nonthaburi WWTP (Thailand),
MP concentrations ranged from 76 - 192 particles/L
during the dry season and 36 - 68 particles/L during the
wet season in 2019 and 2020, respectively [1].
Conversely, 4 WWTPs in Bandung, Indonesia, reported
significantly higher concentrations, with an average of
53750 % 35.21 particles/L [25]. These results
underscore notable temporal and regional variations in
MP concentrations across different WWTPs.

MP characteristics

MP sizes

Figure 2(a) illustrates the distribution of MP sizes
at various stages of the WWTP in Lampang Province.
Among the influent samples, MPs in the range of 351 -
650 um were the least frequently detected, and no MPs
ranging from 351 - 5000 um were observed in the
effluent. The most frequently detected MPs in both
influent and effluent were within the 151 - 350 um
range. This pattern indicates that larger MPs are
predominantly removed during the treatment process.
Similarly, a study of a municipal WWTP system in
Bandung City, Indonesia, found that the most frequently
detected MPs were in the 151 - 350 pm range [25].
However, this contrasts with findings from downstream
WWTPs in the United States, where MPs in the 125 -
500 pm range showed a significant increase [5].
Additionally, in Los Angeles, MPs detected across 4
WWTPs primarily ranged in size from 45 - 400 um [17].
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The average size distribution of MPs in the
WWTP influent was 17.14 % (50 - 150 pum), 31.43 %
(151 - 350 um), 14.29 % (351 - 650 pum), 20.00 % (651
- 1000 pm), and 17.14 % (1001 - 5000 pm). In the
effluent, the detected MP sizes were slightly different,
with 33.33 % in the 50 - 150 pm range and 66.67 % in
the 151 - 350 um range. These findings suggest that MPs
smaller than 350 um are more challenging to remove
during the treatment process, whereas MPs larger than
351 pm are effectively removed by the WWTP system.

MP shapes

As shown in Figure 2(b), MPs in fragment shape
are more prevalent than those in fiber shape. In the
WWTP influent, MPs consisted of 54.29 % fibers and
45.71 % fragments. However, the effluent composition
differed significantly, consisting entirely of fragments
(100.00 %), with no fiber detected. These findings
contrast with previous studies, which reported that
approximately 70 % of MPs in WWTPs were fibers
Talvitie et al. [26], and that fibers accounted for 51.91
% of MPs in influent and 43.37 % in effluent [25]. The
authors observed that a previous study investigated MPs
in anaerobic digestion-based wastewater treatment
systems Fauzi et al. [25], which may have contributed
to the presence of fiber-shaped MPs in the effluent. This
phenomenon can be attributed to the characteristics of
anaerobic systems, including short retention times,
mixing effects, and the absence of ultraviolet exposure,
all of which limit the removal of fiber-shaped MPs. In
contrast, the present study focuses on stabilization
ponds, where the absence of fiber-shaped MPs in the
effluent may be due to enhanced sedimentation, biofilm
trapping, reduced turbulence, and potential degradation
under sunlight. Therefore, different wastewater
treatment systems can influence the types and shapes of
MPs found in the effluent.

The results of this study suggest that fiber-shaped
MPs are more effectively removed during the WWTP
process, likely due to their larger average size compared
to fragment-shaped MPs. Fragment-shaped MPs are
commonly produced through the breakdown of larger
plastic materials, a process referred to as secondary MP
formation. In contrast, fiber-shaped MPs often originate
from clothing fibers released during washing processes
[27].

MP colors

As shown in Figure 2(c), transparent and blue
MPs are the most abundant colors found in the influent
and effluent, respectively. Previous studies investigating
MPs in WWTPs have reported that transparent MPs are
the most predominant in wastewater [25,28]. In addition
to transparent MPs, other colors, including blue, red,
green, brown, purple, and various shades, have also been
identified [1,25]. These color variations are believed to
be influenced by the different polymer types and sources
of MPs [25].

The percentage distribution of MP colors in the
WWTP influent was 31.43 % transparent, 25.71 % gray,
17.14 % blue, 17.14 % black, and 8.57 % red. In
contrast, the composition of MPs in the effluent differed,
consisting of 50.00 % blue, 33.33 % brown, and 16.67
% gray. The majority of MPs identified throughout the
WWTP processes during the rainy, winter, and summer
seasons predominantly exhibited a gray coloration. The
authors believe that the gray coloration of MPs found in
stabilization ponds during different seasons is likely due
to a combination of polymer degradation, biofilm
formation, sediment attachment, and the inherent
properties of the plastic materials. These factors
contribute to the observed gray appearance in the
wastewater.

Polymer types

Figure 2(d) illustrates the different MP polymer
types identified in the communal WWTP under
investigation. The WWTP influent contained the
following MP polymers: PET at 71.43 %, PP at 14.29
%, polyethylene PE at 11.43 %, and cellulose acetate
(CA) at 2.86 %. In the effluent, the distribution of
polymers shifted, with PP accounting for 50.00 %, PET
for 33.33 %, and styrene-ethylene-butylene-styrene
(SEBS) comprising 16.67 %. The FT-IR spectra of these
MP polymers are presented in Figures 3 and 4 depicts
the shapes and colors of MP samples observed under a
microscope. Table 2 provides an overview of the
density and typical application areas of plastics
commonly identified in WWTPs. These MPs
predominantly originate from polymer-based textiles
that degrade during laundering processes. Additionally,
MPs are derived from household products, such as
detergents, shampoos, bath soaps, and hand soaps.
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Figure 2 Distribution of (a) size, (b) shape, (c) color, and (d) polymer type of MP in municipal wastewater treatment
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Effluent).
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Figure 3 FT-IR spectra of MP in WWTPs.
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Figure 4 Visualization of the MP morphology observed at the studied WWTPs includes the following types: (a) red
fragment, (b) green fragment, (c) transparent fragment, and (d) blue fiber. For interpretation of the references to color in
this figure legend, readers are directed to the web version of this article.
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Table 2 Density and application areas of commonly used plastics.

Polymer type Density (g/cm?®) Application

Cellulose acetate (CA) 1.31 Applications in textiles, photographic films, filters, plastic
products, and packaging

Polyamide (PA) 1.02-1.16 Synthetic textiles and plastic bags a

Polypropylene (PP) 0.83-0.92 Food packaging, chip bags, pipes, and automotive parts

Polyethylene (PE) 0.89-0.98 Food wrapping materials, water bottles, and
personal care items

Polyethylene terephthalate (PET) 0.96 - 1.45 Bottles of water, juice, and cleansers

Polyvinylidene fluoride (PVDF) 1.78 - 1.79 Pharmaceuticals and packaging, gaseous substances
barriers and coatings for the inner layers of pipes, storage
tanks, valves, membrane filters, pumps, and bearings

Styrene ethylene butylene styrene 0.91 Car interiors, home furnishings, domestic electrical

(SEBS)

appliances, flippers and other diving equipment. Food

grades and medicine: tops for containers and bottles. Toys.

Source: Fauzi et al. [25]; Acarer [29]; Scientific Polymer Products [30]; Silva et al. [31]; Teixeira et al. [32]; CJP sales

[33].

Previous studies have reported the presence of PE,
PP, PA, PS, and PET in WWTPs, with respective
proportions of 64.07, 32.92, 10.34, 24.17, and 28.09 %
[7,9,26]. InaWWTP in Sydney, PE and PET constituted
42 and 36 % of the total influent and effluent
concentrations, respectively [9]. PE and PP were the
most frequently detected polymers in WWTP influents,
comprising 3 - 32 % and 11 - 42 % of the total,
respectively. These polymers are ubiquitous in WWTPs
owing to their extensive use in industrial and household
products, including personal care items and packaging
materials [11].

Fate and transfer of MPs in WWTP

Influent and primary treatment

Relatively low concentrations of MPs were
observed in the wastewater influent, with an average of
1.30 £ 1.61 particles/L (Table 1). It is hypothesized that
during the skimming process, MPs with a tendency to
settle are likely removed [34]. However, due to their
buoyant properties, the remaining particles are expected
to resist primary removal. Sedimentation and flotation
are techniques used to isolate substances with a lower
density than water by utilizing gas bubbles to lift them
to the surface, where they can then be removed through

skimming [35]. MPs with low densities generally float,
while those with higher densities settle at the bottom.
Therefore, it is plausible that higher-density MPs, such
as PET, can be removed from wastewater through
precipitation. Flotation, on the other hand, is a more
appropriate method for removing low- or medium-
density MPs that cannot be easily precipitated [34].

Secondary treatment

As summarized in Table 1, the predominant MP
particles were detected during the secondary treatment
process, with concentrations ranging from 0.22 - 1.00
particles/L, 0.22 - 0.44 particles/L, and 0.00 - 0.44
particles/L during the rainy, winter, and summer
seasons, respectively. These findings align with
previous  research, reported
concentrations of MP fibers following the secondary
treatment stage [36].

MPs detected in the aeration tank were primarily
composed of PP, copolymers, PE, and materials from
toothpaste formulations. Similarly, MPs identified in the
activated sludge predominantly consisted of PP, PE,
PET, and copolymers, with fragmented shapes being the
most common morphology [36].

which elevated
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Additionally, the type of biological treatment
process (anaerobic or aerobic) and the specific
operational conditions of the treatment system, such as
hydraulic retention time and aeration intensity, are
critical factors influencing MP removal efficiency. In
anaerobic processes, sedimentation effectively removes
larger MPs (0.1 - 5 mm) due to their higher settling
velocities compared to smaller MPs (< 0.1 mm) [37]. In
contrast, aerobic processes primarily rely on
interception and sludge adsorption mechanisms to
remove smaller MPs (< 0.1 mm), with turbulence
induced by aeration further enhancing these removal
efficiencies [37]. Furthermore, studies on MP
degradation by microorganisms have demonstrated that
plastic materials require several weeks to months to
undergo significant microbial degradation [38].

Effluent

As shown in Table 3, the concentrations of MPs
detected in the effluent were 0.56 particles/L during the
rainy season and 0.11 particles/L during the summer
season. Notably, no MPs were detected in the effluent
during the winter season. These findings are consistent
with  previous studies, which reported MP
concentrations ranging from 0 - 2.8 particles/L in the
effluents of various WWTPs [1,7,8,39,40]. Table 3
summarizes the MP removal efficiencies of different
WWTPs. Prior research has also documented minimal
or absent MP particles in the effluents of WWTPs
located in Vancouver, Canada [41].

Table 3 MP concentration and removal efficiency in WWTPSs across various countries.

Concentration (Particles/L)

Removal efficiency

Location Treatment process o References
Influent Effluent (%)
China Pri g d tivated
rimary, secondary (Aac 1.Va e 28.40 64.40 1]
(Wuhan) sludge), and chlorination
China Primary, secondary, and series
0.59 95 [40]
(Beijing) of advanced treatments
China
) Secondary 1.57 - 13.69 0.20-1.73 79.30 - 97.80 [6]
(Xiamen)
Canada
Primary and secondary 0.50 97.10 - 99.10 [41]
(Vancouver)
Scotland )
Primary and secondary 0.25 98.41 [43]
(Glasgow)
Indonesia Secondary
) 793.33 -573.33 80.00 - 133.33 76.74 - 83.78 [25]
(Bandung) (anaerobic system)
Thailand Primary and secondary
) o 1.92 77 [44]
(Udon Thani) (stabilization pond)
Thailand Primary and seconda
Y . Y 1.50 84.35 [44]
(Khon Kaen) (aeration lagoon)
Thailand Primary and secondary 4-12 (Dry) 0 -2 (Dry) 75 - 86 (Dry) ]
(Nonthaburi) (activated sludge) 6 -33 (Wet) 0-6 (Wet) 16 - 75 (Wet)
3.22 (Rain 0.56 (Rain 82.76 (Rain
Thailand Primary and secondary ( ) ( ) ¢ 2
0.22 (Winter) 0.00 (Winter) 100.00 (Winter) This study
(Lampang) (stabilization pond)

0.44 (Summer)

0.11 (Summer)

75.00 (Summer)
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Furthermore, it was observed that tertiary treatment
processes in WWTPs are not substantial sources of MPs,
as primary treatment stages effectively remove the
majority of MPs. Mechanisms such as the skimming of
lightweight MP fragments and the sedimentation of
heavier MPs during grit removal play a pivotal role in
this process [17]. Tertiary treatment processes can
further enhance MP removal efficiency. For example, a
study conducted in the Netherlands reported MP
removal efficiencies of 88 % for WWTPs without
tertiary treatment and 97 % for those with tertiary
treatment [42].

The density of MP particles also plays a critical
role in their removal, as it determines their buoyancy
and sedimentation potential [34]. While PP and PE are
among the most commonly identified MP types, these
materials were not present in the effluent, likely owing
to their low densities, which facilitate removal through
air flotation processes [11]. In this study, the MP
removal efficiencies for the WWTPs were 75.00, 82.76,
and 100.00 % during the summer, rainy, and winter
seasons, respectively. These results align with previous
findings, which reported MP removal efficiencies of
approximately 77 and 84.35 % for primary and
secondary treatment processes, including stabilization
ponds and aeration lagoons, in Thailand [44].

Seasonal distribution

Abundance, fate and transport of MPs

Seasonal variation analysis indicated a greater
abundance of MPs in the WWTP during the dry seasons
compared to the wet seasons. Notable fluctuations in
MP concentrations were observed at the Lampang
WWTP across the rainy, winter, and summer seasons.
ANOVA statistical analysis revealed a significant
difference in MP abundance among the 3 seasons (p <
0.05). Further pairwise t-tests identified significant
differences in MP concentrations between the rainy and
winter seasons (p < 0.05), as well as between the rainy
and summer seasons (p < 0.05). However, no significant
difference was found between the winter and summer
seasons (p > 0.05). These findings suggest that MP
concentrations were notably higher during the rainy
season compared to the winter and summer seasons.
This aligns with prior research, such as a study along a
subtropical river system in South Africa, which found

that MP densities and diversities peaked during the hot-
wet season compared to the cool-dry and hot-dry
seasons [22]. The results point to diverse sources of MPs
in river catchments, which may vary within and across
catchment areas [45]. External factors, including river
flow, water depth, substrate type, and the physical
characteristics of plastics, likely contribute to the
increased MP concentrations upstream of WWTPs
[46,47].

To understand the fate and transport of MPs from
their sources to their eventual discharge as treatment
effluent, it is essential to examine MP behavior during
the rainy season. It is hypothesized that MP
concentrations are significantly higher during the rainy
(wet) season due to 2 main factors: 1) the deposition of
airborne MPs via precipitation and 2) the increased
mobility of MPs under wet conditions. First, previous
studies have shown that the deposition of MPs is higher
during periods of wet deposition compared to dry
deposition, underscoring the important role of rainfall in
removing MPs from the atmosphere [48]. Second,
rainfall during the wet season likely enhances the
mobility of MP particles, particularly those from road
runoff and other transport-related sources, such as
plastic particles from tire wear. These particles are then
transported into combined sewer systems. Notably, the
current study found that most MP fragments detected in
the WWTP were composed of PET, PP, and PE.
Additionally, prior research has demonstrated that
rainfall can increase MP concentrations in WWTPs
connected to combined sewer systems, as rain events
wash small anthropogenic litter into these systems [49].
However, the effects of rainfall on the movement and
accumulation of pollutants within WWTPs remain
inadequately understood. Factors such as wastewater
influent characteristics, treatment efficiency, and other
environmental conditions all interact to influence the
fate of pollutants alongside rainfall.

MPs removal in WWTPs

The occurrence and variation of specific MP types
within WWTP processes may be influenced by diurnal
fluctuations in wastewater flow and hydraulic retention
time associated with different treatment stages [50].
Typically, influent flow patterns exhibit peaks during
periods of high water usage, such as in the mornings and
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early evenings. However, these patterns can be
disrupted by stormwater inflows, which alter the
hydraulic retention times across various treatment units.
Seasonal differences in secondary treatment processes
during the rainy, winter, and summer periods may
further contribute to variations in the types of MPs
observed.

The WWTP examined in this study employs a
stabilization pond system across all 3 seasons—rainy,
winter, and summer. However, the seasonal trends in the
abundance of MPs identified within the secondary
treatment processes were found to be inconsistent. This
observation contrasts with findings from previous
research, which reported a consistent decrease in MP
quantities across secondary treatment stages [44]. A
possible explanation for this discrepancy lies in the
operational characteristics of the stabilization pond
system. The extended retention time of approximately
15 days allows for the settling of MPs, a process driven
by factors such as gravitational forces and the polymer
density of MPs. This prolonged retention promotes
sedimentation, resulting in a statistically significant
reduction in MP concentrations [44]. Additionally,
variations in the hydraulic retention times of the
stabilization pond system across different seasons may
also influence the efficiency of MP removal. These
seasonal differences in retention time could play a role
in determining removal rates, necessitating further
investigation to substantiate or refute their impact on
MP removal efficiency.

Limitations of the research and further studies

The number of wastewater grab samples collected
in this study may introduce biases, highlighting the need
for future research to incorporate continuous or
composite sampling methods to enhance the reliability
and accuracy of the findings. Additionally, this study did
not examine the abundance of MPs in sediments, which
represents a key limitation. Future research should
address this gap to gain a better understanding of the role
of sedimentation in the MP removal process within
WWTPs. Several other factors influencing the quantity
of MPs in wastewater influents were not thoroughly
explored, such as land use patterns (e.g., residential,
commercial, or industrial areas), housing and population
densities, urban density and proximity to urban centers,

sewage overflow volumes, WWTP types, and the nature
of solid waste management systems in surrounding
areas [44]. These factors should be investigated in future
studies to offer deeper insights into strategies for
reducing MP discharges into WWTPs and the broader
environment. Previous studies have emphasized the
importance of examining MP  contamination
comprehensively across all components of the
municipal ecosystem, including WWTPs, surface water,
and atmospheric fallout from both wet and dry
depositions [51]. Additionally, further research is
necessary to assess the potential harmful effects of MPs
released from WWTPs on aquatic ecosystems and
human livelihoods. Such investigations will be essential
for understanding and mitigating the risks associated
with MP pollution.

Conclusions

MPs are increasingly recognized as a significant
aquatic contaminant. This study provides important
insights into the seasonal variations in MP detection,
fate, and transport, focusing on the samples and data
collected from the Lampang WWTP in Thailand. The
key findings of this research are as follows: First, a
higher abundance of MPs was detected in the WWTP
during the rainy season compared to the winter and
summer seasons. The average MP concentration during
the rainy season was 1.20 + 1.27 particles/L, while the
average concentrations during the winter and summer
seasons were 0.27 = 0.50 particles/L and 0.27 + 0.54
particles/L, respectively. Statistical analysis through
ANOVA indicated a statistically significant difference
in MP abundance across the 3 seasons (p < 0.05).
Secondly, this study corroborates previous research
suggesting that the deposition of airborne MPs through
precipitation and the increased mobility of MPs under
wet conditions contribute to the elevated MP quantities
observed in WWTPs during the rainy season. Thirdly,
most MPs detected across the rainy, winter, and summer
seasons within the WWTP processes were characterized
by sizes of 151-350 um, gray coloration, and fragment
shapes. Additionally, MPs composed of PET, PP, and
PE were identified. These findings emphasize the need
to optimize the stabilization pond system employed by
the Lampang WWTP, which showed inconsistent
performance across different seasons. Developing
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seasonally adaptive strategies is essential to better
understand MP trends and enhance the efficiency of
wastewater treatment systems. Further research should
focus on the fate and transport of MPs during overflow
conditions and the implementation of effective water
management strategies tailored to the rainy, winter, and
summer seasons. Such measures are crucial to
minimizing the release of MPs into natural water bodies,
thereby mitigating their environmental impact.

Acknowledgements

This study was funded by the Thammasat
University Research Fund under Contract No. TUSDG
5/2566. The authors would like to express their sincere
gratitude to the Faculty of Public Health, Thammasat
University, Thailand, and the staff at the wastewater
treatment plant for their essential support in enabling the
successful completion of this study.

References

[1] S Kittipongvises, A Phetrak, N Hongprasith and J
Lohwacharin. Unravelling capability of municipal
wastewater treatment plant in Thailand for
microplastics: Effects of seasonality on detection,
fate and transport. Journal of Environmental
Management 2022; 302(Part A), 113990.

[2] RC Thompson, Y Olson, RP Mitchell, A Davis, SJ
Rowland, AWG John, D McGonigle and AE
Russell. Lost at sea: Where is all the plastic?
Science 2004; 304(5672), 838.

[3] AL Andrady. Microplastics in the marine
environment. Marine Pollution Bulletin 2011;
62(8), 1596-1605.

[4] SL Wrightand FJ Kelly. Plastic and human health:
A micro issue? Environmental Science &
Technology 2017; 51(12), 6634-6647.

[5] S Estahbanati and NL Fahrenfeld. Influence of
wastewater treatment plant discharges on
microplastic concentrations in surface water.
Chemosphere 2016; 162, 277-284.

[6] Z Long, Z Pan, W Wang, J Ren, X Yu, L Lin, H
Lin, H Chen and X Jin. Microplastic abundance,
characteristics, and
treatment plants in a coastal city of China. Water
Research 2019; 155, 255-265.

removal in wastewater

[7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

SM Mintenig, | Int-Veen, MGJ Loder, S Primpke
and G Gerdts. Identification of microplastic in
effluents of wastewater treatment plants using
focal plane array based micro-Fourier-transform
infrared imaging. Water Research 2017; 108, 365-
372.

J Talvitie, A Mikola, A Koistinen and O Setala.
Solutions to microplastic pollution - removal of
microplastics from wastewater effluent with
advanced wastewater treatment technologies.
Water Research 2017; 123, 401-407.

S Ziajahromi, PA Neale, L Rintoul and FDL
Leusch, Wastewater treatment plants as a pathway
for microplastics: Development of a new approach
to sample wastewater-based microplastics. Water
Research 2017; 112, 93-99.

M Simon, NV Alst and J Vollertsen.
Quantification of microplastic mass and removal
rates at wastewater treatment plants applying focal
plane array (FPA)-based fourier transform
infrared (FT-IR) imaging. Water Research 2018;
142, 1-9.

PL Ngo, BK Pramanik, K Shah and R Roychand.
Pathway, classification and removal efficiency of
microplastics in wastewater treatment plants.
Environmental Pollution 2019; 255(2), 113326.
C Lassen, SF Hansen, K Magnusson, NB
Hartmann, P Rehne Jensen, TG Nielsen and A
Brinch. Microplastics - Occurrence, Effects and
Sources of Releases to the Environment in
Denmark. Danish Environmental Protection
Agency, Copenhagen, Denmark, 2015.

RC Thompson. Microplastics in the marine
environment:  Sources, consequences and
solutions. Springer International Publishing,
Massachusetts, 2015.

PK Cheung, LTO Cheung and L Fok. Seasonal
variation in the abundance of marine plastic debris
in the estuary of a subtropical macro-scale
drainage basin in South China. Science of the Total
Environment 2016; 562, 658-665.

Pollution Control Department. Handbook of
Community  wastewater system.
Ministry of Natural Resources and Environment,
Bangkok, Thailand, 2017.

treatment



Trends Sci. 2025; 22(6): 9931

13 0f 14

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Z Wang, Y Qin, W Li, W Yang, Q Meng and J
Yang. Microplastic contamination in freshwater:
First observation in lake ulansuhai, yellow river
basin, China. Environmental Chemistry Letters
2019; 17(4), 1821-1830.

SA Carr, J Liu and AG Tesoro. Transport and fate
of microplastic particles in wastewater treatment
plants. Water Research 2016; 91, 174-182.
Guidelines  for  community
management along the Wang River through
Lampang Municipality, Available at:
https://epo02.pcd.go.th/th/information/more/228/
page/5, accessed December 2024.

J Masura, J Baker, G Foster and C Arthur.

wastewater

Laboratory methods for the analysis of
microplastics in the marine environment:
recommendations for quantifying synthetic

particles in waters and sediments. NOAA Marine
Debris Division, Maryland.

HC Ruffell. 2019, Wastewater treatment plants as
a source of microplastics to the environment,
Thesis. University of Canterbury,
Christchurch, New Zealand.

X Liu, W Yuan, M Di, Z Li and J Wang. Transfer
and fate of microplastics during the conventional
activated sludge process in one wastewater
treatment plant of China. Chemical Engineering
Journal 2019; 362, 176-182.

T Dalu, T Banda, T Mutshekwa, LF Munyai and
RN Cuthbert. Effects of urbanisation and a
wastewater treatment plant on microplastic
densities along a subtropical system.
Environmental Science and Pollution Research
2021; 28, 36102-36111.

C Chen, Y Ju, YC Lim, C Chen and CD Dong.
Seasonal variation of diversity, weathering, and
inventory of microplastics in coast and harbor
sediments. Science of the Total Environment 2021;
781, 146610.

N  Hongprasith, C
Lertluksanaporn, T  Eamchotchawalit, S
Kittipongvises and J Lohwacharin. IR
microspectroscopic identification of microplastics
in  municipal plants.
Environmental Science and Pollution Research
International 2020; 27(15), 18557-18564.

Master’s

river

Kittimethawong, R

wastewater treatment

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

M Fauzi, P Soewondo, M Handajani, T
Tedjakusuma, A Nur and M  Qadafi.
Characteristics and removal of microplastics in
urban domestic WWTP system: A case study in
Bandung city, Indonesia. Case Studies in
Chemical and Environmental Engineering 2024;
10, 100999.

J Talvitie, A Mikola, O Setala, M Heinonen and A
Koistinen. How well is microlitter purified from
wastewater? - A detailed study on the stepwise
removal of microlitter in a tertiary level
wastewater treatment plant. Water Research 2017;
109, 164-172.

KJ Kapp and E Yeatman. Microplastic hotspots in
the snake and lower columbia rivers: A journey
from the greater yellowstone ecosystem to the
Pacific Ocean. Environmental Pollution 2018;
241, 1082-1090.

X Zhang, J Chen and J Li. The removal of
microplastics in the wastewater treatment process
and their potential impact on anaerobic digestion
due to pollutants association. Chemosphere 2020;
251, 126360.

S Acarer. Microplastics in wastewater treatment
plants: Sources, properties, removal efficiency,
mechanisms, and interactions with
pollutants. Water Science & Technology 2023;
87(3), 685-710.

Scientific Polymer Products, Available at:
https://scipoly.com/shop/styreneethylene-
butylene-aba-block-copolymers-2/, accessed
December 2024.

AJDJ Silva, MM Contreras, CR Nascimento and
MFD Costa. Kinetics of thermal degradation and
lifetime study of poly (vinylidene fluoride)
(PVDF) subjected to bioethanol fuel accelerated
aging. Heliyon 2020; 6(7), e04573.

SC Teixeira, TVD Oliveira, RR Assis Silva, ARC
Ribeiro, PC Stringheta, TCB Rigolon, MRMR
Pinto and NDFF Soares. Colorimetric indicators
of acai anthocyanin extract in the biodegradable
polymer matrix to indicate fresh shrimp. Food
Bioscience 2022; 48, 101808.

Styrene Ethylene Butadiene Styrene, Available at:
https://www.cjpsales.co.uk/products/downloads/2
6/sebs%20data.pdf, accessed December 2024.

removal



Trends Sci. 2025; 22(6): 9931

14 of 14

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

J Sun, X Dai, Q Wang, MCMV Loosdrecht and BJ
Ni. Microplastics in wastewater treatment plants:
Detection, occurrence and removal. Water
Research 2019; 152, 21-37.

DH Kwak, HJ Jung, SJ Kim, CH Won and JW
Lee. Separation characteristics of inorganic
particles from rainfalls in dissolved air flotation: A
Korean perspective. Separation Science and
Technology 2005; 40(14), 3001-3015.

J Talvitie, M Heinonen, JP Paakkonen, E Vahtera,
A Mikola, O Setala and R Vahala. Do wastewater
treatment plants act as a potential point source of
microplastics? preliminary study in the coastal
gulf of finland, baltic sea. Water Science &
Technology 2015; 72(9), 1495-1504.

S Wei, H Luo, J Zou, J Chen, X Pan, DPL
Rousseau and J Li. Characteristics and removal of
microplastics in rural domestic wastewater
treatment facilities of China. Science of The Total
Environment 2020; 739, 139935.

S Yoshida, K Hiraga, T Takehana, | Taniguchi, H
Yamaji, Y Maeda, K Toyohara, K Miyamoto, Y
Kimura and K Oda. A bacterium that degrades and
assimilates poly(ethylene terephthalate). Science
2016; 351(6278), 1196-1199.

S Magni, A Binelli, L Pittura, CG Avio, CD Torre,
CC Parenti, S Gorbi and F Regoli. The fate of
microplastics in an Italian wastewater treatment
plant. Science of The Total Environment 2019;
652, 602-610.

L Yang, K Li, S Cui, Y Kang, L An and K Lei.
Removal of microplastics in municipal sewage
from China’s largest water reclamation plant.
Water Research 2019; 155, 175-181.

EA Gies, JL Lenoble, M Noel, A Etemadifar, F
Bishay, ER Hall and PS Ross. Retention of
microplastics in a major secondary wastewater
treatment plant in Vancouver, Canada. Marine
Pollution Bulletin 2018; 133, 553-561.

HA Leslie, SH Brandsma, MIJMV Velzen and AD
Vethaak.  Microplastics en route:  Field
measurements in the Dutch river delta and
Amsterdam canals, wastewater treatment plants,
North Sea sediments and biota. Environment
International 2017; 101, 133-142.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

F Murphy, C Ewins, F Carbonnier and B Quinn.
Wastewater treatment works (WWTW) as a
source of microplastics in the aquatic
environment.  Environmental  Science &
Technology 2016; 50(11), 5800-5808.

T Paisanpong, S Laowansiri and J Kaewsuk.
Microplastic contamination of aerated lagoon
wastewater treatment and stabilization pond
wastewater treatment. The Public Health Journal
of Burapha University 2022; 17(1), 1-14.

T Mani, A Hauk, U Walter and P Burkhardt-Holm.
Microplastics profile along the Rhine Rive.
Environmental Science & Technology 2015; 5,
3345-3457.

D Eerkes-Medrano, RC Thompson and DC
Aldridge. Microplastics in freshwater systems: A
review of the emerging threats, identification of
knowledge gaps and prioritization of research
needs. Water Research 2015; 75, 63-82.

S Klein, E Worch and TP Knepper. Occurrence
and spatial distribution of microplastics in river
shore sediments of the rhine-main area in
Germany. Environmental Science & Technology
2015; 49(10), 6070-6076.

E Winijkul, Kz Latt, K Limsiriwong, T
Pussayanavin and T Prapaspongsa. Depositions of
airborne microplastics during the wet and dry
seasons in Pathum Thani, Thailand. Atmospheric
Pollution Research 2024; 15(10), 102242,

MR Michielssen, ER Michielssen, J Ni and MB
Duhaime. Fate of microplastics and other small
anthropogenic  litter (SAL) in
treatment plants depends on unit processes
employed. Environmental Science: Water
Research & Technology 2016; 2(6), 1064-1073.
M Lares, MC Ncibi and M Sillanpaa. Occurrence,
identification and of microplastic
particles and fibers in conventional activated
sludge process and advanced MBR technology.
Water Research 2018; 133, 236-246.

R Dris, J Gasperi, C Mirande, C Mandin, M
Guerrouache, V Langlois and B Tassin. A first
overview of textile fibers, including microplastics,
in indoor and outdoor  environments.
Environmental Pollution 2017; 221, 453-458.

wastewater

removal



