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RESUMO

The waste of electrical and electronic equipment (WEEE) has been
one of the largest and growing wastes generated in the world, turning
into a great challenge for humanity. The objective of the article was
to map the scientific production on WEEE in the last decade (2012—
2022), adopting a bibliometric analysis as a research method based
on the survey of documents obtained from the Web of Science
database. A total of 278 research and review articles were selected
for analysis, with the use of Vosviewer and RStudio software. As a
result, there was a significant increase in the number of publications
in the last decade, with 86% of articles published between 2015
and 2022. In addition, it was possible to obtain the ranking of the
most important authors, and the journals most used for publication
of articles; it was found that the Asian, European and American
continents had the greatest contribution. In the analysis of document
coupling, combined with that of keywords, the main areas connected
to WEEE currently researched were found: electronic waste recycling;
environmental impacts; sustainability; circular economy; efficient
e-waste management and e-waste recycling technologies; in addition,
the keywords “e-waste” and “polybrominated diphenyl ethers” were
the most frequent words used by the authors to represent the theme.
It can be concluded that the theme has stood out over the last few
years, with several publications providing managerial and political
implications for researchers and professionals.

Keywords: bibliometric analysis; circular economy; environmental
Impact; electronic waste; sustainability.

Os residuos de equipamentos elétricos e eletronicos (REEE) tém sido
dos maiores e crescentes residuos gerados em todo o mundo, tornando-
se um dos grandes desafios da humanidade. O objetivo do artigo foi
mapear a produgdo cientifica sobre REEE na Ultima década (2012-2022),
adotando como método de pesquisa uma analise bibliométrica com
base no levantamento de documentos obtidos da base de dados Web
of Science. O total de 278 artigos de pesquisa e revisdo foi selecionado
para analise utilizando o software Vosviewer e RStudio. Obteve-se,
como resultado, um aumento significativo nos nimeros de publicacdes
na ultima década, com 86% dos artigos publicados entre 2015 e 2022.
Além disso, foi possivel obter o ranking dos autores mais importantes e
revistas mais utilizadas para publicagdo dos artigos; constatou-se que o
continente asidtico, europeu e americano foram os que tiveram maior
contribuicdo. Na analise de acoplamento de documentos, combinada
comade palavras-chaves, constataram-se as principais areas pesquisadas
atualmente em relacdo ao REEE: reciclagem de lixo eletrénico; impactos
ambientais; sustentabilidade; economia circular; gestdo eficiente lixo
eletrdnico e tecnologias para reciclagem lixo eletrénico. além disso, as
palavras-chave “e-waste” e “polybrominated diphenyl ethers” foram
as com maior frequéncia utilizadas pelos autores para representar a
temdtica. Pode-se concluir que a tematica tem se destacado ao longo
dos ultimos anos com diversas publicagdes, fornecendo implicagGes
gerenciais e politicas para pesquisadores e profissionais.

Palavras-chave: analise bibliométrica; cconomia circular; impacto
ambiental; lixo eletrdnico; sustentabilidade.
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Bibliometric review of electro-electronic waste (WEEE) in the Web of Science database: groups’ production and main themes

Introduction

The strong inclusion of electronic equipment in our lives and the
speed at which such equipment become technologically outdated has
led to an unprecedented increase in the waste of electrical and elec-
tronic equipment (WEEE) (Perkins et al., 2014). Emerging technolo-
gies (e.g., 5G technology and virtual reality) compound the acceler-
ating rate of electronic obsolescence, generating new e-waste streams
(Shittu et al., 2021).

The electronics industry produces different types of WEEE,
which contain toxic and hazardous substances that significantly
threaten the environment and human health (Bressanelli et al., 2019).
On the other hand, e-waste contains precious metals and raw mate-
rials that, if recycled, could be useful for long-term economic and
environmental sustainability.

According to the 2020 global e-waste monitoring report (Forti
et al., 2020), e-waste production in 2019 was around 53.6 million tons,
of which 17.4% were duly collected and recycled, preventing the equiv-
alent of up to 15 million tons of carbon dioxide from being released
into the environment. The remaining 82.6% did not reach processing
units for this type of waste, indicating they were inappropriately dis-
posed of, mostly in the ecosystem. This data becomes more alarming
when estimates indicate that global electronic waste should reach 74.7
million metric tons by 2030 (Forti et al., 2020), with 80% being gener-
ated in developed countries in Europe and North America.

Southeast Asia and Africa are now some of the largest recipients of
e-waste in the world (Lepawsky, 2015). However, this data goes against
sustainability; according to a report by the International Telecommu-
nication Union, only 0.1% of e-waste is formally recycled in Africa,
which is targeting a global collection and recycling rate of 30% by 2023
(Forti et al., 2020).

Therefore, the increasing levels of electronic waste, as well as the in-
appropriate and unsafe treatment and disposal, represent significant chal-
lenges for the environment and human health. Their inadequate man-
agement contributes significantly to global warming, which makes the
intensification of scientific studies to find a better use for this waste nec-
essary, as much as sustaining public policies to properly dispose of WEEE
and mitigate the environmental impacts caused by incorrect disposal.

In the literature, several authors reported different reviews on
electronic waste that support this research. Among them are studies
on its management (Li et al., 2013; Pérez-Belis et al., 2015; Tsai et al,,
2020; Shittu et al., 2021); reverse logistic (Govindan and Soleimani,
2017; Islam and Huda, 2018; Tiirkeli et al., 2018); the production of
WEE (Ismail and Hanafiah, 2020); its recycling (Zhang and Xu, 2016);
life cycle evaluation (Ismail and Hanafiah, 2019; Corréa Nunes et al,,
2021), emphasising the challenges and opportunities in a global con-
text (Sharma et al., 2010; Ilankoon et al., 2018; Goodship et al., 2019;
Gollakota et al., 2020); or a case study of one particular country (de
Oliveira Neto et al., 2019).
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In the last 10 years, the research on WEEE has been increasing, as
demonstrated in this study. Several peer-reviewed articles have been
published in high-impact journals focusing on WEEE and its subtop-
ics. However, there are few bibliometric studies aligned with this theme
(Zhang et al., 2019). Therefore, the purpose of this work was to map the
scientific production on WEEE using bibliometrics.

This article used the Web of Science (WoS) database to retrieve
publication data in the form of ranking authors, countries, journals,
citations, and search fields as important keywords.

By mapping the domain of knowledge, this bibliometric analysis
accounted for the main terms used in scientific production on the sub-
ject, identifying research networks, research flow and relevant topics,
becoming a basis for updated guidance for future research in this area.
The results present a panoramic view of research directions and several

questions derived from documents published on the subject.

Methodology

The data was analyzed through bibliometric indicators, which took
into account both the quantitative and qualitative aspects of scientific
production, and scientometric indicators, which were used to analyze
the quantitative aspects of science. This allowed for the analysis of the
scientific productions that were included in the database (Kiicher and
Feldbauer-Durstmiiller, 2019).

The bibliometric analysis for this study was carried out gathering infor-
mation through the WoS database, and the following filters were applied:
period (2012 to 2022), type of document (article review), category (envi-
ronmental science) and language (English); on the subject of electronic
waste, reverse logistics and environmental impacts. The platform was cho-
sen because it provides access to the main citation databases in the world.

The demarcation of the articles using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (Prisma) method was con-
ducted through the systematization of four steps: identification, selec-
tion, eligibility and inclusion (Moher et al., 2009). This method is widely
used to analyze studies published in different areas of science, thus al-
lowing a systematic and integrated analysis of published scientific data.

A brief description of the steps followed for analysis can be seen

in Figure 1.

Figure 1 - Systematic flowchart search in the database.
Source: adapted from Guedes et al. (2022).
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In the identification stage, a survey was applied to the Web of
Science database — Main Collection (CLARIVATE ANALYTICS)
platform through “all fields”, with the simultaneous application of
the terms (“WEEE” OR “e-waste” OR “electronic waste” AND “re-
verse logistic” AND “environmental impact”), in order to try to
reach a greater scope. Then, in the selection stage, the initial search
was carried out in April 2022, and the following filters were applied:
period (2012 to 2022), type of document (article review); catego-
ry (environmental science); language (English). Afterwards, in the
eligibility stage, the titles and abstracts of the articles were read to
confirm their relationship with the addressed theme. Finally, in the
inclusion stage, the articles were read in full to leave only those that
matched the focus of this study.

As a result, 278 articles filled the selection criteria and were used
as the final sample for analysis. Then, the data containing information
about the articles were exported in .bib and .csv excel format to be sub-
mitted to bibliometric analysis using the Vosviewer software (1.6.17
version) and RStudio.

The Vosviewer software was used to map the bibliometric net-
works, enabling the quantitative analysis of data regarding the be-
havior of scientific production on WEEE in the analyzed period.
This method made it possible to conduct the research in a more
assertive and uniform way on specific groups (author citation, au-
thor co-citation, journal citation, country citation, bibliographic
coupling of documents and keyword co-occurrence), confirming
the study hypotheses.

In the bibliographic coupling analysis of documents, the links in-
dicate the number of shared cited references (Van Eck and Waltman,
2010), that is, when two documents cite the same document, showing
the strength of a particular publication compared to other ones (Mu-
let-Forteza et al., 2018; Cavalcante et al., 2021).

The bibliometric analysis was conducted using the R software
(Bibliometrix package). For this stage, the impact factor (IF) of to-
tal citations, index H, and the number of articles published by the
researcher were considered, which obtain citations greater than
or equal to this number, following the methodology described by
Almeida et al. (2018).

Finally, the result of the different bibliometric parameters data
mapped the bibliometric information of scientific publications in the

last decade on the proposed theme.
Results and Discussion

Evolution of publications over time

From the Web of Science database, a total of 6,637 articles
participated in the research on electronic waste and produced,
after choosing the filters, a total of 278 articles for the bibliomet-

ric analysis.
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There was an increase in the number of publications on WEEE
and its aspects in the last decade (Figure 2). Within the evaluated pe-
riod, most of the articles on the subject were published in the last sev-
en years (2015-2022). Of the total sample, 36 articles were published
before 2015, while 232 articles were published from 2015 onwards.
The peak number of articles was published in 2022 (44 articles).

The results establish an equivalence between this study and the
ones conducted by Zhang et al. (2019), Singh et al. (2021) and Concari
et al. (2022) in which this topic is considered to be of global interest.

There was a notable growth in the amount of research published from
2015 to 2022. The increase in publications in the sample period can be at-
tributed to the international agreements and directives of the United Na-
tions (UN) and public policies on WEEE (ONU, 1992, 2000, 2015; Brasil,
2010, 2020), to restrict the use of certain hazardous substances in WEEE,
aiming to reduce its environmental impact at the end of its life cycle.

Overall, the average number of citations per document was 56.3, or
about 5 citations per year per document. The observed trend showed a
decrease in the number of citations in the last two years of the study, but
the prevailing phenomenon did not indicate distancing from the scientif-
ic community over time. Therefore, the drop in 2021 and 2022 citations
does not mean a drop in reader interest, but only a brief gap between
publication and citation conversion. The number of publications and ac-

ademic involvement in the subject increased between 2015 to 2022.

Main productive authors and citations

The analysis accounted for a total of 1,024 authors, with a minimum
of four published documents (Figure 3). The most outstanding authors
in the theme (cluster 1 — red) were: Li jinhui, with 23 publications
and 1,791 citations, followed by Zeng, Xianlai, with ten publications
and 886 citations; Awasthi, Abhishek Kumar with seven publications;
and Song, Quingbin with six publications; the primary authors of these
clusters are from Tsinghua University in China. It must be highlighted
that the members of Chinese universities together, with a minimum of
five published documents, represent the majority of the total number

of authors in the sample (80%).

Figure 2 - Annual distribution, citations and average citations per year
of published articles on e-waste compiled in the Web of Science database
(2012-2022), using RStudio.
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Research by Zhang et al. (2019) also showed a correlation with this anal-
ysis, where out of a total of 6,601 authors, 14 published more than 30 articles.
The most productive authors according to the study are the Chinese, further
indicating that Chinese researchers have paid more attention to this field.

In cluster 2 — green (right side, Figure 3), the most outstanding
author was: Xu, Zhenming (Jiao Tong University, China); with ten pub-
lications and 1,103 citations; followed by He, Wenzhi (University of
Science and Technology, China), who contributed with four publica-

tions and 233 citations of the used sample.

Bibliometric analysis of co-citation between authors

A total of 14,623 authors were obtained with a co-citation relation-
ship, with a minimum of 20 citations per author, totaling 171 collabo-
rating and cooperating authors (Figure 4).

In Figure 4, the lines between authors represent their cooper-
ation links through citations, while the different colors represent
the four collaboration clusters. The main researchers in the net-
work were “Song, Qb” (cluster 3 — blue); Li (cluster 2 — green);
Leung, Aow (cluster 1 — red) and Awual, Mr (cluster 4 — yellow).

Of these authors, “Song, Qb” has the highest link and total link strength
(166/4,046 and 115 citations). Other authors were linked to one of
these main authors.

It was observed that, although some authors have a relatively low-
er link, their articles were more cited and contributed significantly to
scientific knowledge on the WEEE theme. The authors were “Zeng,
XI” (127 citations); “Cui, Jr” (90 citations); “Unep” (84 citations) and
“Islam”, with 46 citations. It is important to mention that most of these
publications focus on the environmental impact caused by the im-
proper disposal of WEEE. In recent years, researchers have focused
their attention on this topic due to its potential economic and envi-
ronmental benefits. Another prominent author was Li Jinhui (104 ci-
tations), with publications that focus on the theme of metal pollution

and waste recycling.

Main sources and its citations
The primary sources analysis indicates the predominance of jour-
nal publications in environmental science and pollution, environment

and sustainability.

Figure 3 - Map of network with the ten most influential and productive authors in waste electrical and electronic equipment research.

Figure 4 - Main authors — co-citation network map.
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A total of 51 major journals that published 229 documents on the
subject (2012-2022) were analyzed. The main ten journals account for
approximately 75.9% of the selected articles in the database, indicating
that the topic interests many journals (Figure 5).

In Figure 5, the size of the circles represents the number of publi-
cations in a journal; the wider circles imply more journal contributions
for the subject. The color of the circles shows the year of publications
on electronic waste.

The bibliometric analysis shows that the Journal of Cleaner
Production and Environmental Science and Pollution is that which
plays the most dominant and influential role on the subject, with
58 (25%) of the publications, followed by Resources Conservation
and Recycling, Waste Management, Waste Management ¢~ Research,
Science of the Environment, Environmental International, Environ-
mental Pollution and Critical Environmental Reviews with 23 (10%),
23 (10%), 16 (7%), 14 (6.1%), 10 (4.3%), 10 (4.3%), and 9 (3.9%)
articles, respectively.

The Journal of Cleaner Production collaborated with 30
(13.1%) published documents and 1,691 citations, currently oc-
cupying the rank of the journal that published the most articles
on the subject. Regarding the Waste Management Journal, with its
23 (10%) published documents and 2,914 citations, it is the most
cited journal globally, ranking first in citations, containing 154
link strengths.

It is opportune to verify the results of research carried out by Zhang
et al. (2019) and Singh et al. (2021), where the most productive jour-
nals on the subject were Waste Management (8.54%), Journal of Cleaner
Production (5.20%), Environmental Science & Technology (4.43%) and
Resources Conservation and Recycling, demonstrating that this field of

research attracted several scientific journals globally.

It could be noticed that the journals that published the most
on the subject were not necessarily the most cited. The Journal of
Cleaner Production (IF — 11.072) was considered one of the most
important journals using the bibliometric method of evaluating
scientific journals, based on received citations and articles pub-
lished by the journal, its high impact factor and academic prestige.
Next are the Journal Waste Management (IF — 8.816) and Environmen-
tal Science and Pollution Research (IF — 5.8).

Collaboration analysis

Ranking of contribution per countries/regions of the world

Figure 6 ranks the leading nations and their evolution in terms of
scientific contribution concerning WEEE during the study.

In this analysis, the larger each circle is, the greater the number of
documents that the corresponding country has. Furthermore, the thick-
er the link between circles, the more they collaborated. The distance be-
tween the clusters indicates the strength between them and how much
these authors publish in co-authorship. It appears that China and the
USA have great cooperative relationships in studies on the subject.

Figure 6, cluster (5) — lilac shows that China, USA, Pakistan and
the Netherlands are in evidence, since together they represent 38.7%
of publications.

The bibliometric network shows that the Asian continent (Chi-
na, India, Malaysia and Japan) had the greatest contribution, with
163 (41.5%) publications, followed by the European continent (Italy,
England, Germany and the Netherlands), with 77 (19.6%) publica-
tions, and the American continent (USA, Canada and Brazil), with 54
(13.7%). The other continents and countries contributed with 98 (25%)
publications, highlighting a worldwide interest in the subject.

Figure 5 - Map of main journals that publish papers concerning the waste of electrical and electronic equipment.
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Figure 6 - Map of citations per country in waste of electrical and electronic equipment research during the period of 2012 to 2022 (sample 66 countries,

minimum 3 articles per country, 392 documents — VOSviewer).

China, India, Australia, USA and Italy are leaders in research and
publications on the subject, with 106 (27%), 33 (8.4%), 28 (7.1%), 29
(7.3%) and 21 (5.3%) articles, respectively.

The developing countries contributed to this sample with a signif-
icant number of publications. China (106 publications; 27%), Malaysia
(12 publications; 3%) and Brazil (6 publications; 1.5%) contributing to
31.6% of the research, while Pakistan (7 publications; 1.8%); Turkey
(6 publications; 1.5%); Singapore (5 publications; 1.3%); Bangladesh
(6 publications; 1.5%) and Ghana (7 publications; 1.8%) contributed with
7.9% of this research. The other developing countries in the analyzed bib-
liometric network contributed with less than five publications (16.6%).

Based on the bibliometric results of this study, in the last decade,
countries around the world have studied ways to properly dispose of
WEEE, especially developed countries (USA, Japan and Russia), the
main producers of WEE, and the developing countries (China, India,
Brazil) (Forti et al., 2020).

The research conducted by Concari et al. (2022) corroborates this
study by confirming the expansion of academic influence in several
countries on the subject and the prominence of China in this field, due
to its various works on WEEE.

Bibliometric analysis: bibliographic coupling of documents

A total of 278 articles were identified as the most relevant in the
WEEE theme in the Web of Science database. The analysis results gen-
erated five article clusters, with 15,807 links in total (Figure 7).
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Figure 7 - Bibliographic coupling network of research data (VOSVIEWER).

The obtained bibliographic couplings and their influential articles
are essential to perform the qualitative content analysis and discover
the main themes and research directions.

Analysis of the most cited articles reveals several groupings indicated
by the names of the authors, as shown in Figure 7. The red cluster shows
the perspective of studies on “electronic waste recycling”. The most cited
article is that by Hahladakis et al. (2018), with an overview of chemical
plastic additives and their environmental impacts. This analysis also in-
cludes Tansel’s (2017) article on consumer electronics and e-waste.

The green cluster is characterized by numerous quotes from Kumar
et al. (2017), who address an overview of electronic waste, generation,
collection, legislation and recycling practices in his article. This set of
articles addresses some issues related to waste management using a
broader approach. For example, Islam and Huda (2018) address both
the reverse logistics of electronics, the management of this waste and

the implications of the circular economy on sustainable development.
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The blue cluster shows that the authors worry constantly about
the environmental sustainability theme. This topic has been effusively
addressed in recent articles linked to subareas of interest. The main
articles on the electronic waste management approach are from Kid-
dee et al. (2013), and, on environmental pollution and electronics recy-
cling, by Awasthi et al. (2016).

The yellow agglomerate is characterized by articles concerned
with the recycling of metals from electronic waste. The main arti-
cles are by Kaya (2016), on the recovery of metals and non-metals
from electronic waste, Zhang and Xu (2016), on the analysis of recy-
cling technologies for waste from electronic equipment. The most
cited article was Ilankoon et al. (2018), which analyzed electron-
ic waste in the international context, a review of the dangers and
management strategies.

A smaller cluster (lilac) focuses on environmental concerns
with the impacts and treatment of electronic waste in the local
and spatial dimension of recycling behavior; the main works are
Premalatha et al. (2014), on “The generation, impact and manage-
ment of electronic waste”, and Tembhare et al. (2022), on e-waste
recycling practices.

The qualitative analysis shows that Premalatha et al. (2014), Pérez-Be-
lis et al. (2015), Al-Salem et al. (2022) and Tembhare et al. (2022) are sig-
nificant, because although they still have few citations in their articles, the
strength of intensity and cooperation of their links is revealing, demon-
strating the importance of coupling data with other clusters.

The bibliometric analysis proves that articles characterized by nu-
merous references have greater influence on bibliographic coupling,
and that the five analyzed clusters have interconnections with each
other and with the subtopics presented in the keywords.

According to Zhang et al. (2019) and Singh et al. (2021), WEEE
research hotspots focused mainly on recycling technologies, environ-
mental impacts and WEEE policies, closed loop and reverse logistics;
in addition to this study, this analysis found that, over time, the fron-
tiers of research on WEEE followed an evolutionary path, including

dominant themes such as sustainability and circular economy.

Keywords analysis

In the analyzed documents, a list of predominant words and their
frequency in scientific articles were detected (1,795, minimum 5 oc-
currences), and those more prominent in the textual analysis are high-
lighted in the central area and are more extensive (Figure 8).

Figure 8 also shows that the themes with the highest occurrence in
the keywords were “e-waste” and “polybrominated diphenyl ethers’, ap-
pearing with a 107 and 61 times frequency, respectively, and being the
keywords most used as an index for the analyzed articles. The distance
between these two main keywords demonstrates the relative strength
and similarity of the topics. The circle in the same grouping color sug-
gested a similar topic among these publications. The size of the circles
represents the occurrence of the keywords; that is, the number of times

the keyword was co-selected in publications on WEEE.

Figure 8 - Chain of connectivity about the co-occurrence of keywords in articles about waste of electrical and electronic equipment (visualization based on

occurrence and periodicity).
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Regarding the statistical analysis of the titles and abstracts of the ar-
ticles in the sample, it was verified through the cloud of words (Figure 9)
that the words that stood out the most were, in order of frequency: “re-
view”, “e-waste”, “polybrominated diphenyl ethers” and “electronic waste”,
clearly showing trends in research on electronic waste.

In the word cloud of the abstracts, the words “e-waste” (793),
“waste” (532), “recycling” (454), “management” (316) and “envi-
ronmental” (277) are highlighted. Among the keywords that make
up the cloud of titles in our sample, the most significant are “re-
view” (147), “waste” (95), “recycling” (58), “electronic” (54) and

“management” (51).

Figure 9 - Title keyword cloud (RStudio — bibliometrix package).

Figure 10 - Abstract keywords cloud (RStudio — bibliometrix package).

On the networks by the co-occurrence of terms located in the ti-
tles and abstracts (Figure 10) analysis, it is observed that the synergy
between the words occurs around the words “recycling” and “e-waste”,
which are interconnected with all the other highlighted keywords.

Identifying the most recent active keywords in all these WEEE
analyses can provide researchers with the most attractive research
frontiers and areas of investigation within the explored field. The re-
sults demonstrate that the search criteria in the databases are well

aligned with the purpose of the research.

Conclusions

The bibliometric analysis of published articles on electronic waste
has grown significantly in the last ten years, revealing various themes
and perspectives.

Of the 278 articles obtained from the Web of Science database, 40%
had at least fifty citations. Among these, the five documents with the
highest number of citations were Kiddee et al. (2013), Kaya (2016),
Zhang and Xu (2016), Kumar et al. (2017) and, Hahladakis et al. (2018).

The results show that the Journal of Cleaner Production and En-
vironmental Science and Pollution are the most dominant journals in
number of publications, with approximately 25% of the total. The Jour-
nal of Cleaner Production tends to be more influential than others, with
a higher impact factor and h-index. Scientific research on the subject is
concentrated in about 66 countries. The nations with the highest vol-
ume of scientific contributions are from the Asian continent. China is
the most productive country, followed by India. “E-waste” and “poly-
brominated diphenyl ethers” were the keywords with the highest fre-
quency to represent the central theme of the study. The scientific map-
ping indicates that the main research themes on WEEE are recycling,
environmental impacts, sustainability, circular economy, efficient man-
agement and technologies for recycling electronic waste.

This research is not without limitations. First, we considered
only peer-reviewed publications and excluded books and other types
of documents. Second, we only considered the WoS database in this
study. Extracting data from other scientific databases such as Scopus
and Google Scholar, academic document types (e.g. book chapters and
conference papers), as well as non-English papers may provide further
information for future bibliometric analyses. In addition, for a more

detailed analysis, a domain review would be desirable.

Contribution of authors:

BIZERRA, M. G. C.: Conceptualization, Methodology, Data curation, Investigation; Formal Analysis; Data curation; Writing — Original Draft. SANTOS, L. A.:
Formal Analysis; Writing — Review & Editing. CORDEIRO, L. E. A.: Writing — Review & Editing. SALES, A. T.: Supervision; Writing — Review & Editing.

References

Almeida, I.C.S; Galvao, R.; Resende, L., 2018. Academic rankings and
pluralism: The case of Brazil and the new version of Qualis. EconomiA, v. 19,
(3), 293-313. https://doi.org/10.1016/j.econ.2018.03.003

Al-Salem, S.M.; Leeke, G.; El-eskandarany, M.S.; Haute, M.V.; Constatinou, A.;
Dewill, R;; Baeyens, J., 2022. On the implementation of the circular economy
route for E- waste management: A critical review and an analysis for the case

RBCIAMB | v.58 | n.3 | Sep 2023 | 342-351 - ISSN 2176-9478


https://doi.org/10.1016/j.econ.2018.03.003

Bizerra, M.G. et al.

of the state of Kuwait. Journal of Environmental Management, v. 323, 116-118.
https://doi.org/10.1016/j.jenvman.2022.116181

Awasthi, A.K;; Zeng, X.; Li, ., 2016. Relationship between e-waste recycling
and human health risk in India: a critical review. Environmental Science and
Pollution Research, v. 23, p. 11509-11532. https://doi.org/10.1007/s11356-016-
6085-7

Brasil, 2000. Implementacdo de sistema de logistica reversa de produtos
eletroeletronicos e seus componentes de uso doméstico. Decreto n°
10.240/2000, de 12 fevereiro de 2020 Accessed October 22, 2022) at:. https://
legis.senado.leg.br

Brasil, 2010. Politica nacional de residuos sélidos. Lei n° 12.305, de 2 de agosto
de 2010 Accessed October 23, 2022) at:. http://www.planalto.gov.br.

Bressanelli, G.; Perona, M.; Saccani, N., 2019. Challenges in supply chain
redesign for the Circular Economy: A literature review and a multiple case
study. International Journal of Production Research, v. 57, (23), 7395-7422.
https://doi.org/10.1080/00207543.2018.1542176

Cavalcante, W.Q.E; Coelho, A ; Bairrada, C.M., 2021. Sustainability and
tourism marketing: A bibliometric analysis of publications between 1997 and
2020 using vosviewer software. Sustainability, v. 13, (9), 4987. https://doi.
org/10.3390/su13094987

Concari, A.; Kok, G.; Martens, P,, 2020. Revisao sistematica da literatura
sobre conceitos e fatores relacionados ao comportamento pré-ambiental
do consumidor em relagdo ao gerenciamento de residuos por meio de uma
abordagem interdisciplinar. Sustentabilidade, v. 12, (11), 4452. https://doi.
0rg/10.3390/su12114452

Concari, A.; Kok, G.; Martens, P., 2022. Recycling behaviour: Mapping
knowledge domain through bibliometrics and text mining. Journal of
Environmental Management, v. 303, 114160. https://doi.org/10.1016/j.
jenvman.2021.114160

Corréa Nunes, L; Kohlbeck, E.; Hinsch Beuren, E; Borges Fagundes, A.;
Pereira, D., 2021. Life cycle analysis of electronic products for a product-
service syste. Journal of Cleaner Production, v. 314, 127926. https://doi.
org/10.1016/j.jclepro.2021.127926

Forti, V;; Baldé, C. P; Kuehr, R.; Bel, G., 2020. The global e-waste monitor
2020: Quantities, flows and the circular economy potential. ITU (Accessed
January 01, 2023) at:. https://ewastemonitor.info/wp-content/uploads/2020/11/
GEM_2020_def_julyl_low.pdf.

Forti, V.; Baldé, C. P,; Kuehr, R. Bel. G., 2020. The Global E-waste Monitor
2020: quantities, flows and the circular economy potential. Bonn/Geneva/
Rotterdam: United Nations University /United Nations Institute for
Training and Research - co-hosted SCYCLE Programme, International
Telecommunication Union & International Solid Waste Association.

Gollakota, A.R.K,; Gautam, S.; Shu, C.M., 2020. Inconsisténcias na gestao de
lixo eletronico em paises em desenvolvimento - fatos e solugdes plausiveis.
Journal of Environmental Management, v. 261, 110234. https://doi.
org/10.1016/j.jenvman.2020.110234

Govindan, K.; Soleimani, H., 2017. Uma revisdo da logistica reversa e cadeias
de suprimentos de circuito fechado: um didrio com foco na produgdo mais
limpa. Journal of Cleaner Production, v. 142, (Part 1), 371-384. https://doi.
org/10.1016/j.jclepro.2016.03.126

Goodship, V.; Stevels, A.; Huisman, J. (Eds.)., 2019. Manual de Residuos de
Equipamentos Elétricos e Eletronicos. Cambridge: Woodhead Publishing
(Accessed December 22, 2023) at:. https://doi.org/10.1016/C2016-0-03853-6

Guedes, EL.; El-Deir, S.G.; Aragdo Junior, W.R,; Jucd, J.ET.,, 2022. Analysis
of Scientific Production of Refused Derived Fuel through Scientometric and

Bibliometric Indicators. Journal of Environmental Analysis and Progress, v. 7,
(2), 52-61. https://doi.org/10.24221/jeap.7.2.2022.4509.052-061

Hahladakis, J.N.; Velis, C.A.; Eber, R.; Lacovidou, E.; Purnell, P, 2018.

An overview of chemical additives present in plastics: Migration, release,
fate and environmental impact during their use, disposal and recycling.
Journal of Hazardous Materials, v. 344, 179-199. https://doi.org/10.1016/].
jhazmat.2017.10.014

Ilankoon, I; Ghorbani, Y.; Chong, M.; Herath, G.; Moyo, T.; Petersen,

J., 2018. E-waste in the international context — A review of trade flows,
regulations, hazards, waste management strategies and technologies for
value recovery. Waste Management, v. 82, 258-275. https://doi.org/10.1016/j.
wasman.2018.10.018

Islam, M.D.T.; Huda, N., 2018. Reverse logistics and closed-loop supply
chain of Waste Electrical and Electronic Equipment (WEEE)/E-waste: A
comprehensive literature review. Resources, Conservation and Recycling, v.
137, 48-75. https://doi.org/10.1016/j.resconrec.2018.05.026

Ismail, H.; Hanafiah, M.M., 2019. An overview of LCA application in WEEE
management: Current practices, progress and challenges. Journal of Cleaner
Production, v. 232, p. 79-93, https://doi.org/10.1016/j.jclepro.2019.05.329

Ismail, H.; Hanafiah, M.M., 2020. Uma revisao da geragao e gestdo sustentavel
de lixo eletronico: perspectivas presentes e futuras. Journal of Environmental
Management, v. 264, 110495. https://doi.org/10.1016/j.jenvman.2020.110495

Kaya, M., 2016. Recovery of metals and nonmetals from electronic waste by
physical and chemical recycling processes. Waste Management, v. 57, 64-90.
https://doi.org/10.1016/j.wasman.2016.08.004

Kiddee, P; Naidu, R.; Wong, M.H., 2013. Electronic waste management
approaches: An overview. Wast Management, v. 33, (5), 1237-1250. https://doi.
org/10.1016/j.wasman.2013.01.006

Kiicher, A.; Feldbauer-Durstmiiller, B., 2019. Organizational failure and
decline — A bibliometric study of the scientific frontend. Journal of Business
Research, v. 98, 503-516. https://doi.org/10.1016/j.jbusres.2018.05.017

Kumar, A.; Holuszko, M.; Espinosa, D.C.R., 2017. E-waste: An overview
on generation, collection, legislation and recycling practices. Resources,
Conservation and Recycling, v. 122, 32-42. https://doi.org/10.1016/j.
resconrec.2017.01.018

Lepawsky, J., 2015. “The changing geography of global trade in electronic
discards: Time to rethink the e-waste problem. The Geographical Journal, v.
181, (2), 147-159. https://doi.org/10.1111/ge0j.12077

Li, J.; Lopez, B.N,; Liu, L.; Zhao, N.; Yu, K.; Zheng, L., 2013.Regional or global
WEEE recycling. Where to go? Waste Management, v. 33, 923-934. https://doi.
org/10.1016/j.wasman.2012.11.011

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G., 2009. Reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Medicine,
v. 6, (7), 264-269. https://doi.org/10.1371/journal.pmed.1000097

Mulet-Forteza, C.; Martorell-Cunill, O.; Merigé, JM; Genovart-Balaguer,
J.; Mauleon-Mendez, E., 2018. Twenty five years of the journal of travel &
tourism marketing: a bibliometric ranking. Journal of Travel & Tourism
Marketing, v. 35, (9), 1201-1221. https://doi.org/10.1080/10548408.2018.
1487368

Organizagao das Nagoes Unidas (ONU), 1991. CNUNMA - Conferéncia
das Nagoes Unidas sobre Meio Ambiente e Desenvolvimento. Agenda 21.
Washington: ONU (Accessed January 03, 2023) at:. https://nacoesunidas.org

Organizagao das Nagoes Unidas (ONU), 2015. A ONU e o meio ambiente
(Accessed January 03, 2023) at:. https://nacoesunidas.org/acao/meio-
ambiente/.

RBCIAMB | v.58 | n.3 | Sep 2023 | 342-351 - ISSN 2176-9478


https://doi.org/10.1016/j.jenvman.2022.116181
https://doi.org/10.1007/s11356-016-6085-7
https://doi.org/10.1007/s11356-016-6085-7
https://legis.senado.leg.br
https://legis.senado.leg.br
http://www.planalto.gov.br
https://doi.org/10.1080/00207543.2018.1542176
https://doi.org/10.3390/su13094987
https://doi.org/10.3390/su13094987
https://doi.org/10.3390/su12114452
https://doi.org/10.3390/su12114452
https://doi.org/10.1016/j.jenvman.2021.114160
https://doi.org/10.1016/j.jenvman.2021.114160
https://doi.org/10.1016/j.jclepro.2021.127926
https://doi.org/10.1016/j.jclepro.2021.127926
https://ewastemonitor.info/wp-content/uploads/2020/11/GEM_2020_def_july1_low.pdf
https://ewastemonitor.info/wp-content/uploads/2020/11/GEM_2020_def_july1_low.pdf
https://doi.org/10.1016/j.jenvman.2020.110234
https://doi.org/10.1016/j.jenvman.2020.110234
https://doi.org/10.1016/j.jclepro.2016.03.126
https://doi.org/10.1016/j.jclepro.2016.03.126
https://doi.org/10.1016/C2016-0-03853-6
https://doi.org/10.24221/jeap.7.2.2022.4509.052-061
https://doi.org/10.1016/j.jhazmat.2017.10.014
https://doi.org/10.1016/j.jhazmat.2017.10.014
https://doi.org/10.1016/j.wasman.2018.10.018
https://doi.org/10.1016/j.wasman.2018.10.018
https://doi.org/10.1016/j.resconrec.2018.05.026
https://doi.org/10.1016/j.jclepro.2019.05.329
https://doi.org/10.1016/j.jenvman.2020.110495
https://doi.org/10.1016/j.wasman.2016.08.004
https://doi.org/10.1016/j.wasman.2013.01.006
https://doi.org/10.1016/j.wasman.2013.01.006
https://doi.org/10.1016/j.jbusres.2018.05.017
https://doi.org/10.1016/j.resconrec.2017.01.018
https://doi.org/10.1016/j.resconrec.2017.01.018
https://doi.org/10.1111/geoj.12077
https://doi.org/10.1016/j.wasman.2012.11.011
https://doi.org/10.1016/j.wasman.2012.11.011
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1080/10548408.2018.1487368
https://doi.org/10.1080/10548408.2018.1487368
https://nacoesunidas.org
https://nacoesunidas.org/acao/meio-ambiente/
https://nacoesunidas.org/acao/meio-ambiente/

Bibliometric review of electro-electronic waste (WEEE) in the Web of Science database: groups’ production and main themes

Organizagdo das Nagdes Unidas (ONU), 2020. China e Estados Unidos
lideram lista de paises que mais geram lixo eletronico. Clima e meio
ambiente (Accessed January 03, 2023) at:. https://news.un.org/pt/
story/2020/07/1719142.

Pérez-Belis, V.; Bovea, M.D,; Ibaniez-Forés, V., 2015. An in-depth literature
review of the waste electrical and electronic equipment context: Trends
and evolution. Waste Management & Research, v. 33, (1), 3-29. https://doi.
org/10.1177/0734242X14557382

Perkins, D.N.; Drisse, N.B.; Nxele, T; Sly, PD., 2014. E-Waste: A Global
Hazard. Icahn School of Medicine at Mount Sinai. Annals of Global Health, v.
80, 286-295. https://doi.org/10.1016/j.a0gh.2014.10.001

Premalatha, M.; Abbasi, T.; Abbasi, T.; Abbasi, S., 2014. The generation,
impact, and management of e-waste: State of the art. Critical Reviews in
Environmental Science and Technology, v. 44, (14), 1577-1678. https://doi.org/
10.1080/10643389.2013.782171

Sharma, M.; Joshi, S.; Kumar, A., 2020. Assessing enablers of e-waste
management in circular economy using DEMATEL method: An Indian
perspective. Environmental Science and Pollution Research, v. 27, (12), 13325-
13338. https://doi.org/10.1007/s11356-020-07765-w

Shittu, O.S.; Williams, I D.; Shaw, PJ., 2021. Global E-waste management:
Can WEEE make a difference? A review of e-waste trends, legislation,
contemporary issues and future challenges. Waste Management, v. 120, 549-
563. https://doi.org/10.1016/j.wasman.2020.10.016

Singh, S.; Trivedi, B.; Dasgupta, M. S.; Routroy, S., 2021. A bibliometric
analysis of circular economy concept in E-waste research during the period
2008-2020. Materials Today: Proceedings, v. 46, (Part 17), 8519-8524. https://
doi.org/10.1016/j.matpr.2021.03.525

351

Tansel, B., 2017. From electronic consumer products to e-wastes: Global
outlook, waste quantities, recycling challenges. Environnent international, v.
98, 35-45. https://doi.org/10.1016/j.envint.2016.10.002

Tembhare, S.P.; Bhanvase, B.A.; Barai, D.P; Dhoble, S.J., 2022. E-waste
recycling practices: a review on environmental concerns, remediation
and technological developments with a focus on printed circuit boards.
Environment, Development and Sustainability, v. 24, 1-83. https://doi.
0rg/10.1007/s10668-021-01819-w

Tsai, EM; Bui, T.-D.; Tseng, M.-L.; Lim, M.K.; Hu, ., 2020. Municipal solid
waste management in a circular economy: A data-driven bibliometric analysis.
Journal of Cleaner Production, v. 275, p. 124132. https://doi.org/10.1016/j.
jclepro.2020.124132

Tiirkeli, S.; Kemp, R.; Huang, B.; Bleischwitz, R.; McDowall, W,, 2018.
Circular economy scientific knowledge in the European Union and China:
A bibliometric, network and survey analysis (2006-2016). Journal of
Cleaner Production, v. 197, (Part 1), 1244-1261. https://doi.org/10.1016/j.
jclepro.2018.06.118

Van Eck, J.N.; Waltman, L., 2010. Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics, v. 84, 523-538. https://doi.
0rg/10.1007/s11192-009-0146-3

Zhang, L.; Xu, Z., 2016. A review of current progress of recycling technologies
for metals from waste electrical and electronic equipment. Journal of Cleaner
Production, v. 127, 19-36. https://doi.org/10.1016/j.jclepro.2016.04.004

Zhang, Y.; Geng, Y.; Zhong, Y.; Dong, H.; Liu, Z., 2019. Uma anilise
bibliométrica da pesquisa de residuos eletroeletronicos. Environmental
Science and Pollution Research, v. 26, 21098-21108. https://doi.org/10.1007/
s11356-019-05409-2

RBCIAMB | v.58 | n.3 | Sep 2023 | 342-351 - ISSN 2176-9478


https://news.un.org/pt/story/2020/07/1719142
https://news.un.org/pt/story/2020/07/1719142
https://doi.org/10.1177/0734242X14557382
https://doi.org/10.1177/0734242X14557382
https://doi.org/10.1016/j.aogh.2014.10.001
https://doi.org/10.1080/10643389.2013.782171
https://doi.org/10.1080/10643389.2013.782171
https://doi.org/10.1007/s11356-020-07765-w
https://doi.org/10.1016/j.wasman.2020.10.016
https://doi.org/10.1016/j.matpr.2021.03.525
https://doi.org/10.1016/j.matpr.2021.03.525
https://doi.org/10.1016/j.envint.2016.10.002
https://doi.org/10.1007/s10668-021-01819-w
https://doi.org/10.1007/s10668-021-01819-w
https://doi.org/10.1016/j.jclepro.2020.124132
https://doi.org/10.1016/j.jclepro.2020.124132
https://doi.org/10.1016/j.jclepro.2018.06.118
https://doi.org/10.1016/j.jclepro.2018.06.118
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1016/j.jclepro.2016.04.004
https://doi.org/10.1007/s11356-019-05409-2
https://doi.org/10.1007/s11356-019-05409-2

