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Abstract
This study explores the characteristics of the literature on microalgae-based wastewater treatment during the past 20 years, based
on the Web of Science Core Collection database and its scientometric techniques. The results reveal that the literature on
microalgae-based wastewater treatment has grown rapidly with 2621 publications and 54,388 citations in total. Most of the
document types are journal articles, constituting 80.7% of the total records. China and the USA are the twomost active countries,
regarding the publications and cooperation in this filed from the viewpoint of the number of publishing papers, total number of
citations, and the number of multinational author papers. The Chinese Academy of Sciences is the largest institutional contrib-
utor, publishing 2.3% of the papers, followed by the Indian Institute of Technology (2.2%) and Council of Scientific & Industrial
Research (2.1%). The most publishing author is Ruan (35 papers) with the highest number of citation (2460 times). “Bioresource
Technology” is the most publishing journal with 365 published papers, while 36.2% of the total sample is published in the subject
area of “Environmental Sciences Ecology.” The most cited paper in the past 20 years is a review of the status of phosphorus
removal in wastewater by de-Bashan in 2004. Bibliometric analysis has systematically combed the development system of
microalgae-based wastewater treatment in the past 20 years and has a great potential to gain valuable insights for the future
development, which provides a supplement to the common content analysis.
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Introduction

The water resource system is an indispensable part of the
ecological civilization system. In the last few decades, the
existence of emerging contaminants in the aquatic environ-
ment has become a worldwide issue (Luo et al. 2014; Li
et al. 2020). An efficient sewage treatment system is one of
the important ways to protect water resources.

Recent advances in microalgae wastewater treatment have
offered ample opportunities to develop next-generation water
treatment processes. A variety of microalgae, including
Chlorella, Chlamydomonas, and Spirulina, have a good re-
moval effect on organic matters (Mujtaba and Lee 2017;
Mujtaba et al. 2017; Zhu et al., 2020), heavy metal ions
(Wang et al. 2010; del Rosario Martinez-Macias et al. 2019),
phenolic compound (Surkatti and Al-Zuhair 2018), and pos-
sible medical waste (Xiong et al. 2016) in sewage. On the
other hand, microalgae after sewage treatment have strong
potential economic value. Lipid in microalgae is easily con-
verted into biofuels by biological/thermochemical methods
(Zhu et al. 2018; Zhu et al. 2019), expected to alleviate the
energy crisis to a certain extent. Certain food additives can
also be produced by microalgae such as carotene, astaxanthin,
EPA, and so on (Polishchuk et al. 2015). All of these are the
unparalleled competitiveness of other conventional methods.

In brief, research in the field of microalgae wastewater
treatment is expanding from depth to breadth. Here, we pres-
ent a systematic review and bibliometric analysis on the ap-
plication of microalgae for wastewater treatment.
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Bibliometric is a branch of information science and philol-
ogy, which refers to the quantitative analysis of all knowledge
carriers using mathematical and statistical methods (Zupic and
Cater 2015). It analyzes the number of papers, the frequency
of citations, the country of publication, and other literature
information, to compare the research differences between
countries and regions at various time periods, and reveal the
development law, research status, and future trends of the field
(Bornmann andMutz 2015; Du et al. 2014;Wang et al. 2018).

This study comprehensively examines the current status
and the future of this research field through detailed review
and large-scale bibliometric analysis, providing a certain basis
for the optimization of future research directions. The contri-
bution of this study lies in the provision of valuable insights
for the future development of microalgae-based wastewater
treatment through the bibliometric analysis of publications
on the topic during the recent 20 years.

Material and methods

This search was carried out through the Web of Science Core
Collection using the “ISI Web of Knowledge” database of
Web of Science, in April 2020.

The search terms used were [TS = (microalga* OR alga*)
AND TI = (effluent OR wastewater OR waste*water OR
wasted water OR sewage OR biogas slurry)] in the
Advanced Search. Until 2020 April 10, 2954 records were
retrieved. Three hundred thirty-three invalid records focusing
on toxicological analysis were eliminated after manual screen-
ing. The remaining 2621 documents are valid samples for the
analysis, with an effective rate of 88.7%.

These search terms were determined by the expectation of
locating the most relevant papers for the special issue on
wastewater treatment by microalgae. These terms have a limit
that the title must include one or more possible pending sew-
age, while microalgae were kept broad to give a complete
picture of the research in this area as much as possible.

The scientometric analysis was firstly carried out by using
the “analyze the results” tool of the Web of Science database.
The basic information was downloaded as “document type,”
“author,” “publication year,” “countries/regions,” “organiza-
tions-enhanced,” “source title,” and “subject area.”

As a second step, supplementary information wasmanually
retrieved for the articles used like the total citation numbers
pear year, the numbers and countries of multinational author
papers, h index of authors, publishing dates and citation num-
bers of certain papers, and so on. Some data had undergone
basic calculations such as average citation numbers pear year.
If an article had multiple authors or countries, the article
would be considered as the literary work of all authors and
countries.

Finally, the most cited papers were analyzed, and the rele-
vant information was summarily recorded to measure the im-
pact of the original research found in the former steps. This
article discussed the most relevant parts of these results, rather
than posting full information in tables.

Results and discussion

Document types

Through keyword search and manual selection, a total of 2621
articles were obtained. Table 1 lists the types, numbers, and
proportions of these documents. It is notable that the sum of all
types of documents is greater than 2621, since some docu-
ments occupy multiple document types in the database. A
representative example is that the conference paper
“Progress in the biological and chemical treatment technolo-
gies for emerging contaminant removal from wastewater: A
critical review” at the 14th International Conference on
Environmental Science and Technology can be counted as
both an article and a proceeding paper. After excluding all
duplicate documents, the total number is still 2621.

According to the distribution of documents listed in
Table 1, 80.7% of the references were articles, followed by
proceeding papers and reviews, accordingly accounting for
10.4% and 5.9%. The proportion of all the other literature
types of references was notably small (2%). In this article, a
comprehensive analysis of all the abovementioned literature
types was carried out.

Historical development of the field

It is an important clue on the underlying supporting structures
and incentives by analyzing the data on the historical devel-
opment of a research field. In this part of investigation, the
following items were discussed: (1) the number of published

Table 1 The distribution of the references by the type of the document

Document type Number Number (excluded) Percentage

Article 2258 2114 80.7

Proceeding paper 274 273 10.4

Review 155 155 5.9

Meeting abstract 49 49 1.9

Early access 13 13 0.5

Correction 6 6 0.2

Editorial material 5 5 0.2

News item 3 3 0.1

Letter 2 2 0.1

Book chapter 1 1 0

2621
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papers according to the length of time, which reflected the
development of research in this field to a certain extent; (2)
the number of citations for published papers (Cn1), which
reflected the degree of attention paid to the field; and (3) the
number of citations of the papers published each year (Cn2),
which reflected the quality of the papers of the year. The
distribution of the papers by the publication year is shown in
Table 2. The analysis of publication year showed that the
number of papers on microalgae-based wastewater treatment
exponentially increased during the last 20 years.

Although there had been some research on the treat-
ment of wastewater by microalgae before 2010, both the
number of studies and their impact were stabilized in a
low level. However, as from 2010, research in this field
emerged in an endless stream, and the number of publi-
cations surged. The literature in the past 5 years (2015–
2019) accounted for 63.1% of the total. At the same time,
the number of citations for published papers also surged
in around 2010, which showed that the application of
microalgae in sewage treatment attracted more attention.
Table 2 describes that there was still a strong development
space for the research on microalgae-based wastewater
treatment because the number of papers and citations
has not reached the highest point around 2019.

It is also notable that papers published between 2010 and
2014 held the highest number of citations. Especially in 2011,
the total number of citations of published papers reached the
highest number of 6593. The average citations of the literature
in that year were also the highest in the past 20 years, reaching
75.8 times. Table 3 lists the most cited papers in 2011.
Through a brief analysis of the article, all of the five papers
were related to bioenergy without exception, which reflected
that the high attention was paid to the coupled wastewater
treatment with biofuel production by microalgae in that
period.

However, the citation frequency and average citation fre-
quency of papers published since 2015 were not as high as
2010–2014. On one hand, the number of citations of the pa-
pers was a long-term accumulation process, and excellent pa-
pers also needed time accumulation to receive a higher fre-
quency of citations. On the other hand, the quality of a paper is
determined by not only the number of citations but also its
specific research value and direction.

Most active countries

An analysis of the number of papers and citations on a national
scale was carried out to determine the most active countries.
Due to the existence of exchanges and cooperation between
countries, some papers will be calculated multiple times.

Table 4 shows that the most publishing single country was
the China with 581 papers, comprising 22.2% of the sample,
followed by the USA (386, 14.7%), India (286, 10.9%), Spain
(187, 7.1%), and Korea (144, 5.5%). It also reflects that the
USA held the highest citation number up to 12,667. The next
four countries were China (11110), India (8066), Spain
(5485), and Mexico (3636). It is notable that although South
Korea ranked fifth in the number of published papers, its total
citations were lower than Mexico during the investigation
time.

Table 4 also shows sufficient research investment and in-
centive policies in this field of China, the USA, and India,
without which it would be impossible for researchers to ac-
tively publish high-quality papers in related fields. However,
it seemed that these three countries still have a long way to
improve the overall level of articles.

Table 2 The distribution of the papers by the publication year

Publication year Paper numbers Cn1 Cn2

2019–2015 1655 (63.1%) 41,472 16,724

2014–2010 624 (23.8%) 10,611 26,287

2000–2010 342 (13.1%) 2305 15,444

1 2019 437 12,262 1073

2 2018 371 9391 2265

3 2017 318 8002 3623

4 2016 308 6699 4730

5 2015 221 5118 5033

6 2014 200 3772 5000

7 2013 167 2782 6054

8 2012 106 1743 5143

9 2011 87 1410 6593

10 2010 64 904 3497

11 2009 48 718 1985

12 2008 41 554 1706

13 2007 46 354 2858

14 2006 29 268 1437

15 2005 33 174 1259

16 2004 32 122 1858

17 2003 38 72 1199

18 2002 27 27 1459

19 2001 25 13 454

20 2000 23 3 1229

Table 3 The most cited papers in 2011

Paper reference Published date Total no. of citations

1 Pittman et al. 2011.01 752

2 Christenson and Sims 2011.11 594

3 Park et al. 2011.01 531

4 Rawat et al. 2011.10 461

5 Li et al. 2011.03Bashan 370
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The published papers and citations are only one reference
when discussing active countries. Adequate cooperation not
only has a positive effect on the promotion of research capa-
bilities, but also reflects international influence in a certain
country. Table 5 lists the top 20 number of papers completed
by scholars from multiple countries. It shows that China was
the country with the largest number of cooperation with other
countries in the world, reaching 151 times.

Among these multinational author papers, China and the
USA had the most frequent exchanges, with 73 times, ac-
counting for 24.3%, and tripled the second place (the USA
and Korea). Based on the fact that these two countries held the
highest number of published documents and the highest fre-
quency of citations in the world, these close exchanges be-
tween China and the USA not only promoted the development
of microalgae-based wastewater treatment research but also
enhanced the international reputation of both parties. It also
reflected the lack of international exchanges in India, although
its number of published papers ranked third.

Distribution of research institutions

One certain aspect of research may be carried out simulta-
neously by multiple research institutions in one country, and
thus, it is necessary to evaluate the papers published by re-
search institutions. A total of 2157 research institutions had
been screened from 2621 documents. The top 20 research

Table 4 The most publishing countries

Country Paper numbers Percentage Total no. of citations Average citations

1 China 581 22.2 11,110 19

2 USA 386 14.7 12,667 33

3 India 286 10.9 8066 28

4 Spain 187 7.1 5485 29

5 Korea 144 5.5 3211 22

6 Malaysia 133 5.1 1667 13

7 Brazil 122 4.6 1728 14

8 Australia 115 4.4 2524 22

9 Canada 89 3.4 3331 37

10 Egypt 75 2.9 2284 30

11 Mexico 72 2.7 3636 50

12 Italy 71 2.7 1190 18

13 New Zealand 59 2.2 2158 37

14 England 57 2.2 2002 35

15 Iran 55 2.1 522 9

16 Netherlands 53 2.0 1543 29

17 Japan 50 1.9 981 20

18 Germany 49 1.9 2056 42

19 Portugal 46 1.8 972 21

20 Sweden 45 1.7 833 19

Table 5 Multinational author papers top 20

Cooperation countries Paper numbers Percentage

1 China-USA 73 24.3

2 USA-Korea 20 6.7

3 China-Malaysian 18 6.0

4 China-Australia 17 5.7

5 USA-Canada 17 5.7

6 China-Japan 14 4.7

7 India-Korea 13 4.3

8 China-England 12 4.0

9 China-Finland 12 4.0

10 USA-India 12 4.0

11 China-Egypt 11 3.7

12 Korea-Egypt 11 3.7

13 USA-Mexico 10 3.3

14 Brazil-Portugal 10 3.3

15 New Zealand-Spain 9 3.0

16 Italy-Spain 9 3.0

17 China-Canada 8 2.7

18 Mexico-Spain 8 2.7

19 Spain-France 8 2.7

20 USA-Australia 8 2.7
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institutions with the number of published articles and the ci-
tations of their published papers are listed one by one in
Table 6.

It was found that the Chinese Academy of Sciences was the
most publishing institution (2.3%), followed by India Institute
of Technology (2.2%), Council of Scientific & Industrial
Research (2.1%), Harbin Institute of Technology (1.8%),
and The National Institute of Water and Atmospheric
Research with University of Minnesota (1.6%).

These results suggest that the research in this area concen-
trated in main national research centers and institutions of
higher education. As the highest academic institution of natu-
ral sciences in China, the Chinese Academy of Sciences had a
leading role in the development of this field in China, while
the other 7 Chinese universities on the Table 6 had made
indelible contributions. It is notable that a total of 15 institu-
tions (75%) in Table 6 are affiliated to China, the USA, and
India, which proves that these three countries have made irre-
placeable contributions to the development of microalgae-
based wastewater treatment.

Author distribution

Research institutions are composed of a certain number of
researchers. Based on the sample of the papers, Table 7 shows
that the top 20 publishing authors.

The most publishing authors were Ruan R (35 papers) pub-
lishing mostly in the area of energy fuels and the application in
agriculture of microalgae, followed by Munoz R (29 papers),
Craggs RJ (28 papers), Chen P (27 papers), Zhang YH, and
ZhouWG (24 papers). It is notable that Ruan Rwas the author
with the most number of citations, while Min M possessed the
highest average citations per paper.What they had in common
was that both their research concentrated in the area of biodie-
sel production from microalgae dealing with sewage.
However, it turned out to be that not all high-level research
must be related to bioenergy. For example, the research of
Craggs RJ mostly focused on water resources and
engineering.

It is admitted that there is still certain possibility that some
authors working in the fields related to microalgae-based
wastewater treatment were not included for some reasons.
So it should be cautious in interpreting findings of this table.

Most influential journals

The data from journals where researches on microalgae-based
wastewater treatment were published are also important. From
2000 to 2019, 578 journals published papers related to
microalgae wastewater treatment. The titles of the top 20 most
publishing journals and their 5-year impact factors were listed,
as shown in Table 8.

Table 6 The most publishing research institutions

Research institutions Paper numbers Percentage

1 Chinese Academy of Sciences 61 2.3

2 Indian Institute of Technology System 58 2.2

3 Council of Scientific & Industrial Research 55 2.1

4 Harbin Institute of Technology 48 1.8

5 The National Institute of Water and Atmospheric Research 41 1.6

6 University of Minnesota 41 1.6

7 University of Illinois 35 1.3

8 China Agricultural University 33 1.3

9 University of Illinois Urbana-Champaign 32 1.2

10 United States Department of Energy 30 1.2

11 Universidad de Valladolid 29 1.1

12 Shandong University 28 1.1

13 Tsinghua University 28 1.1

14 Polytechnic University of Catalonia 27 1.0

15 Nanchang University 25 1.0

16 Tongji University 24 0.9

17 University Technologic Petronas 23 0.9

18 University of California 23 0.9

19 Consejo Superior de Investigaciones Cientificas 22 0.8

20 National Cheng Kung Universit 22 0.8
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“Bioresource Technology” was the most publishing jour-
nal with 365 published papers, followed by “Water Science

and Technology” (138 papers), “Algal Research-Biomass
Biofuels and Bioproducts” (119 papers), “Water Research”

Table 7 The most publishing authors

Authors Paper numbers Total no. of citations Average citations h index

1 Ruan R 35 2460 70 19

2 Munoz R 29 968 33 16

3 Craggs RJ 28 1422 51 16

4 Chen P 27 2311 86 19

5 Zhang YH 24 614 26 11

6 Zhou WG 24 1657 69 16

7 Garcia J 21 866 41 14

8 Chang JS 20 630 32 14

9 Pei HY 19 255 13 10

10 Liu YH 18 1057 59 10

11 Min M 17 2027 119 17

12 Perales JA 17 669 39 14

13 Zhang YL 17 522 31 11

14 Zhao YJ 17 194 11 9

15 Arbib Z 16 667 42 14

16 Kim HS 16 385 24 11

17 Jeon BH 15 659 44 11

18 Lu HF 15 83 6 5

19 Bux F 14 799 57 10

20 Ferrer I 14 562 40 12

Table 8 The most publishing journals on the topic

Journal title Paper numbers Total no. of citations Five-year impact factor

1 Bioresource Technology 365 15,468 6.589

2 Water Science and Technology 138 1425 1.541

3 Algal Research-Biomass Biofuels and Bioproducts 119 1861 4.474

4 Water Research 82 4462 8.424

5 Journal of Applied Phycology 73 2084 2.828

6 Desalination and Water Treatment 62 251 1.290

7 Ecological Engineering 48 1578 3.617

8 Environmental Technology 44 330 1.848

9 Science of the Total Environment 38 951 5.727

10 Environmental Science & Technology 36 373 7.874

11 Journal of Environmental Management 35 1631 4.962

12 Journal of Cleaner Production 34 486 7.051

13 Chemical Engineering Journal 34 670 7.610

14 Journal of Hazardous Materials 30 2138 7.336

15 Applied Biochemistry and Biotechnology 27 1312 2.094

16 Chemosphere 27 602 5.089

17 Journal of Chemical Technology and Biotechnology 24 299 2.891

18 International Journal of Phytoremediation 23 260 2.290

19 Applied Energy 22 1868 8.558

20 Water Environment Research 22 215 0.991
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(82 papers), and “Journal of Applied Phycology” (73 papers).
The subject heading of Biotechnology lists the first and the
third journals of the table, suggesting that the field of bio-
energy finds a firm place in researches related to microalgae-
based wastewater treatment. Table 8 also shows that the im-
pact factors of “Bioresource Technology” and “Water
Research” in the past 5 years were accordingly 6.589 and
8.424, which indicated that the research of microalgae-based
wastewater treatment had been well spread in these two
journals.

In addition, the journals in Table 8 covered a variety of
basic sciences, such as chemistry, biology, management, and
applied sciences including biotechnology, chemical engineer-
ing, and energy, demonstrating that this field was an interdis-
ciplinary combination research. At the same time, areas fre-
quently appeared like engineering and energy also implied
that researchers had an increasing interest in the application
of the field.

Most published subject areas

The Web of Science database assigns one or more research
fields to each journal in order to use a more systematic subject
analysis and highlight the differences between disciplines.
The literature retrieved in this article was divided into 55
fields. Table 9 lists the top 20 research fields assigned to the
largest number of journals.

Table 9 shows that “Environmental Sciences Ecology”was
the area where 36.2% of the sample was published, followed
by “Engineering” (34.2%), “Biotechnology Applied
Microbiology” (32.0%), “Energy Fuels” (22.6%), and
“Agriculture” (16.1%). Although it had not entered the top
five, “Water Resources” was still the last field with a propor-
tion of more than 10% (15.8%), only 0.3% lower than
“Agriculture.”

Ecology, engineering and biotechnology ranked top three
in Table 9, fully demonstrating that microalgae-based sewage
treatment could not only be deeply explored by a theoretical
basis, but also be close to practical applications. And Energy
and agriculture ranked the fourth and fifth, which pointed out
the close aforementioned connection between the microalgae
wastewater treatment and bio-energy with aquaculture.

Twenty most-cited papers

The data on the most cited papers provide important informa-
tion on the development of the field. By reading such articles,
the depth of research in this field and the hot issues of peer
concern could be quickly obtained. The most-cited 20 papers
were determined, and the citation details for these papers were
given in Table 10 with the references of these papers listed in
refs.

Table 10 shows that de-Bashan’s review (2004) of the sta-
tus of phosphorus removal in wastewater has been most

Table 9 The subject area of the papers

Subject area Paper numbers Percentage

1 Environmental Sciences Ecology 948 36.2

2 Engineering 896 34.2

3 Biotechnology Applied Microbiology 839 32.0

4 Energy Fuels 592 22.6

5 Agriculture 422 16.1

6 Water Resources 415 15.8

7 Science Technology Other Topics 214 8.2

8 Marine Freshwater Biology 189 7.2

9 Chemistry 175 6.7

10 Biochemistry Molecular Biology 65 2.5

11 Microbiology 41 1.6

12 Plant Sciences 40 1.5

13 Materials Science 39 1.5

14 Toxicology 37 1.4

15 Fisheries 32 1.2

16 Thermodynamics 31 1.2

17 Food Science Technology 25 1.0

18 Life sciences Biomedicine Other Topics 17 0.6

19 Mechanics 17 0.6

20 Public Environmental Occupational Health 17 0.6
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frequently cited, up to 846 times. This paper was followed by
Ahluwalia (2007, 827 times) on microbial removal of heavy
metals in wastewater and the collection of biomass. It is worth
noting that three of the five articles are related to biodiesel.
Most of the highest-cited 5 papers maintained a high average
annual citation number (greater than 60); however, there were
still two articles that reached a number higher than 60. One is
Cai (2013, 68 times per year) on status about nutrient recovery
from wastewater by microalgae, while the other one is Holkar
(2016, 69 times per year) on possible approaches on textile
wastewater treatments.

In addition, Table 10 also shows that the most cited
papers are concentrated between 2010 and 2013, account-
ing for 65%. Only one highly cited document was pub-
lished in 2016, and the research content of this article was
the method of textile wastewater treatment, only mention-
ing the use of algae in biological methods to treat waste-
water. This phenomenon reflects that there is a possibility
that no widely recognized work in this field was found
recently, due to factors such as technical bottlenecks, re-
search enthusiasm, and social evaluation.

Comparative discussion

Until April 2020, there has been no published scientometric
study of research on the algae and wastewater treatment in the
scientific community, but only one publication about the

bacterial algae symbiosis system on the sewage treatment
(Qi et al. 2019). It investigated the research activities and
tendencies of algae-bacteria symbiotic wastewater treatment
technology by bibliometric method from 1998 to 2017 based
on SCI-EXPANDED database, and concluded that China and
the USA had the largest amount of publications, and the co-
operation between them is the closest in the world, which is
consistent with the conclusion of this paper. It also utilized
VOSviewer as manifestations instead of a diagram in some
cases to illustrate its opinions. Meanwhile, a critical review
and bibliometric analysis about microalga-derived biodiesel
was also analyzed by Ma et al. (2018).

In addition, there was still a part of bibliometric literature
related to sewage treatment although it had nothing to do with
microalgae. Some documents were related to what kind of
wastewater was treated. Zheng et al. evaluated industrial
wastewater treatment research from 1991 to 2014, based on
the Science Citation Index Expanded (SCIE) database and
applied a method named “word cluster analysis” to trace the
research hotspots (Zheng et al. 2015). Qian et al. carried out a
bibliometric analysis based on the science citation index ex-
panded fromWeb of Science to assess the research pattern and
tendencies of pharmaceutical wastewater treatment from 1994
to 2013 (Qian et al. 2015). Other documents focused on the
method of wastewater treatment including nanomaterials
(Zhao et al. 2018), electrochemical technology (Zheng et al.
2017), biosorption technology (Ho 2008), etc.

Table 10 The most cited papers

Paper reference Year of publication Total no. of citations Total no. of citations (before 2019) Average citations per year

1 De-Bashan and Bashan 2004 846 815 51

2 Ahluwalia and Goyal 2007 827 804 62

3 Pittman et al. 2011 752 732 73

4 Christenson and Sims 2011 594 574 64

5 Ali et al. 2012 537 518 65

6 Park et al. 2011 531 514 57

7 Cai et al. 2013 512 476 68

8 Wang et al. 2010 490 469 47

9 Rawat et al. 2011 461 440 49

10 Mehta and Gaur 2005 406 395 26

11 Chinnasamy et al. 2010 403 390 39

12 Abdel-Raouf et al. 2012 378 349 44

13 Li et al. 2011 370 349 39

14 Aslan and Kapdan 2006 360 347 25

15 Holkar et al. 2016 340 276 69

16 Margot et al. 2013 328 300 43

17 Saha and Orvig 2010 319 306 31

18 Ruiz-Marin et al. 2010 305 289 29

19 Pant and Adholeya 2007 301 291 22

20 Mallick 2002 286 282 17
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Among all the few bibliometric analysis literature, the
discussed topics covered annual output, mainstream journals,
WOS categories, major countries, institutions, and a small
number of paper discussed title analysis, author keyword anal-
ysis, and keywords plus analysis. In terms of presentation
form, tables were the most common form to visually display
data and some articles had graphs to enhance the contrast
effect at the same time.

In general, although this article was slightly single in form
of expression (only tables), the content of the discussion was
comprehensive and detailed, and comprehensively showed
the development and possible future research directions of
the field of microalgae-based wastewater treatment from
2000 to 2019.

Conclusion

Microalgae wastewater treatment is one of the most common
and highly potential wastewater treatment methods. A metro-
logical analysis of the literature on microalgae wastewater
treatment in the past 20 years provided helpful insights into
the research in this field. The results showed that the research
on microalgae wastewater treatment had grown exponentially
during the last two decades especially with the development of
the research on algae and bio-energy. China and the USA
played an essential role in the directions, depths, and contents
of this field. The results also provided valuable information on
the citations of the research on microalgae wastewater treat-
ment, which had significant impacts and further incentives for
the researchers, their institutions, and their countries to do
more influential research in this area. In addition, the literature
on microalgae wastewater treatment concentrated in ecology,
engineering, and biotechnology, which was also proved by the
most cited papers. The development of interdisciplinary fields
has a side promotion effect on the development of other basic
sciences. It is also important to note that bibliometric research
was a supplement to the other types of qualitative research
such as content analysis. It intuitively provides a more com-
plete research picture in the form of data within a certain time
frame with large number of references. Finally, it should be
admitted that due to the single source of the literature and the
continuous updating of the database, the conclusions of this
article will have certain limitations.
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