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Abstract

The pervasive presence of microplastics within river ecosystems has a profound and often underestimated detrimen-
tal impact. These minuscule yet persistent particles have infiltrated diverse biological habitats, making their detrimen-
tal effects on aquatic life increasingly concerning worldwide. The ability of microplastics to accumulate within aquatic
organisms further exacerbates this concern. Consequently, the monitoring of microplastic pollution in surface

water environments has emerged as a crucial endeavour, offering invaluable insights into the extent of this ecologi-
cal threat. This study delved into the contamination levels of microplastics within two bivalve species, Perna viridis

and Villorita cyprinoides, along the Chandragiri River in Kerala and Karnataka, South-West India, spanning eight distinct
locations. The investigation yielded a significant discovery, with a total of 667 microplastic particles extracted from 288
individuals. On average, each individual bivalve harboured approximately 2.31 +0.93 microplastic items. Notably,
these microplastic particles exhibited a wide range of morphological characteristics, underscoring their diverse origins
and pathways into the ecosystem. Furthermore, five polymer types of microplastics were unequivocally confirmed
through FTIR-ATR analysis, shedding light on the types of plastics that pose a threat to the riverine ecosystem. The
findings of this study contribute to a growing body of evidence highlighting the global threat of microplastic pol-
lution, urging international collaboration and innovative solutions to prevent further contamination and remediate
existing microplastic burdens in aquatic environments.

Highlights

« Microplastic contamination is a major concern in river ecosystems.

+ Microplastic in two bivalve species were characterized at Chandragiri River India.

- The microplastics had diverse shapes and were composed of five different polymers.
- This study emphasizes the need to tackle river microplastic pollution.
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1 Introduction

Plastic is a pervasive pollutant that poses a significant
threat to the biosphere. Despite being aware of its nega-
tive impact, humans have astonishingly relied on this
synthetic polymer for over seven decades. The annual
production of plastics has surpassed 320 million tons,
serving various industries such as food packaging, tex-
tiles, healthcare, and cosmetics (Wright and Kelly 2017),
which is roughly equivalent to the current human bio-
mass on Earth (Lebreton and Andrady 2019). Driven by
factors like convenience and low cost, global plastic pro-
duction ballooned by a staggering 189 times between
1950 and 2015, raising serious concerns about pollu-
tion and waste management (Europe 2016). Although
PE and PP dominate marine microplastics, their alarm-
ing production growth of 8.7% per year from 1950 to
2012 (Andrady 2017) pales in comparison to the shock-
ing amount of plastic waste entering oceans. Estimates
suggest a staggering 4.8—12.7 million tons from land
sources alone in 2010 (Jambeck et al. 2015), constituting
1.8-4.7% of global plastic production that year. The con-
sumption rate of plastic has escalated even further due
to the global pandemic. Commonly reported plastic con-
taminants in the environment include polyethylene (PE),
polyethylene terephthalate (PET), polystyrene (PS), poly-
propylene (PP), and polyvinyl chloride (PVC) (Rochman
et al. 2013a). Over time, plastic debris breaks down into
smaller pieces, forming microscopic particles known as
microplastics, typically measuring less than 5 mm in size
(Alimi et al. 2018). Microplastics can originate from pri-
mary or secondary sources, depending on how they are
formed. The accumulation of these fragmented plastics
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is highly toxic to both terrestrial and aquatic ecosystems,
permeating habitats and impacting diverse species of
organisms (Rochman et al. 2013b). Additionally, micro-
plastic granules formed from plastic scraps are typically
bioinert but have the ability to adsorb various organic
pollutants and contaminants, including heavy metals,
due to their highly hydrophobic nature (Holmes et al.
2012). Unlike bulky plastic debris, microplastics’ stealthy
size allows them to silently invade food webs, acting as
miniature Trojan horses that deliver harmful chemicals
directly into unsuspecting organisms (Botterell et al.
2019).

Studies conducted worldwide indicate that plastic pol-
lution is widespread and affects all natural habitats. In the
oceans alone, it is estimated that there are around 4.85
trillion microplastic particles (Eriksen et al. 2014). Simi-
larly, microplastic contamination in riverine ecosystems
is a significant concern that should not be overlooked.
Floating plastic debris and fragments are one of the path-
ways through which microplastics enter freshwater sys-
tems and eventually reach the oceans. Microplastics can
enter surface water through fluvial floods (Kumar & Var-
ghese 2021) anthropogenic activities, and fisheries, pos-
ing a potential risk to biota, particularly those that are
part of the food web, as they can be transferred through
the trophic chain (Akhbarizadeh et al. 2019). Due to
their small size, microplastics are inadvertently ingested
by aquatic invertebrates such as zooplankton (Cole et al.
2013), fish (Boerger et al. 2010), shellfish (Gamarro et al.
2020), and filter feeders like mussels (Wegner et al. 2012),
molluscs, sea cucumbers (Graham and Thompson 2009;
Mohsen et al. 2019), lungworms (Wright et al. 2013;
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Besseling et al. 2013), and oysters (Sussarellu et al. 2016;
Teng et al. 2019).

As bivalves, including Perna viridis (Asian green mus-
sel) and Villorita cyprinoides (Black clam), are widely cul-
tured and consumed as food worldwide, there is a risk of
microplastics entering higher trophic levels through their
consumption. Therefore, it is essential to investigate the
ecotoxicological impacts of microplastic contamination
on commonly consumed seafood such as bivalves. Fil-
ter feeders, which pass large volumes of water through
their gastrointestinal tracts, are particularly vulnerable
to microplastic ingestion (Wegner et al. 2012; Cole et al.
2013; Wright and Kelly 2017), which can adversely affect
their biological functions. The impacts of microplas-
tic ingestion include negative effects on immunological
responses, neurotoxic effects (Avio et al. 2015), accumu-
lation of plastic in respiratory gills (Su et al. 2019) and
circulatory systems (Browne et al. 2008; Avio et al. 2015),
reproductive disruption (Besseling et al. 2014), and
decreased feeding (Besseling et al. 2013). Importantly, the
presence of microplastic particles throughout ecosystems
exacerbates their bioaccumulation and biomagnification
at the cellular level in aquatic biodiversity (Akhbarizadeh
et al. 2019). Therefore, biomonitoring of organisms can
provide insights into the overall extent of plastic pollution
in aquatic ecosystems. Bivalves, in particular, can serve as
indicators of common pollutants in riverine ecosystems
due to their ability to bioconcentrate and bioaccumulate
pollutants above environmental levels. Their specialized
filter-feeding mechanism renders bivalves highly vulner-
able to microplastic pollution present in their surround-
ing aquatic ecosystems (Su et al. 2019). Bivalves’ reliance
on nonselective filter-feeding combined with their inef-
ficient self-purification and excretion mechanisms leaves
them highly susceptible to MP accumulation, placing
them among the most vulnerable organisms in the face of
MP pollution (Patterson et al. 2021).

This study aims to assess the occurrence of micro-
plastic contamination in P viridis and V. cyprinoides,
collected from the Chandragiri River in South-West
India. These benthic organisms, particularly mussels,
are significantly cultivated and consumed, underscor-
ing the importance of examining potential adverse
effects on human health resulting from the ingestion
of plastic-contaminated organisms. The proliferation
of these species is attributed to the rise in water tour-
ism in Kerala, India. Kerala’s green mussel farmers are
increasingly favouring polyethylene farming structures
for their resilience, but this trend brings a potential
downside: higher microplastic exposure for mussels
(FAO 2019). These durable materials raise concerns
about MP contamination, putting the mussels at risk
of ingesting MPs and ultimately transferring them to
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human consumers. Thus, the identification of micro-
plastic particles in these bivalve species not only sheds
light on the level of microplastic contamination in the
human body but also draws attention to the potential
presence of microplastic pollution in other species
within this surface water environment.

2 Materials and methods

2.1 Study area and sampling

Chandragiri River is mainly known as a lifeline for people
in Kasaragod. From ancient times, the livelihood of peo-
ple has been associated with this River. We can also see
various types of historical monuments along the banks
of the river. People depend on this River for various pur-
poses like agriculture, fishing, irrigation, tourism, cultur-
ing of various organisms etc. So, this River plays a major
role in shaping the future of people associated with it.
Chandragiri River starts from Koi Nadu and is situated
in Kodagu district of Karnataka state. Talakaveri wildlife
sanctuary is also situated near to this area. After a long
journey of 105 km, finally it reaches the Arabian Sea. The
Chandragiri River has a catchment area of 1406 square
kilometres, of which 836 square kilometres are in Karna-
taka and the rest in Kerala. The present study conducted
a sampling campaign encompassing eight specific loca-
tions along the Chandragiri River. The selected sampling
sites was named as Chala, Chengala, Jalsoor, Kasaragod,
Kombanadukkam, Sullia, Thalangara, and Thekkil. These
sites were chosen due to the prevalent commercial min-
ing and processing activities related to clams, as depicted
in Fig. 1. The sampling sites were situated on the river-
banks, which are significantly affected by pollution from
various sources, with a focus on areas where clam min-
ing and processing are prominent. Perna viridis samples
were specifically collected from Thalangara and Kom-
banadukkam, while Villorita cyprinoides samples were
obtained from the other sampling sites. A minimum of 40
live clams of similar sizes were carefully collected from
each sampling site using sterile non-plastic containers
and immediately stored at -20 °C for subsequent analysis.

2.2 Sample preparation

The stored samples were thawed and then washed using
sterile distilled water. The morphometric measurements
of each sample were taken using a digital vernier calliper
gauge micrometre, and their weight was recorded using
a digital weighing machine. To prevent procedural con-
tamination, all sampling tools and necessary materials
underwent a thorough cleaning process with distilled
water filtered through a 1.6 um filter and acetone to mini-
mize the presence of contaminants (Li et al. 2015).
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Fig. 1 Overview of geographical map showing 8 sampling spots across the banks of Chandragiri River

2.3 Pretreatment

Isolation of microplastics from the collected bivalves
Perna viridis and Villorita cyprinoides was conducted
based on the weight of their soft tissues. The outer shell
of each bivalve was carefully opened, and the inner con-
tents, including the soft tissue of approximately 12 indi-
vidual clams, were transferred into a 1000 ml sterile glass
beaker. Triplicates were maintained consistently for each
sampling site throughout the study. The beakers contain-
ing the triplicates from the 8 sampling sites were cov-
ered and pretreated with approximately 200 ml of a 30%
hydrogen peroxide (H,0,) solution, following the meth-
ods described by Li et al. (2015). The beakers were then
incubated at 65 °C for 24 h and then at room temperature
for another 48 h to digest the organic matter present (Li
et al. 2015). The same procedure was followed for proce-
dural blanks, which did not contain any bivalves.

2.4 Microplastic extraction by salt water density
separation

Following the H,O, treatment, the microplastics released

into the dissolved liquid of the soft tissue were separated

using floatation and filtration techniques. A concen-

trated sodium chloride solution (1.2 g/ml) was prepared

and approximately 800 ml of this solution was filtered

and added to each beaker containing the soft tissue liq-
uid. The resulting solution was thoroughly mixed and
left undisturbed for overnight incubation. Subsequently,
the overlying water was filtered using a vacuum pump
and a 47 mm diameter cellulose nitrate membrane filter
(Whatman AE98). After the filtration process, the filter
paper containing the captured microplastics was care-
fully transferred to clean and covered glass Petri dishes
for further analysis, as described by Lechner et al. (2014).

2.5 Contamination control process

All those procedures are carried out with maximum care
in order to avoid contamination during analysis of sam-
ples. Before use all equipment was washed three times
with distilled water and acetone is used to clean the
exposed laboratory surfaces. Filter papers are checked
before the experiment to make sure it was under a micro-
scope. Care was taken to complete the procedures as
soon as possible uncontaminated. Aluminium foil was
used to cover the beakers during the entire process. 100%
cotton made lab coats were used while conducting the
experiment. To avoid contamination by air, the labora-
tory’s ventilation and windows were kept closed at all
times. Procedural blanks of 30% hydrogen peroxide solu-
tion were also filtered by using Whatman filter paper and
it was also observed like other samples.
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2.6 ldentification of isolated microplastics

The microplastic particles collected on the filter paper
from all sampling sites were examined and photographed
using a Magnus MLXi—Tr plus microscope, equipped
with a Magcam DC-5 and a magnification range of
40-100X. Microplastic identification was based on the
distinctive features previously reported, including type,
color, and size, and the observed microplastics were clas-
sified accordingly. The type and quantity of microplastics
were determined based on this microscopic analysis, fol-
lowing the methods outlined by Li et al. (2015).

2.7 Verification of Polymer using FTIR-ATR

FTIR spectrum analysis (Perkin-Elmer Spectrum-2 FTIR)
was used to verify the microscopically identified plastic
particles. For transparent and semi-transparent objects,
the transmittance mode was utilized, while the attenu-
ated total reflection mode (ATR) was applied for opaque
objects. The spectrum range spanned from 4000 to
675 cm”1, with a collection time of approximately 3 s and
16 co-scans conducted for each measurement. The aper-
ture size varied depending on the particle’s size, ranging
from 5050 mm to 150X 150 mm (Jung et al. 2018). The
spectral data obtained from this process were then com-
pared with FTIR databases and spectral libraries to deter-
mine the polymer type. The identification of the polymer
type in the detected microplastics was performed using
an open-source tool called Openspecy, (www.openspecy.
org) with a Pearson coefficient threshold set at >0.8

3 Results and discussion

In this study, a total of 288 bivalve samples were col-
lected from eight different locations in Chandragiri River
to investigate microplastic contamination. the micro
plastic pollution in these sample location areas remains
relatively less studied. The selected sampling sites, stra-
tegically chosen from both urban and rural areas, rep-
resent a spectrum of pollutant sources. These include
river discharge, industrial effluent, fishing activity, and
domestic waste, offering a comprehensive picture of
environmental contamination. Substantial volumes of
pollutants are consistently introduced into marine areas
through river discharges and sewage effluents from both
domestic and industrial origins. While intensive mari-
time activities, such as fishing and tourism, contribute
significantly to economic and social advancement, they
can contribute directly or indirectly to the heightened
release of contaminants. Investigating these specific envi-
ronments will unquestionably yield supplementary data
essential for a more comprehensive assessment of micro-
plastic quantities and a deeper understanding of their
dynamics and distribution in river water. The unique
filter-feeding mechanism of bivalves exposes them to the
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surrounding microplastic pollution. Accidental inges-
tion of microplastics can elicit adverse health effects in
bivalves, leading to notable alterations in their digestive
system and potentially causing a decrease in their filter-
feeding activity (Browne et al. 2008; Wang et al. 2019). A
previous study conducted in Goa, West Coast of India,
investigated the presence of microplastics in seafood
and reported an average microplastic concentration
of 3.2+1.8 MPs/g body weight in the soft tissue (Saha
et al. 2021). Similarly, a preliminary study conducted at
the fishing harbor of Chennai, Southeast coast of India,
examined the evidence of microplastics in Perna viridis
and found ingested polystyrene polymers (Naidu 2019).
In vivo experiments on P, viridis demonstrated the accu-
mulation of weathered polyethylene and microscopic
PVC particles, indicating the intake of microplastics with
different colors and raising concerns about oxidative
stress and structural changes (Vasanthi et al. 2021).

V. cyprinoides (black clam) has been the subject of sev-
eral studies highlighting its susceptibility to lead toxicity
and its after-effects, and it has also been used as a bio-
monitoring species to assess trace metal pollution in the
Cochin backwaters (Neethu et al. 2020).

However, there are limited reports available on micro-
plastics in V. cyprinoides. Our findings revealed the
presence of four morphologically diverse microplastic
particles, including beads, fragments, film, and fibres
in P, viridis, and three morphologically diverse micro-
plastic particles, including beads, fragments, and fibres,
in V. cyprinoides. When considering the polymer types
identified in both bivalves, there is only one difference
in a specific polymer type, while the remaining poly-
mers are more or less the same. Besides variations in
microplastic abundance, no significant differences were
observed in the polymer type or morphology of plastic
particles between both bivalves, suggesting that exter-
nal factors influence these characteristics. However, the
study confirms that both V. cyprinoides and P. viridis are
major contributors to identify the presence of submicron
microplastic pollutants in freshwater systems.

The overall mean abundance of microplastic content in
the 288 bivalves examined in this study was found to be
2.31+0.93 items/individual. Microplastics were classified
into four morphometric types — beads, fibres, films, and
fragments (Amelia et al. 2021) — based on their shapes
and sizes. And their polymer composition, determined
by FTIR analysis, along with mean abundance are sum-
marized for each sampling location in Table 1. Average
bivalve lengths and average soft tissue weights are pro-
vided in Table 2 for reference. To contextualize our find-
ings, Table 3 presents a comparison with similar studies
on microplastic abundance in bivalves. Limited research
has been conducted on the accumulation of microplastics
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Table 1 Microplastic count, mean abundance, particle type and polymer type in collected bivalves
Location MP Count Particles/individuals Particle type Polymer type
(mean = SE)
Chala 40 1.11£0.05 Beads, Fibres, Fragments, PP PET, PE
Chengala 87 241+0.17 Beads, Fibres, Film, Fragments PET, ABS, POL, PE
Jalsoor 33 0.94+0.97 Beads, Fibres, Fragments PP, POL
Kasaragod 156 4.27+0.34 Beads, Fibres, Fragments PP, ABS, PET, POL
Kombanadukkam 102 2.83+0.17 Beads, Fibres, Fragments PP, ABS, PET, POL
Sullia 44 1.22+0.07 Beads, Fibres, Fragments PP PET, PE
Thalangara 130 3.61+0.20 Beads, Film, Fragments, Fibres ABS, PP, PET, PE
Thekkil 75 2.08+0.18 Beads, Fibres, Fragments PE, PET, PP, POL

MP Microplastic, PP Polypropylene, ABS Acrylonitrile butadiene styrene, PET Polyethylene terephthalate, PE Polyethylene, POL Polyester

Table 2 Average length and weight of collected bivalves from Chandragiri River

Sample location

Species Collected

Average length (cm)

Average soft-
tissue weight (g/

individual)
Chala Villorita cyprinoides 2.55+0.05 991+0.73
Chengala Villorita cyprinoides 2.60+0.08 9.99+0.32
Jalsoor Villorita cyprinoides 3.22+0.06 14.19+0.80
Kasaragod Villorita cyprinoides 3.02+0.13 10411081
Kombanadukkam Perna viridis 4.20+0.08 7.99+0.59
Sullia Villorita cyprinoides 3.19+0.12 14.27+132
Thalangara Perna viridis 4.07+0.16 8.80+0.82
Thekkil Villorita cyprinoides 295+0.12 12.55+1.25
Table 3 Previous reports on microplastic abundance in bivalves from different locations
Location Bivalve species Microplastic abundance Reference

Montenegrin coast

Coastal waters, China
East China waters

Sriracha Bay, Thailand
French Atlantic coasts

French Channel coast lines

Persian Gulf, Iran
South Korea

Pondicherry estuaries

Tuticorin coast, India
Halifax harbour, Canada

Mullus barbatus
Merluccius merluccius

Mytilus edulis
Mytilus edulis
Perna viridis

Mytilus edulis, Crassostrea gigas
Mytilus edulis, Cerastoderma edule

Amiantis umbonella, Amiantis purpuratus, pinctada radiate

Mytilus edulis, Tapes philippinaruum, Crassostrea gigas,
Patinopecten yessoensis

Perna viridis, Meretrix meretrix

Magallana bilineata
Mytilus edulis

2.9+0.5 items/ individual
3.2+ 1.0 items/individual

1.5 to 7.6 items/ individual
9.2 items/g
3.2+ 1.6 items/individual

0.61+0.56 items/ individual
2.1+1.7 items/ individual

0.76 £0.40 items/ individual
246+ 1.16 items/ individual

3.9+6.9 items/ individual
0.97 +£0.74 items/ individual

3.28+0.87 items/ individual
0.5+0.11 items/ individual

6.9+ 3.84 items/ individual
178 items/ individual

Boskovic¢ et al. (2022)

Lietal (2015)
Kolandhasamy et al. (2018)
Imasha and Babel (2023)
Phuong et al. (2018)

Hermabessiere et al. (2019)

Naji et al. (2018)
Cho et al. (2019)

Dowarah et al. (2020)

Patterson et al. (2019)
Mathalon and Hill (2014)

in Perna viridis and Villorita cyprinoides. When com-
pared to previous studies by Mathalon and Hill (2014), Li
et al. (2015), Naji et al. (2018), and Dowarah et al. (2020),
Imasha and Babel (2023) the total mean abundance

reported in this study is relatively lower. However, it is
significantly higher than the studies conducted by Cau-
wenberghe and Janssen (2014), Phuong et al. (2018),
Cho et al. (2019), and Hermabessiere et al. (2019). The
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variation in microplastic abundance is likely influenced
by several external factors, such as regional plastic pollu-
tion rates, population indices, climatic and geographical
factors, and population habits.

3.1 Size, morpho type composition and color of micro
plastics detected in bivalves

In this study the size of the micro plastics detected were
in the range of 100 pm to 1.5 mm. And the majority of
particles were found in the range between 100 pm to
300 um. Small size of micro plastics makes them appear
like food for lower trophic organisms (Lusher et al. 2013).
Fragments (43%) are detected as the most abundant mor-
photype of micro plastic particles from the bivalves that
were analyzed. And it was followed by beads (37%), fibres
(18%), and films (2%) (Fig. 2A). Fragments are reported
more in 5 out of 8 sampling locations (Fig. 3). Various
studies regarding the micro plastic pollution in aquatic
organisms elucidates fragments as their abundant micro
plastic morphological type (Karami et al. 2018; Cho et al.
2019; Akhbarizadeh et al. 2019). Abundance of fragments
was also observed in fish species. According to various
studies, there is an abundance of fragment type micro
plastics in the south-west coast of India (James et al.
2020). On the other hand, fragment type micro plas-
tic could have entered freshwater systems from various
sources like auto mobile parts, consumer goods, degra-
dation of damped plastics, packaging materials, personal
care products etc. Sources of fibres to the river are likely
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to be disintegration of fishing nets and ropes and laundry
washing water etc. film type micro plastic are recorded
very less in this study, and we suspect that the film parti-
cle detected in this study had originated from the break-
down of plastic carry bags. Presence of micro beads
is detected in personal care products and scrubbers
(Reethu et al. 2023). Micro plastics extracted from bivalve
species coming from Chandragiri River, Kerala varied in
9 colors (Fig. 2B). This elucidates that the digestion analy-
sis with 30% hydrogen peroxide didn’t change the colors
of micro plastic particles (Karami et al. 2018). The diver-
sity in colors present in detected micro plastic particles
also suggests that they have different origins (Sathish
et al. 2019). It also indicates the origin points of degraded
plastic materials (Nelms et al. 2018). In this study 9 dif-
ferent colors of micro plastic particles are identified that
are green, blue, orange, violet, yellow, red, black, trans-
parent and pink. The abundant color observed for all
bivalve species was transparent (31%), followed by red
(16%), blue (15%), green (13%), violet (11%), pink (7%),
black (3%), and yellow (2%), orange (2%). Plastic carry
bags, packaging products, fishing lines are considered
as the main source for transparent micro plastics (Cole
et al. 2013; Amrutha and Warrier 2020). Colored plastics
are obtained from various sources like cloths, consumer
goods, bags, bottles etc. Morphological characters of
micro plastics play a major role in micro plastic ingestion
processes that are performed by lower trophic organisms
(Lusher et al. 2013; Nelms et al. 2018).
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Fig. 2 Characteristics of microplastics identified a) Percentage of morphotypes composition of microplastics from Chandragiri River b) Percentage
of Diversity of colour shades in microscopically observed microplastics ) Percentage of Polymer composition including Polyethylene, Polyethylene

terephthalate, Polypropylene, Polyester, Acrylonitrile Butadiene Styrene
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3.2 Polymer composition of microplastics in Chandragiri
River

Our visual inspection identified 667 potential micro-

plastic particles. Subsequent Fourier-transform infrared

spectroscopy with attenuated total reflectance (FTIR-

ATR) analysis confirmed all suspicious particles to be

genuine microplastics. Importantly, procedural blanks

f) THEKKIL
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also yielded negative results, devoid of any microplas-
tic contamination, demonstrating the meticulousness
and effectiveness of our contamination control proto-
cols. The obtained spectra (Fig. 4) were analyzed using
the Openspecy identification tool (www.openspecy.org),
which is commonly used for diagnosing IR spectra (Cow-
ger et al. 2021). The study identified five different types
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Fig. 4 FTIR-ATR spectra showing peaks for respective polymer type A) Polypropylene B) Polyethylene C) Poly ethylene terephthalate D) Polyester

and E) Acrylonitrile butadiene styrene


http://www.openspecy.org

Radhakrishnan et al. Anthropocene Coasts (2024) 7:5

of polymers in the microplastic particles. The detected
polymer types were polypropylene (31.86%), acrylonitrile
butadiene styrene (17.03%), polyethylene terephthalate
(24.23%), polyethylene (14.98%), and polyester (11.89%)
(Fig. 2C). It is worth noting that a previous study con-
ducted on bivalves (Li et al 2015) did not identify any
polypropylene content. However, in this study, polypro-
pylene was found to be the most abundant polymer type.
The high abundance of polypropylene and polyethylene
microplastics in aquatic environments has been reported
in various studies conducted in different geographical
locations (Mathalon and Hill 2014; Abidli et al. 2019; Cho
et al. 2019; Wang et al. 2020). The increased global pro-
duction of polypropylene materials contributes to their
abundance in microplastic pollution. Polypropylene is
commonly used in the manufacturing of bottles, pipes,
tubs, plastic bags, ropes used in aquaculture, and carpets.
Non-woven cloth materials, which often contain poly-
propylene sheets, can also be a source of contamination.
Polyethylene polymer is used in the production of bags,
bottles, toys, and personal care products. Polyethylene

A) B)
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terephthalate and polyester polymers are primarily used
in the textile industry, and the washing of clothes con-
taining these polymers near rivers can lead to the release
of polymer fibres into the water.

Polyethylene terephthalate is also commonly found in
brushes, bottles, motor parts, and packaging materials. It
has extensive applications in the medical field for manu-
facturing artificial internal organs, pharmacy prescrip-
tion bottles, and other medical devices. Polyester, on the
other hand, is a significant synthetic fibre used in the pro-
duction of fishing gear. Acrylonitrile butadiene styrene, a
rigid plastic type, is widely used in the manufacturing of
toys, domestic products and fishing gears.

The presence of diverse morphotypic and colored
microplastic particles in the river can originate from vari-
ous sources (Fig. 5) such as tourism, improper disposal
of plastic waste, automobiles, domestic care products,
and natural disasters like flooding and stormwater events
(Kumar & Varghese 2021). Previous studies have consist-
ently reported the abundance of polypropylene and poly-
ethylene microplastic polymers in the guts of fish from

0

(%)

Fig. 5 Microscopic images of diverse morphotypic and colored microplastics from Chandragiri River. A Pink film B Transparent bead C Blue film D
Red fragment E Orange bead F Yellow and blue fragment G Violet fibre H Green fragment | Black fibre
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South India (James et al. 2020). The low density of these
particles allows them to float and be easily transported
by water currents. Bivalves, due to their filter-feeding
activity, are particularly exposed to the floating and
sedimented microplastic particles present in their sur-
roundings, leading to the process of bioaccumulation of
microplastics in the ecosystem (Karami et al. 2018; Cho
et al. 2019; Akhbarizadeh et al. 2019).

3.3 Microplastic abundance in Chandragiri River
A total of 667 microplastic particles were identified in
both bivalve species collected from eight sample loca-
tions in Chandragiri River, with a mean abundance of
2.315+0.93 items/individual (Table 1, Fig. 6). Microplas-
tic particles (less than 5mm) of various sizes and shapes
were detected in each of the eight sampling locations.
Perna viridis samples from Kombanadukkam region
yielded 102 microplastic particles, with a mean abun-
dance of 2.83+0.17 items/individual. Fibre, bead, and
fragment types were present, with fragments again domi-
nating at 66%. Polypropylene, acrylonitrile butadiene sty-
rene, polyethylene terephthalate, and polyester polymers
were ubiquitous. Notably, polypropylene-containing
plastics were more common, and most of the fibres were
made of polyester. Thalangara region recorded a mean
abundance of microplastic particles, at 3.61 +0.20 items/
individual. Bead, film, fibre, and fragment types were
observed, with fragments constituting 55%. Four types of
plastic polymers were identified: acrylonitrile butadiene
styrene, polypropylene, polyethylene terephthalate, and
polyethylene.
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Clam species Villorita cyprinoides samples were col-
lected from six other locations. Chengala region had a
mean abundance of 2.41+0.17 items/individual, with
fibre, bead, fragment, and film types identified. Frag-
ments (48%) were the most prevalent, and polyeth-
ylene terephthalate, acrylonitrile butadiene styrene,
polyester, and polyethylene polymers were present.
From Chala region, micro plastic particles were identi-
fied at a mean abundance of 1.11 + 0.05 items/individual
from this area. From the identified micro plastic types,
fragments were accounted more (55%) and beads, fibre
are also present in this sampling area. Polypropylene,
polyethylene terephthalate, polyethylene contained
micro plastic substances were obtained from here.
Sulia’s mean microplastic abundance was 1.22+0.07
items/individual, with bead, fibre, and fragment types
observed. As in other locations, fragments (48%) were
the most prevalent. Polypropylene, polyethylene tere-
phthalate, and polyethylene polymers were ubiquitous.
Thekkil region yielded 75 microplastic particles, with a
mean abundance of 2.08 £ 0.18 items/individual. Three
types were observed, with beads (56%) outnumbering
fibres and fragments. Jalsoor recorded the least num-
ber of microplastic particles, with a mean abundance
of 0.94+0.97 items/individual. Only two polymers
were identified: polypropylene and polyester. Interest-
ingly, this region had the highest proportion of fibre
type microplastics (46%). Kasaragod had the highest
mean abundance of microplastics (4.27 £0.34 items/
individual), with bead type (58%) dominating over fibre

Thekkil {7 15

Thalangara

130

Sullia

Kombanadukkam
Kasargod ~~-3-3-1-1-3vui-1-1-1-1-2,H1.1.:.:.:..,:‘f.i.f.f.i,,‘;””:;g156
Jalsoor —i’iiiiiiiiii/i$$,$,$,$,$,
Chengala —
Chala
0 20 40 60 80 l(l)O 120 14I10 160 12;0

Total microplastic count

Fig. 6 Total count of microplastic particles identified from bivalve samples collected from each location
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and fragments. Polypropylene, acrylonitrile butadiene
styrene, polyethylene terephthalate, and polyester poly-
mers were identified.

The analysis of different morphotype microplastic
abundance by location (Fig. 3) revealed that Kasaragod
exhibited the highest mean abundance among the eight
sampling locations. This aligns with the Census report
(Chandramouli 2011) and Current estimated popu-
lation of Kasaragod Municipality in 2023 is approxi-
mately 74,000, both highlighting this densely populated
and urbanized region’s increased propensity for plas-
tic waste generation and subsequent deposition in its
surroundings. As per the 2011 Census Report (Chan-
dramouli 2011), the district Kasaragod has shown a
continuous increase in the degree of urban concen-
tration from 1991 to 2011 and the increase is rapid
between 2001 and 2011 (Ds and Ks 2016). Kasaragod’s
urban centre exhibits a striking disparity in micro-
plastic composition compared to surrounding areas.
The region’s dense population (3200/km? compared to
the district average of 657/km?% Chandramouli 2011)
potentially translates to higher waste generation and
accumulation of these specific microplastics.

Moreover, the recent COVID-19 surge has exacer-
bated plastic pollution with increased use of personal
protective equipment (PPE) and face masks containing
polyester blends. This trend reinforces the link between
human density, plastic consumption, and microplastic
contamination, highlighting the need for sustainable
alternatives and waste management strategies, particu-
larly in densely populated areas (Reethu et al. 2023).

The abundance of microplastics in the studied area
is closely linked to human activities. The areas with
higher human population density and proximity to
urban centres exhibited greater microplastic abun-
dance. Apart from this according to Census 2011, the
urban population in Kerala was 48.50%. The National
Population Commission estimates that 92.8% of Kerala
will become an urbanised State by 2035.

Microplastic abundance in the Chandragiri River also
varied by location, with the highest levels found near
the mouth in Kasaragod and the lowest upstream in
Jalsoor. This suggests that geography influences micro-
plastic sedimentation, with downstream areas likely
receiving microplastic particles carried by the water
current. It is worth noting that this study recorded a
smaller number of microplastic particles compared to
other studies conducted in India, particularly in marine
environments such as Pondicherry (Dowarah et al.
2020) and Tuticorin (Patterson et al. 2019). This differ-
ence in abundance can be attributed to the focus of this
study on a freshwater ecosystem rather than a marine
environment.
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4 Conclusion

Our study revealed the presence of microplastic con-
tamination in the Chandragiri River, located in Kerala
and Karnataka, Southwest India, as evidenced by the
total microplastics isolated from two bivalve species,
P viridis and V. cyprinoides. Microplastic pollution was
widespread across all eight sampling sites, with an aver-
age abundance of 2.31 + 0.09 microplastics per individual.
We identified four different morphotypes of degraded
plastic particles, including beads, fragments, fibres, and
films. Using the FTIR-ATR method, we determined the
polymer composition and found the occurrence of five
types of polymers: polypropylene, acrylonitrile butadi-
ene styrene, polyethylene terephthalate, polyethylene,
and polyester. In this freshwater ecosystem, we observed
a notable prevalence of microplastic fragments contain-
ing polypropylene particles, underscoring a clear linkage
between human activities and the release of microplastics
into the environment. The escalating population growth
and urbanization have led to the introduction of diverse
plastic waste types into the freshwater system, leading
to deleterious consequences on the biological function-
ing of the water and its associated macro and micro-
flora. Moreover, our investigation revealed the presence
of microplastics in heterogeneous colors, such as green,
blue, orange, violet, yellow, red, black, transparent, and
pink, originating from various sources of plastic disinte-
gration. The 667 microplastic particles isolated from 288
bivalve samples in our study represent only a fraction of
the widespread contamination in the Chandragiri River.
Further research, including investigations into seasonal
variations of microplastics, is needed to develop com-
prehensive approaches aimed at mitigating additional
microplastic pollution and maintaining ecological bal-
ance, safeguarding our biosphere.
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