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Abstract: The objective of the study was a pre-screening of the microplastic (MP) content in surface
water and benthic sediments of Kara Darya and Chirchiq rivers, the first-order tributaries of the
Syr Darya River (Uzbekistan). For the first time, surface water and benthic sediment samples were
taken from this region, and quantitative screening of MPs 0.15–5.00 mm in size was performed. A
combined visual and µRaman-based methodology was used to quantify and characterize artificial
polymer microparticles from the surface water and bottom sediments of two rivers. The average
abundance of MPs in the Kara Darya River and Chirchiq River waters was found to be 4.28 ± 0.09
and 0.95 ± 0.36 items per m3, and that in benthic sediments attained 244 ± 28.9 and 333 ± 11.5 items
per kg of dry soil, respectively. MP concentration in surface water and benthic sediments of the Kara
Darya River significantly exceeded (p-value < 0.01) that in the Chirchiq River. Microfibers were most
abundant; the proportion of MP fibers in the water of the Kara Darya and Chirchiq rivers amounted to
89 and 95%, respectively, and that in benthic sediments of the rivers was 86 and 84%, respectively. The
dominance of microfibers may indicate the route of entry to the rivers through domestic wastewater
treatment plant discharges. The polymer microparticles in the surface water and benthic sediments
of the Kara Darya and Chirchiq rivers were mainly represented by polyethylenterephtalate (PET),
which accounted for half of all MPs detected in the Kara Darya River. Microparticles of textile origin
were particularly abundant in the Kara Darya River, where viscose and nylon fibers were also found,
which suggests the leading role of synthetic textiles in the pollution. The reported data are the
first experimental evidence of MP pollution of the Syr Darya tributaries, but the distribution and
circulation of MPs in surface water in Central Asia requires further comprehensive studies.

Keywords: microplastics; Uzbekistan; Syr Darya River system; textile microfibers; surface water;
benthic sediments

1. Introduction

Plastics have been mass-produced and extensively used since the mid-20th century [1–3].
The annual production of plastics worldwide attained 390.7 million tons in 2021 [4]; about
10% of all globally produced plastic ends up in the ocean [5]. Asian countries, in particular
China, Indonesia, the Philippines, Thailand and Vietnam, produce approximately half of
all plastic and an equal amount of global marine plastic waste [4,6]. Improper disposal and
subsequent fragmentation of plastic waste contribute to the formation of microplastics (MPs)
with sizes < 5 mm and thus to global environmental pollution. Due to their physicochemical
properties and small sizes, MPs are prone to transport to different parts of the Earth and
circulate in soils, the hydrosphere, the atmosphere and the biosphere [7]. MPs can persist in
nature for a long time (20–500 years) due to their extremely low decomposition rate [8].
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Rivers play a critical role in the transport of terrestrial MPs to the marine environ-
ment [9]. The MP content in continental water bodies is apparently closely correlated
with the efficiency of plastic waste management on land; the expected and (in many cases)
confirmed levels of river pollution in Asian countries are higher compared to other regions
of the world [10]. Another significant source of MP water pollution is wastewater from
wastewater treatment plants (WWTPs), which release huge amounts of synthetic textile
microfibers [11,12] and microspheres from cosmetic products [13] into the water.

A quantitative analysis of MP pollution in rivers and flowing lakes in areas of external
runoff is particularly important since these plastic polymers pose a great threat to the
oceans. For areas with no access to the ocean, the problem of the quality of surface water
as a valuable resource comes to the fore since water bodies in these areas are susceptible
to MP pollution due to adverse physiological effects induced in invertebrates, fish and
warm-blooded animals by MPs [14].

The distribution of MPs in freshwater ecosystems is addressed in an increasing number
of studies, which indicates the high relevance of this issue, even though the studies mostly
report data on rivers and lakes in China [10]. Moreover, the Yangtze River basin in China is
currently the most intensively studied water basin in the world [15]. A regression analysis of
the data array on the global MP content in freshwater ecosystems revealed the most polluted
regions: Asia > North America > Africa > Oceania > South America > Europe [16]. The ob-
served distribution is relative to an extent, since a lot of evidence has been obtained for MPs
in water bodies in many regions of the world, yet for some areas quantitative data are not
available. Central Asia, which includes Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan
and Uzbekistan, is not represented on the global research map of MP pollution of surface
water [17]. The MP content and circulation in watercourses in Central Asian countries have
not been studied. Large-scale pollution from industrial wastewater and agricultural return
water is reported for water resources in Kazakhstan, Uzbekistan and Tajikistan [18]. The
studies also highlight pollution from urban wastewater due to the lack or imperfection of
wastewater collection systems and an adverse impact of household waste disposal sites on
surface water. A number of authors focus on the problem of MP pollution and the relevance
of quantitative assessment of the content of MPs in watercourses of Uzbekistan [19], yet
no attempts have been made to analyze their abundance in surface water of the Republic
of Uzbekistan.

The aim of this study was to perform pre-screening of the MP content in the sur-
face water and benthic sediments of the Kara Darya and Chirchiq rivers, the first-order
tributaries of the Syr Darya River.

2. Materials and Methods
2.1. Study Area

The study objects were the Kara Darya and Chirchiq rivers, the Syr Darya River
tributaries (Figure 1). The Kara Darya River is the left tributary of the Syr Darya River;
it originates in Kyrgyzstan and flows through the Fergana Valley in Uzbekistan. The
drainage basin area of the Kara Darya River exceeds 30 thousand km2, the river extends
for 180 km [18]. The Chirchiq River also originates in Kyrgyzstan and flows through the
territories of Uzbekistan and Kazakhstan; its total drainage basin area is 14.2 thousand km2.

Both rivers feature high flow regulation. Large reservoirs are located in the sub-basins
of the Kara Darya and Chirchiq rivers. For instance, the volume of the Andijan reservoir
on the Kara Darya River is 1.75 km3. The Chirchiq River below the Charvak reservoir is
regulated for both hydropower and irrigation [18].
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Figure 1. Schematic map indicating the location of sampling points (F) on Kara Darya and Chirchiq
rivers in the Syr Darya basin, Central Asia. Source of the background map: UNEP, 2011 [18].

2.2. Sampling

Sampling of surface water and benthic sediments was performed for the studied rivers
in October 2022 in the Republic of Uzbekistan. Samples from the Kara Darya River were
taken in the Andijan region below the Andijan hydroelectric power plant (40◦53′30.5′′ N
72◦30′29.5′′ E). Samples from the Chirchiq River were taken near the city of Gazalkent
(41◦34′24.9′′ N 69◦45′17.06′′ E). Sampling points are presented in Figure 1. Both rivers
feature high flow regulation. Large reservoirs are located in the sub-basins of the Kara
Darya and Chirchiq rivers. For instance, the volume of the Andijan reservoir on the Kara
Darya River is 1.75 km3. The Chirchiq River below the Charvak reservoir is regulated for
both hydropower and irrigation [18].

Surface water samples from the two rivers were taken using a PP-3 manta trawl
(TSU, Tomsk, Russian Federation) with a neuston net (330 µm) to capture floating plastic
debris from the upper 15 cm water layer. The sampler was equipped with a flow meter
(Hydro-Bios, Altenholz, Germany) to measure the water volume. For sampling, the trawl
was set at a depth of 50 cm for 15 min to capture floating plastic debris. Further, all solid
particles were collected in individual screw cap jars, rinsing the mesh with river water, and
the samples were then transported to the laboratory. Three individual water samples were
taken from both the Darya and Chirchiq rivers.

Sediment samples were taken in the areas close to the shore (~1 m from the water’s
edge) between rocks in a random order as described in [20], using a metal Petersen bottom
grab with a capture area of 1/80 m2. The grab was lowered to the bottom, sediments were
scooped from a specified area and the device slammed and lifted samples to the surface.
The contents of one grab sampling were packed and analyzed separately. Three individual
samples of bottom sediments were taken from each point to average and subsequently
statistically process the results.

2.3. Laboratory Processing of Samples

MP particles were extracted from water samples using a modified protocol based on
organic matter oxidation using peroxide and particle density separation [21]. All solid
particles <5 mm in size were sequentially filtered and dried. Organic material was removed
from the samples via double treatment with 30% H2O2 supplemented with a 0.05 M Fe2+

solution at 70 ◦C. Plastic particles were extracted from mineral impurities via density
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separation in a saturated NaCl solution (~1.20 g cm−3) for 12 h. Polymer particles were
collected on glass-fiber membrane filters with a pore diameter of 1 µm (Pall Corporation,
Ann Arbor, MI, USA) via vacuum filtration.

The organic matter content in benthic sediments was evaluated using a loss on ignition
test (LOI, %). For testing, air-dry soil samples were calcined to constant weight in a muffle
furnace at 900 ◦C, and the proportion of organic matter was evaluated with the gravimetric
method [22]. The granulometric composition of benthic sediments was assessed through
separating particles by their deposition rate [23].

MP particles were extracted from benthic sediments as reported previously for Siberian
rivers [20]. Sediment samples taken from a certain area were dried to an air-dry state at
80 ◦C and weighed. After that, 3 test samples of 50 g each taken from each of the samples
were analyzed individually to obtain objective data. The test samples were thoroughly
mixed and separated by density in a NaCl solution (~1.20 g cm−3), then the upper phase
(1/2 by volume) was further processed and analyzed. The density separation procedure
was repeated twice more. H2O2 was then added to the final concentration of 0.73% and left
for 24 h to oxidize organic matter. After that, the final density separation was performed,
and the samples were filtered under vacuum to collect particles on glass-fiber membrane
filters (1 µm).

2.4. Quantatitative Analysis and Particle Characterization

Preliminary visual analysis and counting of particles were performed using a Mi-
cromed MC2 stereomicroscope (Observational Instruments LLC, St. Petersburg, Russia)
equipped with a ToupView USB 2.0 CMO S digital camera (Hangzhou ToupTek Photon-
ics Co., Hangzhou, China) and ToupView 3.7.6273 software. Microparticles of artificial
polymers were classified into groups according to their size (0.15–0.30 mm, 0.30–1.00 mm,
1.00–2.00 mm, 2.00–3.00 mm, 3.00–4.00 mm and 4.00–5.00 mm) and morphology (spheres,
films, fibers and irregularly shaped fragments as described in [24]).

The plastic origin of the particles was tested and their polymer composition was de-
termined using microscopy coupled with Raman spectroscopy (µRaman). Raman spectra
were obtained using an InVia Basic (Renishaw, Wotton-under-Edge, UK) confocal Raman
dispersion spectrometer equipped with a DM 2500 M microscope (Leica, Wetzlar, Germany)
with 5×, 20× and 50× objectives at Tomsk Regional Centre for collective use of scientific
equipment at Tomsk State University. Excitation was performed with a continuous semicon-
ductor laser (wavelength of 785 nm and power of 100 mW). The maximum laser intensity
did not exceed 5–10% to avoid sample heating and destruction. The signal spectrum was
accumulated over 1 s, and the number of scans attained 200. The spectra were measured in
the 100–1800 cm−1 range with a spectral resolution of 1 cm−1. The obtained Raman spectra
were then compared with those of the known plastic materials available in PublicSpectra.

Primary data were mathematically processed using Microsoft Excel 2010 software. The
arithmetic mean, standard error of the mean (SE), minimum and maximum bounds, standard
deviation (SD) and coefficient of variation (Cv) were determined. The comparative analysis
of the quantitative data was performed using a nonparametric Mann–Whitney U test.

The average MP concentration in water samples was expressed in items per 1 m3, and
that in benthic sediments was evaluated in items per kilogram of dry soil and per 1 m2 of
bottom surface.

2.5. Quality Assurance and Quality Control

To prevent MP contamination of the samples, the materials and the implements used
for field and laboratory processing were made of stainless steel, glass and aluminum when
possible; cotton clothing was used for laboratory studies and for sampling. Laboratory pro-
cessing of the samples was conducted in a laminar box to prevent airborne contamination
along with reagent/solution pre-filtration using glass 1 µm membrane filters. The filters
with the collected MPs were stored in closed clean glass Petri dishes until microscopy and
spectroscopy studies were performed.
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External laboratory contamination of the samples during their preparation and storage
was controlled using replicated procedural blanks of negative controls (n = 3 for each set of
samples), as recommended in [25]. When examining the filters, 0 to 1 fibers were found
per one blank filter. For samples found to be laboratory-contaminated, the results were
corrected by excluding fibers of similar morphology from further analysis.

3. Results
3.1. Quantitative Content and Morphology of MPs in Surface Water of Kara Darya and
Chirchiq Rivers

The average MP concentration in the surface water of the Kara Darya and Chirchiq
rivers amounted to 4.28 ± 0.09 and 0.95 ± 0.36 items per m3, respectively (Table 1). The
total MP concentration in the Kara Darya River was significantly (p < 0.01) higher compared
to that in the Chirchiq River. The data obtained for three individual samples showed a
greater variance for the Chirchiq River (Table 1).

Table 1. MP content in surface water of Kara Darya and Chirchiq rivers, items per m−3.

River Mean ± SE Min–Max SD Cv, %

Kara Darya 4.28 ± 0.09 4.19–4.46 0.16 3.60
Chirchiq 0.95 ± 0.36 0.27–1.49 0.62 65.5

Note: min–max—minimum and maximum value; SD—standard deviation; Cv—coefficient of variation.

The morphology of the MPs extracted from the surface water of the Kara Darya and
Chirchiq rivers is shown in Figure 2 (1 and 2, correspondingly). The figure demonstrates
particle shape (a) and size range (b). Microphotographs (c) illustrate MP particles from the
surface water of the rivers.

Water 2023, 15, x FOR PEER REVIEW 5 of 13 
 

 

2.5. Quality Assurance and Quality Control 
To prevent MP contamination of the samples, the materials and the implements used 

for field and laboratory processing were made of stainless steel, glass and aluminum 
when possible; cotton clothing was used for laboratory studies and for sampling. Labor-
atory processing of the samples was conducted in a laminar box to prevent airborne 
contamination along with reagent/solution pre-filtration using glass 1 μm membrane 
filters. The filters with the collected MPs were stored in closed clean glass Petri dishes 
until microscopy and spectroscopy studies were performed. 

External laboratory contamination of the samples during their preparation and 
storage was controlled using replicated procedural blanks of negative controls (n = 3 for 
each set of samples), as recommended in [25]. When examining the filters, 0 to 1 fibers 
were found per one blank filter. For samples found to be laboratory-contaminated, the 
results were corrected by excluding fibers of similar morphology from further analysis. 

3. Results 
3.1. Quantitative Content and Morphology of MPs in Surface Water of Kara Darya and  
Chirchiq Rivers 

The average MP concentration in the surface water of the Kara Darya and Chirchiq 
rivers amounted to 4.28 ± 0.09 and 0.95 ± 0.36 items per m3, respectively (Table 1). The 
total MP concentration in the Kara Darya River was significantly (p < 0.01) higher com-
pared to that in the Chirchiq River. The data obtained for three individual samples 
showed a greater variance for the Chirchiq River (Table 1). 

Table 1. MP content in surface water of Kara Darya and Chirchiq rivers, items per m−3. 

River Mean ± SE Min–Max SD Cv, % 
Kara Darya 4.28 ± 0.09 4.19–4.46 0.16 3.60 

Chirchiq 0.95 ± 0.36 0.27–1.49 0.62 65.5 
Note: min–max—minimum and maximum value; SD—standard deviation; Cv—coefficient of var-
iation. 

The morphology of the MPs extracted from the surface water of the Kara Darya and 
Chirchiq rivers is shown in Figure 2 (1 and 2, correspondingly). The figure demonstrates 
particle shape (a) and size range (b). Microphotographs (c) illustrate MP particles from 
the surface water of the rivers. 

 
Figure 2. Morphology of MP particles extracted from surface water of Kara Darya (1) and Chirchiq 
(2) rivers, including shape (a) and size range (b). Microphotographs (c) illustrate MP particles: 
fm—film; fi—fiber; fr—fragment; 0.5 mm scale. 

Figure 2. Morphology of MP particles extracted from surface water of Kara Darya (1) and Chirchiq
(2) rivers, including shape (a) and size range (b). Microphotographs (c) illustrate MP particles:
fm—film; fi—fiber; fr—fragment; 0.5 mm scale.

In terms of morphology, microfibers dominated in the water of both rivers Figure 2a;
their proportion in the Chirchiq River attained > 95%. Part of the MP particles extracted
from the surface water of the Chirchiq River represented polymer films. In addition to
fibers and films, irregularly shaped microfragments accounting for 6.1% of the total MP
amount were detected in the Kara Darya River (Figure 2(1a,c)). MP particles detected in
the surface water of the Kara Darya River ranged from 0.30 to 3.00 mm, while those from
the Chirchiq River varied from 0.30 to 2.00 mm. The vast majority of MP particles from
both rivers fell into the 0.30–1.00 mm category (Figure 2b).
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3.2. MP Content in Benthic Sediments of Kara Darya and Chirchiq Rivers and
Sediment Characteristics

Microparticles of artificial polymers were extracted from benthic sediments of both
rivers (Table 2). The average MP concentration in benthic sediments varied from 244 items
per kg in the Chirchiq River to 333 items per kg in the Kara Darya River. In terms of the
bottom surface area, the concentration was measured in thousands (Chirchiq) and tens of
thousands (Kara Darya) MP particles (Table 2). The MP content in benthic sediments of the
Kara Darya River was significantly higher (p < 0.01) than that in the Chirchiq River.

Table 2. MP content in benthic sediments of Kara Darya and Chirchiq rivers, items per m3.

River (Items) Mean ± SE Min–Max SD Cv, %

Kara Darya
(items per kg−1/items

per m−2)

333 ± 11.5/
22,160 ± 768

313–353/
20,830–23,490 20.0/1330 6.00

Chirchiq
(items per kg−1/items

per m−2)

244 ± 28.9/
4459 ± 527

187–273/
3405–4986 50.0/913 20.5

Note: min–max—minimum and maximum value; SD—standard deviation; Cv—coefficient of variation.

Figure 3 represents the morphology of MP samples taken from benthic sediments
of the Kara Darya (1) and Chirchiq (2) rivers, including shape (a) and size range (b).
Microphotographs (c) illustrate MP particles collected from the rivers.
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Figure 3. Morphology of MP samples taken from benthic sediments of Kara Darya (1) and Chirchiq
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In benthic sediments of the Kara Darya River, the MP size varied from 0.15 to 5.00 mm
with a predominance of particles of 0.30–1.00 mm and 1.00–2.00 mm along the largest
axis (Figure 3(1b)). Figure 3(1a,c) show MP fibers and irregularly shaped fragments. The
morphology of the particles extracted from benthic sediments of the Chirchiq River was
similar to that in the Kara Darya River. Almost half of the MP particles can be referred
to the 0.30–1.00 mm category (Figure 3(2b)); more than 89% of the particles are fibers
(Figure 3(2a,c)). In addition to fibers, microfragments and microfilms were extracted from
benthic sediments of the Chirchiq River.
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In terms of the organic matter content, defined as loss on ignition (%), benthic sed-
iments in the Kara Darya River are classified as mineral (LOI < 10%), and those in the
Chirchiq River are classified as mixed, close to mineral (Table 3).

Table 3. Granulometric composition of benthic sediments in the studied rivers by fractions (%) and
losses on ignition.

River LOI, %
Sand Fractions, µm Clay Fractions, µm

1000–250 250–50 50–10 10.0–5.00 5.00–1.00 <1.00

Kara Darya 7.55 84.3 4.02 2.40 1.76 2.56 4.96
Chirchiq 10.4 94.9 1.24 1.12 2.08 0.32 0.32

Note: The proportion of each fraction is presented.

Benthic sediment samples from the Kara Darya River used for quantitative MP analysis
were defined as clayey sand [26] with physical sand content (>0.01 mm or 10 µm) of 90.7%,
and physical clay content (<0.01 mm or 10 µm) of 9.3% (Table 3). The proportion of physical
sand in bottom sediments of the Chirchiq River amounted to 97.3%, and that of physical
clay attained 2.70% (Table 3), which characterizes benthic sediments as loose sand. The
increased content of fine particles in benthic sediments of the Kara Darya River compared
to the Chirchiq River may contribute to MP accumulation in benthic sediments.

3.3. Polymer Composition of MPs Extracted from Water and Benthic Sediments of the Syr
Darya Tributaries

Microscopy coupled with Raman spectroscopy (µRaman) showed that the MPs found
in the Chirchiq River represented a variety of polymers. Figure 4 shows the polymer
constituents of MPs extracted from the surface water (W) and benthic sediments (BS) of
the Chirchiq (1) and Kara Darya (2) rivers obtained based on µRaman data. Spectra and
microphotographs of individual MP particles from the Syr Darya tributaries are presented
in Figure 4(3). The most common polymer was polyethylenterephtalate (PET), which
amounted to 57.2 and 44.5% of the total MP content in water and benthic sediments, re-
spectively. Next in prevalence were particles from PSU mixtures (22.2%). Spectra identical
to polymethylpentene (PMP), poly(m-phenylene terephthalamide) (PPTA) and polyacry-
lonitrile (PAN) were identified; each of the polymers accounted for 11.1% of the total MP
content detected in water. In benthic sediments of the Chirchiq River, polypropylene (PP)
particles were next in prevalence (28.6%), followed by polybutadien (PBD) and polyvinyl
fluoride (PVF) that accounted for 7.14% each (Figure 4(1)).

The main polymer constituents of the MPs found in the Kara Darya River were
predominantly PET (Figure 4(2)). This type of plastic accounted for more than half of the
particles (57.1%) found in water. In addition to PET, only viscose (VI) particles (42.9%)
were found in water, which belong to cellulose-based artificial fibers and were taken
into account in quantitative MP estimates. Benthic sediments primarily contained PET
(58.3%) and viscose (25.0%) microparticles, but part of the MP spectra (16.7%) was equally
distributed between polyamide (PA) or nylon and polyurethane elastomers (PTMG-MDI-
BD) (Figure 4(2)).

Thus, up to 58.3% of the total MP content in the Kara Darya River and up to 57.2% of
the total MP content in the Chirchiq River are represented by PET particles. Despite the
dominance of PET, each of the Syr Darya tributaries is characterized by a specific profile of
MP pollution due to the contribution of other plastics. Examples of PET, PAN and viscose
fibers and a PP fragment from the studied rivers are shown in Figure 4(3).
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4. Discussion

In this study, MPs were detected in water and benthic sediment samples taken from the
Syr Darya tributaries located in the territory of the Republic of Uzbekistan. The concentra-
tion of MP particles detected in surface water was relatively low: 4.28 ± 0.09 items per m3

in Kara Darya and 0.95 ± 0.36 items per m3 in the Chirchiq River (Table 1). The size of the
MPs detected in the water ranged from 0.15 to 3.00 mm. A similar methodology employed
for sampling and laboratory preparation of samples taken from water of the sparsely popu-
lated Yenisei basin showed a comparable particle content of 2.58 to 2.95 items m−3 [20]. Up
to 1300 items per m3 of synthetic microfibers, including finer particles, were found in the
Volga tributary, the Levinka River [27]. In the rivers of China, the MP content attains tens of
thousands of particles per cubic meter, for example, 3.67 to 10.7 MP items (<0.50–5.00 mm)
per liter were found in water of the Wei River (tributary of the Yellow River), which is
equivalent to 3670–10,700 items m−3 [28]. Apart from the finest particles, which amounted
to 68.1%, the MP content in the Wei River remains high and exceeds 1000 items per m3.
Most likely, regional discrepancy may be due to differences in population size and/or the
amount of economic activity within river basins or watersheds.

A quantitative analysis of the MPs deposited in benthic sediments of the Syr Darya
tributaries revealed that the average concentration of 0.15–5.00 mm MP particles extracted
from bottom sediments varied in terms of kg of dry soil from 244 ± 28.9 items in Chirchiq
to 333 ± 11.5 items in Kara Darya (Table 2). The obtained results are comparable with
data on the MP content in benthic sediments of the large Eurasian river Yenisei and its
tributary, Lower Tunguska, where 353 ± 153 and 422 ± 241 items per kg were detected,
respectively [18]. The level of plastic pollution in benthic sediments of the Syr Darya tribu-
taries is much lower than the content of MP particles of a similar size in some watercourses
in Asia and Europe. A total of 320–1320 and 2052 ± 746 items per kg were detected in
benthic sediment samples taken from the Wei River in China and the Ebro River in Spain,
respectively [28,29]. Up to 10,500 MP items per kilogram of dry weight were detected in
benthic sediments of Amsterdam canals [30].

Compared with the world data, the MP content found for both tributaries of the Syr
Darya River was not the highest, yet the MP concentration in the water and benthic sedi-
ments of the Kara Darya River was significantly (p < 0.01) higher than that in the Chirchiq
River. This may be due to regional features of plastic waste management, wastewater
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treatment efficiency and pollution sources located upstream from the sampling site of the
Kara Darya River.

As was previously shown, the MP content in freshwater sediments might depend not
only on the location of potential sources of pollution, but also on hydrological factors and
the physicochemical and mechanical properties of sediments [31,32]. A direct correlation
between the MP content and the organic matter content was revealed for benthic sediments
of the Lower Tunguska and Yenisei rivers [20]. However, in this study, we assume that there
is a relationship between MP accumulation and the granulometric composition of benthic
sediments. Benthic sediments of the Kara Darya River were represented by cohesive sand
with a larger proportion of fine fractions, although they contained less organic matter
compared to benthic sediments of the Chirchiq River (Table 3). The proportion of physical
clay (<0.01 mm) amounted to 9.3% in benthic sediments of the Kara Darya River, and to
only 2.7% in those of the Chirchiq River. An increased concentration of MPs may enhance
their accumulation in benthic sediments.

The morphology of particles extracted from water and sediments of the Syr Darya
tributaries was analyzed to identify potential sources of watercourse pollution. The most
common morphology of MPs was fibers that amounted to 89 and 95% in water, and to 86
and 84% in sediments of the Kara Darya and Chirchiq rivers, respectively (Figures 2 and 3).
Microfibers are the most common type of plastic debris found in freshwater environ-
ments [33]. A review of published data on MP distribution in freshwater environments
of the Russian Federation [34] showed that these particles occur in benthic sediments
of all the studied water bodies and in the surface water of most rivers and lakes. Thus,
microfibers of <1.50 mm accounted for up to 95% of the total amount of MP particles
extracted from water and sediments of the Neva and Neva Bay tributaries [35]. In Asian
freshwater environments, fibers are also dominant and are reported in 95% of 166 published
original studies [10]. Among the main sources of artificial microfibers polluting rivers, the
authors indicate the textile industry, untreated wastewater and discharge from municipal
WWTPs, which do not fully retain MPs [36–40]. Numerous studies show that the amount
of MP items discharged from WWTPs can attain 9 × 104 items per m−3 [38]. Textile fibers
1 µm–5 mm in size, which are released during wear, washing and drying of clothing and
household textiles, are defined as a distinct type of environmental pollutant that can pose a
risk to human health [12].

The µRaman analysis showed that about half of all particles detected were PET.
PET is the polymer base of polyester products and is widely used in clothing and home
textiles, either as a single material or mixed with cellulose fibers to enhance mechanical
properties and durability [12]. Considering that fibers are the most common morphology
of microplastics and PET is the main fiber constituent, discharges from WWTPs and
wastewater from private households can be considered the most likely sources of local
pollution. De Falco et al. [41] reported that microfiber release is most intensive when
washing woven polyester compared to other synthetic fabrics. The authors showed that
the number of fibers released during a single wash of polyester textiles with a standard
load of 5 kg attains 6,000,000 items. It should be noted that PET-based fibers account for the
majority (>70%) of global synthetic textile production [42]. An analysis of the published
data showed that occurrence of the main textile polymers in the world’s oceans can be
expressed as follows: PET > PAN > PP > PA [12]. Of the above polymers, PAN and PP
were detected in the Chirchiq River, and PA particles were found in benthic sediments
of the Kara Darya River. Aramid fibers composed of poly(p-phenylene terephthalamide)
(PPTA) were also found in water of the Chirchiq River. A significant proportion of fibers
from the Kara Darya River consisted of viscose (almost 43% of all particles in water and
27% in benthic sediments). Semi-synthetic yarns based on cellulosic raw materials, such
as lyocell and viscose, are also widely used in the textile industry and are usually cut into
staple fibers, which increases their release during use and washing [43].

The polymer composition of MP samples found in the Kara Darya and Chirchiq Rivers
confirm the leading role of synthetic textile fibers in the pollution of watercourses in Uzbek-
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istan. Differences in the minor part of polymer morphologies in the two tributaries of the Syr
Darya River form specific MP profiles that may reflect additional features of river pollution.

5. Conclusions

The screening of plastic particles 0.15 to 5.0 mm in size from the water and benthic
sediments of the Syr Darya tributaries, the Kara Darya and Chirchiq rivers, provides
a preliminary quantitative assessment of pollution. The average concentration of MP
particles in the surface water of the Kara Darya and Chirchiq rivers was 4.28 ± 0.09 and
0.95 ± 0.36 items per m3, and in benthic sediments these values amounted to 244 ± 28.9
and 333 ± 11.5 items per kg of dry soil, respectively. The MP concentration in water and
benthic sediments of the Kara Darya River was significantly (p < 0.01) higher than that
in the Chirchiq River, which may be due to regional features of wastewater management,
wastewater treatment efficiency and the location of point sources of plastic pollution.

Among the MPs extracted from water, particles of 0.30–1.00 mm along the largest axis
predominated significantly; particles of >3.00 mm were not detected. In benthic sediments,
the size range of MPs was wider (0.15–5.00 mm). In the water of the Kara Darya and
Chirchiq rivers, the proportion of fibers was 89 and 95%, and in benthic sediments these
values attained 86 and 84%, respectively. The dominance of fibers, which had PET, a
component of polyester, as their main constituent in the polymer composition of MPs
may indicate domestic and municipal wastewater treatment plant discharges as a source
of pollution with textile microfibers. The polymer profile characteristic of textiles (PET,
PA, PAN, viscose) is particularly pronounced in the Kara Darya River. The regulation of
watercourses in Uzbekistan can have a positive effect on the accumulation and circulation
of microfibers in river and canal systems. To confirm the hypothesis about the leading role
of synthetic textiles in the MP pollution of watercourses in different regions of Uzbekistan,
we plan to conduct regular sampling and monitoring studies in the immediate vicinity of
the discharge sites of WWTPs.

The obtained data are the first evidence of MP pollution of the Syr Darya tributaries
in the territory of the Republic of Uzbekistan and watercourses of Central Asia in gen-
eral. However, the distribution and circulation of MPs in surface water of Uzbekistan
requires a comprehensive study to develop a large-scale observation network for pollution
source identification.
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