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	ABSTRACT: 
Plastic pollution has emerged as an urgent global challenge, with various studies indicating that exposure to these minute plastic particles, such as microplastics (diameter less than 5 mm in size) and nanoplastics (smaller than 1 μm), can potentially lead to various adverse impacts on human health. There is a shred of growing evidence indicating that the chemicals found in plastic are connected to several grave health problems, including cancer, gastrointestinal disorders, obesity, endocrine disruption, infertility etc. This study aims to provide a systematic and in-depth analysis of the exposure to microplastics and nanoplastics on human health. The exploration of bibliometric studies on the effects of human exposure to micro- and nanoplastics on health is still limited, and this forms the basis of the present investigation. Extensive data, including the scientific output of researchers, country/region contributions, affiliations, author references, and thematic trends, were carefully examined using the VOSviewer program (version 1.6.15). The finding in this study shows a progressive increase in the number of related published works from 2014 to 2024, with 2994 documents retrieved from the Web of Science Core Collection database. The fact that Chinese researchers are frequently listed as top-affiliated authors indicates the significant influence these scientists have had on research on the health impacts of microplastic and nanoplastic exposure. This study contributes to the existing knowledge of the potential impact of micro(nano)plastic exposure on human health and the urgent need for concerted efforts to address the challenges posed by plastic particles.

Aims: To investigate human exposure to microplastics and nanoplastics and their potential health impacts using bibliometric mapping and analysis.

Study design:  Bibliometric mapping and analysis.

Place and Duration of Study: Manipur, India. The study was done between August and November 2025.

Methodology: We retrieved information related to the search topic encompassing title, abstract, keyword plus, and author keywords from the Web of Science (WoS) core collection database for the period of publications from 2014 to 2024. A total of 2994 documents were retrieved from various publication types, such as articles, review articles, meeting abstracts, editorial material, proceeding papers, letters, and book chapters. Mapping and analysis of data were performed using VOSviewer version 1.6.20 software programme. 

Results: With a total publication of 2994, the micro(nano)plastics (MNPs) and human exposure axis have garnered the attention of researchers worldwide, as seen by the steady increase in research publications in the last decade. This rise in research output unequivocally demonstrates how MNPs affect human life. Environmental Sciences Ecology is the most popular research area, contributing 64.8% of total research publications, with Science of the Total Environment as the top leading journal in the field of MNPs and their associated human health risks. With a total of 7624 citations, the Chinese Academy of Sciences tops the list with the highest publication count. Globally, the People’s Republic of China tops the nations contributing significantly, about 38.2% of the total publications. Co-occurrence network analysis reveals majority of research conducted was concentrated on oxidative stress and toxicity pathways caused by exposure to MNPs as primary threats to gut microbiota and metabolism in aquatic animals and human health.

Conclusion: Increased exposure to environmental pollutants, such as MNPs, may contribute to an increase in cancer, immune disorders, metabolic and other neurological problems, as evidenced from many literature studies. There is a great deal of uncertainty about the impact of environmental exposure to MNPs on human health. Given the expected increase in the presence of these synthetic plastic materials in our environment, extensive research is needed to fully understand the danger that microplastics and nanoplastics bring to human health. This article offers insights into the possible health effects of micro(nano)plastic exposure using bibliometric analysis. Nevertheless, further study is required to provide conclusive evidence, particularly concerning human health at the pathophysiological level resulting from micro(nano)plastic exposure.  This would ensure public awareness towards the judicious use of plastic materials and proper plastic waste management practices. 
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1. INTRODUCTION 
Plastics have become indispensable in many aspects of modern life, including packaging, construction, transportation, clothing, storage, and a wide range of consumer goods. Large quantities of plastic leak into rivers, oceans, and other water bodies worldwide due to inappropriate practices of disposal and waste management (Jambeck et al., 2015). Due to its high durability, plastic pollution poses a significant threat to the marine ecosystem and human health (Thushari and Senevirathna, 2020). The most common types of plastic used widely in our daily life are constituted of materials such as polyvinyl chloride (PVC), polystyrene (PS), polypropylene (PP), polyethylene (PE), and polyethylene terephthalate (PET) (Rodrigues et al., 2019). The term “microplastic” was first coined in a study conducted by Richard C. Thomson’s group at the University of Plymouth, U.K., in the year 2004 (Thompson et al., 2004). Microplastic (MP) is generally defined as a plastic particle typically less than 5 mm in size and is commonly classified as primary or secondary microplastic. Primary microplastics are produced in a micro size range and released directly into the environment, while secondary microplastics are derived from abiotic and biotic fragmentation of larger plastic materials (Cole et al., 2011; Duis and Coors, 2016; Eubeler et al., 2010; Koelmans et al., 2014; Lucas et al., 2008; Rodrigues et al., 2019). According to a 2017 report by the International Union for Conservation of Nature, primary microplastics are major sources of plastics in the oceans globally, with an estimated 1.5 million tonnes introduced per year (Boucher and Friot, 2017). The Organisation for Economic Co-operation and Development (OECD) estimates that approximately 2.7 million tonnes of microplastics entered the environment in the year 2020, and this figure is expected to reach 4.1 million tonnes by the year 2040 (OECD, 2024). Furthermore, MPs can continue to degrade into even smaller particles termed nanoplastics (NPs) with a size less than 1 μm (Dawson et al., 2018; Winiarska et al., 2024). 
The distribution of micro(nano)plastics (MNPs) shows their alarming potential for worldwide dispersion, encompassing both isolated high-altitude plateaus and the deepest oceanic areas (Yang et al., 2023). Their prevalence draws attention globally, as several pieces of evidence suggest that MNPs' toxicity and bioactivity are substantially governed by their physicochemical properties (Amelia et al., 2021; Gallo et al., 2018; Teuten et al., 2009; Wang et al., 2018; Yang et al., 2023). Due to the fact that they are found in almost every ecosystem, MPs have been regarded as a serious environmental threat (Shahul Hamid et al., 2018). MNPs pollution poses a tremendous threat to the environment and human health (Marcharla et al., 2024). Because of their tiny size, they are easily disseminated in the environment and have become widespread enough to be swallowed by both aquatic and terrestrial organisms (Larue et al., 2021). Microplastics have already been detected in seafood species such as fish, shrimp, and bivalves (Devriese et al., 2015; Li et al., 2015; Neves et al., 2015), as well as tap water and other food items such as honey, beer, salt, and sugar (Kosuth et al., 2018; Liebezeit and Liebezeit, 2014, 2013; Yang et al., 2015). 
Ingestion of microplastics can lead to the incorporation of organic and inorganic contaminants into organs or tissues, threatening organisms’ survival and reproduction (Guzzetti et al., 2018; Rahman et al., 2021). Three main pathways exist for MNPs to enter the human body: ingestion (through the digestive tract), inhalation (via the lungs), and dermal contact (Prata et al., 2020; Winiarska et al., 2024; Zarus et al., 2021). The principal route of human exposure is through consumption of food and water contaminated with MNPs (Galloway, 2015). In a 2019 study in the United States, the annual total exposure (ingestion and inhalation) of MPs for male children, male adults, female children, and female adults in the United States is estimated to be around 81000, 113000, 74000, and 94000, respectively (Cox et al., 2020, 2019). MNPs have the potential to affect human health through oxidative stress, cytotoxicity, inflammatory changes, metabolism alteration, toxicity to reproductive system, and carcinogenesis (Tang et al., 2024); translocation to distant organs, neurotoxicity, and indirect effects by serving as chemical and microorganism vectors (Rahman et al., 2021). These detrimental impacts were also observed in experimental models such as cells, organoids, and animals (Li et al., 2023).
Human health may also be impacted by the transfer or leaching of chemical compounds from the plastic substance itself. Monomeric units such as Bisphenol A (BPA), which is used to make polycarbonate and epoxy resins, can induce detrimental consequences due to its estrogenic effect, including a variety of metabolic disorders as well as reproductive and developmental issues in humans (Ehrlich et al., 2012; Hengstler et al., 2011; Lang et al., 2008; Miao et al., 2011). The same considerations apply to the plasticizers, pigments, and stabilizers, which are added throughout the plastic production process to give the end product the required attributes, such as flexibility, colour, and stability, which can cause endocrine disruption or acute toxicity when exposed to the organisms (Lithner et al., 2011). Owing to their small size, MNPs can pass through biological membranes such as lung epithelial barriers, thereby triggering a TNF-α-associated apoptosis pathway in the human alveolar epithelial A549 cell line, affecting viability and cell cycle (Xu et al., 2019). 
Using bibliometric analysis, earlier studies have explored the scientific knowledge about plastic waste management (Rinanda et al., 2023; Soares et al., 2024), MNPs toxicity in human gastrointestinal system (Mittal et al., 2024), and link between physiochemical properties of microplastics and human health (Ebrahimi et al., 2022). As MNPs have the potential to harm human health in many physiological systems, we have conducted a thorough assessment of human exposure to MNPs and their impact on human health through published literature for the period 2014-2024 using bibliometric mapping and analysis as reported in this study. 

2. Materials and methods 
2.1 Data collection
The Web of Science (WoS) core collection database was used in retrieving the information related to the search topic encompassing title, abstract, keyword plus, and author keywords for the period of publications from 2014 to 2024. Compared to Google Scholar, ScienceDirect, and Scopus, WoS is one of the most extensive search engines, citation indexing services, and scientific databases (Wong et al., 2022). For retrieving information from the WoS core collection database, the query performed considered the following keywords: {microplastic* OR nanoplastic*} AND {human} AND {skin OR dermal OR gastrointestinal OR blood OR kidney OR renal OR brain OR eye* OR heart OR liver OR thyroid OR cardiovascular OR lung OR cancer* OR metaboli* OR allerg* OR disease* OR respirat* OR immun* OR neoplasm* OR neuro* OR reproducti* OR fertility OR genotoxic* OR diabet* OR pregnancy OR infection* OR endocrine OR hormone OR inflammation OR oxidative OR DNA OR neurotoxic* OR cytotoxic* OR faeces OR digesti* OR carcinogen* OR obesity OR nervous OR toxic* OR asthma}. Data for our investigation was retrieved on 6 September 2025, with English as the language of the reported publication. We obtained a total of 2994 documents from various publication types, such as articles, review articles, meeting abstracts, editorial material, proceeding papers, letters, and book chapters. 
2.2 Bibliometric mapping and analysis
Mapping and analysis of data were performed using VOSviewer version 1.6.20 software programme (Centre for Science and Technology Studies, Leiden University, The Netherlands) after retrieval of the database from the WoS. VOSviewer is used to visualise bibliographic coupling and other social networks, like citation networks, co-authorship networks, and co-occurrence, using one of three representations: network, overlay, or density visualisation (Arruda et al., 2022). It also generates maps that are more coherent and well-structured than those made with other popular bibliometric methods (van Eck and Waltman, 2010). Using VOSviewer version 1.6.20, the following parameters of the bibliometric data were analysed: publication and citation sources, authors, affiliations, countries, keywords, and future trends. 

3. results and discussion
3.1 Data source and temporal trend of publications
Important insights into publication trends in the last decade (2014 to 2024) were obtained by bibliometric analysis using the WoS Core Collection database. The micro(nano)plastics (MNPs) and human exposure axis have garnered the attention of researchers worldwide in the last decade, as seen by the steady increase in research publications from 2014 (3 publications) to 2024 (894 publications), with a total publication of 2994 as of September 6, 2025 (Figure 1). This rise in research output unequivocally demonstrates how MNPs affect human life. The total number of citations for the overall publications is reported to be 179871, with an average of 60.08 citations per item and an h-index of 193. The popular research areas for human exposure to MNPs and their associated health risks are shown in Figure 2. 
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Figure 1: Temporal trend of publications for human exposure to MNPs and their associated health risk. Publication records along with citations count from the year 2014 to 2024.
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Figure 2: Top ten research areas related to publications on human exposure to MNPs.

With 2994 of the total publications, Environmental Sciences Ecology is the most popular research area, with 1941 record counts contributing 64.8% of total research publications. Engineering (469), Toxicology (423), and Chemistry (323) were the next three significant research areas. This illustrates the fact that the environmental sciences, engineering, toxicology, and chemical sciences are the primary areas of study for human exposure to MNPs and their potential impacts on human health. Science & Technology, Marine Freshwater Biology, Public Environmental Occupational Health, and Water Resources are comparatively understudied fields of study that could become hot spots for research in the near future. The list of leading journals in the field of MNPs and their associated human health research is presented in Figure 3. The Science of the Total Environment (389), Journal of Hazardous Materials (210), Environment Pollution (177), Ecotoxicology and Environmental Safety (99), Marine Pollution Bulletin (99), and Chemosphere (90) are the top journals with the highest number of research publications, according to the results obtained from the WoS core collection database. The top publishers with the largest record count of publications linked to the search query are shown in Figure 4. Prominent publishers, including Elsevier, MDPI, and Springer Nature, made significant contributions to the popular research fields of human exposure to MNPs and their associated health risks. The most cited literature reveals the challenges that researchers are concerned about and lays the framework for future research.
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Figure 3: The top ten leading journals with the highest number of research publications in the field of MNPs and their associated human health research obtained from the WoS core collection database.
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Figure 4: The top publishers with the largest record count of research publications linked to the search query.

3.2 Authors, Affiliations, and Countries
Co-citations indicate the areas of the field that researchers have previously examined. From 2014 to 2024, approximately 14,825 authors conducted studies on MNPs and health issues based on the information obtained through the WoS database. Figure 5 depicts a network visualisation map for co-authorship using the VOS viewer program. The overall strength of co-citation relationships with other authors was calculated for each of the 14,825 authors with at least 5 documents. A total of 219 authors with at least 100 citation counts were selected and grouped into 10 clusters based on their overall relationship strength. 
[image: ]
Figure 5: Network visualisation map for co-authorship using the VOS viewer program. The overall strength of co-citation relationships with other authors was calculated for each of the 14,825 authors with at least 5 documents and a minimum citation of 100.

In the WoS database, Lucia Guilhermino of the University of Porto had the most cumulative global citations, with 3,791 across 17 publication records related to the search query. His 2018 study, “Marine microplastic debris: An emerging issue for food security, food safety and human health,” published in Marine Pollution Bulletin, has been cited 1022 times in total on the WoS databases as of September 2025. Jun Wang of the South China Agricultural University tops the list of highest publication counts (30) with a total of 2250 citations, followed by Richard Marcos and Alba Hernandez of the Autonomous University of Barcelona with publication counts of 24 (1383 citations) and 23 (1261 citations), respectively. The top leading authors with the highest publication record—at least 10 publications—who worked on the study topic associated with the search query are shown in Figure 6, along with their corresponding citations. 
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Figure 6: The top leading authors with the highest publication record—at least 10 publications—who worked on the study topic associated with the search query, along with their corresponding citations

The most cited research publications on MNPs and health-related topics are displayed in Table 1, which is a list of highly influential research articles. Figure 7 shows the publication records associated with the topic of interest for the top institutions retrieved from the WoS database. The Chinese Academy of Sciences tops the list with the highest publication count of 137, with a total of 7624 citations. The University of Chinese Academy of Sciences ranks second with 63 publications and 4148 citations, ahead of Shandong University (40 publications and 2614 citations). The network visualisation map of research affiliations for co-citation, as analysed by VOS viewer, is depicted in Figure 8. The total strength of co-citation relationships between each of the 3673 organisations was computed. Based on the overall relationship strength of the co-authorship relationships with at least 5 publications and 100 citation records, 320 linked organisations were represented on the map. The Chinese Academy of Sciences holds the record for the most citations (7624), with the University of Porto (4380), the University of Chinese Academy of Sciences (4148), and the University of Newcastle (4127) following closely behind.

Table 1: A list of highly influential research articles (top ten most cited research publications) related to human exposure to MNPs and their potential health impacts.

	Sl. NO.
	TITLE
WITH DOI

	AUTHORS
	SOURCE TITLE
	PUBLICATION YEAR
	TOTAL CITATIONS
	ANNUAL CITATIONS

	1.
	Emerging threats and persistent conservation challenges for freshwater biodiversity
10.1111/brv.12480

	Reid et al.
	BIOLOGICAL REVIEWS
	2019
	2233
	319

	2.
	Discovery and quantification of plastic particle pollution in human blood
10.1016/j.envint.2022.107199

	Leslie et al.
	ENVIRONMENT INTERNATIONAL
	2022
	2055
	513.75

	3.
	Plastic and Human Health: A Micro Issue?
10.1021/acs.est.7b00423

	Wright & Kelly
	ENVIRONMENTAL SCIENCE & TECHNOLOGY
	2017
	2023
	224.78

	4.
	Microplastics in freshwater systems: A review of the emerging threats, identification of knowledge gaps and prioritisation of research needs
10.1016/j.watres.2015.02.012

	Eerkes-Medrano et al.
	WATER RESEARCH
	2015
	1867
	169.73

	5.
	Plasticenta: First evidence of microplastics in human placenta
10.1016/j.envint.2020.106274

	Ragusa et al.
	ENVIRONMENT INTERNATIONAL
	2021
	1854
	370.8

	6.
	Environmental exposure to microplastics: An overview on possible human health effects
10.1016/j.scitotenv.2019.134455

	Prata et al.
	SCIENCE OF THE TOTAL ENVIRONMENT
	2020
	1511
	251.83

	7.
	Microplastics in freshwater systems: A review on occurrence, environmental effects, and methods for microplastics detection
10.1016/j.watres.2017.12.056

	Li et al.
	WATER RESEARCH
	2018
	1471
	183.88

	8.
	Microplastics in bivalves cultured for human consumption
10.1016/j.envpol.2014.06.010

	Van Cauwenberghe & Janssen
	ENVIRONMENTAL POLLUTION
	2014
	1435
	119.58

	9.
	Detection of Various Microplastics in Human Stool: A Prospective Case Series
10.7326/M19-0618

	Schwabl et al.
	ANNALS OF INTERNAL MEDICINE
	2019
	1207
	172.43

	10.
	Microplastics in Seafood and the Implications for Human Health
10.1007/s40572-018-0206-z

	Smith et al.
	CURRENT ENVIRONMENTAL HEALTH REPORTS
	2018
	1091
	136.38
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Figure 7: The publication records for the top ten institutions, along with their corresponding citations retrieved from the WoS database.
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Figure 8: The network visualisation map of research affiliations for co-citation, as analysed by VOS viewer. The total strength of co-citation relationships between each of the 3673 organisations was computed. Based on the overall relationship strength of the co-authorship relationships with at least 5 publications and 100 citation records, 320 linked organisations were represented on the map.

The top 10 nations that have contributed the most scientifically to this field are displayed in Figure 9. 1145 (or around 38.2%) of the 2,994 publications that were examined came from the People's Republic of China, indicating that one of the most influential and populous nations in the world is very concerned about this issue. The USA and India came next with 333 publications (about 11.1%) and 258 (around 8.6%), respectively. Italy is the leader in the European Union with 221 published articles (about 7.3%), ahead of South Korea with 187 and Germany with 172. With 159 publications, Spain is one of the study's main contributors, followed by England (130), Australia (116), and Canada (105). With a total of 61105 citations, the P. R. of China is the country with the most citations, followed by the USA (24429), England (14981), Germany (14977), Italy (14290), Australia (12814), India (12054), the Netherlands (10732), South Korea (9309), Canada (8744), Portugal (8452), and Spain (7909). The international collaboration network as generated by co-authorship analysis is depicted in Figure 10. The strongest link between these two countries signifies their close scientific collaboration. 43 out of 109 countries satisfied the requirement during the study, which required a minimum of 5 documents with at least 1000 citations for a country. Four groupings of nations were shown as working on this topic in the network map. Four clusters connected all the countries: clusters 1, 2, 3, and 4 had 14, 11, 10, and 8 countries, respectively. The thickness of the line reflects the frequency of citations. On the other hand, People R China, the United States, India, South Korea, and Canada, form an exclusive cluster, suggesting a significant interaction between North American and Asian researchers.[image: ]
Figure 9: The top 10 nations that have contributed the most scientifically to this field, with the highest publication counts.
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Figure 10: The international collaboration network as generated by co-authorship analysis. The thickness of the connecting lines between countries is related to their colours strength. The circle visualization scale is based on the number of published documents on the subject. The proportion of association is shown by node and size.

3.3 Current trends and Co-occurrence network analysis
Co-occurrence networks make it possible to examine and visualise the connections between various terms or ideas within a certain field of study. This facilitates the discovery of patterns, trends, and linkages between concepts by researchers, leading to a more thorough comprehension of the body of current knowledge. It is feasible to find terms or ideas that are closely associated with one another but might not be mentioned directly in the scientific literature by doing a co-occurrence network analysis. By giving a visual representation of the correlations between the searched phrases, this can lead to the discovery of new associations or information, which can lead to the production of new research hypotheses that aid in the evaluation of the scientific literature. The most crucial component of the literature search is the keywords. Co-occurrence keyword analysis can help uncover new trends and the most researched areas within a certain field of study (Radhakrishnan et al., 2017). Examining the keywords used by the original authors helps to determine how the topic has evolved and predicts future trends (Narong and Hallinger, 2023; Ozek et al., 2023).
For our analysis, the keyword visualisation map was obtained by using the VOS viewer software. The size of the node shows how frequently a keyword appears. The higher the node’s size, the more frequently the keyword occurs. It displays the most important search terms from the study on the health impact of exposure to MNPs. The pool of the 72 most common words with a minimum number of occurrences of 50 keywords is shown in Figure 11 and includes terms like “microplastics,” “pollution,” “marine environment,” “particles,” “exposure,” “toxicity,” “ingestion,” “nanoparticles,” “nanoplastics,” “oxidative stress,” etc. The literature search was classified into three clusters by the network map, each represented by a distinct hue. Keywords with higher frequency in Cluster 1 consist of the maximum number of keywords (25 items), such as microplastics, nanoplastics, nanoparticles, exposure, particles, toxicity, oxidative stress, microbiota, inflammation, mechanisms, stress, apoptosis, etc. 
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Figure 11: The keyword visualisation map as obtained by the VOS viewer software, with the pool of the 72 most common words with a minimum number of occurrences of 50 keywords.

The majority of the research conducted in Cluster I concentrated on the oxidative stress and toxicity pathways caused by exposure to microplastics, nanoplastics, and other plastic particles, as these factors may be the primary threats to gut microbiota and metabolism. The research on pollution in marine environments, ingestion, accumulation, and gastrointestinal tracts in aquatic animals and how that affects human health is grouped in Cluster II. This demonstrates the presence of plastic debris and microplastic contamination as a primary cause of water pollution in aquatic ecosystems. Cluster III investigates the breakdown of polymers, biodegradation, and various plastic types in relation to their presence in soil and their fate in aquatic bodies. This cluster examines many types of plastics, heavy metal depositions, and environmental monitoring of pollutants and fibres in relation to their identification and transportation.

3.4 Influential research publications on human exposure to microplastics
The 2019 study “Emerging threats and persistent conservation challenges for freshwater biodiversity” highlighted the significance of freshwater ecosystems for human life support and identified microplastic pollution as one of the twelve emerging threats to freshwater biodiversity (Reid et al., 2019). The study has over 2233 citations in the WoS database, with an average of 319 citations annually. The most cited papers on human exposure to microplastics are shown in Table 1.

A groundbreaking study on the identification and quantification of plastic particles in the human bloodstream for the first time was conducted by the Lamoree group at the Vrije Universiteit Amsterdam, the Netherlands. It has received 2055 citations in total since it was published in the journal Environmental International in the year 2022, with an average of 513 citations annually in the WoS database. Four different types of polymers, such as polyethylene terephthalate, polyethylene, polymers of styrene, and poly(methyl methacrylate), were identified and quantified in human blood using the double-shot pyrolysis-gas chromatography/mass spectrometry technique. This study offers detailed studies of the presence of plastic particles ≥700 nm in the blood of 22 healthy individuals with an average of 1.6 μg/ml in human blood (Leslie et al., 2022). 

Surprisingly, a study by Ragusa et al. (2021) has shown the first piece of evidence of microplastics in the human placenta and coined the term “Plasticenta.” The study uses Raman Microspectroscopy to assess the existence of pigmented microplastics with irregular, spherical forms that range in size from 5 to 10 μm in human placentas (Ragusa et al., 2021). Interestingly, research on eight healthy individuals between the ages of 33 and 65 revealed that human excrement contained microplastics of nine different types, with polypropylene and polyethylene terephthalate being the most prevalent (Schwabl et al., 2019). With evidence of various exposure pathways through diet and inhalation, Wright and Kelly’s 2017 review article, “Plastic and Human Health: A Micro Issue?” has garnered 2023 citations in the WoS database and elucidated significant aspects of microplastic uptake and translocation inside the human body that may be harmful to human health (Wright and Kelly, 2017). Prata et al. (2020) provided further information on the modes of exposure, such as ingestion, inhalation, and skin contact, and emphasised how the environment affects human exposure to microplastics. The review also covered the threat that microplastic toxicity poses to human health, including oxidative stress and inflammation that can cause neurotoxicity, neoplasia, and disruption in immune function (Prata et al., 2020).

Andrady (2017) evaluated the significance of specific plastic properties that make up microplastics in relation to their function as a pollutant that may have detrimental effects on the environment. The study also highlighted how fragmentation can result in secondary microplastics, highlighting the possibility of a surface-ablation mechanism that can favourably create microplastics with a lower size (Andrady, 2017). The 2015 study “Microplastics in freshwater systems: A review of the emerging threats, identification of knowledge gaps and prioritisation of research needs” by Eerkes-Medrano et al., with over 1867 citations in the WoS database, emphasised the growing threat posed by microplastics in freshwater systems as well as their potential effects on human populations (Eerkes-Medrano et al., 2015). In order to handle the increasing concerns related to microplastic pollution, the research also calls for the creation of effective management strategies and regulations. Furthermore, Li et al. (2018) discussed the presence and effects of microplastics in freshwater systems using a variety of detection and quantification techniques to improve environmental risk assessment (Li et al., 2018). To understand the potential exposure of microplastics and evaluate the harm to human health, Koelmans et al. (2019) offered a thorough investigation and perceptive evaluation of microplastic contamination in freshwater sources and drinking water (Koelmans et al., 2019). There is a glaring need for improvement in the quality assurance of microplastic sampling and analysis in water samples, as only four of fifty prior investigations satisfied all the quality requirements set by Koelmans & Co.

Van Cauwenberghe & Janssen investigated the presence of microplastics on two species of commercially cultivated bivalves, viz. Mytilus edulis and Crassostrea gigas. At the time of human consumption, it was observed that M. edulis and C. gigas had an average plastic load of 0.36 ± 0.07 particles per gram of soft tissue (wet weight) and 0.47 ± 0.16 particles per gram of soft tissue, respectively. As a result, eating shellfish can expose European consumers to as many as 11,000 microplastics every year (Van Cauwenberghe and Janssen, 2014). The first study on the natural trophic transfer of microplastics from mussels to crabs and its translocation to the haemolymph and tissues of crabs was conducted by Farrell and Nelson of the University of Portsmouth, U.K., in the year 2013 (Farrell and Nelson, 2013). Rochman et al. (2015) discovered anthropogenic debris, such as plastic and fibres, recovered from fish and shellfish gathered from markets in Indonesia and the United States that were sold for human consumption (Rochman et al., 2015). This has major implications for human health, marine life, and the larger food chain. Smith et al. (2018) reported evidence for human exposure to microplastics through seafood and discussed potential health consequences (Smith et al., 2018). The presence of marine microplastics in seafood raises concerns about its safety. Furthermore, the 2019 study by Cox et al. titled “Human consumption of Microplastics” emphasised that the numbers for daily microplastic consumption in the USA by male children, male adults, female children, and female adults are estimated to be 113, 142, 106, and 126, respectively (Cox et al., 2019).

4. Conclusion

Human exposure to microplastics and nanoplastics is increasing as a result of increased plastic use and material durability. Micro(nano)plastics can interact with tissues on their surface, causing inflammatory lesions in instances when concentrations or individual susceptibilities are high. Even when the precautionary approach is applied, there is a great deal of uncertainty about the impact of environmental exposure to micro(nano)plastics on human health. It is expected that the amount of microplastics and nanoplastics contaminating animal habitats will increase as the human population grows and humans use more synthetic materials.  Many of the studies reported in recent years were confined to the identification and quantification of micro(nano)plastic in various tissues/organs of aquatic species and other organisms. This article offers insights into the possible health effects of micro(nano)plastic exposure using bibliometric analysis. Nevertheless, further study is required to provide conclusive evidence, particularly concerning human health at the pathophysiological level resulting from micro(nano)plastic exposure.  This would ensure public awareness towards the judicious use of plastic materials and proper plastic waste management practices. 
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