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ABSTRACT

The assessment of microplastics in freshwater systems has drawn more attention in recent years. Microplastic
pollution in developing countries is still underestimated. The sampling, analysis, and observation procedures
employed in developed countries cannot be fully applied in developing nations due to disparities in
infrastructure and economic capability between countries, necessitating particular adaptations. The current
study uses a modified methodology to evaluate the microplastics in the bottom sediments at 10 distinct sites
of Kolavai Lake using a PVC pipe sampler. The average microplastic concentration was 120 particles per kg
sediment. Fibres outnumbered fragments (66% to 81%) in all 10 stations of the lake. The high concentrations
of microplastics in the regions were strongly linked with anthropogenic activity, demonstrating the
impending need to identify the sources of microplastics.
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INTRODUCTION

Plastics have been widely used since its introduction in the late 19" century (Ryan, 2015). In 2014, the
production of plastic increased to 311 million tonnes (MT) due to their applicability in a wide range of fields
and low production cost (PlasticsEurope, 2015). Photodegradation, oxidation, physical and chemical
processes can lead to the breakdown of larger plastic debris to smaller particles (Karthik et al., 2018). In the
absence of efficient management and removal mechanisms of plastic waste, microplastics (<5mm) have
rapidly become ubiquitous due to their widespread industrial, medicinal, municipal and commercial
applications (Wright et al., 2013). As a result, microplastics, the emerging pollutants of all ecosystems (Daily
and Hoffman, 2020). The density of microplastics is a crucial factor in their accumulation in sediments. The
denser the microplastics are compared to water, the more efficiently they deposit in sediments (Welden and
Lusher, 2017). The other factors including wind, surface runoff, velocity, and biofouling also equally affect
the deposition of microplastics in the lake sediments (Yang et al., 2022). Microplastics have
biomagnification impacts on the aquatic food web due to their high surface-to-volume ratio and smaller size
(Pathan et al., 2020). Besides being hazardous, microplastics can also adsorb other toxic substances and get
colonised by pathogenic microorganisms (Rochman et al., 2013). Following ingestion, microplastics may
cause an organism to become inflamed or to block its digestive tract, leading to reduced nutrient absorption
and starvation (Lusher et al., 2017).

Sediments can act as sink for microplastics making them available to organisms that thrive and feed in the
demersal zone. Plastic pollution poses a significant risk to benthic fauna due to their inability to distinguish
between MPs and food particles (lannilli et al., 2019). MPs are widely studied in marine environments, while
freshwater systems are least studied (Vaughan et al., 2017). However, in recent times, the microplastics
pollution of freshwater environments is gaining attention. In India, most of the studies on freshwater systems
so far conducted focus on large water bodies in urban locations (Gopinath et al., 2020). However, no
published data exist for microplastics in sub-urban and rural lakes of TamilNadu. Here, we present data
demonstrating the abundance and spatial distribution of microplastics in the sediments of a suburban lake in
Chengalpattu.
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MATERIALS AND METHODS

Sampling

Sampling locations (10 stations -B1 to B10) in Kolavai Lake were selected to provide a representative
coverage of the underwater sediments. Benthic lake sediment was collected with a coring PVC pipe with 50
cm length and 6 cm diameter. Another PVC pipe of 5 cm diameter was used to push the sample out on a
stainless-steel tray. The top 10 cm was sectioned and composited into a 500-mL glass bottle and stored for
further analysis (Pradit et al., 2022).

Extraction of plastics

For the extraction of microplastics from freshwater or marine sediments, there is no clear standard procedure.
However the majority of marine studies employ a size-and-density separation combination (Karthik et al.,
2018). Each sediment sample was dried at 60°C in an oven to obtain dry weight. 30-50 g of each benthic
sample was sieved using stacked 5 mm, 300 um, 100 um and 37 pm sieves. Subsets of the respective
samples were taken as duplicate samples. The sediment retained on the 5 mm sieve was examined for plastic
particles. The isolated plastics were kept in glass petri dishes and allowed to dry for further analysis. The
sediment collected on each of the sieves was subjected to density separation using sodium chloride solution
(d=1.2g/cm?®) separately. The process was followed by wet peroxide oxidation (30% hydrogen peroxide) to
digest organic matter. After digestion, the samples were filtered through Whatman filters (Cellulose nitrate,
0.45 um pore size, and 47 mm diameter). The filters were then transferred to glass petri dishes and dried in
shade for further analysis.

Identification of plastics

To identify the microplastics, the filter papers were observed under stereomicroscope. As the filters were
completely dry, there was no bias in the light reflection from the microscope. Using the method described by
Free et al., (2014) the microplastics were recognised by their shape. The microplastics were also classified
based on their colours and sizes (Karthik et al., 2018). The visual identification was followed by FTIR
analysis.

Quiality control

To avoid potential contamination during sampling to laboratory analysis, nitrile gloves and laboratory cotton
coats were used. To avoid contamination, filters were immediately kept in a petri dish and covered until
further examination. Air blanks were conducted to check for potential contamination. To find out airborne
contamination, filter paper was first examined under a stereomicroscope; and then kept open on a petri dish
in the working environment for 24 h. Field blanks were also conducted in selected sampling locations.

PVC core tube used was individually inspected prior to sampling. Visual evidence for potential
contamination from these tubes was not apparent, but additional blank samples were not collected to verify
this observation. Given that only one of all the sample particles analysed by FTIR were found to be PVC, it
was considered unlikely that the core tube introduced contamination of PVC particles. And also, the colour
of the PVC tube was analysed for checking cross-contamination.

RESULTS AND DISCUSSION

The distribution of microplastics in lake sediments was mostly expressed as items/kg. In the present study,
the microplastics were found in every duplicate sediment sample of the sampling sites with mean density of
120 particles per kg. The presence of microplastics is closely related to anthropogenic activities such as
dumping of waste along the shore of the lake (Gopinath et al., 2020). The weathering of larger plastic debris
can lead to increased microplastic content (Vaughan et al., 2017). The current study focuses on the various
sizes of microplastics, taking into account the consequences of different microplastic size classes in the
aquatic food chain. The microplastics of size >0.3 mm were dominant with 88.2% followed by the sizes 0.1-
0.3 mm (7.7%) and <0.1 mm (4.1%). The various shapes of the microplastics influence their bioavailability
(Barboza et al., 2020). The high percentage of microplastics in the shape of fibres (75.5%) may be related to
fishing activities and domestic wastewater entering the lake (Sathish et al., 2020).
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Similar to the shape and size parameters, the colour of the microplastics also plays an important role in
ingestion by aquatic organisms. Microplastics can be mistaken for prey due to their colour resemblance
(Barboza et al., 2020). The dominant colour found in the study was blue (33%), followed by red (27%). A
significant difference was found within the colours of the microplastics in the sediment samples of Kolavai
Lake (One way-ANOVA, p<0.05). But no significant difference was found with the colour distribution of
microplastics among the sampling sites (One way ANOVA, p>0.05).
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Figure 1: A) Ten benthic sampling sites fixed along the Kolavai Lake using GIS. B) Distribution of
microplastics in various forms, colours and sizes.

Few representatives for microplastics of each colour and texture were selected for FTIR analysis.
Polyethylene (63%) and polypropylene (31%) dominated the plastic polymers recovered. Polyethylene is the
widely used polymer in developing countries especially in Asia due to its versatile application (Yang et al.,
2022). Chronic exposure to weathered polyethylene causes oxidative injury and weakened filter activity in
Perna viridis (Hariharan et al., 2020).

Microplastics have adverse effects on the aquatic organisms from microalgae to commercial fishes (Zhang et
al., 2017; Nikki et al., 2021). Ingestion of microplastics lead to formation of ROS, which causes reproductive
failure (Jeong and Choi, 2019), these microplastics could be sites for adsorption and desorption of
hydrophobic Endocrine Disrupting Chemicals which could cause feminisation in fishes (Lu et al., 2020).
Through consumable aquatic organisms, microplastics could enter the digestive system of humans an affect
the public health (Neves et al., 2015). The toxicity is high when the adsorbed substances are released into the
organisms after ingestion (Al-Thawadi, 2020). It is unclear if MPs can pass the gut epithelium or if they stay
in the gut lumen after consumption. While MPs up to 10 micrometres may be recognised by Peyer's patch
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cells of the ileum, gut cells can absorb particles as small as a few micrometres (Cox et al., 2019). Plastic
particles of size greater than 0.2 microns in the blood are cleared by bile and expelled by faeces, whilst those
in the lymph are taken from the lymph into the gut through splenic filtration (Rist et al., 2018; Carbery et al.,
2018).

Kolavai Lake which is one of the largest freshwater systems of Chengalpattu district with an aerial area of
894 hectares. The lake borders a municipal town, Chengalpattu, and 11 villages including, Amanapakkam,
Chengalpattu, Pulipakkam, Paranur, Malayampakkam, Hanumanthai, Terukkupattu, Esenkaranai,
Kunnavakkam, Pattaravakkam, Ilanthopu, and Thenur. For years, fishing has been carried out at this lake.
Both fish that are native to the lake and new species that the government has brought reside there. Some of
the native fish species include rohu (Labeo rohita), and mirigla (Cirrhinus mrigala), although the
government has also introduced silver fish, catla (Catla catla), and Tilapia (Raghavan, 2004). The lake also
shows abundance in zooplankton density (unpublished data).
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Figure 2: A) Microplastics extracted from the sediment samples, B) FTIR analysis of microplastics
recovered from the sediments of Kolavai Lake.

This richness in biodiversity of the lake can get affected by increased microplastic pollution. The sources of
microplastics in the environment are strongly linked to the degradation of meso- and macroplastics (Egessa
et al.,, 2020). This research establishes the foundation for future research on the contamination of
microplastics in lake sediments and the requirement to identify the sources of microplastics in freshwater
systems.

Centre for Info Bio Technology (CIBTech) -



Special Edition on “Frontiers of Biosciences in Sustainable Development (FBSD)”
CIBTech Journal of Zoology ISSN: 2319-3883; http://www.cibtech.org.htm

2023 Vol.12/S1, pp.21-26/Ineyathendral and Bavani

Research Article (Open Access)

ACKNOWLEDGEMENT

The authors are thankful to the Principal, Head of the Department, Department of Zoology, Queen Mary’s
College, Chennai, India. Sincere gratitude is extended to the Director, National Centre for Sustainable
Coastal Management (NCSCM), Ministry of Environment, Forest and Climate Change (MoEF&CC) for
encouraging the study and lab facility. The authors would like to extend their sincere thanks to Dr. Deepak
Samuel, Scientist- E, Dr. Robin R.S., Scientist- C, Dr. Hariharan G- Scientist C, Dr. Karthik R, Dr.
Anandavelu I, and Dr. Mugilarasan M, for training and developing SOP for studying microplastics.

REFERENCES

Al-Thawadi S (2020). Microplastics and nanoplastics in aquatic environments: challenges and threats to
aquatic organisms. Arabian Journal for Science and Engineering, 45(6), 4419-4440.

Barboza LGA, Lopes C, Oliveira P, Bessa F, Otero V, Henriques B, ... and Guilhermino L (2020).
Microplastics in wild fish from North East Atlantic Ocean and its potential for causing neurotoxic effects,
lipid oxidative damage, and human health risks associated with ingestion exposure. Science of the Total
Environment, 717, 134625.

Carbery M, O’Connor W, Palanisami T (2018). Trophic transfer of MPs and mixed contaminants in the
marine food web and implications for human health. Environment International, 115, 400—409.

Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, Dudas SE (2019). Human Consumption of
MPs. Environment Science and Technology, 53, 7068—7074.

Daily J and Hoffman MJ (2020). Modeling the three-dimensional transport and distribution of multiple
microplastic polymer types in Lake Erie. Marine pollution bulletin, 154, 111024.

Egessa R, Nankabirwa A, Basooma R and Nabwire R (2020). Occurrence, distribution and size
relationships of plastic debris along shores and sediment of northern Lake Victoria. Environmental
pollution, 257, 113442.

Free CM, Jensen OP, Mason SA, Eriksen M, Williamson NJ and Boldgiv B (2014). High-levels of
microplastic pollution in a large, remote, mountain lake. Marine pollution bulletin, 85(1), 156-163.

Gopinath K, Seshachalam S, Neelavannan K, Anburaj V, Rachel M, Ravi S, ... and Achyuthan H
(2020). Quantification of microplastic in Red Hills lake of Chennai city, Tamil Nadu, India. Environmental
Science and Pollution Research, 27(26), 33297-33306.

Hariharan G, Purvaja R, Anandavelu |, Robin RS and Ramesh R (2021). Accumulation and
ecotoxicological risk of weathered polyethylene (WPE) microplastics on green mussel (Perna viridis).
Ecotoxicology and Environmental Safety, 208, 111765.

lannilli V, Pasquali V, Setini A and Corami F (2019). First evidence of microplastics ingestion in benthic
amphipods from Svalbard. Environmental research, 179, 108811.

Jeong J and Choi J (2019). Adverse outcome pathways potentially related to hazard identification of
microplastics based on toxicity mechanisms. Chemosphere, 231, 249-255.

Karthik R, Robin RS, Purvaja R, Ganguly D, Anandavelu I, Raghuraman R ... & Ramesh R (2018).
Microplastics along the beaches of southeast coast of India. Science of the Total Environment, 645, 1388-
1399.

Lu J, Wu J, Wu J, Zhang C and Luo Y (2021). Adsorption and desorption of steroid hormones by
microplastics in seawater. Bulletin of environmental contamination and toxicology, 107, 730-735.

Lusher AL, Welden NA, Sobral P, Cole M (2017). Sampling, isolating and identifying microplastics
ingested by fish and invertebrates. Anal Methods 9:1346-1360.

Neves D, Sobral P, Ferreira JL and Pereira T (2015). Ingestion of microplastics by commercial fish off
the Portuguese coast. Marine pollution bulletin, 101(1), 119-126.

Nikki R, Jaleel KA, Ragesh S, Shini S, Saha M, and Kumar PD (2021). Abundance and characteristics of
microplastics in commercially important bottom dwelling finfishes and shellfish of the Vembanad Lake,
India. Marine Pollution Bulletin, 172, 112803.

Centre for Info Bio Technology (CIBTech) -



Special Edition on “Frontiers of Biosciences in Sustainable Development (FBSD)”
CIBTech Journal of Zoology ISSN: 2319-3883; http://www.cibtech.org.htm

2023 Vol.12/S1, pp.21-26/Ineyathendral and Bavani

Research Article (Open Access)

Pathan SI, Arfaioli P, Bardelli T, Ceccherini MT, Nannipieri P and Pietramellara G (2020). Soil
pollution from micro-and nano plastic debris: A hidden and unknown biohazard. Sustainability, 12(18),
7255.

Plastics Europe (2015). Plastics - the facts 2014/2015. An analysis of European plastics production, demand
and waste data.

Pradit S, Noppradit P, Loh PS, Nitiratsuwan T, Le TPQ, Oeurng C, ... and Wang J (2022). The
occurrence of microplastics in sediment cores from two mangrove areas in southern Thailand. Journal of
Marine Science and Engineering, 10(3), 418.

Raghavan NG (2004). Governmentality: Panacea From Chaos Why the fisher folk of Kolavai Lake want the
Government to regulate them, CCS RESEARCH INTERNSHIP PAPERS, Centre for Civil Society, K-36
Hauz Khas Enclave, New Delhi.

Rist S, Aimroth BC, Hartmann NB, Karlsson TM (2018). A critical perspective on early communications
concerning human health aspects of MPs. Science of Total Environment, 626, 720—726.

Rochman C, Hoh E, Kurobe T. et al. (2013). Ingested plastic transfers hazardous chemicals to fish and
induces hepatic stress. Science Reports 3, 3263.

Ryan PG (2015) A Brief History of Marine Litter Research. In: Bergmann M., Gutow L., Klages M. (eds)
Marine Anthropogenic Litter. Springer, Cham 1-25.

Sathish MN, Jeyasanta | and Patterson J (2020). Occurrence of microplastics in epipelagic and
mesopelagic fishes from Tuticorin, Southeast coast of India. Science of the Total Environment, 720, 137614.
Vaughan R, Turner SD and Rose NL (2017). Microplastics in the sediments of a UK urban lake.
Environmental Pollution, 229, 10-18.

Welden NA, Lusher AL (2017). Impacts of changing ocean circulation on the distribution of marine
microplastic litter. International Journal of Environment Assessment Management, 13, 483-487.

Wright SL, Thompson RC, Galloway TS (2013). The physical impacts of microplastics on marine
organisms: a review. Environment Pollution, 178, 483-492.

Yang S, Zhou M, Chen X, Hu L, Xu Y, FuW and Li C (2022). A comparative review of microplastics in
lake systems from different countries and regions. Chemosphere, 286, 131806.

Zhang C, Chen X, Wang J, Tan L (2017). Toxic effects of microplastic on marine microalgae Skeletonema
costatum: Interactions between microplastic and algae. Environment Pollution 220 1282-1288.

Copyright: © 2023 by the Authors, published by Centre for Info Bio Technology. This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC)
license (https://creativecommons.org/licenses/by-nc/4.0/], which permit unrestricted use, distribution, and
reproduction in any medium, for non-commercial purpose, provided the original work is properly cited

Centre for Info Bio Technology (CIBTech) -


https://creativecommons.org/licenses/by-nc/4.0/

