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Research progress and trends of natural attenuation technology in groundwater management :

a CiteSpace—based visualization analysis

ZHU Tao", LIU Yusheng, SHA Haoqun, Fu Shunjiang
(School of Chemical & Environmental Engineering, China University of Mining and Technology (Beijing), Beijing 100083,
China)

Abstract: Natural attenuation technology has been widely applied abroad in recent years thanks to its features such as cost-
effectiveness and sustainability. However, in China, there is currently a lack of complete engineering application cases. This
paper conducts a visual analysis on global literature published in the field of natural attenuation from 2001 to 2021 by relying
on the CiteSpace software and taking the Web of Science(WOS) Core Database as the data source. The results reveal that the
United States occupies a dominant position in this field. The number of papers published by the United States accounts for
31.7% of the total number of papers published worldwide. In China, the most influential institution in this field is the Chinese
Academy of Sciences. Currently, the research in the field of natural attenuation can be divided into two stages. During the first
stage, the main focus is on the mechanism and application of natural attenuation. In the second stage, the emphasis is mainly
placed on how to enhance the natural attenuation process through biostimulation or bioaugmentation methods. In future
research efforts, more attention should be directed towards the natural attenuation process that is dominated by organisms.
Meanwhile, greater emphasis should also be placed on the natural attenuation process of organic pollutants. It is essential to

explore deeper into these aspects as they play crucial roles in understanding and improving the application of natural
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attenuation technology. The natural attenuation process dominated by organisms may involve complex interactions among

various biological factors, and more in-depth study of it can help us better utilize the natural power of biological systems to

deal with environmental issues. Similarly, organic pollutants are common and have significant impacts on the ecological

environment. Focusing on their natural attenuation processes can provide valuable insights for developing more effective

pollution control and environmental restoration strategies.
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Figure 1  Statistical charts for the last 20 years in the field of natural

attenuation in the WOS core database

2.2 ERARBA RSN

W 8 g 4R S HE 44 T 10 4 11 R R A
B2 Fi7R o AT : 38 B 76 9% 080 & SC i 894 4
o7 LR SCIE Y 31 7% , i LA [ 5%, 2% B 58 1 A %
A0SR 1 BIF 5 A A W B R SR 2 A A

LI 3031 e AR TR R SCRE A 3 IR 402
TR 3t 0244 5 5 B AR S I A BN & S AE 200
Fa UL B E R A SEE P E R, 3 E R R S
1449 55, BUR SCHRN 51.49% , #3118 R SCHR
172, F2WAE AR 2 0 40 P 95 [ v [ 7 LA R
e 3 AL

1000
894
7
800}
400%
il
By 244
- 200
I 164 |59
119 118
% % % % W
A U ; % % %

KR E PERE SR PHHES i [ ORI SEE SO T
P

P2 1 9K S AT 0 SC K SCHETIT 10 [ 8 K% & SC e e 7 ]
Figure 2 Top 10 countries by English-language publication volume in

natural attenuation research and their publication statistics
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Top 25 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 2001 - 2021

organic compound 2001 966 2001 2006
in site 2001 815 2001 2008

metabolism 2001 783 2001 2008 p——
* B toluene 2001 6.63 2001 2003
microbial dechlorination 2001 650 2001 2005
» ‘QUS G;eol Survey tert butyl ether 2001 991 2002 2007
WUFZ Helmholtz Ctr Environm Res mimscliremsdohos 2000 3300 2006
= Ly hydrogen 2001 641 2003 2009
. ® dispersion 2001 8.66 2004 2009

g carbon isotope fractionation 2001 753 2004 2011 __

field 2001 7.52 2004 2008
ferrihydrite 2001 7.18 2005 2012
phume 2001 62 2007 2010
identification 2001 7.69 2015 2019

spnov. 2000 1156 2006 2021
waste water 2001 1126 2016 2021
microbial community 2001 0383 2016 2021
B3 WOS %LU e i s I 8 K S DR S AILAG) A 1 TR0 26 [ 33 removl 2000 696 2007 2021
Figure 3 Collaborative network mapping of research institutions in ek assesmen 40 926281

bisaugmentation 2001 963 2018 2021 _

natural attenuation monitoring from the WOS Core Database polhuted soil 2001 760 2018 2021
personal care product 2001 7.6 2018 2021
il ﬁ%%;ﬁgﬁﬁﬁi&i%ﬁﬁs*ﬂ‘m bacterial community 2001 6.72 2018 2021
remediation 2001 041 2019 2021
Table 1 Top 5 institutions by English—language publication A 2000 861 2000 2021

volume in the field of natural attenuation

4 B 24 K Rk
1 US Geol Survey 107
2 UFZ Helmholtz Ctr Environm Res 105
3 Univ Tubingen 62
4 Chinese Acad Sci 53
5 Univ Waterloo 52
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Figure 4  Top 25 keyword burst map in the field of natural attenuation

from the WOS core database
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Figure 5 Co-occurrence of keywords in the field of natural attenuation from the WOS core database
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Table 2 Top 10 authors by English—language publication

volume in the field of natural attenuation

HE# E# L3S
1 ALVAREZ, PEDRO JJ 22
2 COZZARELLIL, ISABELLE M 20
3 VOGT, CARSTEN 19
4 BALL, ANDREW S 18
5 HUNKELER ,DANIEL 16
6 BEKINS, BARBARA A 15
7 GRATHWOHL PETER 15
8 BJERG POUL L 12
9 GRIEBLER CHRISTIAN 12
10 THORNTON SF 11
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Table 3 Most—cited papers of the top 5 authors by publication volume in the WOS Core Database
- F
7 wH i m o,
1 1,4-Dioxane biodegradation at low temperatures in Arctic ALVAREZ, PEDRO JJ Water Research 2010 54
groundwater samples
2 Organic contaminant transport and fate in the subsurface: COZZARELLI, Water Resources Research 2015 74
Evolution of knowledge and understanding ISABELLE M
3 Molecular characterization of bacterial communities VOGT, CARSTEN Fems Microbiology Ecology 2008 86

mineralizing benzene under sulfate-reducing conditions
4 Bioremediation potential of diesel-contaminated Libyan
soil
5 Current challenges in compound-specific stable isotope

analysis of environmental organic contaminants

BALL, ANDREW S

HUNKELER ,DANIEL

Ecotoxicology and Environmental Safery 2016 40

Analytical and Bioanalytical Chemisiry 2012 168
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