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Abstract: Bioremediation is regarded as one of the most promising methods for the remediation of the soil and groundwater
contaminated with organic compounds, mainly due to its cost-effectiveness and environmental friendliness. Using VOSviewer
and CiteSpace, we analyzed all publications in this area in core database of Web of Science from 1990 to 2020. The number of
publications in this area showed an increasing trend worldwide. The country with the largest total number of publications was
USA, followed by China and India. Since 2012, the number of annual publications of China exceeded USA and ranked the
first. The top three journals which published papers in this area were Chemosphere, Environmental Science & Technology, and
Science of the Total Environment. The Chinese Academy of Sciences published the largest number of papers among the
research institutions globally, but the University of California in USA had the highest total citations and h-index. Bibliometric
analysis indicated that it is important to develop biotechnologies of bioremediation coupled with chemical/physical
remediation to overcome the challenge of low efficiency and long remediation duration associated with bioremediation. In
addition, the bioremediation on the mixed contaminants, such as organic contaminants and heavy metals, or mixtures of
different organic contaminants, is an important direction. Finally, the rapid development of microbiome technologies will
further promote the exploration of mechanisms involved in bioremediation on the genetic and molecular level.

Keywords: organic contaminants, bioremediation, soil and groundwater, bibliometric analysis
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Fig. 1 The top three countries in terms of the number of papers published in the field of bioremediation of organic

contaminated soil and groundwater in 1990-2020.
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Cooperation among countries. (B) Cooperation between China and other countries.
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Table 1 Top 10 institutions in the field of bioremediation of organic contaminated soil and groundwater in

1990-2020
Rank Institution Country AUl Total cited times ~ H-index
papers
1 Chinese Academy of Sciences China 843 16 964 62
2 Centre National De La Recherche Scientifique France 439 13 017 55
3 Helmholtz Association Germany 416 17 848 63
4 Consejo Superior de Investigaciones Cientificas Spain 356 10 960 56
5 University of California System USA 345 20 753 73
6 Es\tliitigilmiﬁstearch Institute for Agriculture, Food and France 337 10 255 53
7 United States Department of Agriculture USA 307 14 653 58
8 Council of Scientific Industrial Research India 282 8 364 47
9 University of Chinese Academy of Sciences China 275 25003 38
10 United States Department of Energy USA 249 14 113 60

F£ 2 1990-2020 FHEHTLTIEMM T AREMIEEHIG A X ERT 10 g1 EHH

Table 2 Top 10 Chinese institutions in the field of bioremediation of organic contaminated soil and groundwater

in 1990-2020
Rank Institution N;r:;):rrsof Total cited times H-index Pro?(;)r)tmn

1 Chinese Academy of Sciences 843 16 964 62 23.7
2 University of Chinese Academy of Sciences 275 5003 40 7.7
3 Zhejiang University 246 5418 40 6.9
4 Isr:jg::;tees of Soil Science, Chinese Academy of 198 4554 38 5.6
5 Nanjing Agricultural University 148 3 036 33 4.2
6 Tsinghua University 142 3353 33 3.9
7 it;zr;)éz::g ;??Lﬁi;ec;): Applied Ecology, Chinese 127 2 828 32 35

Chinese Academy of Agricultural Sciences 110 2194 27 3.1

Peking University 109 2321 32 3.1
10 China University of Geosciences 107 1559 24 3.0

http://journals.im.ac.cn/cjbcn
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F 3 1990-2020 FH MR LIRFAMM T RENEE T AL EFT 10 BEE
Table 3 Top 10 authors in the field of bioremediation of organic contaminated soil and groundwater in 1990-2020

Rank Author Institution AL Total link strength
papers
1 Semple KT Lancaster University 68 50
2 Naidu R University of South Australia 58 50
3 Luo YM Institute of Soil Science, Chinese Academy of Sciences 48 150
4 Teng Y Institute of Soil Science, Chinese Academy of Sciences 47 146
5 Ball AS Flinders University 43 62
6 Megharaj M University of Newcastle 42 48
7 Christie P Institute of Soil Science, Chinese Academy of Sciences 41 117
8 Jiang X Institute of Soil Science, Chinese Academy of Sciences 38 132
9 Martin-laurent F University of Burgundy 38 48
10 Wick LY UFZ-Helmholtz Centre for Environmental Research 35 42
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F 4 1990-2020 FHHITRTIFFAM T RENIEE TR B E AT 10 AT
Table 4 Top 10 journals in bioremediation of organic contaminated soil and groundwater in 1990-2020

Rank Journal Country AUlnlis ] S-vear
papers Impact factor
1 Chemosphere England 841 5.705
2 Science of the Total Environment Netherland 584 6.419
3 Environmental Science & Technology USA 565 8.543
4 Journal of Hazardous Materials Netherland 549 8.512
5 Environmental Science and Pollution Research Germany 465 3.306
6 International Biodeterioration & Biodegradation England 439 4.046
7 Soil Biology & Biochemistry England 376 6.767
8 Environmental Pollution USA 371 6.939
9 Applied and Environmental Microbiology USA 353 4.597
10 Applied Microbiology and Biotechnology USA 312 3.913
100 -
90 L —a&— Chemosphere

£ 80fF —8— Science of the Total Environment
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Fig. 3 Top three journals in terms of the number of papers published in the field of bioremediation of organic

contaminated soil and groundwater.
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Fig. 4 Keywords of bioremediation of organic contaminated soil and groundwater in 1990-2020.

%5 1990-2020 F A H T L IEMM T KEYE S MY X B INRMEE D7
Table 5 Keywords strongest in citation burst in the field of bioremediation of organic contaminated soil and
groundwater in 1990-2020

Keywords Begin burst time End burst time Strength
Trichloroethylene 1990 2002 42.09
Organic compound 1990 2003 35.13
Ground water 1990 2004 33.18
Phanerochaete chrysosporium 1991 2002 40.69
Microbial degradation 1991 2002 35.56
Intrinsic bioremediation 1996 2006 7.37
Unsaturated zone 1997 2007 10.48
Dioxygenase 1999 2009 5.11
Bioavailability 2001 2005 26.17
Tetrachloroethene 2003 2008 13.54
Species novum 2005 2009 13.13
Denatured gradient gel electrophoresis 2008 2017 11.34
PAHs 2009 2015 7.44
Soil microbial community 2013 2020 16.47
Endophytic bacteria 2013 2020 10.37
China 2014 2018 19.23
Microbial fuel cell 2014 2018 13.63
Arabidopsis thaliana 2015 2020 10.80
Fungal community 2015 2020 9.11
Functional gene 2015 2020 5.40
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Table 6 Top 5 literatures cited in bioremediation of organic contaminated soil and groundwater in 1990-2020

Rank Title Year Author Institution Cited times

Biodegradation aspects of polycyclic . .

1 aromatic hydrocarbons (PAHSs): a 2009 Haritash AK Del.h' Tgchnologlcal 1532

. University

review

5 Mechgnlsms 9f slow sorption of . 1996 Pignatello J] Conngctlcut Agr_lcultural 1208
organic chemicals to natural particles Experiment Station
Microorganisms pumping iron:

3 anaerobic microbial iron oxidation 2006 Weber KA So Illinois Univ 918
and reduction
Principles of microbial Ecole Polytech Fed

4 PAH-degradation in soil 2005 UlIESIVAR Lausanne 723
Biodegradation of

5 high-molecular-weight polycyclic 2000 Kanaly RA Marine Biotechnol Inst 722

aromatic hydrocarbons by bacteria
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Fig. 5 Co-citation distribution of literatures on bioremediation of organic contaminated soil and groundwater in
1990-2020.

F 7 1990-2020 FHH TR LIEFM TKEYE S TR M SR EHZ AT 5 B30
Table 7 Top 5 co-citation literatures on bioremediation of organic contaminated soil and groundwater in
1990-2020

Rank Title Year Author Country Cited times

Principles of microbial PAH-degradation in soil 2005 Johnsen AR Switzerland 116
Effect of aging of chemicals in soil on their
biodegradability and extractability

3 Bioaugmentation and biostimulation strategies to improve
the effectiveness of bioremediation processes

4 Remediation approaches for polycyclic aromatic
hydrocarbons (PAHs) contaminated soils:
technological constraints, emerging trends and future
directions

5 Bioremediation of soils contaminated with polycyclic
aromatic hydrocarbons, petroleum, pesticides,
chlorophenols and heavy metals by composting:
applications, microbes and future research needs

1995 Hatzinger PB USA 90

2011 Tyagi M Portugal 79

2017  Kuppusamy S South Korea 77

2015 Chen M China 75

J5 %o AR Wy W A B S A B L A R AR T HRETZ W05 s e 3B E 8RRk
Tyagi &350 2 Fg A g0 RO T e 174 B, AR TR YE ZAE ek ] £E
Wi Ak AR RS R A 5 T TR A BILTS e LB HOR , TR — B ) N Btz e
AR AN i R R B, #EE AT SE % Kuppusamy  HHE“: Chen BF5 1A W HE ARE AN + A
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petroleum hydrocarbon (3825 2, A il/E). #4 PAH

#0 Weathered crude oil
#1 Nonionic surfactant
#2 Petroleum hydrocarbon
#3 Molecular-weight PAH
#4 PAH degradation
— #5 PAH bioavailability
#6 Klebsiella sp.
#7 Lin gene
#8 Molecular-weight PAH biodegradation
#9 Pyrene mineralization
#10 Plant colonization
#11 Sub-antarctic soil
#12 Direct extraction
#13 Chlorpyrifos degradation
#14 Intrinsic bioremediation
#15 Multi-element polluted soil
#16 Future perspective
#17 White rot fungi
#18 Alfalfa plant

#19 Insitu bioremediation

@dE@ @ ' #20 Microbial consortia application

Q--i@)ee—

19338

#21 Cold-adapted microorganism

#23 Site remediation

#25 Sand amendment

#26 Mineralization potential

#27 Characterizing carbofuran hydrolysis

#28 Containing PAH

6 1990-2020 £ B TR TIEMM TKEYEE S ot L5 BEE

Fig. 6 Co-citation cluster of literatures on bioremediation of organic contaminated soil and groundwater in 1990-2020.
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