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Abstract: Microplastic particles are found in environmental compartments all over the world and
receive a great deal of attention, especially in the aquatic environment. Currently, a particularly high
input of microplastics via Asian rivers is assumed, but so far, there are hardly any data through
field measurements. Three rivers in South India were considered for this purpose to focus on their
microplastic load. The emphasis was on the comparison of microplastic concentrations in urban
and rural rivers. While two rivers in the megacity Chennai (Tamil Nadu) were found to have
an average microplastic concentration of 0.4 microplastic particles/L, a rural river near Munnar
(Kerala) had an average concentration of 0.2 microplastic particles/L. Rough estimates of annual
microplastic discharge from the Adyar River (Chennai) into the Bay of Bengal are found to be as
high as 11.6 trillion microplastic particles. This study should be one of the first baseline studies for
microplastic loads in South Indian streams and should be complemented with further environmental
sampling before, during and after the monsoon season to get more detailed information on the
storage and transportation of fluvial microplastics under different weather conditions.
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1. Introduction
Microplastics (MPs), plastic particles with a diameter ≤5 mm [1], are ubiquitous
anthropogenic contaminants that have spread into the aquatic, terrestrial and atmospheric
environment [2–7]. MP is released into the environment via various sources and entry
paths [8] either as primary MP, already in sizes smaller than 5 mm, or it degrades as secondary MP from larger pieces of plastic into smaller ones [1]. Fluvial systems are regarded
as an important transport path for MPs from domestic sources into the oceans [9–11].
Lebreton et al. [11] used numerical simulations to assess the input of plastics into
the oceans by rivers. They concluded that a high percentage of the plastic discharged via
rivers comes from Asian rivers. The main reasons for the accumulation of plastics in the
environment was cited as being the durability of the material, low recycling rates, poor
waste management and maritime use. The simulation was therefore based on rates of
mismanaged waste, population densities, monthly catchment runoff as well as the presence
of artificial barriers such as dams. However, they did not include environmental sampling
in their study.
According to Lebreton et al. [11], the second most polluted river of the world is
claimed to be the Ganges (India), which discharges up to 1.05 × 105 tons of plastic annually
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According to Lebreton et al. [11], the second most polluted river of the world is
claimed to be the Ganges (India), which discharges up to 1.05 x 10 5 tons of plastic annually
into the Indian Ocean. Napper et al. [12] took samples along the Ganges River and reported that the Ganges could release up to 1–3 billion MPs into the Indian Ocean on a
2 of 13popudaily basis. India, which inhabits currently 1.35 billion people, is the second most
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Figure 1. Overview map of all sampling sites in Chennai (urban area: high anthropogenic influence) and Munnar (rural

Figure 1. Overview map of all sampling sites in Chennai (urban area: high anthropogenic influence) and Munnar (rural
area: low anthropogenic influence) (data basis: Arc GIS Basemap).
area: low anthropogenic influence) (data basis: Arc GIS Basemap).

Kosasthalaiyar River. The Kosasthalaiyar River, also known as the Kortalaiyar River,
is one of the three major rivers in the Chennai metropolitan area and plays an important
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role in the water supply, food security and economic development of the city [22]. It
has a length of 136 km, and flows, in addition to the city area, through a large industrial
area north of the city before entering the Bay of Bengal at Ennore Creek, close to one of
Chennai’s two major ports [22]. The catchment area is 3625 km2 , and the river is between
150 and 250 m wide [23]. It only flows during the monsoon season between November and
February, with little motion during the other periods of the year [23].
Adyar River. The Adyar River is one of the three big rivers in Chennai. Starting from
Malaipattu Dam, it flows after almost 50 km and drain into the Bay of Bengal with the
Adyar estuary at the end [14]. The catchment area of the Adyar, in which 200 lakes, small
rivers and rainwater drain, is about 850 km2 large [24].
During the whole year barring the northeast monsoon season, the river is almost
stagnant in the urban area and backwater forms in the Adyar Creek due to strong littoral
drift of sand in front of the estuary, which closes the river mouth periodically [14,24]. If
a current occurs in the river outside of monsoon season, it is mostly due to the discharge
from sewage treatment plants and untreated discharge of wastewater and other waste from
storm water outlets [24].
Contamination of the river by industrial and domestic effluents as well as saline
water intrusion has been proven in the past [14,24]. In 1995, about 0.775 × 106 litres/day
of industrial effluents and about 8.1 × 106 litres/day of domestic sewage were legally
discharged into the Adyar [25]. With a rising population density from 5.93 M in 1995 to
10.71 M in 2019, an increased discharge quantity of those effluents may be assumed [26].
The rapid industrialisation and urbanisation has led to heavy pollution of the river, which is
additionally intensified by informal settlements along the river banks [13,14]. Almost 19%
of the city’s total population, estimated at 820,000 people, are living in such settlements [26].
Thus, the illegal discharge of wastewater and solid waste accounts for a sizeable part
towards the pollution of the river. About 10% of the untreated wastewater in Chennai
is discharged into the Adyar, with the remainder being discharged into the Buckingham
Canal and the Cooum River [13]. In addition, a large proportion of the city’s solid waste is
discharged into the river, too [13].
Muthirappuzhayar River. The Muthirappuzhayar River, also known as the Muthirapuzha River, is a main tributary of the Periyar River, which is the longest river in Kerala [27].
Located along the southern Western Ghats, it can be categorised as a remote mountain
river with low anthropogenic influence [27]. In the river basin, land use/land cover is a
mixture of mixed deciduous forests, scrubland, grassland and tea plantations [28]. The
river has a total length of 37.81 km and the river basin, which lies in the Idukki district,
spans over 275.71 km2 [27,29]. The elevation of the river is between 740 and 2690 m above
mean sea level, due to which the river has many waterfalls [27].
2.2. Sampling Sites
The sampling sites were located along the rivers in Chennai and Munnar and the
samples were taken from five different bridges (see Figure 2). The Kosastalaiyar River was
sampled three times (6th, 8th and 11th of November 2019) from Ennore Creek Flyover
Bridge (cf. Table 1).
Along the Adyar River, samples were taken at three bridges, the Thiru-Vi-Ka Bridge,
Kotturpuram Bridge and Anna Salai Bridge, within the urban area. All three sampling
points are heavily frequented by motorised traffic and offer a pedestrian path. The individual sampling points were sampled three times over a period of 6 days with sampling on the
6th, 8th and 11th of November 2019 (see Table 1). While the river was almost stagnant at
the Thiru-Vi-Ka Bridge and the Kotturpuram Bridge, there was a low current at the Anna
Salai Bridge, caused by a discharge below the bridge.
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The rivers were sampled on 5 successive days, 22 to 26 November 2019 (cf. Table 1).
Slightly different meteorological conditions apply to the second sampling location,
Munnar in Kerala. The average annual rainfall in the sampled river basin is 3700 mm,
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with two major rainy seasons, the southwest monsoon (June–September) and the northeast
monsoon (October–November), accounting for more than 85% of the annual rainfall.
During the months of October and November 2019, the Idukki district had about 8.56% less
rain than usual, with 520.4 mm being normal and 475.83 mm being the actual rainfall [31].
Thus, although it hardly rained during the sampling time, the northeast monsoon season
can be assumed for the rural samples near Munnar.
2.4. Sampling Methodology
The water surface samples were taken with a Neuston Net (HYDRO-BIOS 438 217-001)
including a detachable cod end (HYDRO-BIOS 438 930). The net bag of dimensions, 0.147 m
high, 0.294 m wide and an opening of A = 0.043 m2 , was employed for the data collection.
Although the mesh size of 335 µm was chosen based on common sampling methods [32],
it needs to be mentioned that this relatively large mesh size can lead to flushing through of
fibres and small particles and hence cause an underestimation of MP concentration [33]. To
measure the total water flow for sampling, a mechanical flow meter (HYDRO-BIOS 438 110)
was installed in the opening of the net. Thus, the flow rate for each sample was measured.
The sampling MP in rivers is either dynamic or stationary [34] and is commonly done
with trawls from bridges [35] or towing trawls from a boat [36], which therefore requires a
continuous flow [37]. Here, we used the Neuston Net stationary from the bridges at P1 and
P5, in the presence of continuous flow, and also towed the net along the bridges at P2, P3
and P4 where, due to silting of the Adyar River’s estuary, no continuous flow was reached.
Each sampling was conducted over 15 min.
Due to local conditions, it was not possible to implement a uniform sampling strategy
(e.g., 3 measuring points per river each, equal time intervals between measurements in
rural and urban environments). Thus, the results of the samplings provide a first insight
into the microplastic loads in Indian rivers, but they must be viewed with caution under
the influence of local and temporal variations.
2.5. Sample Preparation and Analysis
All samples were prepared to separate MP particles from the river water and evaluated
6 of 14
microscope and partially with Fourier-transform infrared spectroscopy (FT-IR) analysis
(cf. Figure 3).

Water 2021, 13, x FOR PEER REVIEWby

Figure
and
evaluations
steps:
(a) (a)
oil extraction,
(b) microscopic
analysis
and (c)
Figure 3.
3. Images
Imagesofofthe
thedifferent
differentseparation
separation
and
evaluations
steps:
oil extraction,
(b) microscopic
analysis
andpol(c)
ymer
identification.
polymer identification.

The
The sample
sample separation
separation was
was done
done with
with oil
oil extraction
extraction following
following the
the protocol
protocol of
of
Lechthaler
the
possible
MP
particles
from
each
sample,
Lechthaler et
et al.
al. [38]
[38]with
withcanola
canolaoil
oiltotoextract
extract
the
possible
MP
particles
from
each
sam® GF/F
® GF/F
vacuum
filtrate
the oil
on glass
microfibre
filters
(Whatman
filters,
porepore
size
ple, vacuum
filtrate
thelayer
oil layer
on glass
microfibre
filters
(Whatman
filters,
0.7
µ
m,
d
=
47
mm)
and
rinsing
these
filters
later
with
ethanol
(96%)
to
avoid
interferences
size 0.7 µm, d = 47 mm) and rinsing these filters later with ethanol (96%) to avoid interwith
the following
polymer identification
by FT-IR analysis.
efficiency
this methferences
with the following
polymer identification
by FT-IRThe
analysis.
The of
efficiency
of
odological procedure was shown in an extensive method validation [38] and already applied to numerous environmental samples from marine [39] and fluvial environments
[40], thus the oil separation method was used in the present study. Due to the limited
laboratory equipment on site, a beaker had to be used instead of the separation unit, which
was covered during the settling time, from which the oil layer was subsequently decanted

Water 2021, 13, 1648

6 of 13

this methodological procedure was shown in an extensive method validation [38] and
already applied to numerous environmental samples from marine [39] and fluvial environments [40], thus the oil separation method was used in the present study. Due to the
limited laboratory equipment on site, a beaker had to be used instead of the separation unit,
which was covered during the settling time, from which the oil layer was subsequently
decanted and vacuum-filtered on a glass microfibre filter. Additionally, blank samples
(n = 6) were prepared and evaluated to identify possible cross contamination, which can
occur during sample preparation in the laboratory [41] and cannot be totally excluded
during sampling [42]. After separating the water samples with oil extraction, each filter
was microscopically analysed according to the evaluation principles for microscopic MP
identification [43–45] and all possible MP particles were counted, including information on
shapes and colours. To include possible misidentification of MP particles, the microscopically counted particles were adjusted based on the MPs identified in the blank samples
(shapes: 77.9% fibres, 22.1% fragments; colours: 67.4% black, 13.7% transparent, 6.3% blue,
6.3% red, 3.2% brown, 2.1% grey, 1.1% purple).
Partially, infrared spectroscopy was carried out to identify polymers (n = 23, corresponds to 5% of all microscopically identified particles). A FT-NIR Spectrometer by
Perkin Elmer FT-IR Spotlight 400 with an ATR Imaging Accessory with a Germanium
crystal and a Mercury Cadmium Telluride detector (MCT) was used. The database consisted of the most common polymers PE, PP, PET, PS, PMMA, PA, PU and PVC, a match
of ≥70% was set for a correct polymer identification. Using the information about the
polymers and the evaluation of the blank samples, the visually identified results were additionally corrected to identify MP concentrations. With the number of correctly identified
MP particles by FT-IR analysis in relation to the total number of measured particles (n = 23)
with diameters ≥0.5 mm (concerning fibres the diameter is equal to the fibres’ length),
an error ratio perror was calculated according to Lechthaler et al. [40] by displaying the
percentage of correctly identified polymers. In a second step, the average contamination
per sample determined by the blank samples and corrected with perror (MPblank = 2.6 MP
particles) was subtracted from the visually identified MP count (MPvis ). Thus, the MP
concentration (MPcorr ) was calculated, which was later set in relation to the filtered flow
volume to get the concentration of MP particles per litre. The following formula was used:
MPcorr = ((MPvis * perror ) − MPblank )/V

(1)

with
MPvis [n/sample]: Number of microscopically identified MP particles
perror [%]: Theoretical error ratio of polymer identification
MPblank [n]: Average number of MP particles occurring by cross contamination
V [L]: Sampling volume determined by the mechanical flow meter
The MPcorr values determined in the unit MP particles /L are used subsequently as
MP load.
2.6. Statistical Analysis
To consider possible correlations between microplastic concentrations and various
influencing parameters, Pearson’s t-tests were run. Since the data need to be distributed
normally for this test, first Kolmogorov–Smirnov tests were used to prove normal distribution with a significance level of α = 0.01. The sample size for the t-tests varied between
n = 17 and n = 12, and all results were presented with r and p-values indicated to show if
there is a correlation (r) and if it is significant (p < 0.05).
3. Results and Discussion
As described above, an error ratio perror was calculated (65.2%) by displaying the
percentage of correctly identified polymers. The microscopic analysis corrected by the

bution with a significance level of α = 0.01. The sample size for the t-tests varied between
n = 17 and n = 12, and all results were presented with r and p-values indicated to show if
there is a correlation (r) and if it is significant (p < 0.05).
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As described above, an error ratio perror was calculated (65.2%) by displaying the percentage of correctly identified polymers. The microscopic analysis corrected by the evaluation of the blank samples led to a total number of 447 MP particles; the major portion
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Including the calculation formula, the concentrations of MP particles per litre were
determined for each of the samples (cf. Figure 5).
The highest MP load (1.82 particles/L) was detected in a sample from the Adyar River
(P3.1), while the lowest MP load (0.00 particles/L) was determined for a sample from the
Adyar River (P4.3) and for a sample from the Multhirappuzhayar River (P5.4). About
the average MP concentration per sampling site, the concentrations were 0.11 particles/L
(P4), 0.13 particles/L (P2), 0.20 particles/L (P5), 0.67 particles/L (P1) and 0.76 particles/L
(P3), respectively. The average MP concentrations per litre for the three different rivers
were 0.67 particles/L at the Kosasthalaiyar River, 0.33 particles/L at the Adyar River and
0.20 particles/L at the Multhirappuzhayar River.
A comparison of the two rivers in Chennai shows that the Kosasthalaiyar River (P1)
has MP concentrations about twice as high as the Adyar River (P2, P3, P4), which might
be due to its larger catchment area (3625 km2 vs. 850 km2 ) and due to industrialisation
around its catchment. Along the Adyar River, there were three sampling sites and the
concentrations along the river course can thus be considered, too. The results demonstrated
a decrease in MP concentration downstream from 0.76 particles/L (P3) to 0.13 particles/L
(P2), to the lowest concentration of 0.11 particles/L (P4). This decrease can be explained
by the retention of MP by sediment as a common process of MP transport in fluvial
systems [46]. Since there was a very low flow rate in the Adyar River during sampling, no
remobilisation could have taken place with an increasing flow velocity [46–48]. Therefore,
previously deposited MP is not further transported and stored in the fluvial sediment as a
temporary sink [8]. Additionally, it should be noted that due to the highly varying weather
conditions in the study area, namely, the change from the monsoon and dry seasons, highly
variable MP concentrations in the rivers can be assumed because of the changing flow
velocities. In the Chennai area, the northeast monsoon usually occurs between October and
December, while the rest of the year has less rain [49]. This study was supposed to sample
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in the monsoon time, but as no rain occurred during the sampling time in November, the
probably represent the lower pollution limit for the rivers. The influence
of the
8 of 14
missing flow velocity and the associated remobilization of MP is additionally shown in the
downstream decrease of MP concentration in the Adyar River. In any case, further longterm studies
in the
of thethe
study
area are necessary
to get per
a comprehensive
Including
the watercourses
calculation formula,
concentrations
of MP particles
litre were
picture
of the for
pollution
to rain-induced
flow rates of the rivers.
determined
each of in
thedependence
samples (cf. Figure
5).
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Statistical Analyses
0.67 particles/L at the Kosasthalaiyar River, 0.33 particles/L at the Adyar River and 0.20
Another data evaluation was done by several statistical analyses. Pearson’s t-tests
particles/L at the Multhirappuzhayar River.
were run based on Kolmogorov–Smirnov tests that showed that the data were distributed
A comparison of the two rivers in Chennai shows that the Kosasthalaiyar River (P1)
normally (α = 0.01). Since the number of MPs in water surface samples is influenced by
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changing flow velocities. In the Chennai area, the northeast monsoon usually occurs beinfluence
of fibres in particular was expected with regard to the MP concentration, this
tween October and December, while the rest of the year has less rain [49]. This study was
could not be proven by the statistical tests.
supposed to sample in the monsoon time, but as no rain occurred during the sampling
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Table 2. Correlation analyses with Pearson’s t-test for filtered flow volume V [L] with the total MP number (MPtotal ) and
the number of different shapes as well as the MP concentration CMP [MP particles/L] in contrast to the distance D from
sampling points to the river’s mouth.
Parameter

MPtotal /V

Fibres/V

Pellets/V

Fragments/V

Films/V

CMP /D

r [-]
p [-]

−0.06
0.829

−0.09
0.727

0.15
0.557

−0.05
0.849

0.11
0.661

−0.20
0.559

3.2. Comparison to Other Studies
Regarding the sampled rivers. The rivers considered in this study have not yet been
investigated about their MP load. There is only one 2021 study which analysed sediment
from backwater near Chennai and detected 18 MP particles within one sample. The
predominant polymer that has been identified was PET [50]. The detection of MP in
sediment is thus retrospectively also an indication of the MP presence in water.
However, not only plastic itself, but also additives which can leach out in the water
medium, can be a problem. Mukhopadhyay et al. [51] investigated the occurrence of
important additives, namely plasticizers including PAEs (phthalic acid esters), DEHA
(bis(2-ethyl hexyl adipate)) as well as bisphenol A, in two rivers in Chennai, the Adyar
and Cooum rivers, and found high concentrations in the river sediments—although lower
than the recommended serious risk concentration for human and for ecotoxicology. Recent
studies revealed elevated concentrations of the plasticizer Mesamoll® (alkylsulfonic acid
phenyl esters) of up to 10 µg/g (Helm et al. in prep). The elevated levels of these additives
in the water were mostly at high wastewater activities and at places where plastic waste
was burnt along the rivers. Additionally, there are already studies on heavy metal pollution
in the Adyar River. As can be expected for the MP concentrations, Venugopal et al. [14]
were able to show high seasonal differences in heavy metal concentrations along the Adyar
River. Furthermore, Gowri et al. [52] found the highest transport rates of cadmium, lead
and zinc during November, possibly due to heavy rains and strong surface runoff.
Concerning microplastic in Indian rivers. Napper et al. [12] detected an average MP
contamination of 0.038 particles/L, with 91% of those particles being fibres from the
samples from the surface water of the Ganges River in Northern India and Bangladesh.
However, this concentration is much lower than the detected MP concentrations from
the present study. It is to be mentioned that the former study used a different measuring
technique—hand-operated bilge pump, filtered pre- and post-monsoon—which might
influence the detected particle number.
Table 3 compares the concentrations from the present study with that detected from
earlier MP concentrations in different aquatic environments in India.
Table 3. Comparison of the detected concentrations of MP in aquatic environments with data from literature.
Compartment

Location

Average MP Concentration

Reference

River

Adyar River, Tamil Nadu
Kosasthalaiyar River, Tamil Nadu
Multhirappuzhayar River, Kerala
Ganges, India/Bangladesh
Netravathi River, Karnataka

0.33 particle/L
0.67 particle/L
0.20 particle/L
0.038 particle/L
288 pieces/m3

This study
This study
This study
Napper et al. (2021) [12]
Amrutha and Warrier (2020) [15]

Lake

Red Hills Lake, Tamil Nadu
Veeranam Lake, Tamil Nadu

5.9 particles/L
28 items/km2

Gopinath et al. (2020) [53]
Bharath K et al. (2021) [54]

In front of Kerala, southwest coast
of India
Chennai marina
Tuticorin, Gulf of Mannar
Offshore of Bay of Bengal

1.25 ± 0.88 particles/m3

Robin et al. (2020) [18]

11 items/L
12.14–31.05 items/L
16,107 ± 47,077 items/km2

Ganesan et al. (2019) [55]
Patterson et al. (2019) [56]
Eriksen et al. (2018) [57]

Coast
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Several studies, including the present study, found predominantly fibres, ranging
from 37.9% [50], over 51.6% [15] and 64% (this study) up to 91% [12]. In this context, the
difficulty of visually identifying fibres as MP must be pointed out. This can lead to incorrect
classification, e.g., identifying natural fibres as synthetic cellulose fibres [33,41,42,58]. In addition, fibres may have entered the samples via cross contamination, such as contamination
from the air, which can occur in laboratories [41] or during sampling [42].
Based on the mean MP concentration data and the average discharge in the Adyar
River [59], the daily input of MP particles into the Bay of Bengal only though the Adyar River is estimated at about 31.8 billion. That accumulates to an annual discharge
of 11.6 trillion (1012 ) MP particles. To compare the daily MP load of the Adyar River,
Napper et al. [12] estimated a lower daily input of 1–3 billion MP particles by the Ganges
River into the Bay of Bengal. However, there is no continuous flow in the Adyar River
over the year, leading to the assumption that a huge amount of MP is stored within the
river sediments during minimum flow rates. During the monsoon season, these can be
remobilised again, which is why the input of MPs from the Adyar River into the Bay of
Bengal may be concentrated over different time periods during the year and is strongly
related to the weather conditions.
4. Conclusions
The studies on the MP concentrations in three different rivers in the south of the
Indian peninsula, two under different high (urban) and one low (rural) anthropogenic
influence are reported in this paper. Furthermore, the influences of additional external
factors (flow rates, weather conditions) are demonstrated as well as the difficulty of missing
the standardisation concerning MP sampling and evaluation. Nevertheless, the results from
statistical analyses did not additionally prove the influences of external factors regarding
MP concentrations in water surface samples. It must also be mentioned that, in terms
of sampling strategy, the three rivers were not studied equally, as in the Kosasthalaiyar
and Muthirappuzhayar rivers, one site was sampled continuously, whereas the Adyar
River was sampled at three sites within the city. Thus, more sampling sites are needed
in the Kosasthalaiyar and Muthirappuzhayar rivers in the future to further verify the
results and derive more comprehensive conclusions, especially with regard to microplastic
contamination along the watercourse.
There is a need for understanding the plastic pollution of the aquatic environment,
especially of the fluvial environment, as pointed out by Wagner and Lambert [59]. Due to
the rapid increase in population, the high level of industrial production as well as the low
level of wastewater treatment and waste disposal infrastructure, the MP pollution of the
aquatic environment along the study area is of interest. To the best of the knowledge of the
authors, the present study is the first to compare urban and rural Indian rivers and to show
that urban rivers are more heavily polluted.
The rough estimate of annual MP input of 11.6 trillion MP particles via the Adyar
River into the Bay of Bengal is alarming and significantly higher than the input value for
the Ganges, as reported by Napper et al. [12]. In a global comparison, Eriksen et al. [60]
estimated that 5.25 trillion plastic pieces might be afloat at sea, which does not match the
discharges quantity of MP particles determined herein. This highlights the uncertainties in
MP research, as extrapolations are often made from small amounts of data, which greatly
reduces their reliability [8]. To improve the accuracy of the data, further environmental
sampling must be carried out in the future, the results of which should be combined with
the basic information on transport behaviour of MP and through numerical simulations.
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