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Abstract:  Objective This work was performed to understand the research status, hot spot and development trend on
remediation of heavy metals in agricultural soils all over the world. Meanwhile, it could objectively reflect the academic level and
international influence of relevant countries, institutions and scholars, etc. in this field. Method We employed the Web of

Science core collection database (WoS), together with the analysis tools self-provided by WoS, HistCitecitation analysis software
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and VOSviewer software to conduct bibliometric analysis of the literatures on immobilization of heavy metals in agricultural
soil.The data were retrieved from the literatures published during the period of 1990-2019. Result Results showed that a total of
3376 articles related to immobilization/stabilization of heavy metal pollution in farmland soil were retrieved, and the quantity of
publications increased steadily year by year worldwide. The top three countries in number of publications are China, the United
States and Spain, and China ranks first in volume of publications, accounting for 28.79%.The Chinese Academy of Sciences,
Consejo Superior de Investigaciones Cientificas, University of Florida and Zhejiang University are the major paper-publishing
institutions, which have remarkable scientific research level and influence in this field. Particularly, Chinese Academy of Sciences
has the highest number of publications and citation frequency, publishing 224 articles with total local citation score 1276 times.
Major publishers include Environmental Science and Pollution Research, Chemosphere, Science of the Total Environment,
Journal of Hazardous Materials, etc. The passivants include mainly sludge, biochar, red mud, compost, phosphate, lime, and etc.
And the research on metal immobilization/stabilization in agricultural soils mainly focuses on the bioavailability of heavy metals.
Cadmium, lead, copper, zinc and arsenic are the main concerned heavy metals. Conclusion This study would help researchers in

this field to grasp the development trend and hotspots accurately, and provide important insights and references for future research.
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Fig. 1 Quantity of publications on immobilized remediation of heavy metals contaminated soil from 1990-2019
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Table 1 Top 10 journals of publications on immobilization of heavy metal contaminated soils
EURIEA RS Shed IF IF Hi h
TLCS"  TGCS”

Journals Records/f% Proportion/% (5Year) (2018)  Country
Environmental Science and Pollution Research ~ 201 5.95 741 2342 3.208 2914 1 |
Chemosphere 155 4.59 2177 7673 5.089 5.108 |
Science of the Total Environment 147 4.35 522 4000 5.727 5.589 fif 22
Journal of Hazardous Materials 144 4.27 1406 6329 7.336 7.650 fif 22
Water, Air, & Soil Pollution 106 3.14 315 1870 1.963 1.774 fif 22
Environmental Pollution 90 2.67 1371 6343 6.152 5.714 |
Journal of Soils and Sediments 86 2.55 337 1014 3.011 2.669 7
Ecotoxicology and Environmental Safety 77 2.28 497 1561 4.640 4.527 kS|
Journal of Environmental Management 71 2.10 355 1550 4.962 4.865 kS|
Journal of Environmental Quality 69 2.04 646 2817 2.875 2.579 B

e 1) TLCS: AMLEHBIMIK; 2) TGCS:
Global Citation Score. The same below.

23 FTEMHRHE
231 K CHEZE M SCI Wi 5318 SC ) %= A

B IR o n] A — 2 RR B L — A R B
B KSEFs i Sy U020 | SR, PHBES . M
RANAF 101 ANEFK KRR T A AR M+ E 4 R4l
A Z BT 3. 1830 & BB AT 07 1) [ 5
E L SEEL PP WOKRNE ., HE . SEE . Ep
JE . OROKM . B R E, XHANER A
BN 2890 &, A EER 86.32%., HrpHEm
KRS —, H 964 F, s T Hith FH &
hi K SCE Y 28.79% (£ 2), s T IR IETER H 4 4%
4 BTG Y B 2 A T M, [ BR E
HR TR A FH - 49 4 T v e (] A IR AOR

=
o

RGN

TIAl. Note: 1) TLCS: Total Local Citation Score; 2 ) TGCS: Total

B SCRRE R . TLCS HEFP i34 8 T v Hoi
AEHA E 5, HoArqk M 4 5 4 8 00l Ak 15 & 4k
WFF 3 MG K HAL Ty . s A, FRE
HEE &R IS Y B E W R SCR R, R
YRR T 26 [ L Y55 0 5 DI R AR 3% Sk 42 R P2
KSR 3 B R [ A BHIE A 51T JLAE SR A 40
SO, RIS e S i B’ 2 I
4 8 5 Y Bl b 18 A2 40 I R S R % R IR
AIEXRRE, BB B RN R R A R kS,
HELIE B RN E R MBS EB IR, PR8N,
FoRAGEBREY . NEEH 48 MEREAERY)
LR ) Pz S kR, o E SR -
36 MEKIEA BV EE

http://pedologica.issas.ac.cn



28 XIS 5 Y A B R AL BOR TR

JLT Web of Science HURIERII TR 449

*2 IRESRSEAHUEENRAIEHR TOP10 HEK

Table 2 Topl0 countries in volume of publications on immobilization of heavy metal contaminated soils
[EP3 R it

TLCS TGCS

Country Records/f Proportion%
#[# China 964 28.79 4457 18 590
% H USA 502 14.99 3181 16 118
VP Spain 322 9.62 1427 9 084
RKFE Australia 184 5.50 1516 7245
[ South Korea 175 5.23 1615 5621
BE[E UK 168 5.02 1719 8235
ENE India 165 4.93 1035 5279
BAF Ttaly 140 4.18 969 4171
M JEH3H Pakistan 138 4.12 919 3702
% [# France 132 3.94 617 3125

Taiwan @€

E: Weights=Documents; [AREI/PFRRERECH; ARBERRARERLE, 3o PRI A 1 624 Sk, HEAMNER

408 5% 4k, Note: Weights = Documents; Thesize of the circle indicates the number of publications sent by the country; Different colors

represent different clusters, and there are 6 clusters in total. The figure shows only 408 lines out of a total of 1 624.

B2 1990—2019 4F - E G i ¥ Y i A S 40 o 22 K ST ¢ A L W) 451 56 2R A i

Fig. 2 Collaborative relationships between important countries in the field of immobilization of heavy metal contaminated soils from 1990 to 2019
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Table 3 ToplO institutes in volume of publications on immobilization of heavy metal contaminated soils

HL# Institution H1 44 Chinese name &3 Records/fs 5 Eb Proportion% — TLCS TGCS
Chinese Academy of Sciences rh E R B 224 6.69 1276 4706
Consejo Superior de InvestigacionesCientificas P PEA 15 55 Bl #5125 01 &5 84 2.51 446 3071
University of Chinese Academy of Sciences o ERLE R 63 1.88 120 507
University of Florida % Bk K 2E 59 1.76 554 2156
Zhejiang University LR 58 1.73 181 1055
Kangwon National University VL 37 R 54 1.61 990 3175
University of Agriculture, Faisalabad BRI KA 50 1.49 258 959
Korea University [STIPNES 39 1.16 291 773
University of Vigo AR 39 1.16 93 566
Ministry of Agriculture hE P AT ER AL ER ) 37 1.11 185 564
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¥ : Weights=Documents; [FEK/NERRIHG K SCiE, ARIBEARRARERSE, 11 AR WA 412 K%L, Note: Weights
= Documents; The size of the circlerepresents the number of publications sent bythe institution; Different colors represent different clusters,

with a total of 11 clusters. There are 412 connections.
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Fig. 3 Collaborative relationships between important institutions in the field of immobilization of heavy metal contaminated soils from 1990 to 2019
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Table 4 ToplO authors of total local citation score on immobilization of heavy metal contaminated soils

YE#& Author [E % Country H 8 %% H-index & SCH: Records/fi TLCS TGCS
Ok YS e 54 65 1022 3300
Bolan N WRRH I 57 44 920 3318
Lee SS i [ 30 19 628 2075
Ahmad M bR R NA S| 28 17 533 1861
Cao XD [ 41 15 367 990
Moon DH i [ 26 15 338 679
Wang HL h 32 21 322 888
Mench M e e 45 22 296 996
Park JH WAL 13 20 293 865
Singh RP Bz 18 17 289 1174
meng, jun
xu, jianming
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f‘%o VOSviewer

E: Weights=Citations; 19 RFRIEHR ; TR A/NRIRSCERE I SEEREBE J 5 A1 30, RIMES A 5 FSCa, SCREwT1
WA 30 K ; AFEBIEACEARFRZE, 4 1620 4%k, WAL ER 524 4ki%4k . Note: Weights = Citations; The node represents the author;
The node size represents the cited frequency of the article. The parameter threshold is set as 5 and 30, that is, the author has at least 5 articles and the

articles are cited at least 30 times. Different colors represent different clusters, and there are 1 620 lines. This figure only shows 524 lines.
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Fig. 4 Collaborative relationships between important authors in the field of immobilizationof heavy metal contaminated soils from 1990 to 2019
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figuresrepresents the published year, parallel to the year of the circle represents the published literature,, andthe circle number is the number of LCS in

3 348 references, size of the circle can be used to analyze the citation frequency ( the larger the circle indicates the higher the citation frequency ), it is

proportional to the values of the LCS, through the arrows between circles analysis the relationship between references.
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Fig. 5 Top30 highly cited papers in the field of immobilization of heavy metal contaminated soils from 1990 to 2019
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Table 5 Topl10 highly cited papers in the field of immobilization of heavy metal contaminated soils

ETR WICEH Ey EURL) i ARSI 2305 IR
Number Thesis topic Year Journal Author LCS GCS

767 Stabilization of As, Cr, Cu, Pb and Zn in soil using 2008 Waste Management Kumpiene J 296 792
amendments - A review

1233 Biochar reduces the bioavailability and phytotoxicity of 2011 Plant and Soil Park JH 180 419
heavy metals

1635 Biochar as a sorbent for contaminant management in soil 2014 Chemosphere Ahmad M 159 1076
and water: A review

1059 Effects of biochar and greenwaste compost amendments on 2010 Environmental Beesley L 152 513
mobility, bioavailability and toxicity of inorganic and Pollution
organic contaminants in a multi-element polluted soil

1161 The immobilisation and retention of soluble arsenic, Environmental Beesley L 139 345
cadmium and zinc by biochar Pollution

1503 Mobility, bioavailability and pH-dependent leaching of 2013 Chemosphere Houben D 131 267
cadmium, zinc and lead in a contaminated soil amended
with biochar

1237 A review of biochars’potential role in the remediation, Environmental Beesley L 129 622
revegetation and restoration of contaminated soils Pollution

403 Evaluation of chemical immobilization treatments for reducing 2004 Environmental Basta NT 111 237
heavy metal transport in a smelter-contaminated soil Pollution

620  Field evaluation of in situ remediation of a heavy metal 2006 Environmental Gray CW 108 233
contaminated soil using lime and red-mud Pollution

926  Immobilization of Zn, Cu, and Pb in contaminated soils 2009  Journal of Hazardous Cao XD 104 177

using phosphate rock and phosphoric acid
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and there are 108 177 lines. This figure only shows 23 807 lines.
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