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ABSTRACT

In view of increasing Microplastics (MPs) contamination in the marine environment and dearth of
baseline data, a study was conducted on the abundance, characterization, and seasonal distribution of
MPs in the nearshore sediments of the south-east coast of India. Sediment samples (n = 130) were
collected at a distance of 1 km and 10 km from the shore region at varying depths (845 m) along the
Chennai to Puducherry coast (165 km stretch), representing two seasons, i.e., south-west (July 2019
and July 2020) and north-east (January 2020) monsoons. The average abundance of MPs at the 22
offshore sites along the Chennai to Puducherry coast varied from 9+4.3 to 19+£12.9 particles/50 g dry
weight, in July 2019 and January 2020, respectively. July 2020 had an average abundance of 10+4.5
particles/50 g dry weight. Spatially, high levels of MPs were found at 1km stations and transects in
proximity to the river inlets, and temporally, the north-east month recorded the maximum
concentration. The dominant morphotype was the filament, and the major polymers were polyethylene
and polypropylene. Scanning Electron Microscope (SEM) images revealed the surface irregularity and
degradation of MPs due to weathering. The study highlights that high sediment contamination by MPs
occurs during heavy rainfall and accumulates closer to river inlets. Eventually, this study suggests that
appropriate management of plastic wastes on the landside will reduce MP contamination in the marine
environment.

© Higher Education Press 2022

1 Introduction

Plastics have impacted almost every sphere of human life.
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The dearth of stringent regulations and inadequate plastic
waste management and disposal are the primary reasons
for the sharp increase in plastic litter observed over the past
60 years, from 1.7 million to over 320 million tons (Wright
and Kelly, 2017). Coastal systems are highly vulnerable to
both land and sea-based sources of plastic input. Plastics
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may be beached, transported to the open ocean, or
deposited on the seafloor, depending on their nature and
the coastal system. MPs (size ranging Ipum to 5 mm) are
solid particles, consisting of synthetic or heavily modified
natural polymers as an essential ingredient, of primary or
secondary origin, and insoluble at 20°C. (Hartmann et al.,
2019). Based on its origin, MPs are classified into two
types, (i) primary MPs that are factory-made, synthetic
clothes, beads stitched or attached to personal care
products etc. and (ii) secondary MPs that are formed as a
result of degradation of larger plastic particles due to
various physical and chemical factors (Cole et al., 2011).

The buoyant nature of MPs makes them easier to
transport within aquatic and marine environments
(Hidalgo-Ruz et al., 2012). The particles with a higher
density (>1.02 g cm *) might sink faster, while those not as
dense may reach the seafloor through density modification
due to the encrustation of foulants (Andrady, 2011). On the
hand, the size ranges of MPs account for the easier
bioavailability of the lower trophic organisms (Naidu,
2019). The color variation of MPs also mimics the prey for
marine predators, leading to adverse effects on these
organisms (Shaw and Day, 1994). Apart from the intrinsic
harm caused by monomers and additives (phthalates, flame
retardants, etc.), the larger surface-to-volume ratio of MPs
acts as an excellent adsorbent for trace metals and
persistent organic pollutants which make them even
more toxic (Andrady, 2011). Therefore, understanding
the distribution of MPs in the coastal sediments is crucial
in formulating feasible solutions for protecting the marine
ecosystem. In addition to their vast numbers, the shape,
size, distribution, color, and polymer type of the MPs
should be considered as equally important factors to attain
an appropriate risk assessment.

The number of research publications on MPs has
increased over the last decade, but these have been more
biased toward beach systems, as they are relatively easier
to study. Nevertheless, a few studies have reported higher
quantities of MPs in both offshore and deep-sea sediments
(Zobkov and Esiukova, 2017; Peng et al., 2018). Studies
on MPs in India focus more on beach systems, coastal
surface water, and biota (Naidu, 2019; Jeyasanta et al.,
2020). There is a marked paucity of information on the
presence of MPs in the Indian coastal sediments.

The Indian coastal region is controlled by three seasons,
viz., south-west monsoon (June—September), north-east
monsoon (October—January), and fair weather (February—
May). The Bay of Bengal is influenced by current
reversals, seasonal winds, and changes in precipitation.
Cyclones frequently occur in the Bay of Bengal from
October to January. The seasonal circulation patterns in the
region are primarily controlled by wind and wave
characteristics, and the resulting longshore sediment
transport (littoral drift) is dominantly northward, within a
few kilometers from the coastline. It is vital to trace the
sources of MP contamination, its consequences, and its

distribution patterns in the nearshore environment. Thus, in
this context, the present study aims to analyze the
characteristics and spatio-seasonal distribution of MPs in
the coastal sediment of the south-western Bay of Bengal.
The study has two main objectives viz., (i) to generate
baseline data and (ii) to establish the linkage between the
source and the sink.

2 Materials and methods
2.1 Study area

A total of 11 sections were selected covering a distance of
165 km from the metropolitan city of Chennai (13.0815°N,
80.2921°E) to Puducherry (11.8735°N, 79.8213°E).
Chennai has a population of around 10.9 million whereas
Puducherry (also known as Pondicherry), a major tourist
town and an erstwhile French colony, has a population of
around 0.83 million located along this coast. The detailed
information on the study area, its physiographic character-
istics, and sampling locations are provided in Table 1. The
sites were selected based on the pollution due to
urbanization, tourism, fishing activities, and sites proximal
to the river and estuaries.

2.2 Sample collection

Three research surveys were carried out during July 2019
(CRV Sagar Purvi), January 2020 (RV Sagar Manjusha),
and July 2020 (CRV Sagar Anveshika). Replicate sediment
samples were collected using Van Veen grab technique
(Palatinus et al., 2019) at each transect of 1 km and 10 km
from the shore. From the collected sediment grab samples,
the top 5 cm layer was scooped using a metallic spoon and
stored in an aluminum container. The sampling depth
ranged from 8 to 45 m. Samples were tightly packed and
transported to the laboratory for further analysis.

2.3 Extraction of MPs

The sediment samples were dried at 50°C in the hot air
oven, until they were dried completely, and then processed
for MP extraction (Zhao et al., 2018). A quantity of 50 g
dried sediment sample was mixed with 200 mL pre-filtered
saturated NaCl (p = 1.2 g/mL) solution and stirred for
about 5 to 10 min. Subsequently, the solution was allowed
to settle for about 10 to 15 min; next, the supernatant was
transferred to a clean conical flask. This procedure was
repeated thrice, to enhance the maximum recovery of MPs.
For digestion of organic matter, 5 to 15 mL of 30%
hydrogen peroxide solution was added to the supernatant
and allowed to stay for 24 h. The supernatant was filtered
through GF/F filter paper (pore size 0.7 um) using vacuum
filtration. The saturated saline solution used for analysis
was prepared using distilled water, followed by filtration
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through GF/F filter paper, to prevent contamination.
Before the analysis, all the glass beakers and conical
flasks were rinsed with distilled water. Three procedural
blanks were maintained to check the external contaminants
and the analysis was carried out in an enclosed environ-
ment, and cotton attire was worn during the analysis.

2.4 Quantitative analysis

The quantification of MPs (Hidalgo-Ruz et al., 2012) was
done using an RSMr series stereo zoom microscope. The
morphotype of the MPs was categorized into three shapes:
fragment, filament, and film. Based on the size (um), MPs
were clustered into ten groups (1-500, 501-1000, 1001-
1500, 1501-2000, 2001-2500, 2501-3000, 3001-3500,
3501-4000, 4001-4500 and 4501-5000) (Zhao et al.,
2018). The color categories of MPs included black, blue,
red, yellow, white, and transparent (Peng et al., 2017). The
MP particles were reported per 50 g dry weight (d.w.).
Sediment texture analyses were made following a standard
protocol to correlate with MP concentration (Folk and
Ward,1957).

2.5 Qualitative analysis

Raman microscope spectroscopy (Renishaw) coupled with
a confocal microscope (50 x and 100 x objectives) was
used for polymer identification. The Raman shift was
calculated at an excitation wavelength of 532 nm, covering
the spectral frequency of 100 cm™ to 3500 cm™. Scanning
Electron Microscopy (SEM) — JISM-IT500 (version 1.110)
was performed to understand the MPs’ surface morphol-
ogy and weathering pattern. The selected MP samples were
mounted on a metal stub, using a double-sided adhesive
carbon tape. Subsequently, the specimen was sputter-
coated with a fine layer of gold, using D11-29030SCTR
Smart Coater for 2 min.

2.6 Data analysis

Differences between the total number of particles and
morphotype of plastics in the sediment were determined
using a Two-Way Analysis of Variance (ANOVA)
followed by Tukey’s post-hoc test. Non-parametric Spear-
man correlation analysis was performed to determine the
relationship between sediment grain size and MPs
accumulation using STATISTICA 12 software.

3 Results
3.1 MP abundance and distribution
Spatially, the highest MPs concentration (14 particles/50 g

d.w. in July 2019, 55 particles/50 g d.w. in January 2020,
and 20 particles/50 g d.w. in July 2020) was recorded at

Adyar 1 km (Fig. 1). Seasonally, the MPs contamination
was the highest during January 2020 (19412.9 particles/50
g d.w.) followed by July 2020 (10+4.5 particles/50 g d.w.)
and July 2019 (9£4.3 particles/50 g d.w.). There was a
sharp rise in the MP concentration from July 2019 to
January 2020, which dropped during July 2020. Two-way
ANOVA detected significant seasonal and spatial varia-
bility in the abundance of total MPs (Table 2). Tukey's
post- hoc confirmed a significantly higher abundance of
MPs during January 2020. It was observed that the MPs
accumulation varied spatially and temporally; it was higher
mainly throughout the southern transects (Pondicherry
University to Paradise Beach), except for the Adyar station
located in the northern transect.

For the 1 km stations, the total abundance of MPs ranged
from 4 (Pondicherry University) to 14 particles/50 g d.w.
(Adyar) in July 2019, 9 (Kovalam) to 54.5 particles/50 g d.w.
(Adyar) during January 2020, and 9.33 (Edaikazhinadu) to
20 particles/50 g d.w. (Adyar) in July 2020, respectively.
The abundance of MPs at 10 km ranged from 5.5
(Mahabalipuram) to 13 particles/50 g d.w. (Edaikazhinadu)
in July 2019, 4 (Kovalam) to 19.5 particles/50 g d.w.
(Gandhi Statue) in January 2020, and 2.5 (Mahabalipuram)
to 14 particles/50 g d.w. (Marina) during July 2020.

3.2 Shape of MPs

Three different shapes of MPs were observed, as shown in
Fig. 2. During July 2019, fragments (43%) were the
dominant type, followed by filaments (35%) and films
(22%) (Fig. 3(a)). The fragment range was between 1 and
25 particles/50 g d.w., with significant differences among
the stations and seasons. However, Tukey’s post-hoc test
indicated significantly higher fragments recorded at Adyar-
1 km, during January 2020. Furthermore, the abundance of
filaments showed a significant difference at the seasonal
level but not among the stations. Films displayed a similar
trend as fragments, showing significant differences both
spatially and seasonally (Table 2). Tukey’s post-hoc test
detected significantly higher values at Gandhi Statue 1 km,
during January 2020. During July 2019, the MP abundance
was in the range of 6 to 14 particles/50 g d.w.

A similar trend was observed in January 2020, wherein
fragments (41%) dominated the MPs type, followed by
filaments (35%) and films (24%) (Table 3). The fragments
ranged from 1 to 39 (8.3£9.5) particles/50 g d.w.,
filaments from 2 to 14 (7.3£3.1) particles/50 g d.w., and
films varied from 1 to 13 (4.8+3.2) particles/50 g d.w. The
highest number of fragments was observed in Adyar 1 km
and Paradise Beach 1 km, while the least number was at
Chennai Port 1 km. Pondicherry University 1 km had a
greater number of filaments, while Gandhi Statue 1 km had
a greater number of films.

During July 2020, there was a slight deviation in the
order of distribution i.e., filaments>fragments>films.
Filaments contributed to more than half of the morphotype
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Fig. 1 Spatial and seasonal variation of microplastics observed in the Chennai—Puducherry coastal sediment.

Table 2 Two-Way Analysis of Variance (ANOVA) results showing significant differences in seasonal and spatial variability

Variable Factor Sum of Squares (SS) Degrees of freedom (DF)  Mean Square (MS) F-Value P-Value
Total Month 1150.51 2 575.25 18.28 0.00
Station 1794.57 21 85.46 2.72 0.00
Month x Stations 1215.66 38 31.99 1.03 0.45
Fragment Month 97.93 2 48.96 441 0.01
Station 682.18 21 32.48 2.93 0.00
Month x Stations 663.22 38 17.45 2.31 0.00
Filament Month 293.81 2 146.90 11.57 0.00
Station 233.38 21 11.11 0.88 0.62
Month x Stations 578.66 38 15.23 1.35 0.14
Film Month 277.03 2 138.51 41.26 0.00
Station 146.72 21 6.99 2.08 0.01
Month x Stations 193.99 38 5.11 2.15 0.00

Note: Values in bold are significant, p < 0.05; No of samples, n = 130.

ratio at about 59%, followed by fragments (34%) and films
(7%), with values ranging from 1 to 13 (3.3+£2.4) particles/
50 g d.w., 1-7 (5.842.9) particles/50 g d.w., and 1-3
(0.740.8) particles/50 g d.w., respectively. The overall
increase in the filament type is attributed mainly to Adyar

1 km and Paradise Beach 1 km, which changed the pattern
of morphotype distribution when compared to the two
other months. Fragments were more prevalent at Pondi-
cherry University 1 km, while films were dominant at the
Adyar 1 km station.



6 Front. Environ. Sci. Eng. 2022, 16(1): 10

Fig. 2 Microscopic images of microplastics (a) & (b) filaments; (c) & (d) films; (e) & (f) fragments.
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Fig. 3 (a) Morphotype composition, (b) Size range comparison of the microplastics.

3.3 Size of MPs

The maximum number of MPs for all three sampling
periods was in the size range of 501-1000 pum, followed by
1-500 pum and 1001-1500 pm. The least number of MPs
were in the size class of 4501-5000 pm. The percentages
of MPs in the size class of 501-1000 pm were 32.6%,

33.72%, and 30.95%, for July 2019, January 2020, and
July 2020, respectively (Fig. 3(b)). Class sizes between
2001 and 5000 um contributed to <20% of the total
abundance of MPs. Another interesting finding is that the
size class (501-1000 pm) of MPs was found to be
dominant in both the 1 km and 10 km stations,
respectively, all the seasons.
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Sediment grain size analysis indicates that sand was
dominant in all the seasons (July 2019: 90%—100%,
January 2020: 89%—100%, July 2020: 89%—100%) except
for four stations of 10 km. Spearman’s correlation analysis
did not establish any relationship between the grain size
and MP concentration.

3.4 Color of MPs

MPs of six different colors (white, blue, transparent,
yellow, black, and red) were observed (Fig. 4). The most
common color during July 2019 and July 2020 was blue
(26% and 29%), whereas, in January 2020, it was
transparent (30%).

3.5 Qualitative analysis

Spectroscopic results (Fig. 5) revealed four common
polymer types (polyethylene-PE, polypropylene-PP, poly-
vinyl chloride-PVC, polyamide-PA). The polymer identi-
fication was validated using the published literature (Liu
et al., 2020). For PE, relatively weaker peaks were
observed around 28462881 c¢cm™' while a broader and
strong band was seen in the range of 2100-2200cm™. PP
was identified by the several peaks at 2800-3000 cm™
caused by the CH2 stretching vibration. The CH2
stretching vibration at around 2914 cm™' represents
the PVC, while the CH(CH2) stretching at 2871 to
2943 cm™ indicates the presence of PA. The high

Table 3 Average abundance and shape distribution (%) of microplastics in the Bay of Bengal Coast (Chennai-Puducherry)

S. No. Period Fragments Filaments Films
MP Average abundance (Particles/50 g Dry weight)
1 July, 2019 44+14 3.6£1.9 22+14
2 January, 2020 8.3+9.5 7.343.1 4.8+3.2
3 July, 2020 3.3+24 5.842.9 0.7+£0.8
Shape distribution (%)
4 July, 2019 43 35 22
5 January, 2020 41 35 24
6 July, 2020 34 59 7
(a) July 2019 (b) January 2020
/" White  White
19% L 8% .
—
Transparent
10%
. Transparent
30% Yellow
(©) July 2020

" White
7 10%

Transparent
9%

Fig. 4 Percentage of microplastic colors at (a) July 2019, (b) January 2020, and (c) July 2020.
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magnification SEM images depict the multiple layers of
MPs with a rough surface and rupture at the edges, as
shown in Fig. 6. The fractures and roughness patterns
indicate the prolonged exposure of MPs in the marine
environment, which are subjected to various degradation
processes.

4 Discussion

The study area located on the south-western coast of the
Bay of Bengal is primarily influenced by the south-west
monsoon (SWM) and the north-east monsoon (NEM).
During the SWM, the East Indian Coastal Current (EICC)
moves northward, while it moves toward the equatorial
region, during the NEM. In the present study, MPs
accumulation was found to be higher during the NEM.
Similarly, Veerasingam et al., 2016a also observed higher
levels of MPs in the NEM than in the SWM, along the high
tide line of the Chennai coast. The coastal water circulation

patterns seem to affect the transport of contaminants and
waste disposal (Zhang et al., 2020).

Rivers are considered to be the potential carriers of MPs,
estimated to transport about 91% of the mismanaged
plastic waste to the ocean (Lebreton and Andrady, 2019).
Precipitation plays a crucial role in MP transport among
coastal habitats (Zhu et al., 2018). Chennai registered
maximum rainfall during October- December 2019. In
general, the freshwater discharge of the Adyar River is
higher than the annual mean during the NEM (Rajkumar et
al., 2008), which explains the higher MP abundance
recorded in the Adyar station during all the seasons,
especially during the NEM. Furthermore, the discharge of
the Adyar and Cooum rivers was found to influence the
higher MPs accumulation recorded at the Marina beach
(Sathish et al., 2019).

The southern transect (Puducherry) has a higher MP
concentration than the northern transect (Chennai) since
the regional runoff, tide, current, and salinity may
influence the spatial distribution of MPs (Yu et al,
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2018). Also, tourist beaches in Puducherry involve human
activities (direct emission of plastics disposal), weathering
degradation of these plastics on the beaches results in their
surface embrittlement and micro-cracking, yielding micro-
particles that are carried into the water by wind or wave
action resulting in the plastic debris being swept away into
the ocean by tides and currents (Andrady, 2011). This
debris eventually reaches the seafloor sediments. Addi-
tionally, fishing activities were found to be the major cause
of the high level of MPs on the Puducherry beaches
(Dowarah and Devipriya, 2019).

The average MP concentration during each period, as
observed in the present study, was compared with the few
other reports published worldwide. To enable comparison
with earlier published reports, all the units were converted
into particles’kg d.w. The MPs abundance in our study is
several magnitudes higher than the other locations across
world oceans (Table 4) (Graca et al., 2017; Zobkov and
Esiukova, 2017; Zhao et al., 2018; Mu et al., 2019).
Despite the difference in MPs levels, all these studies
reported higher levels near the river mouth stations (e.g.,
Vistula River outlet in Polish Coast of Baltic Sea; river
mouths of the Mackenzie and Colville in the Northern
Bering and Chukchi Sea), and also toward the landward
sites. This corresponds to our findings. It is interesting to
note that, size ranging less than 2 mm is found to be
dominant in all these studies. Also, there is a decline in the
concentration of MPs as the distance from the nearshore to
offshore regions increases (Graca et al., 2017). Another
study also showed that the size and density of the marine
debris increased from the coastal waters to the backshore
regions (Olivelli et al., 2020). This corroborates the fact
that MPs distribution is lesser at 10 km stations than the 1
km stations.

Concerning the morphotype, fragments were dominant
in July 2019 and January 2020, followed by filaments and
films. On the other hand, filaments prevailed in July 2020,
followed by fragments and films. Fragments and filaments
(fibers) are the most common shapes of MPs observed in
the Indian coastal sediments (Dowarah and Devipriya,
2019) and other regions of the world (Graca et al., 2017,
Mu et al., 2019), due to their higher density and lower
specific surface area, leading to easier deposition in the
sediments (Lin et al., 2018). Fragments are found as a
result of degradation of macro (>2.5 cm) and meso (5 mm
to 2.5 cm) plastics (Free et al., 2014), while fishing
activities and sewage (synthetic fibers through washing
clothes) pave the way for filaments (Zhao et al., 2018; Zhu
et al., 2018), which could be the possible sources of MPs.

In terms of the size range, the maximum number of MPs
lies within the range of 501-1000pum followed by 1-500
pum, similar to the previous studies, which proved that
smaller size MPs are present profusely on the seafloor
sediments (Nor and Obbard, 2014; Peng et al., 2017; Zhao
et al., 2018). Thus, there is a possibility that the smaller
MPs from the freshwater bodies can be transported into the
marine environment, which attributes to the prevalence of
smaller-sized MPs, even at the 1 km stations. Temporally,
there is no significant difference in the size range of MPs.
Size plays a vital role in facilitating the biological impact
of MPs. This was demonstrated in a study by Ziajahromi et
al., 2018 on how different sizes of MPs had detrimental
effects on the blood worm (Chironomus tepperi). Most
importantly, the presence of smaller-sized MPs in the
sediment-associated biota Perna viridis, which was
collected from the Chennai coast, was reported by
Naidu, 2019. This explains the fact that these smaller-
sized MPs have been ingested by the biota.

Fig. 6 Scanning Electron Microscopy images of microplastics (a) filament, and (b) fragment.
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Table 4 Abundance of microplastics in the sediments from various regions

S. No. Location No. of samples (n) Abundance Reference

1 Baltic Sea, Russia 7 34+10 items/kg d.w. Zobkov and Esiukova, 2017

2 Southern Baltic Sea 14 0 to 27 particles/kg d.w. Graca et al., 2017

3 China 216 171.8 items/kg (Bohai sea) Zhao et al., 2018
123.6 items/kg (Northern Yellow Sea)
72.0 items/kg (Southern yellow sea)

4 Northern Bering and Chukchi Seas 7 ND ~ 68.78 items/kg d.w. Mu et al., 2019

5 South-east coast of India, Bay of 130 175+85 particles’kg d.w. (July 2019) Present study

Bengal 390+260 particles/kg d.w. (January 2020)

196291 particles/kg d.w. (July 2020)

Color plays a vital role in MP analysis, since it is helpful
for the possible source identification of the plastic debris
(Veerasingam et al., 2016b; Hartmann et al., 2019), and has
a greater influence on the bioavailability of marine
organisms (Naidu, 2019). Blue is commonly observed
(Peng et al., 2017), followed by transparent and yellow.
Transparent MPs are observed more in ray-finned fishes
(Zhu et al., 2019) and blue ones in longer sunfish (Peters
and Bratton, 2016). This explains the MP life cycle inside
the marine ecosystem and the transportation between the
matrices i.e., from coastal sediment to marine biota.
Discoloration of MPs was observed at a few stations,
which indicates that severe weathering processes have
occurred due to the presence of additives (e.g., phenolic
antioxidants) (Acosta-Coley and Olivero-Verbel, 2015).
Spearman’s correlation analysis showed that the grain-size
did not positively correlate with the MP distribution (Nor
and Obbard, 2014). The presence of lower density
polymers i.e., polyethylene and polypropylene confirm
that the majority of the MPs reached the sediment layer due
to the biofouling effect (Andrady, 2011). Thermoplastics,
namely polyethylene, and polypropylene, are the principal
plastic materials recovered from the sewage treatment
plant (Kang et al., 2018). It is evident from the SEM
analysis that a large quantity of MPs is released from a
single plastic fragment. Mechanical and/or biological
degradation processes are responsible for the ruptures of
plastic fragments and the disintegration of the MPs (Zhou
et al., 2018).

5 Conclusions

The present study on distribution and characterization of
the MPs in the nearshore sediment indicates that transects
closer to the river inlets had higher concentrations, thereby
indicating that the source of pollution is land-based.
Anthropogenic activities such as sewage discharge, and
fishing are the major contributing factors for MP
contamination in the region. Based on the plastic-type, it
is apparent that most of them have originated from
packaging materials, disposed of in the open. Under the
Extended Producer’s Responsibility (EPR), manufacturers

of packaging industries should be made responsible for
monitoring and controlling plastic waste. Since the riverine
input acts as a significant pathway for pollution, cleaning
technologies like trash barriers or trash skimmers can be
employed at the river mouths to remove the floating plastic
litter. The level of MPs pollution is relatively higher than
reported elsewhere, demanding immediate attention
toward formulating feasible solutions to address the MPs
pollution along the south-east coast of India.
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