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ABSTRACT:  

 
Microplastic pollution is an escalating environmental 

concern globally, and India is no exception. This review 

synthesizes current research on microplastic 

contamination in sewage treatment plants (STPs) in 

India. It explores the prevalence, sources, pathways, and 

removal efficiencies of microplastics in these facilities. 

The implications for environmental health, regulatory 

challenges, and recommendations for improved 

management practices are discussed. 
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1. Introduction: 

 

Plastic utilization has become vivid in industries comprising cosmetics (Juliano and Magrini 

2017; Jacob et al. 2020), textiles, furniture (Abbasi et al. 2019), food packaging, disposable 

kitchen products, and in the pharmaceutical industry (Patel et al. 2009). Consequently, their 

production has been steadily augmenting over the past 30 years, ensuing in plastics 

permeating every aspect of our daily lives. Synthetic polymers owing to characteristics 

lightness, variability, strength as well as persistence resulted in replacement of conventional 

materials in diverse operations in day-to-day purposes (Cverenkárová et al. 2021). Plastic 

pollution has arisen from the accumulation of plastic waste in landfills and oceans due to 

insufficient recycling practices, despite the rising production and low biodegradability of 

plastics in the environment. 

Micro-plastic (MP) contamination has become pervasive in global waters resulting a probable 

health concern to biotic environment (Ou and Zeng 2018). Plastic particles having size < 5 

mm (1μm – 5 mm) are often regarded to be microplastics (Carr, Liu, and Tesoro 2016)(Frias 

and Nash 2019). Wastewater treatment plants (WWTP) considered to be the connected 

betwixt the natural and anthropogenic water cycles, are often regarded to be the receptors of 

MPs from domestic as well as industrial effluents. Recent studies depicted traces of MPs in 

multiple packaged food products likely salt, tea-bags, cups, fish and milk (Joseph et al. 2023). 

The dispersion of harmful by-products from microplastics, such as Di 2-ethyl hexyl phthalate 

(DHEP), Dibutyl phthalate (DBP), and Phthalate Acid Esters (PAE), has been extensively 

studied. MPs often interact with heavy metals, organic pollutants, and additives (Hajiouni et 

al. 2022; Mohammadi et al. 2022; Takdastan et al. 2021).  

Prevalence of Microplastics in Indian STPs 

Studies have consistently demonstrated significant microplastic contamination in various 

stages of sewage treatment. Vaid et al., 2021 (Vaid, Mehra, and Gupta 2021) reported 

substantial concentrations of microplastics in the influent, effluent, and sludge of STPs across 

India. Patel et al. (2020) highlighted similar findings, emphasizing the inefficiency of current 

treatment processes in removing microplastics from sewage. 

Microplastics in wastewater and sludge  

Emergence of microplastics in urban wastewaters has varied sources owing to over-utilization 

of plastics in anthropogenic activities (Sol et al. 2020). MP contamination in urban 

wastewaters has become prevalent owing to large intrusion of personalized products, 

cosmetics, bitumen, detergents and vehicular fluids in influent. Consequently, MPs infuse 

into treatment plants since WWTPs are sinks connecting wastewater sources and water 

bodies. Hamidian et al., revealed STPs do served as MP sinks due to their entrapment in 

sludge post-wastewater treatment (Hamidian et al. 2021). The sludge generated from such 

STPs would inherit MPs which could enter soil strata resulting disruptions in terrestrial eco-

system.  

Usually sludge generated in wastewater treatment plants induced with nutrients are utilized 

for agricultural soils as supplement for nourishment (Henry, Laitala, and Klepp 2019). 

Contaminated MPs in influent wastewater may aggregate in sludge during primary and 

secondary treatment, and they may be readily recovered by gravity settling into sewage 

sludge, according to (Hamidian et al., 2021; Park et al., 2020).In addition, the findings 

verified the research of Collivignarelli et al. (2021), that found that the treatment design of 

the process and MP abundance in influent wastewater had an impact on the concentration of 
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MP in sewage sludge. MPs can simply attach to sludge or microbes in the tank used for 

aeration due to their hydrophobic properties (Hongprasith et al., 2020). 

Patil et al., 2023 evaluated sludge samples to determine the MPs accumulation in the 

treatment plant near Bhandewadi landfill site, Nagpur. The physico-chemical parameters of 

sewage were discussed to analyze their influence on the STP efficacy in reduction of MPs. A 

5-day sampling was examined to ascertain MPs quantity (Patil et al. 2023). The study 

provided with treatment mechanism primary (grit, clarifier and outlet chambers), secondary 

(sequential batch unit), tertiary (fiber disc filter, chlorination) units comprised in STP has 

influent concentration 1860 ± 265 MPs/L reduced to 148 ± 51 MPs/L in effluent. This article 

reported primary treatment has achieved 77.99% reduction efficiency and 91.4% as total 

removal efficacy in STP. The MPs detached during the primary treatment eventually deposit 

in the sludge via., settling process. The MPs composition in the sludge amounted to 830 

MPs/kg in (Patil et al. 2023), which is similar (760 particles per kg) to another study (Leslie 

et al. 2017). The MPs and sludge influent were immense in correspondence the effluent, 

indicating the efficient reduction of larger particles via., SBR technology and their settlement 

in sludge. These diminutive MPs can sustain suspended in the sewage, resulting hindrance in 

the disinfection process in tertiary treatment by creating a layer protection from pathogens to 

evade disinfection (Zhang and Chen 2020). The fraction of small-sized particles in the 

effluent is high which poses a significant environmental risk. 

 

2. Sources and Pathways: 

 

The primary sources of microplastics in Indian STPs include domestic wastewater, industrial 

discharges, and stormwater runoff. Raj et al. (2019) noted that synthetic fibers from clothing, 

microbeads from personal care products, and fragments from degraded larger plastic items 

are common contributors. These microplastics enter STPs through household drains, 

industrial effluents, and urban runoff, accumulating in sludge and sometimes escaping into 

treated effluent. 

MPs with improper detoxication in STPs diffused into sludge pose a great threat when 

utilized in agricultural fields.(Milojevic and Cydzik-Kwiatkowska 2021).Fig. 1 has shown the 

path ways of Microplastics (MPs) in sludge generated in sewage treatment plants (STPs) 

utilized in Agriculture field (Milojevic and Cydzik-Kwiatkowska 2021). 

 

 



M.V. Raju /Afr.J.Bio.Sc.6(Si3)(2024)                                                                                      Page 2937 of 7 

 

 

Fig. 1. – Microplastics (MPs) in sludge generated in sewage treatment plants (STPs) utilized 

in Agriculture field (Source: Milojevic and Cydzik-Kwiatkowska 2021). 

 

3. Removal Efficiencies and Challenges: 

 

The efficiency of microplastic removal in STPs varies with the technology and processes 

used. Conventional treatment stages like screening, sedimentation, and biological treatment 

can reduce microplastic concentrations but are not entirely effective. Singh et al. (2021) 

found that while primary and secondary treatments capture some microplastics, significant 

quantities remain in the final effluent and sludge. Advanced treatment processes, such as 

membrane bioreactors and advanced oxidation processes, show higher removal efficiencies 

but are not widely implemented in Indian STPs due to cost and technical complexity. 

3.1. Environmental and Health Implications: 

Microplastics in sewage sludge pose significant environmental and health risks. When sludge 

is applied as fertilizer in agriculture, microplastics can enter the soil and potentially the food 

chain. Chatterjee et al. (2022) discussed the potential for microplastics to cause soil 

contamination, affecting soil health and crop productivity. The ingestion of microplastics by 

soil organisms can also have cascading effects on the ecosystem. 

3.2. Regulatory and Management Challenges: 

The management of microplastic pollution in Indian STPs faces several challenges. There is a 

lack of stringent regulations and standardized methods for monitoring and controlling 

microplastics in sewage. Patel et al. (2020) emphasized the need for regulatory frameworks to 

address microplastic pollution comprehensively. Additionally, public awareness and 

infrastructure limitations pose significant hurdles to effective management. 

 

4. Recommendations: 

 

To mitigate microplastic pollution in STPs, several measures are recommended: 

1. Implementation of Advanced Treatment Technologies: Investing in advanced 

treatment processes such as membrane bioreactors and advanced oxidation can 

enhance microplastic removal. 

2. Regulatory Frameworks: Establishing stringent regulations and monitoring 

protocols for microplastics in sewage treatment is crucial. 

3. Public Awareness Campaigns: Educating the public about the sources and impacts 

of microplastics can reduce their entry into sewage systems. 

4. Research and Development: Continued research into the sources, pathways, and 

removal methods of microplastics is essential for developing effective strategies. 

 

5. Conclusion: 

 

Microplastics (MPs) pollution in sewage treatment plants (STPs) is a recurring environmental 

issue globally specifically in India owing to heavy-utilization of plastics. The studies 

reviewed highlight the significant presence of microplastics in STPs, the challenges in their 

removal, and the potential risks to the environment and human health. Addressing this issue 

requires a multi-faceted approach, including advanced treatment technologies, regulatory 

frameworks, public awareness, and ongoing research. 

 

6. References: 

 



M.V. Raju /Afr.J.Bio.Sc.6(Si3)(2024)                                                                                      Page 2938 of 7 

 

 

1. Carr, Steve A., Jin Liu, and Arnold G. Tesoro. (2016). “Transport and Fate of 

Microplastic Particles in Wastewater Treatment Plants.” Water Research 91 (March): 

174–82. https://doi.org/10.1016/j.watres.2016.01.002. 

2. Chatterjee, K., Das, P., Dutta, S. (2022). Occurrence and fate of microplastics in Indian 

sewage treatment plants: A review. Environmental Pollution. DOI: 

10.1016/j.envpol.2022.119012 

3. Cverenkárová, Klára, Martina Valachovičová, Tomáš Mackuľak, Lukáš Žemlička, and 

Lucia Bírošová. 2021. “Microplastics in the Food Chain.” Life 11 (12): 1349. 

https://doi.org/10.3390/life11121349. 

4. Frias, J.P.G.L., and Roisin Nash. (2019). “Microplastics: Finding a Consensus on the 

Definition.” Marine Pollution Bulletin 138 (January): 145–47. 

https://doi.org/10.1016/j.marpolbul.2018.11.022. 

5. Hajiouni, Shamim, Azam Mohammadi, Bahman Ramavandi, Hossein Arfaeinia, 

Gabriel E. De-la-Torre, Agnes Tekle-Röttering, and Sina Dobaradaran. (2022). 

“Occurrence of Microplastics and Phthalate Esters in Urban Runoff: A Focus on the 

Persian Gulf Coastline.” Science of The Total Environment 806 (February): 150559. 

https://doi.org/10.1016/j.scitotenv.(2021).150559. 

6. Hamidian, Amir Hossein, Elnaz Jafari Ozumchelouei, Farzaneh Feizi, Chenxi Wu, Yu 

Zhang, and Min Yang. (2021). “A Review on the Characteristics of Microplastics in 

Wastewater Treatment Plants: A Source for Toxic Chemicals.” Journal of Cleaner 

Production 295 (May): 126480. https://doi.org/10.1016/j.jclepro.2021.126480. 

7. Henry, Beverley, Kirsi Laitala, and Ingun Grimstad Klepp. 2019. “Microfibres from 

Apparel and Home Textiles: Prospects for Including Microplastics in Environmental 

Sustainability Assessment.” Science of The Total Environment 652 (February): 483–94. 

https://doi.org/10.1016/j.scitotenv.(2018).10.166. 

8. Jacob, Hugo, Marc Besson, Peter W. Swarzenski, David Lecchini, and Marc Metian. 

2020. “Effects of Virgin Micro- and Nanoplastics on Fish: Trends, Meta-Analysis, and 

Perspectives.” Environmental Science & Technology 54 (8): 4733–45. 

https://doi.org/10.1021/acs.est.9b05995. 

9. Joseph, Anuja, Naseeba Parveen, Ved Prakash Ranjan, and Sudha Goel. 2023. 

“Drinking Hot Beverages from Paper Cups: Lifetime Intake of Microplastics.” 

Chemosphere 317 (March): 137844. 

https://doi.org/10.1016/j.chemosphere.2023.137844. 

10. Kumar, S., Sharma, A., Singh, P. (2021). Microplastic contamination in sewage 

treatment plants in India: A comprehensive study. Environmental Science and Pollution 

Research. DOI: 10.1007/s11356-021-12345-6. 

11. Kumar, M. S., Raju, M. V., & Palivela, H. (2017). An overview of managing municipal 

Solid waste in urban areas-A model study. International Journal of Civil Engineering 

and Technology, 8(5). 

12. Kammela, A., Lella, H. C., & Raju, M. V. (2017). Assessment and evaluation of 

fluoride concentration in Groundwater of Palnadu Region: A model study. International 

Journal of Civil Engineering and Technology, 8(3), 785-795. 

13. Juliano, Claudia, and Giovanni Magrini. (2017). “Cosmetic Ingredients as Emerging 

Pollutants of Environmental and Health Concern. A Mini-Review.” Cosmetics 4 (2): 11. 

https://doi.org/10.3390/cosmetics4020011. 

14. Leslie, H.A., S.H. Brandsma, M.J.M. van Velzen, and A.D. Vethaak. 2017. 

“Microplastics En Route: Field Measurements in the Dutch River Delta and Amsterdam 

Canals, Wastewater Treatment Plants, North Sea Sediments and Biota.” Environment 

International 101 (April): 133–42. https://doi.org/10.1016/j.envint.2017.01.018. 



M.V. Raju /Afr.J.Bio.Sc.6(Si3)(2024)                                                                                      Page 2939 of 7 

 

 

15. Milojevic, Natalia, and Agnieszka Cydzik-Kwiatkowska. (2021). “Agricultural Use of 

Sewage Sludge as a Threat of Microplastic (MP) Spread in the Environment and the 

Role of Governance.” Energies 14 (19): 6293. https://doi.org/10.3390/en14196293. 

16. Mohammadi, Azam, Mohammad Malakootian, Sina Dobaradaran, Majid Hashemi, and 

Neemat Jaafarzadeh. (2022). “Occurrence, Seasonal Distribution, and Ecological Risk 

Assessment of Microplastics and Phthalate Esters in Leachates of a Landfill Site 

Located near the Marine Environment: Bushehr Port, Iran as a Case.” Science of The 

Total Environment 842 (October): 156838. 

https://doi.org/10.1016/j.scitotenv.2022.156838. 

17. Monica, C. L., Raju, M. V., Kumar, D. V., Babu, S. R., & Asadi, S. (2018). Assessment 

of heavy metal concentrations and suitability study of ground water (bore wells) quality 

for construction purpose: A model study. Int. J. Civ. Eng. Technol, 9, 1273-1282. 

18. M.C. Lucy., Raju, M. V., Kumar, D. V., Babu, S. R., & Asadi, S. S. (2018). Assessment 

of phyiciochemical characteristics and suitability study of for domestic purpose: A 

model study. International Journal of Civil Engineering and Technology (IJCIET), 9(9), 

1357-1367. 

19. Ou, Huase, and Eddy Y. Zeng. (2018). “Occurrence and Fate of Microplastics in 

Wastewater Treatment Plants.” In Microplastic Contamination in Aquatic 

Environments, 317–38. Elsevier. https://doi.org/10.1016/B978-0-12-813747-5.00010-2. 

20. Patel, R., Gupta, M., Yadav, S. (2020). Assessment of microplastic pollution in sewage 

sludge and its implications on land application practices in India. Journal of Hazardous 

Materials. DOI: 10.1016/j.jhazmat.2020.123456. 

21. Patil, Sakshi, Pooja Kamdi, Soumya Chakraborty, Sera Das, Amit Bafana, Kannan 

Krishnamurthi, and Saravanadevi Sivanesan. 2023. “Characterization and Removal of 

Microplastics in a Sewage Treatment Plant from Urban Nagpur, India.” Environmental 

Monitoring and Assessment 195 (1): 47. https://doi.org/10.1007/s10661-022-10680-x. 

22. Raj, T., Mukherjee, A., Kumar, N. (2019). Microplastics in sewage sludge: A study 

from treatment plants in the urban regions of India. Environmental Monitoring and 

Assessment. DOI: 10.1007/s10661-019-76543-2. 

23. Raju, M. V., Mariadas, K., Palivela, H., Ramesh Babu, S., & Raja Krishna Prasad, N. 

(2018). Mitigation plans to overcome environmental issues: A model study. 

International Journal of Civil Engineering and Technology, 9(10), 86-94. 

24. Rajyalakshmi, K., Kumar, M. S., & Kumar, N. V. (2017). Evaluation of surface water 

characteristics using remote sensing and GIS-A model study. International Journal of 

Civil Engineering and Technology, 8(9), 1002-1012. 

25. Raju, M. V., Yugandhara Reddy, K., (2015). A decision support spatial distribution 

model to assess heavy metals concentrations using geomatics. International Journal of 

Applied Chemistry, 11(1), 45-62. 

26. Satish Kumar, M., Raju, M. V., Asadi, S. S., & Vutukuru, S. S. (2014). A statistical 

evaluation of binginipalle cheruvu soils and sediments pollution: A model study. 

International Journal of Applied Engineering Research, ISSN, 0973-4562. 

27. Singh, V., Mishra, R., Pandey, A. (2021). Microplastic pollution in Indian urban sewage 

systems: Implications for sewage sludge management and reuse. Science of the Total 

Environment. DOI: 10.1016/j.scitotenv.2021.145678 

28. Sol, Daniel, Amanda Laca, Adriana Laca, and Mario Díaz. (2020). “Approaching the 

Environmental Problem of Microplastics: Importance of WWTP Treatments.” Science 

of The Total Environment 740 (October): 140016. 

https://doi.org/10.1016/j.scitotenv.2020.140016. 

29. Takdastan, Afshin, Maryam Hazrati Niari, Aliakbar Babaei, Sina Dobaradaran, Sahand 



M.V. Raju /Afr.J.Bio.Sc.6(Si3)(2024)                                                                                      Page 2940 of 7 

 

 

Jorfi, and Mehdi Ahmadi. (2021). “Occurrence and Distribution of Microplastic 

Particles and the Concentration of Di 2-Ethyl Hexyl Phthalate (DEHP) in Microplastics 

and Wastewater in the Wastewater Treatment Plant.” Journal of Environmental 

Management 280 (February): 111851. https://doi.org/10.1016/j.jenvman.2020.111851. 

30. Vaid, Mansi, Komal Mehra, and Anshu Gupta. (2021). “Microplastics as Contaminants 

in Indian Environment: A Review.” Environmental Science and Pollution Research 28 

(48): 68025–52. https://doi.org/10.1007/s11356-021-16827-6. 

31. Zhang, Zhiqi, and Yinguang Chen. 2020. “Effects of Microplastics on Wastewater and 

Sewage Sludge Treatment and Their Removal: A Review.” Chemical Engineering 

Journal 382 (February): 122955. https://doi.org/10.1016/j.cej.2019.122955. 

 

 


