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Abstract: [ Objective ] Contaminated sites have become a serious environmental problem in China. It is particularly important to
safely reclaim and utilize the contaminated sites. In order to make clear status of the current researches on contaminated sites,
bibliometric analysis was performed. [ Method ] Knowledge graph analysis tools, like VOSviewer, CiteSpace and HistCite, were
used in the bibliometric analysis of countries, institutions, journals, first authors and hot spots of the publications and important
papers contained in the core collection database of the Web of Science. [ Result ] Results show: (1) The research on contaminated
sites involves cooperations between multiple countries. In the past five years, China has come out to be the country with the
largest number of papers in this field, and in close cooperation with many countries. Paper contributing institutions in this field,
like the Chinese Academy of Sciences, the Oak Ridge National Laboratory, the University of Waterloo, the University of Chinese
Academy of Sciences and the Helmholtz Environmental Research Center, have been cooperating extensively; (2) The Science of
the Total Environment, Chemosphere, Environmental Science & Technology, Environment Science and Pollution Research, etc.
are the main journals publishing papers in this field, and Naidu Ravi, Huang Guohe, and Megharaj Mallavarapu are on top of the
list of highly productive scholars. Among the top 10 important papers on contaminated sites, bioremediation-related content
occupies a quite high proportion; (3) In the keyword clustering network, key words of papers were sorted into four clusters:
biological toxicology research on the contaminated sites, soil heavy-metals contamination and remediation technologies,
pollutants environmental behavior and water remediation, and bioremediation of organic pollutants contaminated sites; (4) The
bibliometric analysis shows that soil and groundwater are important pollutants carriers in the contaminated site. Remediation of
the soil and groundwater in the contaminated site should deem the two as one. The neglect of either one in remediation may cause
secondary pollution in the contaminated site. Heavy metals and polycyclic aromatic hydrocarbons are the pollutants of great
concerns. Searching of efficient and green remediation technologies are still the focus of future work in the contaminated site
research field. [ Conclusion ]It is still not optimistic for China to address the issue of remedying heavy metals contaminated sites,
which calls for further efforts to intensify and implement corresponding works. Therefor it remains to be a focus in solving the
problem of contaminated sites to explore high-efficiency green remediation technologies and it will be of great application value
to improve the application of bioremediation technology to remedying contaminated sites.

Key words: Contaminated site; Bibliometric analysis; Soil and groundwater; Heavy-metal pollution; Polycyclic aromatic

hydrocarbon pollution; Bioremediation
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Table 1 Top 10 Countries and institutions in total link strength
[E % Country HL#E Institution
4
= 51 SRR T GRS SR AR B
Rank
Countries Total Link Strength Institutions Total link strength
1 F[E USA 851 o [E B} B¢ Chinese Acad Sci 111
2 5[ Germany 664 A IS [ R 525652 Oak Ridge Natl Lab 66
3 HelE UK 513 45 K% Univ Waterloo 56
4 1 [E China 476 1 [ B} 24 B K 2% Univ Chinese Acad Sci 50
Z AR 2T L
5 Jin& K Canada 438 47
Ufz Helmholtz Ctr Environm Res
FE A E United States Environmental Protection
6 7% [# France 414 47
Agency (US EPA )
7 KA Ttaly 402 FH 44 75 K%~ Univ Tennessee 45
8 PEPEA Spain 343 25 U M 57K 2% Michigan State Univ 38
BRFER R 04
9 i+ Switzerland 270 32
Consiglio Nazionale delle Ricerche ( CNR )
10 WA FI. Australia 254 INFIHEJE 2547 5EF 23£% Univ Calif Berkeley 31
R2 19902019 Fi5RGHMRTOBARA X EHZET+HT
Table 2 Topl0 journals in number of papers published addressing contaminated sites during 1990—2019
ENS G BEIH
. R (2018)
LU R4 7S R Total local citation Total global
Impact factor
Journal Number of papers score citation score
(2018)
(TLCS) (TGCS)
Science of the Total Environment 407 5.589 777 11172
Chemosphere 350 5.108 599 10 036
Environmental Science & Technology 318 7.149 984 13 992
Environmental science and Pollution Research 311 2914 470 4387
Environmental Pollution 290 5.714 847 10 422
Environmental Toxicology and Chemistry 243 3.421 695 7360
Journal of Hazardous Materials 204 7.650 549 8221
Ecotoxicology and Environmental Safety 179 4.527 295 4611
Water Air and Soil Pollution 175 1.774 240 3224
Environmental Monitoring and Assessment 138 1.959 109 2131
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Table 3 Top 5 authors in number of papers published addressing contaminated sites during 1990—2019

YE# R P A5 H BT
Author Number of papers Country Total local citation score  Total global citation score
Naidu Ravi 60 BAKFIE Australia 189 2016
Huang Guohe 48 JE K Canada 194 1105
Megharaj Mallavarapu 41 AFIE Australia 153 1482
Vangronsveld Jaco 33 A Belgium 200 1 844
Bjerg Poul L 29 F+7% Denmark 122 640
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Table 4 Basic information of key literature

Al E (= RS SRRVY; 3
Topic First author Journal Centrality
Using soil bacteria to facilitate phytoremediation Glick BR Biotechnology Advances 0.10
Phytoremediation of contaminated soils and groundwater: lessons from Environmental Science and
Vangronsveld J 0.09
the field Pollution Research
Genome sequence of the PCE-dechlorinating bacterium Dehalococcoides
Seshadri R Science 0.09
ethenogenes
GeoChip: a comprehensive microarray for investigating biogeochemical,
HeZL The ISME Journal 0.07
ecological and environmental processes
Phytoremediation Pilon-Smits E Annual Review of Plant Biology 0.06
A fern that hyperaccumulates arsenic MaL Q Nature 0.06
Hepatic neoplasms in the mummichog Fundulus heteroclitus from a
Vogelbein W K Cancer Research 0.05
creosote-contaminated site
Molecular mechanisms of metal hyperaccumulation in plants Verbruggen N New Phytologist 0.04
Micro-evolution due to pollution: Possible consequences for ecosystem
Medina M H Chemosphere 0.04
responses to toxic stress
Developing principles of sustainability and stakeholder engagement for Journal of Environment
Cundy A B 0.04
“gentle” remediation approaches: The European context Management
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Table 5 Keywords strongest in citation burst in the recent 10 years
KA IR 5 iy f % S0 73 iy A 4
Kefin] I 5yl 4R KA1 5 AR 4R
Keywords Strength Begin End Keywords Strength Begin End
R Metabolism 9.856 2010 2012 JE 77 Stress 6.492 2013 2016
% 4 Adsorption 6.415 2010 2011 fi ST Z Trace element 6.684 2014 2019
W4 )& Trace metal 15.02 2010 2014 Z A7 PCBs 12.45 2014 2015
YR 5% Biomarker 4.759 2010 2011 7 Model 11.69 2014 2015
3l 112 Kinetics 5.651 2010 2011 iz Transport 9.228 2015 2016
KWHF B Escherichia coil — 11.19 2010 2011 Y% Community 3.468 2016 2019
A4 System 15.93 2011 2013 % 7K Waste water 9.895 2016 2019
T AL Phytoextraction 5.576 2011 2012 1 [E China 10.99 2016 2019
1 Fish 4.025 2012 2013 i River 11.93 2017 2019
i %1k Tolerance 5.697 2012 2014 5 Impact 8.122 2017 2019
) WAE TS
4 Microorganism 15.61 2012 2016 15.77 2017 2019
Microbial community
[ )43 Soil a) 400 r _g /i Biodegradation b)
[ 6B Sediments 3501 1B 5 Bioremediation
D Water 22V [—a— Hii#1E8 & Phytoremediation
Bt 7k Groundwater

KA Air

&l s

Fig. 5 Proportion of “environmental media” in keywords (a) and number of bioremediation related keywords (b )
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HUK Frequency
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