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Abstract

The temporal variation of the microplastic concentration was studied in the Langueyu
stream, which is located in the department of Tandil, in the southeast of the Buenos Aires
province in Argentina. This stream receives discharge from the wastewater treatment
plants from a medium-sized city. A quantitative analysis of the microplastic concentration
was carried out in different samplings, corresponding to different seasons. The study
focused on the most contaminated point, located after the discharge of effluents from
plants. Higher concentrations of MPs were found in winter (dry season), having
approximately 6 times the concentrations found in summer and autumn (wet seasons).
However, these differences would not be a direct consequence of the amount
precipitation, but rather would be associated with a seasonal variation of human activities,
mainly with respect to the type of clothing used in the cold season. The microfibers
correspond to around 60 to 90% of microplastics found. The discharge from the plants
causes changes in the parameters of the stream water, such as high electrical conductivity
values, and also provide metallic contaminants such as Ca, Zn, and in smaller amounts
Pb, Fe, Ni and Cu, which were found adhered to the microplastics and remain in the
stream water in high quantities 3 km after the study point. The microplastic concentration
presents a linear empirical correlation with the conductivity, and it was found that
conductivity measurements would serve as an indicator of the microplastic concentration
in the system under study.

Keywords: Plastic pollution; Effluent discharge; Watercourse; Seasonality; Water
quality.

1.- Introduction

Plastics have become essential materials in the daily life of people and for different
industrial, technological, and health applications. In the last decades, world plastics
production has had an increasing trend and has reached 390.7 million tons in 2021, with
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packaging and construction being the largest markets for plastics (Plastics Europe, 2022).
In recent years, the inadequate disposal of post-consumer plastic waste has generated an
emerging environmental problem, mainly due to plastic debris with sizes smaller than 5
mm, which are commonly called microplastics (MPs) (Boucher and Friot, 2017,
Thompson, 2007). MPs have been found all over the world and in different environments,
especially in aquatic environments. In recent years, their presence in oceans, seas,
estuaries, lakes, and rivers, among others, has been studied (Forero-Lopez et al., 2021a;
Islam 2022; Li et al., 2018; Wang and Wang, 2018).

Due to their small size, MPs can be easily ingested by aquatic species, causing damage
to their health (Amini-Birami et al. 2023; Arias et al., 2019; Kalcikova, 2023), and can
also be transferred reaching higher trophic levels and humans (Ji et al., 2023).
Furthermore, MPs can act as a source and sink for toxic contaminants, such as metals,
organic pollutants, and chemical additives, because they have the ability to absorb or
adsorb and release the contaminants into the organisms (Ahmed et al., 2023; Forero Lépez
etal., 2021b; Godoy et al., 2019; Yu et al., 2019). This property increases the risk of toxic
effects on organisms when MPs are ingested.

Rivers and streams can accumulate large amounts of MPs and transport them into the seas
and oceans (Hoellein et al., 2019; Lebreton et al., 2017; Schmidt et al., 2017; Tanaka et
al., 2022). The amounts of MPs reported in different rivers and streams differ greatly from
less than one to several million items per m® (Li et al., 2018; Montecinos et al., 2021;
Mora-Teddy and Matthaei, 2020; Schmidt et al., 2017). The MP concentration depends
on the population density near the water course or upstream, the proximity to urban
centers, the characteristics of the water body, the type of waste management used, and
the quantification methodology, among other factors (Eerkes-Medrano et al., 2015; Li et
al., 2018; Nihei et al., 2020; Stock et al., 2019). The presence of wastewater treatment
plants (WWTPs) that discharge their effluents into the watercourse is one of the main
sources of MPs (Li et al., 2018; Mintenig et al.,, 2017; Montecinos et al., 2021,
Montecinos et al., 2022; Sun et al., 2019). Microfibers have been found to be the most
important type of MPs present in rivers and streams, which are mainly released during
mechanical drying of clothes and textiles in household washing machines (Belzagui et
al., 2020; De Falco et al., 2019; Maja et al., 2023; Montecinos et al., 2021).

The Langueyu stream is located in the southeast of the Buenos Aires province, in the
Argentine Pampas. It receives discharge of WWTPs effluents from the city of Tandil. In
previous studies, the contribution of urban sewage discharges to MP contamination in the
Langueyu stream was studied (Montecinos et al., 2021; Montecinos et al., 2022). 97% of
the total MPs came from WWTPs effluents, while the rest came from storm drains and
discharge of tributaries. The most polluted area corresponded to a point after the discharge
of the plants, with a concentration of around 72000 MPs/L. At this point, around 70% of
the MPs corresponded mainly to polyethylene microfibers, with a mean length of around
300 pm. At the most polluted point, the presence of copper in the MPs present in the
stream was analyzed and confirmed using the LIBS technique (Tognana et al., 2022). The
retention of copper by MPs that have been in contact with stream water and the influence
of organic matter were also studied. The Langueyu stream has a low flow and receives a
high discharge of MPs, mainly from the WWTPs that process wastewater from a medium-
sized city. These characteristics make the study of this stream of great importance as a
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comparative case with respect to others with similar characteristics. However, the values
of MP concentration found at the same point but from different samplings and dates, and
reported in different works, are very different and cannot be compared between them
(Montecinos et al., 2021; Montecinos et al., 2022). These variations in the MP
concentration could be associated with seasonality, climatic conditions, and the behavior
of the WWTPs. There are very few studies on the temporal distribution of MPs in rivers.
Wu et al. (Wu et al., 2020) studied the spatial-temporal distribution of MPs in the surface
water and sediments along the main stream of the Maozhou river in China, while Xia et
al. (Xia et al., 2020) investigated the relationship between precipitation and MP
concentration in the surface water of Donghu lake in China. In Argentina, Pazos et al.
(Pazos et al., 2021) studied temporal patterns in the abundance of MPs on the coast of the
Rio de la Plata estuary.

The aim of this work is to study the temporal variation of the MP concentration in a stream
that receives discharge from WWTPs from a medium-sized city, especially in the most
contaminated point, located after the discharge of effluents from the WWTPs. A
quantitative analysis of the MP concentration was carried out in different samplings,
corresponding to different seasons. The MP concentration found in each sampling was
analyzed with respect to the measured physical parameters of the stream water, and
climatic conditions. The presence of metallic contaminants in the MPs extracted from the
stream water was also analyzed by X-Ray fluorescence measurements.

2.- Materials and methods
2.1. Study sites

This study was carried out in the Langueyu stream, which is located in the department of
Tandil (37° 04" S; 59° 08°0) in the southeast of the Buenos Aires province in Argentina.
The city of Tandil has a population of around 150162 inhabitants (INDEC, 2022) and
occupies an approximate area of 50 km?. The Languey( stream receives discharge of
effluents from two WWTPs that process wastewater from the city of Tandil. In a previous
work in the Langueyl stream basin, it was reported that the point of highest MP
concentration corresponded to the one located after the discharge of WWTPs in a zone
located in the EI Molino area (Montecinos et al., 2022). The present study was carried out
in the ElI Molino area (Fig. 1), after the discharge of WWTPs. In order to study the
presence, main sources and transport of metallic contaminants in the MPs present at the
point under study, water samples from a point before (Confluence) and after the EI Molino
area (intersection with Route 30) were additionally analyzed. Confluence corresponds to
the point where the Langueyu stream forms, from the confluence of Del Fuerte and
Blanco streams and before the discharge of the WWTPs. The intersection of the Langueyu
stream with Route 30 is about 3 km further on from the EI Molino area and no significant
sources of MPs would be expected between the two points.

FIGURE 1
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At the main extraction point, located in the EI Molino area, the Langueyu stream has a
width that varies between 5 and 7.7 m, with a minimum width in the sampling of August
10, 2021, and a maximum width in the sampling of February 10, 2022. On the other hand,
the maximum depth was located mostly at the midpoint of the stream and varies between
0.3 and 0.6 m, with a minimum depth in the samplings of March 29, 2021, and August
10, 2021, and a maximum depth for June 30, 2023. The speed of the stream water reached
its highest value at its midpoint, with maximum values around 0.6 m/s. From the depth
profiles measured in each sampling, and using the speed values measured at different
points of the stream cross section, the stream flow was estimated for each sampling. The
values obtained for each sampling are shown in Fig. 2. Flow values between 0.7 and 1.0
md/s were estimated, with a minimum for August 27, 2021 and March 29, 2021, and a
maximum for June 30, 2023. It is important to point out that the profile of the stream
undergoes continuous changes due to the cleaning tasks that are carried out in the stream.
Flow values for three sampling dates at the Confluence point are also indicated in Fig. 2
to analyze the contribution of WWTPs discharge to the stream flow. Of the water flow
measured at EI Molino, 30% comes from tributaries, while 70% comes from plant
effluents for the February 2022 sampling. For the August 2021 sampling, these
percentages change to 25 and 75%, respectively, while it changes to 15 and 85% for the
June 2023 sampling.

FIGURE 2

2.2. MPs sampling and analysis

The samplings were carried out on different days corresponding to different seasons in
the city of Tandil: February 18, 2021 and February 10, 2022 (summer); March 29, 2021
and June 2, 2021 (autumn); August 10 and August 27, 2021, September 20, 2021,
September 15, 2022 and June 30, 2023 (winter). The specific sampling dates were
selected based on the mean values of historical temperature and precipitation in the city
of Tandil (Fig. S1). The water temperature was measured with a TES 1300 thermometer
with an accuracy of 0.1°C.

Three water samples were collected from the stream surface (up to 10 cm depth) in each
sampling using 1 L volume glass bottles. Samples were extracted at points approximately
equidistant from both shorelines. The physical properties of the water samples were
measured using an A1 TDS&EC portable meter for electrical conductivity (EC) and a
Hach portable pH meter for pH. The density of the samples was estimated by determining
the volume of the extracted water and weighing it with a Systel balance with a precision
of1g.

For the quantification of the MPs, each water sample was filtered through a 1.5 mm mesh
steel filter, and particles with sizes smaller than 1.5 mm were filtered through a 45 pum
mesh Besmak steel filter. Particles with sizes between 45 pum and 1.5 mm were removed
from the filter using distilled water and kept. To remove organic matter, samples were
subjected to an oxidative digestion process using a 30% hydrogen peroxide solution for
2 hat 50°C. Then, samples were washed using a 45 um steel filter and extracted from the
filter with distilled water. Drops of the concentrated solution, consisting of MPs and
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distilled water, were placed on glass slides using a 50 uL micropipette. At least three
drops of each sampling were visually analyzed under an Arcane XSZ-100BNT trinocular
microscope. Then, using the ImageJ 1.52p software, MPs were quantified, and their
morphology was characterized, considering two types: microfibers and microparticles.
Microfibers are MPs that have one dimension much longer than the other, while
microparticles are those where all dimensions are of the same order of magnitude. Only
the MPs with the largest dimension greater than 100 pm were considered for
quantification, because those with sizes between 45 and 100 pum present a degree of
uncertainty regarding whether they are MPs or not. Mean values of each sampling were
calculated, and differences were compared using a one-way analysis of variance
(ANOVA), where differences were considered significant for p < 0.05.

X-Ray fluorescence measurements were performed on a Rigaku R-XAS Looper using an
Amptek Si detector. The energy of the incident beam was that corresponding to the K
emission line of Mo (17.48 keV), and a Si monochromator was used. The size of the
entrance slit to the sample chamber was optimized according to its dimensions, being
approximately 10 x 0.4 mm?. Measurements were made with the detector forming an
angle of 90° with the incident radiation, and the sample was placed with one of its faces
at 45° between the incident beam and the detector. Energy calibration was performed
using the characteristic fluorescence lines of various metallic patterns. For X-Ray
fluorescence measurements of the MPs, concentrated samples were filtered through a
membrane of 22 um pore size, and the retained content was measured.

2.3. Quality assurance and quality control

To avoid the contamination of the samples during their processing, several measures were
taken. The use of plastic instruments was avoided as much as possible, and glass beakers
and metallic equipment were used for handling the samples. All laboratory instruments
were washed with distilled water and dried before use. Cotton laboratory coats and latex
gloves were worn during the manipulation of the samples. During processing, samples
were placed into a clean glass chamber to keep them covered and protected from airborne
MPs. In order to validate the quality of the method, the experimental recovery percentage
was measured using different filings from different commercial polymers, with a particle
length in the range of 200 to 1000 um. The particles were added to distilled water in a
proportion around 0.01 %P/V and the recovery experiment was carried out following the
same methodology of the stream samples. The obtained recovery rates were of 89.8% for
polypropylene, 94.6% for acrylic and 96.8% for polyamide.

Three blanks of distilled water were subjected to the same methodology of the stream
samples. A mean of 232 + 49 MPs/L was obtained, with 93% of microfibers. The mean
length of the microfibers was 667 pm.

3.- Results

3.1. Meteorological information
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The monthly maximum (Tmax) and minimum (Tmin) temperatures corresponding to the
historical average values of the period 1991-2022 in the city of Tandil are shown in Fig.
3(a) (SMN, 2023). In the month of February (summer season), Tmax is 27°C, while Tmin
Is 13°C. In autumn, Tmax decreases to 25°C and Tmin to 11°C in March, while in June Tmax
reaches 13°C and Tmin decreases to 2°C. Subsequently, in winter, temperatures increase
slightly, reaching 17°C and 4°C of Tmax and Tmin, respectively, in September. The
historical average values of accumulated monthly precipitation corresponding to the
period 1991-2020 in the city of Tandil are shown in Fig. 3(b) (SMN, 2023). The rainiest
season corresponds to summer, while the driest season is winter. The accumulated
precipitation 2, 5 and 10 days before each sampling date is also shown in Fig. 3(b)
(Meteotandil, 2023). If the accumulated precipitation 10 days before each sampling is
considered, a behavior similar to the monthly history is observed. However, a very low
level of precipitation is observed the two days prior to each sampling, with values less
than 4 mm.

The highest levels of precipitation were observed in the samplings carried out in the
months of February and March, reaching 50 mm during the 10 days prior to the
extractions. On the other hand, in June, August, and September, the precipitation levels
were less than around 10 mm, even considering the accumulated precipitation during the
10 days prior to each sampling. The differences in the precipitation levels in the previous
days were reflected in a higher flow measured at the Confluence in February 2022
compared to the flow measured at the same point in August 2021 and June 2023 (Fig. 2).

FIGURE 3

3.2. Samplings results

The water temperature (Tw) was measured during each sampling, and the values obtained
are shown in Fig. 3(a). It is observed that Tw exhibits similar values with respect to Tmax
in June, August, and September, while it presents lower values for the months of February
and March. The pH and EC values of the water samples extracted from the stream are
shown in Fig. 4. pH is in the range of 6.7 to 8.8, with the highest values for the February
2021 and March 2021 samplings, while the lowest value is for June 2023. EC is in the
range of 820 to 1094 uS/cm, with the highest values for the June 2023 and August 2021
samplings, while the lowest value occurs in March 2021. For comparison, a sample of
distilled water has a conductivity of 10 uS/cm. The density of the water samples was
measured and almost no variation was found between the different samplings, with values
in the range of 0.99 to 1.00 g/ml.

FIGURE 4

MPs found on each sampling date were quantified and the results are shown in Fig. 5(a).
The data of water blank samples are also included. In the samplings carried out in summer
and autumn, MP concentrations lower than 14000 MPs/L were obtained. However, in
samplings carried out in winter, the concentrations exceed 35000 MPs/L, even reaching
70000 MPs/L in the sampling of August 10, 2021. According to the results of the one-
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way ANOVA test, the MP concentration values of the August samplings were
significantly different compared to the other samplings (p<0.05). However, the other
samplings cannot be considered as significantly different.

The MP concentration found in the water blank sample corresponds to about 5% of the
minimum concentration (March 29, 2021) and about 0.3% of the maximum concentration
(August 10, 2021). The percentage of microfibers found in each sampling is shown in
Fig. 5(b). Percentages around 60% of microfibers were found in samplings of February
2022 and March 2021. This value increases to around 75% of microfibers in samplings
of February 2021, June 2021, and August 2021, while it reaches a percentage of 90% of
microfibers in September 2022. It can be observed that the water blank sample contains
93% of microfibers.

FIGURE 5

3.3. X-Ray fluorescence measurements

As seen in Fig. 5(a), the highest MP concentration was measured on August 10, 2021.
The presence of metallic contaminants contained in the MPs found in this sampling was
analyzed by X-Ray fluorescence. A spectrum obtained from the MPs present in the study
site (El Molino) is shown in Fig. 6. MP samples were also obtained at a point prior to the
discharge of the WWTPs (Confluence), and at a later point located approximately 3 km
from El Molino (intersection with Route 30). To the best of our knowledge, there would
be no significant sources of contamination between EI Molino and the intersection with
Route 30. The spectra of the MPs found at the Confluence and at the intersection with
Route 30 are also presented in Fig. 6. The presence of different metallic contaminants
was detected in all the MPs samples, but in different proportions (Fig. 6(a)). Small
amounts of Fe, Ni and Cu were found at the Confluence (Fig. 6(b)). After the discharge
of effluents from the treatment plants, in EI Molino, higher levels of these contaminants
and high levels of Ca and Zn were measured (Fig. 6(b) and (c)). A small amount of Pb
was also detected in ElI Molino. Those higher level of contaminants will be associated
with effluents from the WWTPs. At a later point, the intersection with Route 30, the levels
of metallic contaminants decreased, around 50% of Ca, Zn and Cu, and around 20% of
Fe, while Ni and Pb remained at low levels. In a previous work, the presence of Cu was
found in the MPs extracted from the stream water in the El Molino zone (Tognana et al.,
2022).

FIGURE 6

4.- Discussion
4.1. Temporal variation of the MP concentration

As was observed in Fig. 3(b), the precipitation levels for February and March samplings
were higher than those of June, August, and September. These levels of precipitation
slightly influence the stream flow in the Confluence, but no significant influence is
observed on the stream flow in EI Molino (Fig. 2). On the other hand, higher MP
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concentrations were measured in the June 30, August and September samplings (winter),
with considerably lower levels in the February, March, and June 2 samplings (summer
and autumn) (Fig. 5(a)). The MP concentrations in winter are approximately 6 times the
concentrations found in summer and autumn.

With the aim of becoming independent of the differences in the stream flow of each
sampling, the MP flow expressed in MPs/s is shown in Fig. 7. A behavior similar to that
of the MP concentration in MPs/L is observed, indicating that the slight differences in the
flow of the stream would not influence the behavior found in the MP flow.

FIGURE 7

Wu et al. (Wu et al., 2020) studied the temporal variation of MPs in water samples from
ariver in China intensively surrounded by industries and found that the MP concentration
in dry season is relatively higher than those found in the wet season, following a behavior
similar to the results found in this study. Xia et al. (Xia et al., 2020) studied the
relationship between rainfall and MP concentration in the surface waters of Donghu lake
in China and found a close relationship between rainfall and MP abundance. On the other
hand, Pazos et al. (Pazos et al., 2021) studied temporal patterns in the abundance of MPs
on the coast of the Rio de la Plata estuary and found that the wind from the northwest
direction was associated with a lower abundance of MPs in the water. However, they also
found that the abundance of MPs in the water was not correlated with the precipitations
or other hydrological variables on the sampling date or in the 10 days prior to the date.
According to the different studies reported and the results found in this work on the
dependence of the MP abundance on non-anthropogenic factors, such as precipitations or
the intensity and direction of the wind, it can be concluded that this relationship strongly
depends on the characteristics of the aquatic system studied and the sources of MPs
contamination. In the system studied, the main source of MPs is the effluents from the
WWTPs.

Although it was found that the MP concentration is higher in the dry season, this would
not be a direct consequence of the amount of precipitation, since flow variations are much
less important than the variation of the MP concentration between the different dates.
Therefore, no great influence of dilution is expected. On the other hand, nor clear
relationship between accumulated precipitation in the days prior to each sampling date
and MP concentration was found. In this way, it would be expected that the differences
in the MP concentration are mainly due to temporal variations in human activities. As
was indicated above, the main sources of MPs in the Langueyu stream are effluents from
the WWTPs. The quality of the water discharged by the WWTPs also presents variations
between the different seasons, being remarkable the increase in conductivity. In the
months of August and September there is a greater amount of MPs and a lower water
quality. This phenomenon may be associated with a seasonal variation of human or
industrial activities. The influence of human’s activities on seasonal variations of the MP
concentration have been reported in some regions of the world (Jiang et al., 2022).
However, this type of variation depends on the economic activities, habits or type of
clothing, among other aspects of the region. In this case, a greater number of microfibers
in the discharge from the WWTPs could be associated with a greater number of
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microfibers released in the laundry, considering that the months of June 30, August and
September correspond to the cold season, where heavier clothes are used. Several studies
have determined the emission of MPs from household laundry, finding values of up to
18000000 microfibers per 6 kg of washed clothing (De Falco et al., 2019; Galvao et al.,
2020; Hazlehurst et al., 2023). A correlation was observed between the weight of
synthetics fibers in each wash and the microfibers released (Galvédo et al., 2020).
However, the influence of the type of fabric on the amount of MPs released is complex
(Hazlehurst et al., 2023).

4.2. Relationship between water quality parameters and MP concentration

In the water samples obtained from the stream in June 30, August and September (winter),
when high MP concentrations were obtained, a high EC and a slightly lower pH are
observed (Fig. 4). These changes in the parameters of the stream water would be related
to the discharge from the WWTPs. In a previous study (Montecinos et al., 2022), EC was
studied at different points of the Langueyu stream basin, finding that EC increases around
60% at the point after the discharge of the WWTPs (EI Molino) with respect to a point
before the discharge of the plants (the Confluence). According to a visual inspection
carried out, no water contributions were observed between the Confluence and EI Molino,
which would indicate that the main contribution of contaminants between both points
would correspond to the discharge of effluents from the plants.

In accordance with the National Law N° 26221, sewage effluents before reaching the
receiving body must have pH values ranging between 6.5 and 8 (National Law, 2007).
Therefore, a decrease in the pH of the stream water samples would suggest an increase in
the amount of effluent from the plant. This result agrees with that shown in Fig. 2, where
it is observed that in the June 30, 2023 sampling, the water flow at the EI Molino point
has a higher percentage of effluents from the WWTPs. This greater contribution of
effluents would produce a greater contribution of dissolved ions from the water treated in
the plants, which would also explain the increase in EC. In a previous work where the
presence of MPs in the Langueyl stream basin was analyzed, an increase in the
concentrations of different ions was reported due to the discharge of WWTPs
(Montecinos et al., 2022). In that study, it was found that the highest EC value was after
discharge from the WWTPs, which is also the point of highest concentration of MPs.
Based on these results, it could be expected that a temporal variation in the activity of the
plant produces a greater contamination by MPs and a deterioration of the water quality of
the stream.

As was observed in Fig. 4 and 5(a), the concentration of MPs exhibits a similar behavior
with respect to the EC of the samples. To analyze this dependence, the MP concentration
was plotted as a function of EC (Fig. 8) and a linear empirical correlation (R?= 0.8912)
is observed between both parameters. These results would indicate that EC measurements
would serve as an indicator of the MP concentration in the system under study, that is, in
a system where the contribution of both, MPs and contaminants, comes mainly from the
effluents of the WWTPs. The use of EC as an indicator is of great importance to be able
to have a first estimate on the MPs levels in this system. However, the use of EC
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measurements as an indicator of the MPs level should be considered with caution in other
types of systems.

The conductivity of water has been used as a tracer to study longitudinal patterns of MP
concentration in the North Shore Channel (NSC), which connects Michigan lake with the
Chicago river in USA (Hoellein et al., 2017) and in an experimental stream (Hoellein et
al.,, 2019). They used the ratio of MPs to conductivity to analyze deposition or
resuspension.

FIGURE 8

As was observed in Fig. 6, WWTPs effluents also provide metallic contaminants such as
Ca, Zn, Pb, Fe, Ni and Cu, which were adhered to the MPs. These metallic contaminants
are transported by the MPs and remain in the stream water in high quantities 3 km after
the study point. This fact is worrying, since they can affect the ecosystem present in the
entire course of the stream.

5.- Conclusions

The temporal variation of the MP concentration was studied in the Langueyl stream,
which is located in the department of Tandil, in the southeast of the Buenos Aires
province in Argentina. This stream receives discharge from WWTPs from a medium-
sized city. The study focused on the most contaminated point, located in the EI Molino
area after the discharge of effluents from the WWTPs. A quantitative analysis of the MP
concentration was carried out in different samplings, corresponding to different seasons.
From this study the following conclusions are obtained:

- Higher concentrations of MPs were found in winter, having approximately 6 times the
concentrations found in summer and autumn. Although it was found that the MP
concentration is higher in the dry season, this would not be a direct consequence of the
amount of precipitation.

- In the studied system, the main source of MPs is the effluents from the WWTPs, with
around 60 to 90% of microfibers, which come mainly from clothing microfibers released
during household laundry. The variations of the MP concentration between the different
seasons would be associated with a seasonal variation of human activities, mainly with
respect to the type of clothing used in the cold season.

- Discharge from the WWTPs causes changes in the parameters of the stream water, such
as high EC and slightly lower pH values. The MP concentration presents a linear
empirical correlation with the EC, and it was found that EC measurements would serve
as an indicator of the MP concentration in the system under study.

- The WWTP effluents also provide metallic contaminants such as Ca, Zn, Pb, Fe, Ni and
Cu, which were found adhered to the MPs and remain in the stream water in high
quantities 3 km after the study point.
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FIGURES

Fig. 1. Map of the Langueyu stream from its source to the intersection with Route 30,
located in Tandil, Buenos Aires province, Argentina. WWTPs discharges and extraction
points are shown. Images were adapted from Google Earth, June 2022,
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Fig. 6. (a) X-ray fluorescence spectra corresponding to MPs extracted from different
extraction points in the sampling of August 10, 2021. (b) and (c) are magnifications of
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Fig. 7. MP flow in the stream water considering the stream flow for each sampling.
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Figures caption

Fig. 1. Map of the Langueyu stream from its source to the intersection with Route 30,
located in Tandil, Buenos Aires province, Argentina. WWTPs discharges and extraction
points are shown. Images were adapted from Google Earth, June 2022,
https://earth.google.com.

Fig. 2. Stream flow for each sampling date.

Fig. 3. (a) Historical monthly temperatures, Tmax and Tmin, and the measured temperature
of the stream water for each sampling date, Tw. (b) Historical accumulated monthly
precipitation (30 days (1991-2020)) and accumulated precipitation 2, 5 and 10 days before
each sampling date.

Fig. 4. Parameters of the stream water: (a) pH and (b) EC.

Fig. 5. (a) MP concentration in the stream water on the different sampling dates. (b)
Percentage of microfibers found in each sampling.

Fig. 6. (a) X-ray fluorescence spectra corresponding to MPs extracted from different
extraction points in the sampling of August 10, 2021. (b) and (c) are magnifications of
different regions of the spectra.

Fig. 7. MP flow in the stream water considering the stream flow for each sampling.

Fig. 8. MP concentration in the stream water versus EC.

Fig. S1. Average climatological values 1991-2020 in the city of Tandil. Left:
precipitation. Right: Maximum and minimum temperature. The data were extracted from
ref. (SMN, 2023).



Highlights

- The highest microplastic concentrations were measured in winter (dry season).

- There is no direct consequence of precipitation with microplastic concentration.

- Discharges from the plants cause changes in the stream water (conductivity and pH).
- Conductivity would serve as an indicator of the microplastic concentration.

- Metallic contaminants were found adhered to the microplastics.
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