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Abstract:  Objective With the rapid development of industrialization and urbanization, heavy metal pollution in soil has
attracted worldwide attention. Natural soil colloids, as well as engineered nanoparticles introduced into soil by direct or indirect
pathways, play an important role in the migration and bioavailability of heavy metals. However, there is a lack of research on the
current status and frontier trends of soil colloids' effect on the behavior of heavy metals. = Method Based on the Web of
Science(WoS)core collection database, a bibliometric study on the effect of soil colloids on the behavior of heavy metals during
1990—2021 was carried out using analysis tools self-provided by WoS, HisCite citation analysis software, VOSviewer and
Citespace visual analysis software. ~ Result Results indicated that the number of publications increased steadily year by year
worldwide, with an average increase of two publications per year. The research in this field started late in China but it showed a
momentum of rapid development in recent years which may be due to a series of important measures for soil pollution control
implemented in China. The countries and research institutions with the most publications in this field were the United States and
the Chinese Academy of Sciences, respectively. Environmental Science & Technology was the most published journal. The major
subjects involved in this field were the intersection of environmental sciences and ecology. The results of keywords cluster
analysis indicated that “particle size fractionation and heavy metal speciation distribution of soil colloids”, “release, deposition of
soil colloids and adsorption of heavy metals” and “migration mechanism and migration model of soil colloids” were the
dominating research topics. Also, the first dominating research topic tended to describe the state of distribution and morphology
of heavy metals in soil with different particle sizes. Furthermore, the second and third dominating research topics tended to focus
on the dynamic process of release, migration and deposition of soil colloids, the binding effect of soil colloids on heavy metals
and their cooperative transport behavior. The current research hotspot involves the study of the behavior, migration,
transformation and bioavailability of engineered nanoparticles in soil using advanced characterization techniques such as field
flow-fractionation technology. =~ Conclusion These results provide important insights into the research direction, growing trend
and research hotspots in the field of soil colloids affecting the behavior of heavy metals. In the future, it should be prioritized that
the application of field-flow fractionation technology combined with single particle inductively coupled plasma mass
spectrometry or other technologies to further study the complex interaction between soil colloids and engineering nanoparticles.
Also, the influence on the migration and environmental fate of engineered nanoparticles is expected to be a future research

direction.

Key words: Soil colloids; Heavy metals; Web of Science; Bibliometric analysis
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Table 1 Top 10 countries of publications on soil colloids affecting
the behavior of heavy metals during 1990—2021

5P KICHE
TLCS TLCSPR TGCS TGCSPR

Country Records
%[E America 354 984 278 16173  45.69
1 [E China 218 257 1.18 3784 17.36
5% Germany 148 350 236 5808 39.24
#:[E France 131 437 334 4295 3279
Wi[E Britain 64 169 264 4981 77.83

KH. Australia 60 153 255 4625 77.08

PYPES; Spain 56 61 1.09 1448 25.86
FERA Italy 51 29 057 1420 27.84
P Russia 49 129 263 1030 21.02
Jiig X Canada 44 35 080 1785 40.57

2 All 1251 2816 225 47322 37.83

TE: TLCS: AHLBHSIHIR; TLCSPR: R4 ML 45|
WK TGCS: MERIMIK; TGCSPR: ML IIK, .
Note: TLCS: Total local citation score; TLCSPR : Total local citation
score per record; TGCS: Total global citation score; TGCSPR: Total
global citation score per record. The same as below.
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Fig. 2 National cooperation network map on soil colloids affecting
the behavior of heavy metals during 1990—2021
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Table 2 Top 10 institutes of publications on soil colloids affecting the behavior of heavy metals during 1990—2021

MUK Institution & 3CH Records  TLCS TLCSPR TGCS TGCSPR

i [ERL2#BE Chinese Academy of Sciences 60 93 1.55 1386 23.10

&P WiFl=FE Russian Academy of Sciences 27 57 2.11 489 18.11

WL K2% Zhejiang University 25 61 2.44 396 15.84

UYL m % FL AT 9 Z 514 Spanish Higher 21 36 1.71 732 34.86

Council for Scientific Research

% Ik K2 University of Florida 20 76 3.80 676 33.80

= H A FAOAFFT T United States Department 20 105 5.25 1244 62.20
of Agriculture Agricultural Research Service

BT KA: Aarhus University 18 33 1.83 400 22.22

I E KB WF58 0 French National Center 17 68 4.00 870 51.18

for Scientific Research

el k2 Huazhong Agricultural University 17 24 1.41 544 32.00

7t AT 0 Forschungszentrum Juelich 16 52 3.25 319 19.94

2F all 1251 2816 2.25 47322 37.83
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Table 3 Top 10 journals of publications on soil colloids affecting the behavior of heavy metals during 1990—2021

W2 8 HWET (54)  #mlET (2020)  HRE
TLCS TGCS
Journals Records IF (5 Years) IF (2020) Country
Environmental Science & Technology 73 422 5496 9.922 9.028 EJE|
Science of the Total Environment 58 87 1286 7.842 7.963 fif 24
Chemosphere 50 57 1424 6.956 7.086 Ea|
Geochimica et Cosmochimica Acta 41 171 2048 5.497 5.010 B3|
Geoderma 39 91 1263 6.183 6.114 fif 24
Colloids and Surfaces 35 74 844 4.039 4.539 fif 22
A-Physicochemical and Engineering
Aspects
Journal of Environmental Quality 34 121 1539 3.309 2.751 Bl
Chemical Geology 27 105 1078 4.426 4.015 fif 22
Vadose Zone Journal 27 118 1169 3.426 3.289 EH
Environmental Pollution 25 61 611 8.350 8.071 |
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Fig. 3 Subject category network on soil colloids affecting the behavior of heavy metals during 1990—2021
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Fig. 5 The evolution mapping of hotspots on soil colloids affecting the behavior of heavy metals during 1990—2021
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Fig. 6 Burst analysis of keywords on soil colloids affecting the behavior of heavy metals during 1990—2021
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