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Microplastic Research Publications
from 1991 to 2020

Chongqing Wang, Hongru Jiang, and Yuh-Shan Ho

Abstract Microplastics as emerging pollutants receive global attention and grow-
ing research interests. We report a bibliometric analysis of microplastics-related
research from 1991 to 2020. 4026 documents were collected and analyzed for
occurrence and types of microplastics, and research fields. We found that number of
articles increased sharply from 2015, and microplastics. Environmental science is
the leading subject category, followed by marine and freshwater biology, environ-
mental engineering, materials science, toxicology water resources, multidisci-
plinary sciences, metallurgy and metallurgical engineering, and analytical chemistry.
Marine Pollution Bulletin was the most productive journal, followed by
Environmental Pollution, Science of the Total Environment, Environmental Science
& Technology, and Chemosphere. The 3536 articles on microplastics were from
107 different countries, and China was the most productive country.
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1 Introduction

Plastics have been widely used in various fields and applications due to especially
their unique properties of low-cost, durability, lightness, hygiene, and corrosion
resistance. The global production of plastic products exceeds 3.48 x 10® tons per

C. Wang
School of Chemical Engineering, Zhengzhou University, Zhengzhou, China

H. Jiang
College of Chemistry and Chemical Engineering, Central South University, Changsha, China

Y.-S. Ho (B<)
Trend Research Centre, Asia University, Taichung, Taiwan
e-mail: ysho@asia.edu.tw

© The Author(s), under exclusive license to Springer Nature 1
Switzerland AG 2023

C. Wang et al. (eds.), Microplastic Occurrence, Fate, Impact, and Remediation,

Environmental Chemistry for a Sustainable World 73,
https://doi.org/10.1007/978-3-031-36351-1_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-36351-1_1&domain=pdf
mailto:ysho@asia.edu.tw
https://doi.org/10.1007/978-3-031-36351-1_1#DOI

2 C. Wang et al.

year, resulting in a considerable amount of plastic waste (Li et al. 2020). Inevitably,
plastic waste enters the aquatic environment, and it is estimated that more than
2.5 x 10° tons of plastics are floating on the global ocean surface (Eriksen et al.
2014). Large plastic debris can be easily removed from the environment, whereas
plastic debris with small size is prone to be ignored and difficult to remove from
environmental matrices.

Microplastics, commonly defined plastic particles less than 5 mm, receive
increasing public attention and research interests all over the world (Zhang et al.
2021). Microplastics are derived from primary microplastics and secondary micro-
plastics (Hamidian et al. 2021). The former was originally made of small-sized
polymers for special purposes such as pharmaceuticals and personal care products.
The latter is mainly created by fragmentation and degradation of large particles of
plastics. Microplastics have been found in a wide range of ecosystems, including
aquatic systems (oceans, rivers, and lakes), soils and sediments, and atmospheric air
(Wang et al. 2021a). Initially, the majority of research was focused on the maritime
environment. As a result of the interest in the sources and transfer channels of
microplastics, more attention is being directed to additional environmental
compartments.

Microplastics induce significant public attention owing to the persistence and
ubiquity in water environment and the threats to ecosystems. Because of their
small size, microplastics can be ingested by organisms and aquatic creatures,
potentially accumulating in the food chain (Ribeiro et al. 2019). The negative
consequences of microplastics involve physical injury to the gastrointestinal tract
of organisms, and toxic impacts resulting from polymers and additives in the
microplastics (Barboza et al. 2020). Additionally, microplastics can be carriers to
concentrate and transfer pollutants. Therefore, the interaction between microplas-
tics and pollutants and the removal of microplastics have attracted much attention
(Jiang et al. 2022a, b; Bian et al. 2022). With increasing awareness of the world-
wide distribution and potential risk of microplastics, more study is being con-
ducted on identifying the origins and transfer pathways, disclosing the threats to
ecosystems, attempting to regulate microplastics discharges, and removing micro-
plastics from the environment.

Bibliometric analysis is an important method to reveal the past research evolu-
tion of microplastics, providing a better understanding of the emerging research
areas. Mathematical techniques are employed to examine the published documents
based on macro-perspective. The bibliometric method is related to informetrics and
scien-tometrics, which provide fundamental theory and methodology for bibliomet-
ric analysis (Hood and Wilson 2001). A bibliometric analysis of the literature on a
certain issue provides vital information for the topic and research progress (Ertz and
Leblanc-Proulx 2018). Currently, numerous review papers (Andrady 2011; Cole
et al. 2011) and bibliometric studies (Pauna et al. 2019; Palmas et al. 2021) on
microplastics have been carried out.
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Publication performance on microplastics and the main focuses and their devel-
opment trends were studied by using the Science Citation Index Expanded (SCI-
EXPANDED). This study addresses the data analysis of microplastics documents in
terms of different criteria, identifying the occurrence and types of microplastics,
emerging interests of the research fields, the research gap in the current state, and
future perspective.

2 Materials and Methods

This work conducts a data-driven bibliometric study based on a literature review,
aiming to explore indicators for further research on microplastics. The literature
data were obtained from the SCI-EXPANDED database in Web of Science, which
is one of the most important databases for scientific research. The database of the
Web of Science is listed in Supporting Material (Text S1). The journal impact factor
in 2020 was based on Journal Citation Reports in 2020. The published literature was
collected after June 30, 2021. It was pointed out that the SCI-EXPANDED was use-
ful to search published literature but not employed for bibliometric studies (Ho
2020a). Therefore, it is essential to have a data treatment but have data directly from
the database of SCI-EXPANDED for bibliometric studies. It was reported that
“front page” containing paper title, abstract, and author keywords could be used as
a filter for bibliometric studies (Ho 2020b; Fu et al. 2012). KeyWords Plus supplied
supplementary search items extracted from paper titles cited by authors and ampli-
fied author-keyword and title-word indexing (Garfield 1990). The documents
searched by KeyWords Plus were not closely relevant to the target topic (Fu and Ho
2015). The search keywords “microplastics,” “microplastic,” “micro-plastics,” and
“micro-plastics” were searched by topic in the database. It resulted in 4972 docu-
ments from 1991 to 2020, which may be relevant to the topic. 4026 documents were
used as microplastics publications for a bibliometric study because no search key-
words were found on the ‘front page’ of 946 documents. The document records
were downloaded and manually coded for analysis using Microsoft Excel 2016
(Li and Ho 2008; Ho 2021).

For one corresponding author, it was used as corresponding author (Ho 2012),
while the last one of multiple corresponding authors was used as corresponding
author (Ho 2019). As to single-author articles, the author was designated as the first
and corresponding author (Ho 2014a). For affiliations, England, Scotland, Northern
Ireland, Wales, and the Falkland Islands were assigned to the United Kingdom.
Greenland was assigned to Denmark (Tchuifon Tchuifon et al. 2017). Additionally,
affiliations from the USSR were assigned to Russia or Ukraine (Wambu et al. 2017).
Four citation indicators were defined in this work: (1) Co, (2) Cyeur, (3) TCron, and
(4) CPPy,, (Ho 2013, 2014b; Wang and Ho 2011). The citation indicators were used
for bibliometric analysis.

ELINT3
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3 Results and Discussion

3.1 Documents Summary

The documents used for bibliometric analysis were collected for the period
1991-2020. The total number of filtered documents relevant to microplastics is
4026. The citation indicator of CPPyear can be employed to describe the citations
per publication more accurately (Ho and Ho 2015). Recently, the author number of
each publication was also applied to analyze the types of documents related to spe-
cific topic (Monge-N4djera and El Ho 2017). As listed in Table 1, 14 types of docu-
ments were involved, and the type of article was the top one with an APP of 5.3,
accounting for 84% of 4204 documents. Since some documents could be assigned
to different document types, the total percentage was higher than 100% (Usman and
Ho 2020). For example, 83 documents were assigned to proceedings papers and
articles. The document type of retracted publications had the highest CPP,,, of 124
which is due to the highly cited retracted publication with a TC,n, of 100 or more
by Lonnstedt and Eklov (Lonnstedt and Eklov 2016). Document type corrections
had the highest APP of 6.1. In addition, each microplastics-related article had an
average of 5.3 authors. The study reported by Gorsky et al. had a maximum author
count of 145 (Gorsky et al. 2019). The 3546 articles were employed for bibliometric
study, and this is due to the complete structure of article-type research.

Table 1 Citations and authors according to document type

Document type TP TP* % AU APP TChno CPPyyy
Article 3546|3544 |84 18,750 |53 113,771 32
Review 411 411 10 2008 4.9 24,725 60
Proceedings paper 83 83 2.0 338 4.1 2122 26
Editorial material 82 76 2.0 205 2.7 2288 28
Meeting abstract 72 72 1.7 261 3.6 16 0.22
News item 40 17 1.0 17 1.0 7 0.18
Letter 27 27 0.64 77 29 914 34
Correction 25 25 0.59 152 6.1 17 0.68
Book chapter 4 4 0.10 17 4.3 169 42
Book review 1 1 0.024 1 1.0 0 0
Data paper 1 1 0.024 |2 2.0 4 4.0
Note 1 1 0.024 |2 2.0 8 8.0
Retracted publication 1 1 0.024 |2 2.0 124 124
Retraction 1 1 0.024 |3 3.0 2 2.0

TP number of publications, AU number of authors, APP number of authors per publication; 7Cy,:
the total number of citations from Web of Science Core Collection since publication year to the end
of 2020; CPP: number of citations (7C,ny) per publication (7P)
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3.2 Language of Publications

Many bibliometric studies regard publication languages as one basic content
(Wang and Ho 2011). There were nine languages in use, and English accounted
for 99% of the 3546 articles. Some other languages were as follows: Russian (11
articles), German (9 articles), Japanese (6), Chinese (5), French (5), Ukrainian
(4), Korean (1), and Spanish (1). The CPP,y, of articles in English was 32,
remarkably higher than that of non-English articles (2.5). Moreover, the APP of
articles written in English was 5.3, higher than that of non-English articles (3.0).
It should be noted that most of the journals in the Clarivate Analytics database are
published in English.

3.3 The Variation of Publications

Figure 1 presents the variation of TP and CPP,,. A significant increase in the num-
ber of articles was observed from 109 in 2015 to 1372 in 2020, indicating that
microplastics receive increasing attention in the research field. The increase in the
number of articles can be attributed to researchers’ finding a new topic or develop-
ing research interests in microplastics. In 2014, with 70 articles, we had the highest
CPPygy of 190. Three of the top ten cited articles were published in 2014, including
articles by Eriksen et al. (2014), Cozar et al. (2014), and Van Cauwenberghe and
Janssen (2014), which ranked third, fourth, and tenth, respectively. A total of 1650
microplastics articles (47% of 3546 articles) were not cited by published studies in
the publication year (Cy, = 0) (Ho and Kahn 2014).

3.4 The Subject Category of Web of Science

A total of 9531 journals were indexed Journal Citation Reports in 2020, and 178
subject categories were involved. The relationship between article number in a
specific subject category and publication year provides some information about
research trends and the interactions (Ho et al. 2010). Table 2 shows the top ten
subject categories. In 2020, the environmental sciences category was the most
productive category with 2449 articles (69% of 3546 articles), followed distantly
by other categories. This implies that microplastics become emerging pollutants
and gain great attention due to potential environmental threats. Compared to the
top ten categories, microplastics articles in the multidisciplinary sciences cate-
gory had the highest CPP,y (55), and it was followed by the environmental engi-
neering category (CPP,y of 50). The APP in the environmental engineering
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Fig. 1 The number of articles and citations per publication by year. CPP,,: number of citations
(TChoa0) per publication

category was 5.7, and the metallurgy and metallurgical engineering category had
an APP of 3.8. Figure 2 shows the variation trend of the top five subject catego-
ries. Microplastics-related studies were reported chiefly in the category of envi-
ronmental sciences. The category of environmental sciences has been the most
popular since 2011. The first microplastics article in the category of environmen-
tal sciences was published in 2006 by Ng and Obbard in Marine Pollution Bulletin
(Ng and Obbard 2006). Furthermore, the category of multidisciplinary chemistry
become popular in recent years, ranking tenth in 2020. The of multidisciplinary
materials science category published 217 microplastics-related articles and ranked
fourth, but ranked 11th in 2020 since only 27 articles were reported. Journals
could be assigned to different subject categories, and hence the total percentage
was larger than 100%. For example, Water Research journal was assigned to the
environmental engineering category, the environmental sciences category, and the
water resources category.
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Table 2 The top ten productive Web of Science category

‘Web of Science category TP (%) TCyp | CPPyyy | AU APP
Environmental sciences 2449 (69) | 88,547 |36 13,642 5.6
Marine and freshwater biology 756 (21) 28,503 |38 4095 54
Environmental engineering 406 (11) 20,485 |50 2315 5.7
Multidisciplinary materials science 217 (6.1) | 2948 14 885 4.1
Toxicology 215 (6.1) | 7419 35 1123 5.2
Water resources 178 (5.0) |4218 24 964 5.4
Multidisciplinary sciences 155 (4.4) | 8524 55 857 5.5
Metallurgy and metallurgical engineering 131 (3.7) | 1721 13 503 3.8
Analytical chemistry 106 (3.0) | 3015 28 522 4.9
Multidisciplinary chemistry 80 (2.3) | 1186 15 395 4.9

TP number of publications, % percentage of 3546 articles, TC,, the total number of citations from
Web of Science Core Collection since publication year to the end of 2020, CP P, number of cita-
tions (7Cypy) per publication (7P), AU the total number of authors, APP number of authors per
publication

3.5 Analysis Based on Journals

A total of 3546 articles related to microplastic researches were reported in 566 jour-
nals. These journals covered 112 subject categories of Web of Science. The top five
journals publishing more than 100 microplastics-related articles included: Marine
Pollution Bulletin (IF5y, = 5.553) with 573 articles (16% of 3546 articles),
Environmental Pollution (IFyy,, = 8.071) with 426 articles (12%), Science of the
Total Environment (IF,50 = 7.963) with 361 articles (10%), Environmental Science
& Technology (IFy,, = 9.028) with 172 articles (4.9%), and Chemosphere
(IF500 = 7.086) with 135 articles (3.8%). All above journals were related to the field
of environment, suggesting microplastics gained great growing attention and
research interests due to environmental problems. Science with three articles, places
first with the highest IF,q,, of 47.728, followed by Nature Nanotechnology with one
article (IF,00 = 39.213), and Advanced Materials with one article (IF 5y, = 30.849).
Microplastics-related studies were preferred by top journals, such as Science and
Nature Nanotechnology, indicating the importance and popularity of the microplas-
tics topic.

3.6 Analysis Based on Countries

The articles (0.28% of 3546 articles) without affiliation information were excluded
from the analysis. The 3536 articles related to microplastic studies were from 107
countries. Among them, a total of 2539 single-country articles were from 55 coun-
tries, while 997 articles with international collaborations were from 101 countries.
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Fig. 2 Microplastic articles in the Web of Science categories

The top 13 productive countries, publishing over 100 articles, are displayed in
Table 3. These countries included seven European countries (Germany, UK, Italy,
France, Spain, Netherlands, and Portugal), three American countries (USA, Canada,
and Brazil), two Asiatic countries (China and Russia), and one Oceanian country
(Australia). Additionally, South Africa published 52 articles, ranking first in Africa.
The indicators, including 7P, IP, CP, FP, RP, and SP were applied to compare
publication performance (Hsu and Ho 2014). China had the highest publication
indicators, with a 7P of 25%, an IP of 6%, a FP of 23%, and a RP of 23%. USA was
the most collaborative country, with 230 collaborative articles and a CP of 23%.
Russia was poor in collaborative studies due to the most single-author articles with
SP of 22%. The variation of published articles for the top five countries is shown in
Fig. 3. The annual number of microplastics-related publications was no more than
10 before 2014, primarily reported by Russia. A sharp increase was found in China
after 2017. China, the USA, Germany, the UK, and Italy were also the top five coun-
tries on the total number of articles in 2020.
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Table 3 Top 13 productive countries with 7P > 100

Country TP |TPR(%) |IPR(%) |CPR(%) |FPR(%) |RPR (%) |SPR (%)
China 869 | 1(25) 1(16) 2(20) 1(23) 1(23) 7(3.4)
USA 460 |2(13) 3(55)  |1(23) 2(8.7) 2(8.9) 2(13)
Germany 403 [3(11) 2(55) 13317 3(8.5) 3(8.5) 4(7.9)
UK 320 (4900 436 4017 4(6.1) 4(6.2) 3(11)
Ttaly 250 |5(7.) |59 |5(13) 5(5.3) 5(5.4) 10 (2.2)
France 199 [6(.6) |8(1.8) 6(12) 8(3.3) 8 (3.4) 7(3.4)
Spain 198 |7(5.6) |71 |7(11) 6(3.5) 6 (3.5) N/A
Australia 149 [8(4.2) 15(1.1) |8(10) 1024 [1024 150D
Netherlands | 144 |9 (4.1) 16(1.0) | 8(10) 1122 [11@23) 1022
Canada 133 (1038 1113 [1178 [1222) 1322 [567
Russia 120 [11(3.6) 623 |18(32) |7(3.5) 7(3.5) 1(22)
Portugal 109 [123.1) 14312 (12600 14210 142D 151
Brazil 101 (1329 1233 [15&7) |1222) 1222 | NA

TP total number of articles, TPR (%) rank of total number of articles and percentage, /PR (%) rank
of single country articles and percentage in all single country articles, CPR (%): rank of interna-
tionally collaborative articles and percentage in all internationally collaborative articles, FPR (%)
rank of first-author articles and percentage in all first-author articles, RPR (%) rank of
corresponding-author articles and percentage in all corresponding-author articles, SPR (%) rank of
single-author articles and percentage in all single-author articles, N/A not available

3.7 Analysis Based on Institutions

Table 4 demonstrates the top ten institutions as characterized by six indicators (Hsu
and Ho 2014). Single-institution articles accounted for 33% of 3536 articles, while
inter-institutionally collaborative articles accounted for 67%, suggesting that many
researchers conducted collaborative studies on microplastics. It is worthwhile that
the Chinese Academy of Sciences in China, the Russian Academy of Sciences in
Russia, the National Research Council (CNR) in Italy, and the French Research
Institute for Exploitation of the Sea (IFREMER) in France are national government
institutions, rather than universities. The Chinese Academy of Sciences was ranked
first and had the highest publication indicators, with a TP of 4.1%, a CP of 5.9%, a
FP of 2.7%, and a RP of 2.5%. University of Chinese Academy of Sciences in
China took the second position with 7P of 2.4% and CP of 3.6%. Russian Academy
of Sciences had the maximum publication indicators with /P of 3.1% and SP of
11%. All these 86 articles collaborated with the Chinese Academy of Sciences in
China. However, the university had no institution-specific articles or single-author
articles, respectively, and three first-author articles and corresponding-author arti-
cles. Chinese Academy of Sciences and the Russian Academy of Sciences was the
most productive institutions, probably because they have a number of departments
or branches (Li et al. 2009).
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Fig. 3 Comparison of development trends among the top five productive countries

3.8 The Important Articles in 2020

The publication indicator, Cyn, could offer supplementary insights into understand-
ing the influence of highly cited articles (Ho 2012). The ranking of 3546
microplastics-related articles differed significantly for sorting by 7C,g or sorting
by Cy0. Among these publications, 22% articles exhibited Cyyy = 0 and 17% arti-
cles had T'Cypyy = 0. In addition, 73% of the top 100 C,y, publications were among
the top 100 TCy, papers. A total of 2508 articles (71% of 3546 articles) contained
microplastics-related keywords in the Title. 3296 articles (94% of 3507 articles with
abstracts) had search keywords in the Abstract. 2106 articles (74% of 2854 articles
with author keywords) had microplastics-related keywords in author keywords.
Seven of the top 20 articles on TCyyy had microplastics-related keywords in all
Title, Abstract, and author keywords. For example, publications reported by Eriksen
et al. (. 2013), Van Cauwenberghe and Janssen (2014), Claessens et al. (2011),
Woodall et al. (2014), Van Cauwenberghe et al. (2013), Farrell and Nelson (2013),
and Fendall and Sewell (2009) ranked ninth with TC,q,, of 589, tenth with TC,,, of
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Table 4 Top ten productive institutions

TPR CPR SPR
Institute (country) TP | (%) IPR (%) | (%) FPR (%) RPR (%) | (%)
Chinese Academy of 1451 (4.1) |34(043) |1 (59) |17 1(2.5) 10 (1.1)

Sciences (China)
University of Chinese 86 |2(24) N/A 2 (3.6) |230(0.085) | 228 (0.085)  N/A
Academy of Sciences
(China)

East China Normal 83 |3(23) 4(1.1) [3(3.0) |3(L.7 3(1.6) N/A
University (China)
Russian Academy of 70 14(.0)|1(@3.1) 10(1.4) |2 (1.8) 2(1.8) 1(11)
Sciences (Russia)
University of Plymouth |53 |5(1.5) 3(1.2) |5(1.6) |5(0.74) 5(0.68) N/A
(UK)
University of Exeter (UK) |50 |6 (1.4) 34(0.43) 4(1.9) 26(0.40) |21(042) |N/A
National Research 41 |7(1.2) |34(0.43) 6(1.5) | 15(0.51) 11(0.51) | 10(1.1)
Council (CNR) (Italy)
French Research Institute |38 |8 (1.1) 70 (0.26) | 7 (1.5) |98 (0.17) |65(0.23) |N/A
for Exploitation of the
Sea (IFREMER) (France)
Nanjing University 37 19(1.0) 19(0.69) |15(1.2)|4(0.85) 4(0.82) N/A
(China)
University of Toronto 37 19(1.0) 45(0.34) |11 (1.4)|15(0.51) 16 (0.45) |3 (2.2)
(Canada)

TP total number of articles, TPR (%) rank of total number of articles and percentage, IPR (%) rank
of single institute articles and percentage in all single institute articles, CPR (%) rank of inter-
institutionally collaborative articles and percentage in all inter-institutionally collaborative articles,
FPR (%) rank of first-author articles and percentage in all first-author articles, RPR (%) rank of
corresponding-author articles and percentage in all corresponding-author articles, SPR (%) rank of
single-author articles and percentage in all single-author articles, N/A not available

583, 13rd with TCypy of 537, 15th with TCypy of 532, 16th with TCygy of 512, 17th
with TCyy of 511, and 19th with TCy,, of 465, respectively.

Figure 4 manifested the citation variation of the top ten highly cited articles with
microplastics-related keywords in the Title or author keywords. A study conducted
by Barnes et al. (2009) ranked first on annual citations between 2012 and 2020 in
the field of microplastics. An article by Browne et al. (Browne et al. 2011) had a
similar trend of increasing citations. Table 5 shows the top ten highly cited papers
with microplastics-related keywords in the Title or author keywords. The top 10
publications were reported by 20 institutes derived from 11 countries. The UK
reported five of the top ten highly cited publications, followed by the USA (3 arti-
cles), Finland (2), and one each by Australia, Belgium, Canada, France, Germany,
Ireland, Norway, and Switzerland. It can be deduced that microplastics receive great
attention in most developed countries, and this can be ascribed to the massive pro-
duction and consumption of plastic products and increasing environmental aware-
ness. The University of Plymouth in the UK reported four articles among the top ten
highly cited papers, and it was followed by the Algalita Marine Research Foundation
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Fig. 4 Citations of the top five most frequently cited articles with search keywords in their title or

author keywords

in the USA and the University of Exeter in the UK, which published two of the top
ten articles, respectively.

Among 3546 microplastics-related articles, four articles ranked in the top ten
TCyy and Cyyyy, indicating the most frequently cited and most impactful articles.
The four important articles in 2020, considering high citations and impacts, were
discussed as below:

1. Accumulation and fragmentation of plastic debris in global environments
(Barnes et al. 2009)

TChyo = 1737, rank first and Cypyy = 469, rank first.

In this work, the global plastics production and the accumulation of plastic waste
were briefly surveyed. The presence of plastic debris in global environments was
discussed in detail, as was the accumulation trend. It was found that the particle
size of plastics in the environment decreased and the abundance and worldwide
distribution of microplastics increased in the past decades. Many studies on
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Table 5 The top ten most frequently cited articles with search keywords in their title or author
keywords

R
(TCx20) | R (Crono) | Title Country References

1 (1737) | 1 (469) | Accumulation and fragmentation of | UK, France, | Barnes et al. (2009)
plastic debris in global environments | USA

2 (1281) | 2 (423) | Accumulation of microplastic on Ireland, Browne et al.
shorelines woldwide: Sources and Australia, (2011)
sinks UK, Canada

6(789) |5(249) | Microplastic ingestion by UK, Norway | Cole et al. (2013)
zooplankton

7(726) |30 (140) | Synthetic polymers in the marine USA Moore (2008)

environment: A rapidly increasing,
long-term threat

8 (676) |8 (185) | Occurrence of microplastics in the UK Lusher et al. (2013)
gastrointestinal tract of pelagic and
demersal fish from the English

Channel
9(589) |11 (178) | Microplastic pollution in the surface | USA Eriksen et al.
waters of the Laurentian Great Lakes (2013)
10 (583) | 14 (174) | Microplastics in bivalves cultured for | Belgium Van Cauwenberghe
human consumption and Janssen (2014)
11(578) | 7 (200) | The impact of debris on marine life UK Gall and Thompson
(2015)
12 (544) | 12 (177) | Uptake and effects of microplastics Switzerland, | Von Moos et al.
on cells and tissue of the blue mussel | Germany (2012)
Mpytilus edulis L. after an
experimental exposure
13 (537) | 13 (176) | Ingestion and transfer of Finland Setild et al. (2014)
microplastics in the planktonic food
web

TCy the total number of citations from Web of Science Core Collection since publication year to
the end of 2020, C,gy the number of citations of an article in 2020 only, R ranking in 3546 micro-
plastics articles

microplastics reported the occurrence and abundance of microplastics in differ-
ent regions, providing better knowledge of the sources, quantities, and distribu-
tion. More valuable and comparable data were still required due to the variation
in sampling methodology. In addition, it was pointed out that the environmental
consequences of microplastics were still poorly understood.

2. Accumulation of microplastic on shorelines worldwide: sources and sinks
(Browne et al. 2011)

TCygp0 = 1281, rank second and C,p = 423, rank second.

Browne et al. (2011) reported a worldwide study on the sources and transfer
pathways of microplastics. It was found that fibers from washing clothes were an
important source of microplastics. A large amount of microplastic fibers were
identified in marine environments, and most of them originated from sewage
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effluent because of the washing of clothes. This study offered novel insights into
the sources, abundance, sinks, and pathways of microplastic into the environ-
ment. Subsequently, more research interests are paid on microplastics in the
freshwater environment.

3. Microplastic ingestion by zooplankton (Cole et al. 2013)

TCyp00 = 789, rank sixth and C,g,, = 249, rank fifth.

Intake of microplastics by various marine biota has been widely reported by
researchers, such as mussels, fish, and seabirds. Cole et al. conducted research
on microplastic ingestion by zooplankton due to their important ecological role
in marine food webs (Cole et al. 2013). Bioimaging techniques were employed
to examine the microplastics in zooplankton in different stages, such as ingestion,
egestion, and adherence. Ingestion of microplastics by zooplankton in the ocean
was verified, and negative impacts included reduced function and health, trans-
ferring pollutants to predators, and the ingesting of fecal pellets. This study not
only provides insights into the knowledge of microplastic contamination in
aquatic environments but also induces significant attention to the problems of
microplastic pollution.

4. Occurrence of microplastics in the gastrointestinal tract of pelagic and demersal
fish from the English Channel (Lusher et al. 2013)

TC2020 = 676, rank elghth and C2020 = 185, rank elghth

In this work, the abundance of microplastics in natural environments was inves-
tigated through the fish samples from the English Channel. It was reported that
the studied pelagic species and demersal species had ingested microplastics.
Polyamide (36%) and rayon (58%) were the most common types of ingested
plastics. The potential consequences of ingesting microplastics were not studied.
The widespread occurrence of microplastics and their ingestion by fish suggest
that revealing the potential risks of microplastics in the marine environment is
imperative.

3.9 Research Focuses and Their Trends

To better understand the research topic, the keywords in microplastics-related
publications were examined. A total of 3257 articles (92% of 3546 articles from
1991 to 2020) published in the active period from 2013 to 2020 were further ana-
lyzed for research focuses and their trends. The words in article Title, Abstracts,
author keywords, and KeyWords Plus were explored, and microplastics-related
articles were ranked based on the study period, which was exhibited in
Supplementary Material A, B, and C. The top 20 author keywords commonly
mentioned in articles were listed in Table 6. Besides the keywords, including
microplastic, microplastics, micro-plastic, and micro-plastics, plastic pollution
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Table 6 Top 20 author keywords in publications related to microplastics

Author 2013-2020 |2013-2014 |2015-2016 |2017-2018 |2019-2020
keywords TP | Rank (%) Rank (%) Rank (%) Rank (%) Rank (%)
Microplastics | 1234 | 1 (45) 127 1(44) 1 (46) 1 (46)
Microplastic 511(2(19) 2 (15) 2 (19) 2 (21) 2(18)
Plastic 1393 (5.1) 7 (3.8) 7(4.3) 44.7) 3(54)
pollution

Pollution 129 |4 (4.8) 5(5.1) 5(5.3) 3(5.9) 54.3)
Marine debris 1105 (4.1) 3(13) 3(10) 7 (4.0) 8 (3.1)
Sediment 109 |6 (4.0) 7 (3.8) 54 (1.0) 9(3.5) 4 (4.5)
Marine litter 90 |7 (3.3) 7 (3.8) 4(6.2) 6 (4.5) 13 (2.6)
Plastic 878 (3.2) 4(11) 8(3.3) 7 (4.0) 13 (2.6)
Ingestion 7919 (2.9) 7 (3.8) 6 (4.8) 44.7) 17 (2.1)
Polystyrene 7919 (2.9) 40 (1.3) 1124 14 (2.5) 6(3.2)
Polyethylene 74111 (2.7) N/A 8(3.3) 10 (3.2) 11 (2.6)
Nanoplastics 73112 (2.7) N/A 17 (1.9) 17 (1.8) 6(3.2)
Freshwater 70|13 (2.6) N/A 17 (1.9) 112.7) 10 (2.7)
Adsorption 67|14 (2.5) 40 (1.3) 122 (0.48) 22 (1.5) 8 (3.1)
Fish 61 15(2.2) 12 (2.5) 27 (1.4) 15(2.3) 15 (2.3)
Oxidative 53116 (2.0) N/A N/A 60 (0.84) 11 (2.6)
stress

Sorption 52117(1.9) 40 (1.3) 17 (1.9) 19 (1.7) 18 (2.0)
Marine 51118 (1.9) 12 (2.5) 1124 112.7) 22 (1.5)
pollution

Plastic debris 48119 (1.8) 40 (1.3) 1124 1127 25(1.4)
Surface water 47120 (1.7) N/A 122 (0.48) 40 (1.0) 16 (2.2)

TP total number of articles, N/A not available

was the most commonly employed author keyword in 2013-2020 (in 139 articles;
5.1%), followed by pollution (129; 4.8%), marine debris (110; 4.1%), and sedi-
ment (109; 4.0%). Based on the results of keywords, it can be deduced that micro-
plastics gain great attention due to environmental problems. The potential
pollution from microplastics becomes the key concern. Reports on microplastics
date back to the 1970s, and less attention was received until the beginning of the
twenty-first century (Shim et al. 2018). Motivated by the report of Thompson
et al. (2004), renewed interest over the last decade has made microplastics an
emerging research area with an emphasis on environmental pollution. Numerous
studies have been reported on microplastics in marine environment, and this is in
agreement with the keywords of marine debris. Three keywords “marine debris”,
“marine litter”, and “marine pollution” suggest that great attention is paid to
microplastics in the marine environment and the potential environmental pollu-
tion. The sources, fate, and potential impacts of microplastics are extensively
investigated in marine environments (Auta et al. 2017). Subsequently, researchers
expanded the focus to freshwater and terrestrial environments since an estimated
80% of microplastics in the marine environment derive from land (Rochman
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2018). This meets the top keywords of “sediment,” “freshwater,” and “surface
water.” “Freshwater” and “surface water” are used as author keywords since the
period of 2015-2016, and the rank of them has increased constantly, especially
for “surface water”, implying that microplastics in freshwater environment gain
increasing attention in the past several years.

With the increasing occurrence and abundance of microplastics, the potential
threats to marine life gain more interest. Microplastics are of special concern due to
their accessibility to many organisms and their potential for physical and toxicologi-
cal injury (Habibi et al. 2022). Microplastics are of special concern due to the acces-
sible size to many organisms with potential physical and toxicological injury
(Habibi et al. 2022). The keywords “ingestion,” “fish,” and “oxidative stress” reveal
great interest in the consequences of microplastics on aquatic organisms and ani-
mals. The emerging keyword “oxidative stress” since 2017 and its elevated rank
suggest in-depth research on the potential threat of microplastics. “Nanoplastics” as
an emerging keyword since 2015, and nanoplastics receive special interests owing
to the nano-specific features, such as larger surface area, more accessible size for
organisms, and difficulty in detection (Koelmans et al. 2015). “Adsorption” and
“sorption” refer to the interaction of toxic chemicals with microplastics (Wang et al.
2018), and this is a hot topic relating to the toxicity of microplastics in
environments.

The keywords “polyethylene” and “polystyrene” are related to the types of
microplastics. The existence of different microplastics has been reported in various
environments. The major polymer types of microplastics involve (1) polyethylene,
(2) polystyrene, (3) polypropylene, (4) polyethylene terephthalate, (5) polyester, (6)
polyvinyl chloride, and (7) polyamide. Fig. S1 shows the development of research
trends of the eight polymers and microplastics. Polyethylene is the most-frequently-
mentioned microplastics followed by polystyrene and polypropylene, and this
agrees well with the composition of microplastics in real environment. The number
of articles mentioning polyethylene, polystyrene, and polypropylene increased
sharply after 2016.

Microplastics in the marine environment are mainly derived from the transport of
terrestrial microplastics in the waterbody. Wastewater treat plant is a vital source of
microplastics in the waterbody, and atmosphere is also a migration pathway for
microplastics (Jiang et al. 2022c¢). The previous research on the microplastics abun-
dance focused on the natural environments, including marine, freshwater, soil, and
atmosphere environments. However, with the microplastics transportation in the
food chain, current research about the abundance of microplastics in human blood,
feces, and fetuses attracts more attention. The relationship between health and
microplastics has been emphasized. The threat of microplastics could be divided
into the direct and indirect hazards to ecosystems. In addition to the adsorption of
heavy metals, metalloids, and organic pollutants on microplastics surfaces (Wang
et al. 2021b), researchers are more interested in the combined toxicity of microplas-
tics and pollutants and the migration of microplastics into organisms. Besides, the
focus of research has gradually shifted from microplastic toxicity to aquatic organ-
isms and mice to the effects of microplastics on human health (Prata et al. 2020).

113
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Research on microplastics includes several topics: (1) the occurrence and distri-
bution of microplastics in the marine environment and global regions; (2) the inges-
tion and potential threat of microplastics to marine life and the ecological
environment; (3) the sources and transfer of microplastics from human habits; (4)
the interactions between microplastics and other toxic substances for identifying the
potential threat of microplastics; and (5) the occurrence and abundance of micro-
plastics in soil, sediments, and the atmosphere. It should be pointed out that the
identification of microplastics is highly dependent on the sampling methodology.
Research data in the initial stage may be misleading due to inappropriate sampling.
With significant advances in sampling technologies, more valuable and comparable
data can be reported (Barnes et al. 2009). With better knowledge and an in-depth
understanding of the wide existence and penitential threats of microplastics, the
control of microplastics discharge and the removal of microplastics from the envi-
ronment are becoming imperative (Wang et al. 2022; Jiang et al. 2022d).

4 Conclusion

1. A total of 4026 documents of microplastics-related studies were collected; 14
document types were involved, and articles accounting for 84% were used for
bibliometric analysis. English was the most widely used language among nine
languages.

2. The number of articles increased sharply since 2015, indicating that microplas-
tics received increasing attention in the research field. This can be ascribed to
finding a new topic or research interests about microplastics. Web of Science
category of environmental sciences was the leading category (69% of 3546 arti-
cles). This implies that microplastics become emerging pollutants and gain great
attention due to potential environmental threats. Microplastics-related research
was published in 566 journals, and the top three most productive journals
included Marine Pollution Bulletin, Environmental Pollution, and Science of the
Total Environment.

3. Of the 3536 articles on microplastics from 107 different countries, articles from
single country accounted for 72%, while the percentage of articles with international
collaborations was 28%. China was the most productive country, followed by USA,
Germany, UK, and Italy. In additional, single-institution and inter-institutionally col-
laborative articles were 33% and 67% of these microplastics-related papers. The top
3 institutes were from China, including Chinese Academy of Sciences, University of
Chinese Academy of Sciences, and East China Normal University.

4. The most impactful articles in 2020 were discussed. With the increasing occur-
rence and abundance of microplastics, the potential threats to marine life gain
more interest. The major polymer types of microplastics involve polyethylene,
polystyrene, polypropylene, polyethylene terephthalate, polyester, polyvinyl
chloride, and polyamide. The research focus and perspectives were briefly sum-
marized. This work provides insights into a better understanding of microplastics-
related research.



18 C. Wang et al.

Conflicts of Interest The authors declare no conflict of interest.

Data Availability Statement Data available on request from the authors.

References

Andrady AL (2011) Microplastics in the marine environment. Mar Pollut Bull 62(8):1596—1605

Auta HS, Emenike CU, Fauziah SH (2017) Distribution and importance of microplastics in the
marine environment: a review of the sources, fate, effects, and potential solutions. Environ Int
102:165-176

Barboza LGA, Lopes C, Oliveira P, Bessa F, Otero V, Henriques B, Raimundo J, Caetano M, Vale
C, Guilhermino L (2020) Microplastics in wild fish from North East Atlantic Ocean and its
potential for causing neurotoxic effects, lipid oxidative damage, and human health risks associ-
ated with ingestion exposure. Sci Total Environ 717:134625

Barnes DKA, Galgani F, Thompson RC, Barlaz M (2009) Accumulation and fragmenta-
tion of plastic debris in global environments. Philos. Trans. R. Soc. Lond., B, Biol. Sci.
364(1526):1985-1998

Bian K, Hu B, Jiang H, Zhang Y, Wang H, Wang C (2022) Is the presence of Cu(Il) and
p-benzoquinone a challenge for the removal of microplastics from landfill leachate? Sci Total
Environ 851:158395

Browne MA, Crump P, Niven SJ, Teuten E, Tonkin A, Galloway T, Thompson R (2011)
Accumulation of microplastic on shorelines woldwide: sources and sinks. Environ Sci Technol
45(21):9175-9179

Claessens M, De Meester S, Van Landuyt L, De Clerck K, Janssen CR (2011) Occurrence and
distribution of microplastics in marine sediments along the Belgian coast. Mar Pollut Bull
62(10):2199-2204

Cole M, Lindeque P, Halsband C, Galloway TS (2011) Microplastics as contaminants in the marine
environment: a review. Mar Pollut Bull 62(12):2588-2597

Cole M, Lindeque P, Fileman E, Halsband C, Goodhead R, Moger J, Galloway TS (2013)
Microplastic ingestion by zooplankton. Environ Sci Technol 47(12):6646—6655

Cozar A, Echevarria F, Gonzalez-Gordillo JI, Irigoien X, Ubeda B, Hernandez-Leon S, Palma AT,
Navarro S, Garcia-de-Lomas J, Ruiz A, Fernandez-de-Puelles ML, Duarte CM (2014) Plastic
debris in the open ocean. Proc Natl Acad Sci U S A 111(28):10239-10244

Eriksen M, Mason S, Wilson S, Box C, Zellers A, Edwards W, Farley H, Amato S (2013)
Microplastic pollution in the surface waters of the Laurentian Great Lakes. Mar Pollut Bull
77(1-2):177-182

Eriksen M, Lebreton LCM, Carson HS, Thiel M, Moore CJ, Borerro JC, Galgani F, Ryan PG,
Reisser J (2014) Plastic pollution in the world’s oceans: more than 5 trillion plastic pieces
weighing over 250,000 tons afloat at sea. PLoS One 9(12):e111913

Ertz M, Leblanc-Proulx S (2018) Sustainability in the collaborative economy: a bibliometric anal-
ysis reveals emerging interest. J Clean Prod 196:1073—-1085

Farrell P, Nelson K (2013) Trophic level transfer of microplastic: Mytilus edulis (L.) to Carcinus
maenas (L.). Environ Pollut 177:1-3

Fendall LS, Sewell MA (2009) Contributing to marine pollution by washing your face: microplas-
tics in facial cleansers. Mar Pollut Bull 58(8):1225-1228

FuHZ,HoYS (2015) Top cited articles in thermodynamic research. J Eng Thermophys 24(1):68-85

Fu HZ, Wang MH, Ho YS (2012) The most frequently cited adsorption research articles in the sci-
ence citation index (expanded). J Colloid Interface Sci 379(1):148-156

Gall SC, Thompson RC (2015) The impact of debris on marine life. Marine pollution bulletin,
92(1-2):170-179



Microplastic Research Publications from 1991 to 2020 19

Garfield E (1990) KeyWords Plus: 1SI’s breakthrough retrieval method. Part 1. Expanding your
searching power on current contents on diskette. Curr Cont 32:5-9

Gorsky G, Bourdin G, Lombard F et al (2019) Expanding Tara Oceans protocols for under-
way, ecosystemic sampling of the ocean-atmosphere interface during tara pacific expedition
(2016-2018). Front Mar Sci 6:750

Habibi N, Uddin S, Fowler SW, Behbehani M (2022) Microplastics in the atmosphere: a review. J
Environ Exp Assess 1:6

Hamidian AH, Ozumchelouei EJ, Feizi F, Wu C, Zhang Y, Yang M (2021) A review on the charac-
teristics of microplastics in wastewater treatment plants: a source for toxic chemicals. J Clean
Prod 295:126480

Ho YS (2012) Top-cited articles in chemical engineering in science citation index expanded: a
bibliometric analysis. Chin J Chem Eng 20(3):478-488

Ho YS (2013) The top-cited research works in the science citation index expanded. Scientometrics
94(3):1297-1312

Ho YS (2014a) Classic articles on social work field in social science citation index: a bibliometric
analysis. Scientometrics 98(1):137-155

Ho YS (2014b) A bibliometric analysis of highly cited articles in materials science. Curr Sci
107(9):1565-1572

Ho YS (2019) Bibliometric analysis of the Journal of Orthopaedic Research from 1991 to 2018.
Orthoped Res Online J 6(2):574-584

Ho YS (2020a) A comparison of new analysis results and the results in ‘Research trends in pro-
ton exchange membrane fuel cells during 2008-2018: a bibliometric analysis’ by Yonoff et al.
Heliyon 6(9):e04848

Ho YS (2020b) Rebuttal to: Ma et al. “Past, current, and future research on microalga-derived
biodiesel: a critical review and bibliometric analysis”, vol. 25, pp. 10596-10610. Environ Sci
Pollut Res 27(7):7742-7743

Ho YS (2021) A bibliometric analysis of highly cited publications in Web of Science category of
emergency medicine. Signa Vitae 17(1):11-19

Ho HC, Ho YS (2015) Publications in dance field in arts & humanities citation index: a bibliomet-
ric analysis. Scientometrics 105(2):1031-1040

Ho YS, Kahn M (2014) A bibliometric study of highly cited reviews in the science citation index
expanded™. J Assoc Inf Sci Technol 65(2):372-385

Ho YS, Satoh H, Lin SY (2010) Japanese lung cancer research trends and performance in science
citation index. Intern Med 49(20):2219-2228

Hood WW, Wilson CS (2001) The literature of bibliometrics, scientometrics, and informetrics.
Scientometrics 52(2):291-314

Hsu YHE, Ho YS (2014) Highly cited articles in health care sciences and services field in sci-
ence citation index expanded: a bibliometric analysis for 1958-2012. Methods Inf Med
53(6):446-458

Jiang H, Zhang Y, Bian K, Wang H, Wang C (2022a) Insight into the effect of aqueous species
on microplastics removal by froth flotation: kinetics and mechanism. J Environ Chem Eng
10(3):107834

Jiang H, Su J, Zhang Y, Bian K, Wang Z, Wang H, Wang C (2022b) Insight into the microplastics
release from disposable face mask: simulated environment and removal strategy. Chemosphere
309:136748

Jiang H, Luo D, Wang L, Zhang Y, Wang H, Wang C (2022c) A review of disposable facemasks
during the COVID-19 pandemic: a focus on microplastics release. Chemosphere: 137178

Jiang H, Zhang Y, Bian K, Wang C, Xie X, Wang H, Zhao H (2022d) Is it possible to efficiently
and sustainably remove microplastics from sediments using froth flotation? Chem Eng J
448:137692

Koelmans AA, Besseling E, Shim WJ (2015) Nanoplastics in the aquatic environment. Critical
review. Mar Anthr Litt:325-340

LiZ,HoYS (2008) Use of citation per publication as an indicator to evaluate contingent valuation
research. Scientometrics 75(1):97-110



20 C. Wang et al.

Li JF, Zhang YH, Wang XS, Ho YS (2009) Bibliometric analysis of atmospheric simulation trends
in meteorology and atmospheric science journals. Croat Chem Acta 82(3):695-705

Li C, Busquets R, Campos LC (2020) Assessment of microplastics in freshwater systems: a review.
Sci Total Environ 707:135578

Lonnstedt OM, Eklov P (2016) RETRACTED: environmentally relevant concentrations of micro-
plastic particles influence larval fish ecology (Retracted Article). Science 352(6290):1213-1216

Lusher AL, McHugh M, Thompson RC (2013) Occurrence of microplastics in the gastrointestinal
tract of pelagic and demersal fish from the English Channel. Mar Pollut Bull 67(1-2):94-99

Moore CJ (2008) Synthetic polymers in the marine environment: a rapidly increasing, long-term
threat. Environmental research, 108(2):131-139

Monge-Ndjera J, El Ho YS (2017) Salvador publications in the science citation index expanded:
subjects, authorship, collaboration and citation patterns. Rev Biol Trop 65(4):1428-1436

Ng KL, Obbard JP (2006) Prevalence of microplastics in Singapore’s coastal marine environment.
Mar Pollut Bull 52(7):761-767

Palmas S, Vacca A, Mais L (2021) Bibliometric analysis on the papers dedicated to microplastics
in wastewater treatments. Catalysts 11(8):913

Pauna VH, Buonocore E, Renzi M, Russo GF, Franzese PP (2019) The issue of microplastics in
marine ecosystems: a bibliometric network analysis. Mar Pollut Bull 149:110612

Prata JC, da Costa JP, Lopes I, Duarte AC, Rocha-Santos T (2020) Environmental exposure to
microplastics: an overview on possible human health effects. Sci Total Environ 702:134455

Ribeiro F, O’Brien JW, Galloway T, Thomas KV (2019) Accumulation and fate of nano-and micro-
plastics and associated contaminants in organisms. TrAC Trends Anal Chem 111:139-147

Rochman CM (2018) Microplastics research—from sink to source. Science 360(6384):28-29

Setild O, Fleming-Lehtinen V, Lehtiniemi M (2014) Ingestion and transfer of microplastics in the
planktonic food web. Environmental Pollution, 185:77-83

Shim WJ, Hong SH, Eo S (2018) Marine microplastics: abundance, distribution, and composition.
In Microplastic contamination in aquatic environments, pp 1-26

Tchuifon Tchuifon DR, Fu HZ, Ho YS (2017) Cameroon publications in the science citation index
expanded: bibliometric analysis. Rev Biol Trop 65(4):1582-1591

Thompson RC, Olsen Y, Mitchell RP, Davis A, Rowland SJ, John AW, Mcgonigle D, Russell AE
(2004) Lost at sea: where is all the plastic? Science 304(5672):838-838

Usman M, Ho YS (2020) A bibliometric study of the Fenton oxidation for soil and water remedia-
tion. J Environ Manag 270:110886

Van Cauwenberghe L, Janssen CR (2014) Microplastics in bivalves cultured for human consump-
tion. Environ Pollut 193:65-70

Van Cauwenberghe L, Vanreusel A, Mees J, Janssen CR (2013) Microplastic pollution in deep-sea
sediments. Environ Pollut 182:495-499

Von Moos N, Burkhardt-Holm P, Kohler A (2012) Uptake and effects of microplastics on cells
and tissue of the blue mussel Mytilus edulis L. after an experimental exposure. Environmental
science & technology, 46(20):11327-11335

Wambu EW, Fu HZ, Ho YS (2017) Characteristics and trends in global tea research: a science cita-
tion index expanded-based analysis. Int J Food Sci Technol 52(3):644-651

Wang MH, Ho YS (2011) Research articles and publication trends in environmental sciences from
1998 to 2009. Arch Environ Sci 5:1-10

Wang F, Wong CS, Chen D, Lu X, Wang F, Zeng EY (2018) Interaction of toxic chemicals with
microplastics: a critical review. Water Res 139:208-219

Wang C, Zhao J, Xing B (2021a) Environmental source, fate, and toxicity of microplastics. J
Hazard Mater 407:124357

Wang H, Huang W, Zhang Y, Wang C, Jiang H (2021b) Unique metalloid uptake on microplastics:
the interaction between boron and microplastics in aquatic environment. Sci Total Environ
800:149668



Microplastic Research Publications from 1991 to 2020 21

Wang C, Huang R, Sun R, Yang J, Dionysiou DD (2022) Microplastics separation and subsequent
carbonization: synthesis, characterization, and catalytic performance of iron/carbon nanocom-
posite. J Clean Prod 330:129901

Woodall LC, Sanchez-Vidal A, Canals M, Paterson GLJ, Coppock R, Sleight V, Calafat A, Rogers
AD, Narayanaswamy BE, Thompson RC (2014) The deep sea is a major sink for microplastic
debris. R Soc Open Sci 1(4):140317

Zhang Y, Jiang H, Bian K, Wang H, Wang C (2021) A critical review of control and removal strate-
gies for microplastics from aquatic environments. J Environ Chem Eng 9(4):105463



	Microplastic Research Publications from 1991 to 2020
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Documents Summary
	3.2 Language of Publications
	3.3 The Variation of Publications
	3.4 The Subject Category of Web of Science
	3.5 Analysis Based on Journals
	3.6 Analysis Based on Countries
	3.7 Analysis Based on Institutions
	3.8 The Important Articles in 2020
	3.9 Research Focuses and Their Trends

	4 Conclusion
	References


