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Abstract

The accumulation of plastics can be seen macroscopically in piles of plastic bottles and bags in landfills, and in a less
visible way, microscopically, comprising the microplastics that are everywhere. Our main objective was to evaluate
the scientific production on microplastics and human health using the Web of Science database. We focused on
estimating the number of publications per year, the most relevant countries in terms of number of publications,
highlights of production co-authored within countries, most cited articles, relevant journals in terms of number of
publications, and the focus of studies. Seventy-two countries showed scientific production on microplastics and health
revealing the importance of the topic throughout the world. The first publications on the subject occurred in Europe
and more recently in the Asian countries. The largest number of articles were published by authors from China, but
the most cited are from European countries, which were the first to publish on the subject. The journal that ranked first
in relevance was the Science of the Total Environment that covers several aspects related to microplastics and human
health. Regarding the focus of the studies, the “microplastics in food” category was the one that showed the highest
number of publications. From the panorama outlined by our scientometric analysis, a significant increase in
publications in recent years is highlighted, gaps are pointed, and paths suggested bettering paving studies on human
health and microplastics.

Keywords: Plastic pollution; Scientometric; Scientific production; Public health; Presence of microplastics.

Resumo

O acumulo de plasticos pode ser visto macroscopicamente, nas pilhas de garrafas e sacolas plasticas em aterros
sanitarios, e de forma menos visivel, microscopicamente, compreendendo os microplasticos. Nosso principal objetivo
foi avaliar a producdo cientifica sobre microplasticos e sadde humana utilizando a base de dados Web of Science.
Nosso foco foi estimar o nimero de publicacbes por ano, os paises mais relevantes em termos de nimero de
publicacdes, os destaques da produgdo em coautoria com outros paises, os artigos mais citados, os periédicos mais
relevantes e o foco dos estudos. Setenta e dois paises apresentaram producdo cientifica sobre microplasticos e salde
destacando a importancia do tema em todo o mundo. O inicio das publicagdes ocorreu nos paises europeus e mais
recentemente nos asiaticos. Autores da China publicaram o maior nimero de artigos, mas 0s mais citados sdo os de
paises europeus cujos autores primeiro comegaram a publicar sobre o assunto. A revista que ficou em primeiro lugar
em relevancia foi a Science of the Total Environment que aborda diversos aspectos relacionados a questdo dos
microplasticos ¢ satide humana. Quanto ao foco dos estudos, a categoria “microplasticos nos alimentos” foi a que
apresentou maior ndmero de publicagdes. A partir do panorama tragado por nossa andlise cienciométrica, destaca-se
um aumento significativo de publica¢es nos dltimos anos, apontam-se lacunas e sugerem-se caminhos para melhorar
os estudos de pavimentagdo sobre salde humana e microplasticos.

Palavras-chave: Poluicdo plastica; Cienciometria; Producdo cientifica; Saude publica; Presenca de microplasticos.
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Resumen

La acumulacion de plasticos se puede observar macroscopicamente, en las pilas de botellas y bolsas de plastico en los
vertederos, y de manera menos visible, microscopicamente, a través de los microplasticos. Nuestro objetivo principal
fue evaluar la produccion cientifica sobre microplasticos y salud humana utilizando la base de datos Web of Science.
Nos enfocamos en estimar el nimero de publicaciones por afio, los paises mas relevantes en nimero de publicaciones,
las colaboraciones destacadas con otros paises, los articulos mas citados, las revistas mas relevantes y el enfoque de
los estudios. Setenta y dos paises presentaron investigaciones cientificas sobre microplasticos y salud, destacando la
importancia mundial del tema. Las publicaciones comenzaron en paises europeos y mas recientemente en paises
asiaticos. Autores de China publicaron el mayor nimero de articulos, pero los méas citados son de paises europeos
cuyos autores fueron los primeros en publicar sobre el tema. La revista que ocup6 el primer lugar en relevancia fue
Science of the Total Environment, que aborda diversos aspectos relacionados con la cuestion de los microplasticos y
la salud humana. En cuanto al enfoque de los estudios, la categoria "microplasticos en los alimentos” fue la que
present6 el mayor ndmero de publicaciones. A partir del panorama trazado por nuestro andlisis cienciométrico, se
destaca un aumento significativo de publicaciones en los Gltimos afios, se identifican brechas y se sugieren formas de
mejorar la investigacion sobre la salud humana y los microplasticos.

Palabras clave: Contaminacion pléstica; Cienciometria; Produccién cientifica; Salud publica; Presencia de
microplasticos.

1. Introduction

Throughout ancient and contemporary history, countless records attest human populations changing the surrounding
environment. From the use of land for cultivation, managing stones and wood to build or burn, man also walked in a more
refined way, improving his well-being. Initially, men made heavy and durable objects, few of them discarded as waste. The
practice of reuse was very common. In the last century, examples of this were glass bottles containing milk and soft drinks that
were returnable. Nevertheless, since the Second World War, the use of plastic was intensified due to its physical resistance and
long life. Unfortunately, around 1960, there was already a large accumulation of plastic items in landfills (Zamora et al., 2020).
Although single-use plastic packaging contributes to the safe distribution of food, its increasing use and consequent
mismanagement ended up causing serious environmental impacts (Singh et al., 2022).

The accumulation of plastics can be seen macroscopically, in the piles of plastic bottles and bags in landfills and in a
less visible way, the microscopic one. The term microplastic was used for the first time twenty years ago (Thompson, 2004)
and refers to plastic particles with size between 1.0 um and 5.0 mm. They are considered as primary those present in personal
care products such as exfoliants, and secondary that originated from the fragmentation of larger plastic items due to the action
of Ultraviolet (UV) radiation and physical abrasion (Wagner et al., 2014). The ubiquity of microplastics is proven by finding
their presence from the deepest regions of the ocean in the Marianas Trench (Peng et al., 2018) to the highest location on earth,
the Mount Everest (Napper et al., 2020) and in sediments located in remote areas of Antarctica (Munari et al., 2019).

From the detection of microplastics in organisms of commercial interest such as bivalves and fish, a direct route of
microplastics via food to humans was highlighted (Van Cauwenberghe et al., 2014). Thereafter, the detection of microplastics
in drinking water, in various processed or unprocessed foods and in the air inside and outside homes (Koelmans et al., 2019;
Kwon et al., 2020; Liu et al., 2022; Dris et al., 2017) revealed the multiple routes of microplastics into humans. Currently,
three main routes are considered for the entry of microplastics in the human body, namely through inhalation, ingestion, and
dermal contact (Damaj et al., 2024). Several studies have reported the presence of microplastics in the human body such as in
lung tissues (Amato-Lourenco et al., 2021), in the blood (Leslie et al., 2022), in human feces (Ho et al., 2022), and in urine
Pironti et al., 2022). However, to date, the possible presence of microplastics in various organs, tissues and human secretions
continues to be explored (Prata et al., 2020; Montano et al., 2023; Zhang et al., 2024).

In the last years, what has been upsetting is the presence of microplastics in early stages of human life, such as in the
placenta (Ragusa et al., 2021), in breast milk (Ragusa et al., 2022) and in meconium Liu et al., 2022). Even in foods such as

eggs, which are offered to babies from six months onwards (Ministério da Salde, 2019) the presence of microplastics has
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already been diagnosed at a level of 11.67 + 3.98 particles per egg (Kwon et al.,2020). Furthermore, the daily intake by
children who fed only on infant formula was estimated to be approximately 49 + 32 microplastics per day Kadac-Czapska et
al., 2023).

The ongoing rising research on microplastics and human health still has many gaps, despite the efforts of several
institutions and research on it. Because of this scenario, the current study aimed to conduct a scientometric review on the
theme microplastics and human health. Scientometric is the study of quantitative aspects of science as a discipline or economic
activity that involves quantitative studies of scientific activities, including publication and, therefore, overlapping with
bibliometrics and are being applied in various fields of research (Macias-Chapula et al., 1998; Yitao et al., 2022). Through
scientometric analysis, it is possible to predict trends in the area of research as well as which are the world leaders in a given
field of study (Sharma et al., 2022).

Our main objective was to evaluate the scientific production on microplastics and human health through a survey of
articles using the Web of Science database. We focused on estimating number of publications per year, the most relevant
countries in terms of number of publications, highlights of production co-authored with other countries, most cited articles
worldwide, most relevant journals in terms of number of publications and focus of studies. From the panorama outlined by the

scientometric analysis, gaps are highlighted, and paths suggested to better paving studies on human health and microplastics.

2. Methodology

Scientific articles on microplastics and human health were extracted from Web of Science, a database that has
received international attention due to its high quality and use by researchers around the world (Li et al., 2022). The search on
Web of Science Core Collection (WoS) followed the pattern using in the “Topic” field, the keywords “microplastic*” AND
“human health”. The language chosen was English and the types of documents were Articles, Review Articles, Early Access,
Book Chapters. Conferences were not considered. The search time was from the first occurrence in Web of Science to July 20,
2023. The raw data was retrieved in plain text format from the WoSCC database and mapped using VOSviewer and the R tool
Bibliometrix package, which provides a set of tools for quantitative research in bibliometrics and scientometrics (Aria &
Cuccurullo, 2017).

The search yielded 1492 articles in WoS, from which after a first screening based on reading the abstracts resulted in
840 documents. Subsequently, in a second selection phase, still based on reading the article summaries, 369 documents were
considered suitable for the research objective. These last were fully read, and downloaded using the “Export” option in the
“Format” “BibTex”. After, in the “Record Content” session, the option chosen was “Complete Registration” and finally
obtaining the data in “.bib” format. Data in “.bib” format were used for analysis in the Bibliometrix package.

The VOSviewer software allows to visualize all data through the formation of maps where the nodes formed
correspond to the number or frequency and the lines between the nodes correspond to the associations between them (Gao et
al., 2019). The Co-authorship Analysis settings, the unit used was “Countries”. The maximum number of countries per
document was 25. In the Counting Method, the option was “Full Count”. In the “Maximum Number of Countries per
Document” field, it was 25. In the "Choose Thresholds" step, the minimum number of documents for a country was 5. The
"Minimum Number of Citations for a Country" setting was 0. Of the 72 countries, 29 met the thresholds. The number of
countries that were selected was 29. Some of the 29 items in the network formed were not connected to each other. The
VOSviewer software reported that the largest set of connected items in the dataset used consisted of 28 items. The "Yes"
option was then chosen to "Show this set of items instead of all items".

For the type of “Co-occurrence Analysis” the unit was “All keywords” in “Counting method” the option chosen was

“Full count”. In the “Minimum number of occurrences of a keyword” field, 5 was used. Of the 1591 keywords, 150 reached

3


http://dx.doi.org/10.33448/rsd-v14i5.48749

Research, Society and Development, v. 14, n. 5, e4314548749, 2025
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v14i5.48749

the limit. In the “Number of keywords to be selected” field, the value of 150 was used. In “Network View” the option chosen
in “Weights” was “Links”. In “Overlay visualization” in the “Weights” field, “Links” was chosen and in “Score” “Avg. Pub.

year" was used.

3. Results and Discussion
3.1 Temporal production of articles

Considering a temporal line, the issue microplastics and health is recent regarding publications (Figure 1). Ten years
ago, the topic was few explored but in the last years a tendency for continuous growth on the subject is evident. The first article
was published in 2014, corresponding to the study of Van Cauwenberghe & Janssen (2014) that would be considered years
after as the second most cited article in the world. This publication described the presence of microplastics in seafood for
human consumption and showed the beginning of the attention on human consumption of microplastics via food. In mid-2018
there was an increase in the number of publications reaching a maximum value of 106 publications in the first half of 2023

when the time frame of this study ends.

Figure 1 - Articles published by semester from 2014 (first occurrence of publication).
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3.2 Geographic and temporal distribution of publications on microplastics and human health

Seventy-two countries have researchers publishing on microplastics and health highlighting the threat of these
particles and associated compounds for environments, wildlife and humans throughout the world (Ziani et al., 2023). Among
them, research connections occur mostly among 28 countries (Figure 2). The VOSviewer plotting shows the countries that
most published and the connection within them. The comparison within number of productions is revealed by the size of the
rectangles. Six main clusters (sets) were comprised by countries that had the greatest co-authorship networks, which have
similar colours. The largest number of articles was published by authors from China that was included in a cluster (red) with
Thailand, Taiwan, Nigeria, Malaysia, USA and Canada. Linked to this first cluster there is another one, comprised by Mexico,
India, Saudi Arabia, France and South Korea (green cluster) in which a larger production of the two latter is shown. A third
cluster (yellow) included countries such as Germany, Spain and Denmark, with the first being the most productive. England,
along with Iran and Poland, showed a connection by clustering (lilac cluster). Italy appeared in the same cluster as Portugal

and Turkey (light blue) and, finally, Brazil was related to the Netherlands (dark blue cluster).
4
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Figure 2 - Main groups (clusters) formed according to the number of publications by countries and co-authorships between

them (Generated by VOSviewer software).
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China is increasingly involved in global health issues, and the number of publications increased from 2014 to 2020. In
2022, China published the highest number of scientific articles (Lattu, 2023), and its co-authorships with other countries in
Asia and Africa can infer a regional scientific partnership. Meanwhile, our results revealed north-to-north partnership
regarding research on microplastic and health since China the most productive country was mostly related to North America
countries. Some factors may have driven China's prominence in publications, such as new policy on Science and Technology.
This new government approach has been taking place since 1978 in the so-called “Experimentation Phase” and was extended
with the establishment of strategic targets for revitalization in the educational and scientific fields (OECD, 2007). The other
element that favoured the Chinese scientific productions was the increase in publications in English, which gave greater
visibility to its studies to more researchers around the world (Wang, 2016).

In Latin America, Brazil stands out in terms of the number of publications on according to a review carried out by
Kutralam-Muniasamy et al. (2020). In this study on current trends and advances on microplastic contamination in the context
of Latin American countries, it was reported that among the 78 studies reviewed by the authors, Brazil presented the majority
with 27 articles.

Based on the corresponding author's link, ten countries were considered most relevant in terms of published articles
(Figure 3). China presented the largest number of documents published in the “SCP” category that is with authors with
affiliations from the same country reaching the value of 80 articles and 23 articles published in the “MCP” category. That is,
publications with the inclusion of at least one author from a country other than the corresponding author. Among other

countries, Iran stands out for having comparatively fewer external co-authorships.
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Figure 3 - Production of the top 10 countries taking into account the country of affiliation indicated by the corresponding
author of the publication. SCP = indicates publications with only authors from the same country. MCP= indicates publications

with authors from several countries (Generated by Bibliometrix package).
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Through the results the analysis of the number of articles published per year per country, a relatively short timeline
can be seen. The beginning of publications on microplastics and health occurred in European countries and more recently in
Asian countries, such as Thailand and Bangladesh (Figure 4a). The temporality among countries regarding the increase in
production and co-authorship, is shown by the different colours. The red colour are in countries that have most recently
published on the subject, such as Thailand, Bangladesh and Poland. The co-authorship network analysis reinforces the China
recent prolific production, as other countries connected with it in the cluster (orange).

However, in terms of citation, the tendency differs, with the countries firstly published articles with the subject being
those with the most cited articles, such as Portugal, the Netherlands, Switzerland and Canada (Figure 4b). Secondly, in terms
of cited papers are England, Indonesia, Denmark, USA and Brazil. China, India and South Korea, despite high number of
publications, attained lower citations numbers. The impact of publications is just one measure of a country’s scientific
prowess, and in 2022, China has slightly edged out (27.2%) the United States (24.9%) in the number of most cited papers
according to a Japanese science policy institute (Brainard & Normile, 2022).
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Figure 4 - Analysis of article production and co-authorship linkage being (a) timeline articles published per country (b)

average number of citations per country (Generated by the VOSviewer software).
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3.3 Most cited articles globally

The better country's position in terms of the number of citations is explained by the widely cited articles. Among the
ten mostly cited articles (Figure 5) (Frame 1), three are with more than one thousand citations. These are from England (1340),
Belgium (1137) and Netherlands (1042 and 791). Despite the highest number of publications showed by China, no publications
linked to authors from China were among the ten most cited documents globally.

The most cited article (1,340 citations) was the one conducted by Wright & Kelly (2017) in which the human
exposure to microplastics was addressed in a review study. The objectives were to address the routes of exposure to
microplastics through food and inhalation, the absorption and translocation of microplastics, and, finally, the potential risks to
human health. The second most cited article (1,137 citations), was authored by Van Cauwenberghe & Jansen, (2014) and refers
to the presence of microplastics in seafood of commercial importance to human consumption. The objectives of the study
encompass the transfer of microplastic particles to humans through the food chain as well as the food safety. The third most
cited article, conducted by Koelmans et al., (2019) (1,042 citations), was a review of data available in the literature regarding
the analysis of microplastics in drinking water and freshwater sources. The main targets included to measure concentrations of
microplastics in water samples, determining particle size and shape, and the analytical quality assurance of the studies
evaluated.

Figure 5 - Most cited documents globally, with respective numbers of citations until July 2023 (Generated by Bibliometrix

package).
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Frame 1 - The ten mostly cited publications.

Total
. . citations
Rank Article Title Author, Year, Journal Country DOI WOS Core
Collection
. ) Wright, S.L., 2017,
18 Plfastm_ and human health: A Environmental Science & England 10.1021/acs.est.7b00423 1340
micro issue
Technology
Microplastics in  bivalves | Van Cauwenberghe, L.,
2% | cultured for human | 2014, Environmental Belgium 10.1016/j.envpol.2014.06.010 1137
consumption Pollution
Microplastics in freshwaters
g | and drinking water: Critical | Koelmans, AA. 2019, | - neroriands | 10.1016/j.watres.2019.02.054 1042
review and assessment of | Water Reseearch
data quality
Environmental exposure to
ga | microplastics: An overview \Prata, J.C., 2020, Science | o oy | 10 1016/j scitotenv.2019.134455 799
on possible human health | of the Total Environment
effects
Discovery and quantification .
. . . Leslie, H.A., 2022, L
5% | of plastic particle pollution estie .0 Netherlands | 10.1016/j.envint.2022.107199 791
. Environment International
in human blood
Anthropogenic  debris in
seafood: Plastic debris and
! . L Roch , M., 2015,
6@ |fibers from textiles in fish | oo o ¢ 015 USA 10.1038/srep14340 771
. Scientific Reports
and bivalvels sold for human
consumption
Microplastics in seafood and | Smith, M., 2018, Current
7% | the implications for human | Environmental Health USA 10.1007/s40572-018-0206-z 716
health Reports
82 . ging Current  Environmental Portugal 10.1016/j.marpolbul.2018.05.047 712
security, food safety and Health Reports
human health P
Detection of various
9 microplastics |n' human | Schwabl, P.,20_1£_), Annal Austria 10.7326/M19-0618 691
stool: A prospective case | of Internal Medicine
series
Trophic transfer of
microplastics and  mixed
10° | contaminants in the marine | C22eY: M.2018, 1\ stralia | 10.1016/j.envint.2018.03.007 650
AT Environment International
food web and implications
for human health

Seven articles follow the list of the most cited, with citations between 650 and 779. The authors are from England,
Belgium, Netherlands, Portugal, USA, Austria and Australia. The literature review carried out by Prata et al., (2020) addressed
the effects of microplastics on humans since their recognized omnipresence in several natural environments. The authors
focused on the difficulty involved in analyzing samples from human materials, due to a set of rules involved in this type of
study. This limitation impairs drawing conclusions on the effects that the exposure to microplastics can have on human health.
Leslie et al., (2022) aimed to measure the main types of polymers present in human blood samples, and in various products to

which human beings come into contact daily. A great emphasis was on the methodology carried out and importance of the care

Source: Authors.

taken along all analytical procedure to avoid contamination of samples.
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The study carried out by Rochman et al., (2015) emphasized the importance of identifying the presence of plastic
debris and textile fibers in organisms used for human consumption, such as fish and bivalves. Smith's et al., (2018) addressed
the ubiquity of microplastics reaching several organisms, including those used for human consumption such as seafood. This
study included the history of microplastics, information about their dispersion, and the new approaches regarding microplastics
and their possible toxicity. In the review conducted by Barboza et al., (2018), evidence on the presence of microplastics in the
marine environment was highlighted, involving food security and its challenges, and gaps in studies.

The objective of the research of Schwabl et al., (2019) was to identify microplastics in human feces, verifying whether
there is involuntary ingestion of them. In this study, microplastics were found in all samples and the authors characterized the
types of polymers present. In the review carried out by Carbery et al., (2018), the objectives were to discuss the implications of
a high diet including seafood with microplastics and mixed contaminants to the human health. The authors further discussed
the fate of microplastics in the marine environment, factors influencing ingestion, and trophic transfer of microplastics and

chemical contaminants.

3.4 Most relevant journals

One of the most important aspects of publications process is the choice of a suitable journal that is likely to accept the
authors’ research, and in which colleagues will easily access, advancing knowledge and encouraging communication between
groups (Ramia, 2023). The selection of a journal for new topics can be a challenge since there are a high number of academic
peer-reviewed English language journals being 30,000 classified under Medicine and Health (Suiter & Sarli, 2019) . However,
submitting articles to journals that have already published on the topic is a common procedure.

Considering the ten most relevant journals in relation to the number of articles published on the theme microplastic
and health (Figure 6), stood out the journal Science of the Total Environment (STOTEN). This journal has the feature of being
a multidisciplinary and international journal that includes research connections between environment and human health.
STOTEN has an open access publication fee and as the possibility of subscription, in which articles are available to
subscribers, developing countries and groups with no open access publication fee. The impact factor according to the journal's

website (https://www.sciencedirect.com/journal/science-of-the-total-environment, accessed on 12/23/2023) indicated 9.8.
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Figure 6 - Most relevant journals publishing articles on microplastics and human health (in number of articles published until
July 20, 2023 (Generated by Bibliometrix package).
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The second journal highlighted by our study was the Environmental Pollution, a journal that addresses issues related
to environmental pollution and consequences for ecosystems and human health. The journal has a fee for the open access, and
has the possibility of subscription. The impact factor according to the website
(https:/iwww.sciencedirect.com/journal/environmental-pollution/, accessed on 12/23/2023) was 8.9.

The third journal highlighted was the Journal of Hazardous Materials with articles focusing on the areas of Science
and Environmental Engineering and with the problems that certain materials can cause on human health and the environment.
The journal has a fee for the open access, and has the possibility of subscription. The impact factor according to the website
(https://www.sciencedirect.com/journal/journal-of-hazardous-materials, accessed on 12/23/2023) indicated 13.6.

The fourth journal was Chemosphere, a multidisciplinary journal that addresses the issue of chemicals, their fate, their
remediation, and environmental effects. The journal has a fee for the open access, and has also the possibility of subscription.
The impact factor according to the website (https://www.sciencedirect.com/journal/chemosphere, accessed on 12/23/2023) was
8.8.

The fifth journal highlighted was Environmental Science and Pollution Research, a hybrid journal in which a fee is
necessary for the open access choice. This journal focuses on the theme within Environmental Sciences including issues
relating to laws and regulations in relation to pollution. The impact factor according to the consultation carried out on
12/23/2023 on the website https://link.springer.com/journal/11356 indicated the value 5.8.

The sixth journal underscored was Marine Pollution Bulletin that has focus on issues of marine resources, topics
related to effluent disposal, pollution and protection of the marine environment. As others above, this journal offers an open
access publication fee and as possibility of subscription, in which articles are available to subscribers, developing countries and
patient groups with no open access publication fee. The impact factor according to the website

https://www.sciencedirect.com/journal/marine-pollution-bulletin, accessed on 12/23/2023) was 5.8.
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The seventh journal highlighted by our study was Environmental Science & Technology, a multidisciplinary journal
focusing on environmental science and technology. This Journal has as motivation contributions that drive political changes
aimed at new decision-making in environmental terms. It is a paid open access journal. The impact factor according to the
website (https://pubs.acs.org/journal/esthag, accessed on 12/23/2023) was 11.4.

The eighth journal underscored was Environment International, another multidisciplinary journal that covers the field
of Public and Environmental Health Sciences. This journal includes other research topics such as environmental epidemiology
and environmental technology for environmental health protection. It is a paid open access journal. The impact factor
according to the website (https://www.sciencedirect.com/journal/environment-international, accessed on 12/23/2023) was11.8.

The ninth journal in the list was Environmental Research that also has the characteristic of being multidisciplinary and
covering environmental disciplines, and focusing on environmental applicability in the real context in which we live. The
journal has a fee for the open access, and has the possibility of subscription. The impact factor according to the website
(https://www.sciencedirect.com/journal/environmental-research, accessed on 12/23/2023) was 8.3.

The tenth journal highlighted by our study was Scientific Reports, which presents articles belonging to all areas of
natural sciences, psychology, medicine and engineering. It is an open access journal with fee payment. The impact factor
according to the website ( https://www.nature.com/srep/abouhe, accessed on 12/23/2023) was 4.6.

Among the ten journals that published mostly on microplastic and health, at first place was STOTEN (1F=9.8) that
was not the journal with the highest impact factor. Impact Factor (IF) was formulated to evaluate the importance of a given
journal based on the citations of the articles contained therein, and to make comparisons within a given field of knowledge in
relation to existing journals According to Hauptman (2016). On the other hand, the impact factor can be an important metric
for evaluating the production of students and researchers, and in selection processes for scholarships and professional
admission examinations. So, academics’ careers can be significantly influenced by the academic journal in which they choose

to publish their research (Rowley et al., 2020).

3.5 Main focuses of studies on microplastics and human health

Analyzing the focuses of the articles considering the authorship links, we started with the keywords. From the
quantitative aspect of the mentioning of keywords (Figure 7a), we can observe that the word “microplastics” is in a group
separate from the duo “human health”. Microplastics were firstly associated with types of polymers, particles, uptake,
absorption impacts and human health risks, among others. Differently, human health was linked to seafood, food safety, and,
like other pollutants, to trophic transfer. Another cluster refers to the contamination of fish and bivalves in coastal waters. In
another group, pollution, physical and analytical aspects. In a smaller group, particles, and water, associated with human
consumption, surface and bottled water. Aspects relating to human health in all groups formed. All these results show a
parallel growth of the subjects microplastics and human health.

Considering the “All Key Words” (Figure 7b), research growing can be observed in the time delimited by this study.
This growth started with marine biota (purple cluster), going to coastal waters and seafood (light blue cluster), and then an
increase in titles relating to pollution and contamination (light green and yellow respectively), and, finally, the cluster with
most recently used words (red and orange cluster). Both human health and microplastics have been used more after 2021, with

recently mixing titles involving water, quantification, types of polymers and health risk (red), inflammation and cells (orange).
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Figure 7 - Keyword analysis of articles and co-authorship linking in quantitative (a) and temporal (b) terms (Generated by the
VOSviewer software).
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The articles selected by the present study were further grouped according to their focus of the research. From these,
nine groups of study focus were arranged (Figure 8). A greater number of studies targeted research on “microplastics in food”.
They encompass studies of several kinds of food, from seafood as shellfish and mussel to processed food items. For example,
the study conducted by Makhdoumi et al., (2023) investigated microplastic contamination in the most common salt and sugar
brands consumed in Iran, verifying potential risk to human health. In this study, the authors found an average quantity of 55.2
+ 43.7 microplastics/kg in different brands of salt and 57.7 + 20.6 microplastics/kg in different brands of sugar. The same
authors Makhdoumi et al., (2023) explain that the salt and sugar production process can contribute to a greater number of
microplastics in the form of fragments than in the form of fibers, for example. The importance of this fact is that the format of

microplastics can differ in terms of their fate and toxicity to human health.

Figure 8 - Main focuses of studies in publications on microplastics.
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Source: Authors.

Hence, other studies focused on the environment (air), packaging and water, and in human cells and organs, and to a
lesser extent on human health and on environment and health. The review conducted by Kacprzak et al., 2022) aimed the study
of microplastics in the air, and discussed features of microplastics present in indoor environments. According to those authors,
these are important places for human exposition since are where most people spend most of their time. Furthermore, the
authors discuss possible methods to help reduce exposure to microplastics in indoor environments, such as the use of air
filtration systems, but reinforce that they are not a solution to the problem. Still regarding microplastics in the air, the study of
Prata (2018) centred on airborne microplastics that, through inhalation, can cause problems in the respiratory system and
highlighted the importance to include identification and quantification of microplastic fibers in human lung tissue biopsies.

Another group of articles comprised the category “microplastics in human cells” with studies using human cell lines
in in vitro experiments (INMETRO, 2018). An example of the articles belonging to this category is the research of Park et al.,
(2023) in which human breast cancer cell lines were exposed to fragment-shaped polypropylene microplastics. The authors

suggested that such exposure would contribute to breast cancer metastasis. A study conducted by Schirinzi et al., (2017)
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considered the cytotoxicity of microplastics and nanoplastics in human epithelial and brain cells. The authors mentioned that
the use of the in vitro technique in recent years is a higher-yield form of experimentation when compared with in vivo tests.

Among the articles focusing on “microplastics and drinking water” is the research of Buyukunal et al., (2023) that
analysed drinking water samples collected in natural spring water, natural mineral water and tap water in Istanbul, Turkey. The
authors found that at least 63.6% of the drinking water analysed contained microplastics, being the average number found in
tap water, mineral water and natural spring water, respectively, 188+81, 54 + 19, and 89+76 microplastics per litre. Regarding
the same issue, Cox et al., (2019) suggested that avoiding the consumption of bottled drinks can reduce exposure to
microplastics, emphasizing that they will continually be identified in items for human consumption.

The studies categorized as “microplastics in rodents” included most experimental research on the toxicity of
microplastics. In the article of Danso et al., (2022) , for instance, rats were exposed to three types of microplastics, and cellular
responses and histopathological analysis were then evaluated. The authors suggest that exposure to polystyrene and
polypropylene microplastics could contribute to lung inflammation. Also in this category, the study conducted by Rodriguez
Yunta (2007) dealing with the use of animals in scientific medicine, highlighted that experimentation and observation using
animals is based on taking them as a miniature of problems in humans. However, compared to other contaminants,
experimental research into the effect of microplastics on mammals is still scarce.

Studies that have attracted a lot of attention from the scientific community and have been publicized on social media
and in widely circulated newspapers are in the category of “microplastics in the human body”. They included research to detect
the presence of microplastics in specific materials from the human body or structures such as in faeces (Ho et al., 2022),
human lung tissue (Amato-Lourencgo et al., 2021), in human blood (Leslie et al., 2022), human semen (Montano et al., 2023),
and others. The detection of microplastics in placenta (Ragusa et al.,2021) has been widely reported by social medias
(Carrington, 2024). In the review conducted by Li et al., (2023), a potential influence of microplastics on the development of
colorectal cancer was suggested since microplastics could cause damage to the protective mucus barrier in the colon. In
another study, Liu et al., (2023) detected microplastics in several human samples such as placentas, meconium, infant faeces,
breast milk and infant formula. Yan et al., (2021) investigated possible differences in the characteristics of faecal microplastics
in patients with inflammatory bowel diseases and healthy individuals. The authors found higher concentration of microplastics
in patients with inflammatory bowel diseases than in healthy individuals, suggesting that patients with inflammatory bowel
diseases suffer somehow greater exposure to microplastics in the gastrointestinal tract. In the review carried out by Patil et al.,
(2022), microplastics were suggested as potential causes of toxicity that will affect the cardiovascular system, possibly
developing oxidative stress and interaction between microplastics and cellular components.

The “microplastics in packaging” category presented studies with attention to plastic components in everyday human
life. The research conducted by Chen et al., (2023) reported microplastics released from paper cups coated with PE
(polyethylene), PP cups (polypropylene) and PS cups (polystyrene) that attained average amounts, respectively, of 2,718;
2,720 and 2,629 particles per liter. The size of the detected microplastics was between 5 and 10 um with few microplastics
larger than 50 um. On the other hand, Kadac-Czapska et al., (2023) highlighted the importance of understanding the
degradation process of plastic material packaging to determine the influence and negative consequences of such waste on the
environment, and on both animal and human health.

Addressing the subject “microplastics and human health” are research efforts dealing with the effects of microplastics
on human health. These studies are still comparatively fewer in number, maybe due to several gaps that still exist, such as
methodological constraints for the analysis and quantification of microplastics in human components and their tested effects on
health. In a pioneering study, Willert et al., (1996) showed tissue responses to plastic and metal wear products used in joint

prostheses. Those authors found reactions where polyester was used, and the number of particles phagocytosed by the tissue
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near the prostheses was very high in most of the cases analysed. They also characterized the presence of polyester as a cause of
granuloma formation and a high tendency to necrosis. In the study carried out by Patil et al., (2022), the current situation of
pollution related to microplastics, their life cycle, effects on organisms and risk assessment for human health were reviewed.
The authors highlighted the ways by which microplastics enter into the human body, through inhalation, ingestion through
foods and water, and then the potential effects on various organs. In another systematic review, Krishnan (2023) emphasized
that although studies using in vivo and in vitro animal models help to understand the impacts of micro and nanoplastics on
human health, more research is needed to improve detection and quantification methods of micro-nanoplastics in human
samples. Regarding the effects of microplastics on human health, the study by Wang et al., (2023) suggests that microplastics
can not only promote the proliferation of skin tumor cells but also affect normal skin cells. The microplastic and tumor link has
also been suggested by Park et al., (2023) that discussed microplastics aggravating breast cancer metastasis. From another
aspect, the study conducted by Zarus et al., (2023), showed evidence of the effects of microplastics on health due to exposure
in the workplace. The effects of substances added to plastic materials such as Bisphenol A on the human body were explored
by Lang et al., (2008) that indicated that higher concentrations of Bisphenol A were related to cardiovascular disease and
diabetes.

In the “environment and health” category, a comparatively smaller number of studies was found. Among them, is the
study conducted by Hossain et al., (2020) that highlights the few efforts made to quantify microplastics in freshwater systems
such as in Bangladesh. The authors further emphasized the impact of microplastics on soil and on plants, potentially causing a
risk to food security and a consequent compromise of the economy of the entire country. The challengers’ issues reported by
Hossain et al., (2020) regarding the control and quantification of microplastics are of utmost importance since annually in the
world, around 360 million tons of plastics are produced and only around 7% is recycled, therefore occurring an accumulation

of plastic waste in the environment (Kadac-Czapska, et al.,2023).

4. Conclusion

This study shows microplastic and health as a hot topic for research and with an increasing tendency of new
publications coming from several countries throughout the world. China stood out as the most productive county in numbers of
studies, showing a wide network of publications co-authored with other countries. Other Asian countries showed a recent
tendency to increase in numbers of publications on microplastic and health. Despite being China in the first place regarding
numbers of articles, the highest number of citations are linked to articles authored by other nationalities. Countries with the
oldest publication history arisen in terms of citation, as the European countries such as England, Belgium, and Netherlands.

Another interesting aspect from the collection of publications raised is that the journal ranked first in relevance was
Science of the Total Environment, which was not the one with the highest impact factor among the most relevant. However,
this journal seems to cover several aspects related to the subject microplastics and human health. Regarding the focus of the
studies, the category “microplastics in food” showed the highest number of studies, probably due to the ubiquitous presence of
microplastics in the consumable biota and in various types of food consumed by humans and their potential health
consequences.

Notwithstanding the tendency on the increase in the research on microplastics and health, some gaps can be viewed.
Among them, methodological issues regarding microplastic quantification and determination in the human body, absence of
experimental protocols to test presence and effects of microplastic in the biota, and scientific basis to delineate permissible

values for the presence of microplastics in water, soil, food, and terrestrial and aquatic environments.
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