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Abstract

To clarify the current status and trends in research on quorum sensing in the field of granular
sludge, a visualization analysis was conducted based on 183 articles from the Web of Science Core
Collection and 246 articles from China National Knowledge Infrastructure (CNKI) (January 2006 to
May 2025). The results show that the number of publications has continued to grow, with a signifi-
cant acceleration after 2016. China ranked first globally with 124 publications in the Web of Science
(accounting for 68% of the total) and has formed a close collaborative network with countries such
as Australia and Canada. Research hotspots are concentrated in three areas: optimizing processes
through signaling molecules to enhance denitrification efficiency in anaerobic ammonium oxida-
tion; promoting granulation and inhibiting disintegration in aerobic granular sludge, although the
key mechanisms remain to be elucidated; the synergistic mechanism by which signaling molecules
regulate extracellular polymeric substance (EPS) secretion to promote cell aggregation and granu-
lation. Analysis of high-frequency keywords and journals indicates that research in this field is ex-
panding from mechanistic understanding toward granulation regulation, denitrification enhance-
ment, and stable operation; simultaneously, Chinese scholars have formed stable research teams
and produced high-impact results. Future research should focus on deepening the understanding
of precise regulation by signaling molecules, the mechanisms of community co-evolution, and the
development of low-energy-consumption processes. This study provides a systematic bibliometric
basis for further exploration of the research and engineering applications of quorum sensing in the
field of granular sludge.
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Figure 1. Annual publication volume statistics of quorum sensing in the field of granular sludge (Year 2006~2025)
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3.2.1. EXEIF

ST AN B AR I SCHR ORI A 32 R, S o A H AR A, B R 2R A R U R R A
KBl M WOS #Z LA 5 A1 CNKI Hs B2 oA S0 AR B 58], K 2006 4F 1 H 28 2025 4 5 JT %
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Table 1. High-frequency keywords of quorum sensing in English and Chinese literature on granular sludge
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Figure 2. Visual representation of keyword hotspots for quorum sensing in the field of granular sludge research
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3.2.2. SRILKHRIA

FES T4 G i L B, 1 R RE S $R s T 7 U A 3, ¥ AT S s 26— 2 R Ry 5 I 1) B A ) 5
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LT, MRS I8 BUAT PR X R R R AT HE P (U036 2), 206 DXk Rk 98 R G i il f iy 4 35 1D T T BB [30]

Table 2. Emergent keywords of quorum sensing in the field of granular sludge in Chinese and English literatures
Fz 2. BRI TE TR e g H 5 3L SRR SR B S R A

A ] Gl TR IR gl 2006~2025
Quorum Sensing 2010 4.35 2010 2020 - G
Biofilm formation 2011 3.81 2011 2016 B 2 ——
Homoserine lactones 2013 3.26 2013 2017 D -
Sequencing batch reactor 2015 2.74 2015 2018 —— s
Waste Water Treatment 2014 4.49 2017 2019 D —
Signal molecules 2018 3.06 2018 2019 I —
Membrane bioreactor 2019 3.29 2019 2021 [
Granulation 2014 2.79 2019 2022 & s
Aggregation 2022 2.82 2022 2025 & =
Nitrogen removal 2021 3.62 2023 2025 [ |
Hi% 2 2006 1.97 2006 2012 Ers 4
P LI 2008 3.04 2008 2015 BE = D
Y 2009 1.35 2009 2012 BN
KA E] 2014 1.53 2014 2018 D —
)il 2016 1.28 2016 2017 R —
i S e 2019 2.11 2019 2020 [ —
HE S 2019 1.60 2019 2021 a.__
iy G 2020 1.48 2020 2021 [ I—
FaE T 2021 212 2021 2023 am
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FETEH S PR oK
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Figure 3. Network diagram of international cooperative relations among countries based on WOS
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Figure 4. The top 5 journals in terms of publication volume in the research field
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Table 3. Top 10 authors and their publication volumes in WOS core collection and CNKI database
7= 3. WOS #L &5 FI CNKI BB A SCEHT 10 (I{EERHEAXE

= WOS KL i (=2 CNKI B3 &
Yaochen LI 7 B 12
Jianbo GUO 7 EX0 11
Haibo LI 7 X3Chn 6
Jianrong ZHU 7 BaliEs 5
Dongsheng SHEN 6 a2 5
Junping LYU 6 EH 5
Yi HAN 6 TE= 5
Jun LI 6 FH 5
Guangming ZHANG 6 RES 5
Huajun FENG 6 I SCHK 5
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M5, VB RIS FAE 2202 T EIIE T 240U AR AV O 7Bt . Aok G, 25T WOS 14 1E M
ELVEE, KRARKEIR: W CNKI, HA1ER AN 8 b HARXS AL, Wil 5 iR, CNKI #dEHR
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W 2% R A% 015 RUVE A [38]-[40]. WOS 1%L G £ 0 AT [RIAER W, BL Shi Wenxin (5 SCEK) L Ji (258)
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AT N AT R SC R R RTIAE R 2 o0 b B2 Feoe RN, 2 A ) 2 2 70 1 Ak U e (R e A s S
i, WA EBRIEIR A TE AR EZ KA, X — M7 CNKI i FEh 3 28] 17— B ENiE.
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BE T RE[41] [42]. B AR(2):

m=0.749x/n__ 2
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Figure 5. Shows the network diagram of scholars’ cooperative relationships in the field of granular sludge through quorum
sensing
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3.5. IR

WOS il 51 R E A BT 10 F Sk E B LA 40 Horp 3 R SCRE —1E &k B BN, ek iR [E
S WL o B AR IR T bR [FAT R 2 i . [ A S P (Shi Yahui) T iE TR VE K A B ER K
BEMER, HL:R183C (Exploiting extracellular polymeric substances (EPS) controlling strategies for per-
formance enhancement of biological wastewater treatments: An overview) #%5| 389 VX, J&i%%s i) & Ehr &
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