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1.1 Introduction

Biopolymers are macromolecules that are biologically synthesized from living
organisms [1]. Biopolymers come from animals, microbes, plants, and algae. Their
abundance, low cost, expandability, and chemical structure make them promising
materials for water treatment applications [2].

It is known that for the sustainable progress and development of human society
in the twenty-first century, freshwater is essential, and its scarcity has been a ter-
rible threat [3]. So, biopolymers emerge as ideal candidates for water treatment,
besides being widely used in the literature in wastewater treatment. Other appli-
cations in the field of water and wastewater treatment are the removal of heavy
metals,environmental remediation, among many others.

Bibliometric analysis is a powerful tool to provide an outline and to summarize
results of an issue, subject, or field based on the available literature (by using quan-
titative methods), including the trends, information about authors, and sources,
among many others. Several research areas take advantage of this approach, proving
that this analysis is relevant and interdisciplinary. Some recent examples of using
bibliometric analysis are in the analysis of human–wildlife conflict [4], aerobic
digestion technology [5], consumer awareness of plastics [6], plastic effects on
marine and freshwater environments [7], open innovation and tourism relationship
[8], and multicriteria decision making [9], among many others.

In the present work, a bibliometric analysis of the use of biopolymers in water
purification was performed using Bibliometrix R-package. The analysis was focused
on the discussion of the sources, authors, affiliations, countries, publications, and
keywords, mainly showing an overview of the research area.
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1.2 Methodology

The Scopus search was performed on 6th December 2021 by using the keywords
biopolymer* AND (water purification* OR water treatment*), and resulted initially
in 2562 publications (from 1972 to 2022). All the h-index values were calculated by
Bibliometrix.

The initial result was limited to articles and reviews in English from 2002 to 2021,
resulting in 2017 publications: 1802 articles and 215 reviews. The first 2000 publica-
tions were exported to a .bib file and analyzed using Bibliometrix, an R-package.

1.3 Results

1.3.1 Bibliometric Analysis

The annual scientific production from 2002 and the subject area of the publications
are shown in Figure 1.1.

The results show that the area is interdisciplinary, with a predominance of publi-
cations in the environmental science area. Concerning the annual scientific produc-
tion, the increase in the number of publications during the period with an annual
growth rate of 19.26% can be observed. These results depict the relevance of biopoly-
mers in the water purification research field. The discussion of results will be divided
into sources, authors, affiliations, countries, publications, and keywords, which will
be discussed in sequence.

1.3.1.1 Sources
The five most relevant sources concerning the number of publications are (number
of publications in parenthesis). Water Research (130), Bioresource Technology (127),
Journal of Applied Polymer Science (64), Carbohydrate Polymers (61), and Journal
of Membrane Science (54). The dynamics of the number of publications of these
most relevant sources in the last 10 years are shown in Figure 1.2.

On the other hand, the most locally cited sources, i.e. the ones most cited from
the reference lists of the 2000 analyzed publications, are (number of citations in
parenthesis): Water Research (4987), Bioresource Technology (2669), Carbohydrate
Polymers (2288), Environmental Science and Technology (2020), and Journal of
Membrane Science (1912).

In Figure 1.2, the two most important journals in the research field of biopoly-
mers in water purification point to an increase in the annual number of publications
between 2013 and 2014, with a reduction and a tendency to stabilize by the year 2021.
The other journals show greater stability regarding the annual number of publica-
tions within the analyzed period.

All the mentioned sources are relevant in the field of biopolymers for water
purification. These journals are peer-reviewed and of high quality, providing the
authors the confidence to publish their works in these journals [10].
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(a)
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Figure 1.1 (a) Annual scientific production from 2002, and (b) subject area of the
publications.

1.3.1.2 Authors, Affiliations, and Countries
The most relevant authors of the research field according to their h-index are pre-
sented in Table 1.1.

In the list of the most important authors, Zhang W. is the one with the highest
h-index and number of publications. However, the author with the highest local
citations is Wang J. (from the reference lists of 2000 analyzed publications). The
largest number of publications of the author deals with sludge and correlated
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Figure 1.2 Dynamics of the number of publications of the most relevant sources in last
10 years.

Table 1.1 Most relevant authors of the research field of biopolymers for
water purification, with their number of publications and local citations.

Author h-Index
Number of
publications

Local
citations

Zhang W. 16 28 38
Jekel M. 13 16 5
Wang J. 13 20 46
Wang Z. 13 21 14
Chang I. 11 14 8
Vigneswaran S. 11 13 4
Wang Y. 11 18 6
Zhang L. 11 21 22
Zhang Y. 11 18 15
Zhang Z. 11 17 14

aspects. The second most important author based on Bibliometrix, Jekel M., studies
the purification of wastewater by using membrane filtration and ultrafiltration. No
consensus is shown in the literature about which of the measures is more effective
for analyzing the importance of a certain author in a given research area (the num-
ber of publications/citations or the h-index) [11]. An inaccurate interpretation of
the measure of the author’s influence may occur when the number of publications
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Figure 1.3 Country’s scientific production.

is analyzed, since in some cases the author can be at the beginning of career, whose
scientific trajectory is in growth stage [12].

The most relevant affiliations according to the number of publications are
(number of publications in parenthesis). Tsinghua University (40), China Univer-
sity of Geosciences (31), Tongji University (31), Nanyang Technological University
(27), Chinese Academy of Sciences (25), and Delft University of Technology
(25). Nanyang Technological University is from Singapore, Delft University of
Technology is from the Netherlands, and all the others are Chinese.

The country’s scientific production is shown in Figure 1.3.
In Figure 1.3, the chart shows the scientific production which is presented on a

scale of shades of blue, in which the darkest blue in the chart represents the most
productive, and gray represents the countries with no publications. Through this
general overview, it can be observed that the subject is studied across the globe,
given its importance, showing that this issue is an international concern [11, 13].
The most productive countries are (number of publications in parenthesis). China
(854), the USA (394), India (381), Brazil (283), Italy (211), South Korea (195), Canada
(171), Australia (170), Spain (165), and France (162). However, when the most cited
countries are presented, the scenario changes (number of citations in parenthesis):
China (12502), the USA (7574), France (6511), India (5183), Canada (3512), Malaysia
(3327), Italy (2580), Korea (2535), Australia (2083), and Germany (2073), being the
countries with the highest average citations per publication France (155), Serbia
(109), Switzerland (89), Hong Kong (81), Malaysia (70), Greece (69), Ethiopia (69),
Egypt (63), the USA (54), and Singapore (53). These results depict the importance of
countries such as China, the USA, and France in the literature about biopolymers
for water purification, even knowing that each country, no matter the number of
publications, plays an important role in the construction of the whole literature.

The results of the most prominent countries are in accordance with the most
important authors since the most relevant authors in the field of biopolymers for
water purification are Chinese.
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1.3.1.3 Publications
Table 1.2 brings the 10 most relevant publications (top 10) concerning the total num-
ber of local citation scores (LCS), and 10 more relevant publications according to the
total number of global citation scores (GCS). LCS refers to the documents resulting
from the Scopus search (the number of citations of publications in the local data set).
The higher the LCS, the more important the publication about biopolymers for water
purification. GCS denotes the total number of citations of publications in the Scopus
database, but the cited publications may be from fields different than biopolymers
for water purification. The analysis allows benchmark studies in the research field
of biopolymers for water purification to be identified [31].

Among the 2000 analyzed publications, the most globally cited one is Azizi Samir
et al. [14] with 1897 citations, and the most locally cited is Sheng et al. [15] with 40
citations. According to Farrukh et al. [32], the citation analysis provides the value of
the publication.

Among the top 10 GCS publications, most of them are reviews. The subjects
addressed by the authors differ greatly – Azizi Samir et al. [14] reviewed recent

Table 1.2 Citation scores of the most relevant publications.

Group Publication GCS LCS

Top 10 GCS Azizi Samir et al. [14] 1897 5
Sheng et al. [15] 1750 40
Crini [16] 1578 19
Wan Ngah et al. [17] 1460 30
Kenawy et al. [18] 1178 4
Leenheer and Croué [19] 1008 6
Renault et al. [20] 572 5
McSwain et al. [21] 567 17
Wang et al. [22] 527 1
Meng et al. [23] 517 11

Top 10 LCS Sheng et al. [15] 1750 40
Hallé et al. [24] 125 36
Tian et al. [25] 151 32
Kimura et al. [26] 132 30
Wan Ngah et al. [17] 1460 30
Zheng et al. [27] 126 24
Bala Subramanian et al. [28] 247 21
Baghoth et al. [29] 354 19
Haberkamp et al. [30] 152 19
Crini [16] 1578 19

LCS, local citation score and GCS, global citation score.
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research into cellulosic whiskers, their properties, and their application in nanocom-
posite field; Sheng et al. [15] reviewed extracellular polymeric substances (EPSs) of
microbial aggregates in biological wastewater treatment systems; Crini [16] studied
the recent developments in polysaccharide-based materials used as adsorbents in
wastewater treatment; Wan Ngah et al. [17] reviewed the adsorption of dyes and
heavy metal ions by chitosan composites; Kenawy et al. [18] reviewed the chemistry
and applications of antimicrobial polymers; Leenheer and Croué [19] featured the
organic matter dissolved in water for the better treatment of drinking water; Renault
et al. [20] reviewed chitosan for coagulation/flocculation processes; McSwain et al.
[21] analyzed the composition and distribution of EPSs in aerobic flocs and gran-
ular sludge; Wang et al. [22] studied the recent advances in regenerated cellulose
materials; and Meng et al. [23] reviewed the fouling in membrane bioreactors. All
the themes addressed in these publications have paramount importance in the field
of biopolymers for water treatment due to the high number of citations.

Concerning the top 10 LCS publications, Hallé et al. [24] studied the performance
of biological filtration as pretreatment to low-pressure membranes for drinking
water; Tian et al. [25] analyzed the correlations of relevant membrane foulants
with ultrafiltration membrane fouling in different waters; Kimura et al. [26] studied
the microfiltration of different surface waters with/without coagulation; Zheng
et al. [27] identified and quantified major organic foulants in treated domestic
wastewater, which affect filterability in dead-end ultrafiltration; Bala Subramanian
et al. [28] analyzed the EPS in the production of bacterial strains of municipal
wastewater sludge; Baghoth et al. [29] investigated the natural organic matter
(NOM) in a drinking water treatment plant using fluorescence excitation–emission
matrices and parallel factor analysis (PARAFAC); Haberkamp et al. [30] studied the
impact of coagulation and adsorption on dissolved organic carbon (DOC) fractions
of secondary effluent and resulting fouling behavior in ultrafiltration. All the cited
publications have utmost importance in the literature regarding biopolymers for
water purification, and their subject can be considered hotspots in the research
field, as can be observed in the sequence. Based on the results, it seems that the
literature is more focused on the use of biopolymers for wastewater treatment, and
the high number of citations overall (global and local), in publications addressing
membrane fouling subject, depicts its importance in the research field.

1.3.1.4 Keywords
The word cloud containing the 50 most frequently used authors’ keywords is pre-
sented in Figure 1.4.

Around 5057 authors’ keywords are present in the 2000 analyzed publications.
From this total, the most frequent are shown in the word cloud present in Figure 1.4,
in which the size of the letters represents the frequency of the keyword. It can be
observed that the keywords with the highest frequency are biopolymer and biopoly-
mers, which were expected since they were keywords used in the Scopus search.

The keywords with the highest frequency (except for the keywords biopolymer,
biopolymers, and extracellular polymeric substances that is not present due to its
length) are as follows (frequency in parenthesis): chitosan (159), adsorption (145),
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Figure 1.4 Word cloud containing the 50 most frequently authors’ keywords.

membrane fouling (96), wastewater treatment (86), water treatment (67), ultrafiltra-
tion (59), coagulation (50), EPSs (47), polysaccharides (39), and heavy metals (38).
According to Yunfeng et al. [33], the higher the frequency of a keyword, the more
research results, and the more hotspot it reflects in a given field. So, the most fre-
quent authors’ keywords depict the hotspots of the research field of biopolymers for
water purification [6].

“The deep analysis of the strongest keywords can provide a panorama of the
field” [11]. In the present work, a panorama of the literature regarding the use of
biopolymers for water purification is obtained. Like so, the literature appoints some
processes used for water purification such as microfiltration [34, 35], ultrafiltration
[36–40], adsorption [41–46], pretreatment [47, 48], flocculation [49–52], coagulation
[44, 52–54], electrospinning [55–58], reverse osmosis [59–62]; different materials
such as chitosan [17, 20, 42, 43, 49, 52, 63–78], cellulose [2, 38, 66, 79–85], nanopar-
ticles [3, 36, 38, 51, 64, 69, 71, 86, 87] (both used for water purification or their
presence in the environment as contaminants resulting from human activity, caus-
ing problems in drinking water purification [51]), lignin [46, 55, 58, 85, 88], starch
[70, 76, 77, 84, 89–91], chitin [65, 75], alginate [64, 68, 72, 80, 92], polysaccharides
[65, 75], composites [41, 45, 68, 73, 93, 94], hydrogel [78, 85, 93, 95, 96], polyhydrox-
yalkanoates [97–99]; revaluation of biomass [80, 87]; characterization [56, 74, 84,
100]; removal of arsenic [52, 86, 100–102]; membrane fouling [36]; among others.

The thematic map is presented in Figure 1.5. In the production of the map, the
parameters used were 50 as the number of words, with a minimum cluster frequency
of 10 (per 1000 documents). Based on this, the map contains 31 authors’ keywords
divided into 4 different clusters. The map presents the authors’ keywords grouped
according to the relevance and development degree of the research field. It is divided
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Figure 1.5 Thematic map.

into four quadrants: (i) motor themes, (ii) basic themes, (iii) emerging or declining
themes, and (iv) very specialized/niche themes [5].

The clusters with the highest development degree and relevance degree, i.e. the
motor themes, are the ones containing the keywords membrane fouling, ultrafiltra-
tion, and coagulation (cluster 1). However, these are only the keywords with the
highest number of occurrences; all the keywords from cluster 1 are as follows (num-
ber of occurrences in parenthesis): membrane fouling (96), ultrafiltration (59), coag-
ulation (50), EPSs (47), fouling (36), membrane bioreactor (28), NOM (28), anaerobic
digestion (22), and microfiltration (21). According to Su et al. [4], these themes play
a fundamental role in defining the structure of this field and have the highest degree
of relevance.

The keywords present in cluster 2, which are considered niche themes are (num-
ber of occurrences in parenthesis): wastewater treatment (86), flocculation (34), acti-
vated sludge (27), and EPSs (27). This cluster presents very specialized themes in the
research field of biopolymers for water treatment.

The keywords present in cluster 3, which is present in the emerging or declin-
ing quadrant, are as follows (number of occurrences in parenthesis): biopolymers
(185), polysaccharides (39), biopolymers and renewable polymers (29), mechanical
properties (28), and surface modification (26). Given their high relevance level and
the presence of these keywords in the word cloud, these themes can be considered
emerging themes. These themes require further development.

In cluster 4, i.e. the cluster present in the basic themes quadrant, the keywords
contained are as follows (number of occurrences in parenthesis): biopolymer (177),
chitosan (159), adsorption (145), water treatment (67), heavy metals (38), wastewater
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(37), cellulose (33), alginate (32), biosorption (26), and chitin (26). According to
Su et al. [4], this quadrant groups transversal, general, and basic themes, which
are important for a research field but are not highly developed. Once the research
around these keywords is further corroborated, they may turn into motor themes [5].

The conceptual structure map of the keywords according to the multiple corre-
spondence analysis (MCA) method and the dendrogram of hierarchical cluster anal-
ysis of the keywords are presented in Figure 1.6.

MCA uses measurable strategies for disentangling the complex keyword connec-
tion into few relative groups, which is based on the repetition of the coexisting rate
of two keywords [103]. The compression of large data with multiple variables forms
a two- or three-dimensional structure and the similarity between the keywords is
demonstrated by the plane distance. The proximity to the central point of the cluster
shows the relevance of the keyword, and narrow themes are near the edge [7, 10].

In Figure 1.6a, two clusters can be observed: a red and a blue. The red cluster
contains the keywords belonging to a central theme, while the blue the ones belong-
ing to other themes [104]. The red one contains a higher number of keywords, and
demonstrates, among others, some materials used for water purification and their
applications being central themes in the research field of the use of biopolymers in
water purification. The blue cluster seems to be focused on flocculation.

The keywords closer to the center point, i.e. the most popular in the literature, are
in the red cluster, anaerobic digestion, water treatment, rheology, characterization,
biopolymers, and surface modification. On the other hand, there are only keywords
on the edge in the blue cluster, which means that all of them are narrow themes. But
since the distance from keywords polysaccharide and flocculation to the center point
of the cluster are similar to those of the most popular keywords in the red cluster,
they can also be considered hotspots in the research field. It is important to mention
that all the keywords close to the center point of a cluster are trend topics in the
current literature [10]. In the red cluster, the narrow themes are kinetics, wastewater
treatment, EPS, membrane bioreactor, fouling, polymers and renewable polymers,
and arsenic.

Regarding the dendrogram, the association between the research areas can be
obtained through its analysis [105]. In Figure 1.6b, two strands can be observed, a
blue and a red, containing the keywords present in the two clusters (Figure 1.6a).
Topics with the same height present a strong connection [10] and are shown in the
dendrogram with the same background color. As an example, the keywords with the
background gray, i.e. membrane bioreactor (mbr), polysaccharide, wastewater, and
sodium alginate, have a close connection among them.

Since the dendrogram demonstrates the hierarchy of keywords, the pairs with the
highest weight are those in purple, containing the keywords fouling, microfiltration,
polysaccharides, and biomaterials. These keywords can also be considered hotspots
in the research field, as previously observed in the word cloud.

Another interesting thing to notice is that the height of the keyword wastewater
treatment is higher than the keyword water treatment. In other words, it seems that,
in the literature, the use of biopolymers has more relevance for wastewater treat-
ment, which can also be observed in the word cloud (Figure 1.4).
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Figure 1.6 (a) Conceptual structure map of the keywords according to the MCA method. (b)
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(a)

(b)

Figure 1.7 (a) Factorial maps of the publications with the highest contribution, and (b) the
most cited publications.

The factorial maps of the publications with the highest contribution and of the
most cited publications from each cluster (Figure 1.6a) are shown in Figure 1.7.

According to Figure 1.7a, the publications with the highest contribution to
the red cluster are Renault et al. [20], Buthelezi et al. [106], Salehizadeh et al.
[107], Yamamura et al. [108], and Siembida-Lösch et al. [109, 110]. Some authors
[20, 106, 107] deal with flocculation/bioflocculation from eco-friendly materials,
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and other research groups [108–110] study microfiltration, ultrafiltration, and
biofiltration processes membranes.

Even if Bibliometrix did not provide results on the publications with the high-
est contribution to the blue cluster, by limiting the search results of Scopus it was
possible to obtain the publications with the greatest contribution to the blue clus-
ter. The publications with the highest contribution to the blue cluster, according to
Scopus, are as follows: Fabris et al. [67], Kumar et al. [111], Hijnen et al. [112],
Mugesh et al. [113], and Manikandan et al. [114]. Some research groups analyzed
the use of biopolymers for drinking water [67, 111, 112], such as Fabris et al. [67],
who evaluated the use of chitosan as a natural coagulant for drinking water treat-
ment, Mugesh et al. [113] studied the defluoridation of water by using a bacterial
cellulosic material, and Manikandan et al. [114] the emerging nanostructured inno-
vative materials as adsorbents in wastewater treatment.

Concerning the most cited publications, all of them are part of the top 10 GCS
previously shown in Table 1.2 [15–17, 20, 23]. It can be observed that the most cited
publications are closer to the central point since these publications deal with the
hotspot themes.

From these results, it can be observed that chitosan, an important biopolymer
obtained from marine sources, is a significant material used for water purification
according to the literature [42, 43, 49, 52, 63, 64, 66, 68–75, 78, 115–119], as previously
observed in the word cloud results (Figure 1.4).

1.4 Conclusions

A bibliometric analysis based on the results of a Scopus search by using the key-
words biopolymer* AND (water purification* OR water treatment*) was performed
and the most recent 2000 publications (articles and reviews in English) from 2002
to 2021 were selected. The .bib document generated was analyzed by Bibliometrix
R-package. The analysis provided a general overview of the literature about biopoly-
mers for water purification.

The research field is interdisciplinary, with an annual growth rate in publications
of 19.26%. Water Research is the most locally cited journal, with the highest number
of publications as well. Concerning the most prominent authors, Zhang W. is the
one with the highest h-index and the highest number of publications, and Wang J.
is the author with the highest local citation. China is the frontrunner country, and
some of the most relevant affiliations are Chinese. Azizi Samir et al. [14] is the top
GCS publication, whereas Sheng et al. [15] is the top LCS publication.

Regarding the analysis of the authors’ keywords, the ones more frequently used
are chitosan, adsorption, and membrane fouling. Keywords with high relevance are
membrane fouling, ultrafiltration, and coagulation. Some very specialized themes
in the field are water treatment, flocculation, and activated sludge, whereas some
popular themes are anaerobic digestion, water treatment, rheology, characterization,
and surface modification. The analysis is important since it may provide a panorama
of the research field of the use of biopolymers for water purification.
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95 Erdem, S., Öztekin, M., and Sağ Aç𝚤kel, Y. (2021). Investigation of tetracycline
removal from aqueous solutions using halloysite/chitosan nanocomposites and
halloysite nanotubes/alginate hydrogel beads. Environmental Nanotechnology,
Monitoring & Management 16: 100576. https://doi.org/10.1016/J.ENMM.2021
.100576.

96 Malatji, N., Makhado, E., Modibane, K.D. et al. (2021). Removal of methylene
blue from wastewater using hydrogel nanocomposites: a review. Nanomaterials
and Nanotechnology 11: 1–27. https://doi.org/10.1177/18479804211039425.

97 Mannina, G., Presti, D., Montiel-Jarillo, G. et al. (2020). Recovery of polyhy-
droxyalkanoates (PHAs) from wastewater: a review. Bioresource Technology 297:
122478. https://doi.org/10.1016/J.BIORTECH.2019.122478.

98 Tamang, P., Arndt, C., Bruns-Hellberg, J. et al. (2021). Polyhydroxyalkanoates
production from industrial wastewaters using a mixed culture enriched with
Thauera sp.: inhibitory effect of the wastewater matrix. Environmental Technol-
ogy & Innovation 21: 101328. https://doi.org/10.1016/J.ETI.2020.101328.

99 Valentino, F., Morgan-Sagastume, F., Campanari, S. et al. (2017). Carbon recov-
ery from wastewater through bioconversion into biodegradable polymers. New
Biotechnology 37: 9–23. https://doi.org/10.1016/J.NBT.2016.05.007.

100 Sánchez, J., Dax, D., Tapiero, Y. et al. (2021). Bio-based hydrogels with ion
exchange properties applied to remove Cu(II), Cr(VI), and As(V) ions from
water. Frontiers in Bioengineering and Biotechnology 9: 656472. https://doi.org/
10.3389/FBIOE.2021.656472.

101 Batistelli, M., Mora, B.P., Mangiameli, F. et al. (2021). A continuous method
for arsenic removal from groundwater using hybrid biopolymer-iron-
nanoaggregates: improvement through factorial designs. Journal of Chemical
Technology & Biotechnology 96 (4): 923–929. https://doi.org/10.1002/JCTB.6600.

102 Kumar, I. and Quaff, A.R. (2019). Comparative study on the effectiveness of
natural coagulant aids and commercial coagulant: removal of arsenic from
water. International journal of Environmental Science and Technology 16 (10):
5989–5994. https://doi.org/10.1007/S13762-018-1980-8.

103 Ding, Y. (2011). Scientific collaboration and endorsement: network analysis
of coauthorship and citation networks. Journal of Informetrics 5 (1): 187–203.
https://doi.org/10.1016/j.joi.2010.10.008.

104 Kilicoglu, O. and Mehmetcik, H. (2021). Science mapping for radiation shield-
ing research. Radiation Physics and Chemistry 189: 109721. https://doi.org/10
.1016/J.RADPHYSCHEM.2021.109721.

105 Tran, B.X., Wong, F.Y., Huy-Pham, K.T. et al. (2019). Evolution of interdisci-
plinary landscapes of HIV/AIDS studies from 1983 to 2017: results from the
global analysis for policy in research (GAPresearch). AIDS Reviews 21 (4):
184–194. https://doi.org/10.24875/AIDSRev.19000083.

106 Buthelezi, S.P., Olaniran, A.O., and Pillay, B. (2010). Production and charac-
terization of bioflocculants from bacteria isolated from wastewater treatment



�

� �

�

References 23

plant in South Africa. Biotechnology and Bioprocess Engineering 15 (5): 874–881.
https://doi.org/10.1007/S12257-009-3002-7.

107 Salehizadeh, H., Yan, N., and Farnood, R. (2018). Recent advances in polysac-
charide bio-based flocculants. Biotechnology Advances 36 (1): 92–119. https://doi
.org/10.1016/J.BIOTECHADV.2017.10.002.

108 Yamamura, H., Okimoto, K., Kimura, K. et al. (2014). Hydrophilic fraction of
natural organic matter causing irreversible fouling of microfiltration and ultra-
filtration membranes. Water Research 54: 123–136. https://doi.org/10.1016/J
.WATRES.2014.01.024.

109 Siembida-Lösch, B., Anderson, W.B., Bonsteel, J. et al. (2014). Pretreatment
impacts on biopolymers in adjacent ultrafiltration plants. Journal – American
Water Works Association 106 (9): E372–E382. https://doi.org/10.5942/JAWWA
.2014.106.0080.

110 Siembida-Lösch, B., Anderson, W.B., Wang, Y. et al. (2015). Effect of ozone on
biopolymers in biofiltration and ultrafiltration processes. Water Research 70:
224–234. https://doi.org/10.1016/J.WATRES.2014.11.047.

111 Kumar, A.A., Som, A., Longo, P. et al. (2017). Confined metastable 2-line fer-
rihydrite for affordable point-of-use arsenic-free drinking water. Advanced
Materials 29 (7): 1604260. https://doi.org/10.1002/ADMA.201604260.

112 Hijnen, W.A.M., Schurer, R., Bahlman, J.A. et al. (2018). Slowly biodegradable
organic compounds impact the biostability of non-chlorinated drinking water
produced from surface water. Water Research 129: 240–251. https://doi.org/10
.1016/J.WATRES.2017.10.068.

113 Mugesh, S., Kumar, T.P., and Murugan, M. (2016). An unprecedented bac-
terial cellulosic material for defluoridation of water. RSC Advances 6 (106):
104839–104846. https://doi.org/10.1039/C6RA22324A.

114 Manikandan, S., Karmegam, N., Subbaiya, R. et al. (2021). Emerging
nano-structured innovative materials as adsorbents in wastewater treatment.
Bioresource Technology 320 (Pt B): https://doi.org/10.1016/J.BIORTECH.2020
.124394.

115 Ghorbani Mooselu, M., Liltved, H., and Akhtar, N. (2023). Characterization
and treatment of tunneling wastewater using natural and chemical coagulants.
Water Science and Technology 88 (10): 2547–2565. https://doi.org/10.2166/WST
.2023.363.

116 Nordin, A.H., Ngadi, N., Nordin, M.L. et al. (2023). Spent tea waste extract as a
green modifying agent of chitosan for aspirin adsorption: fixed-bed column,
modeling and toxicity studies. International Journal of Biological Macro-
molecules 253: 126501. https://doi.org/10.1016/J.IJBIOMAC.2023.126501.

117 Sarwar, T., Raza, Z.A., Nazeer, M.A. et al. (2023). Fabrication of gelatin-
incorporated nanoporous chitosan-based membranes for potential water desali-
nation applications. International Journal of Biological Macromolecules 253:
126588. https://doi.org/10.1016/J.IJBIOMAC.2023.126588.

118 Zang, X., Jiang, R., Zhu, H.Y. et al. (2024). A review on the progress of mag-
netic chitosan-based materials in water purification and solid-phase extraction



�

� �

�

24 1 A Bibliometric Analysis on the Application of Biopolymers in Water Purification

of contaminants. Separation and Purification Technology 330: 125521. https://doi
.org/10.1016/J.SEPPUR.2023.125521.

119 Zong, P., Chen, J., Yang, Y. et al. (2024). Outstanding performance of core–shell
structured chitosan-sodium alginate decorated ZIF-90 beads for the syn-
chronous purification of Pb and Co from industrial effluents. Separation and
Purification Technology 331: 125663. https://doi.org/10.1016/J.SEPPUR.2023
.125663.


