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Pollution Control, MEE, Nanjing 210042, China; 3. Institute of Soil Science, CAS, Nanjing 211135, China)

Abstract: [ Objective ] This study aims to systematically characterize the evolutionary dynamics of modified nanoscale zero
valent iron (M-nZVI) in the field of environmental remediation, identify critical technological trends and knowledge gaps in
this field. [ Method ] Utilizing bibliometric analysis on data from the Web of Science Core Collection (1994-2024), this study
quantitatively mapped the international collaboration networks, research priorities, and frontiers related to M-nZVI. [ Result ]
The findings reveal that: (1) Global collaboration in environmental remediation using M-nZVI exhibits robust
interconnectedness. China leads in academic output, contributing 49.02% of the total. However, its relatively lower ranking in
average citation frequency per paper, suggests the need for enhanced research translation efficiency. Trend analysis indicates
that research activity in this domain may transition from rapid growth to gradual decline, constrained by uncertainties in
environmental risk and techno-economic limitations. (2) At the technological development level, mainstream techniques
include sulfurization, magnesium hydroxide encapsulation, various loading methods, and coupled modification approaches.
Application research predominantly targets contaminant removal in soil and groundwater systems, such as hexavalent
chromium and trichloroethylene. Nevertheless, studies on the toxicological effects of M-nZVI are still quite limited.
[ Conclusion ] Future research should focus on establishing a three-pronged framework integrating “technology
development-mechanistic elucidation-risk assessment.” This includes advancing surface functionalization techniques to create
eco-friendly, cost-effective, and high-performance modified materials; clarifying synergistic removal mechanisms for
emerging contaminants (e.g., perfluorinated compounds, endocrine disruptors) and complex pollutant mixtures; setting up
ecological risk prediction models and migration-transformation simulations based on life cycle assessment; and developing
microbial-coupled remediation systems along with integrated equipment solutions.

Key words: Modified nanoscale zero valent iron; Bibliometric analysis; Research trends; Soil and groundwater remediation
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Fig.2 Annual publications in the field of modified nanoscale zero valent iron ( M-nZV1) from 1994 to March 2024 ( a ) and annual publications
of the “bridge” countries from 1994 to March 2024 (b)
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Table 1 Top 10 high co-citation of publications in different stages of M-nZVI research
i H P 1] H—1EE LRt BT
Title Year  The first author Journal Co-citation

Remediation of Cr ( VI) and Pb (1I) aqueous solutions using 2000  Sherman Environmental Science & 11
supported, nanoscale zero-valent iron Ponder Technology
Subcolloidal Fe/Ag particles for reductive dehalogenation of 2000  Yue Xu Industrial & Engineering 9
chlorinated benzenes Chemistry Research
Nanoscale iron particles for complete reduction of chlorinated 2001 Hsinglung Lien  Colloids and Surfaces A : 23
ethenes Physicochemical and

Engineering Aspects
Field assessment of nanoscale bimetallic particles for 2001  Daniel Elliott Environmental Science & 19
groundwater treatment Technology
Surface chemistry and electrochemistry of supported zero valent 2001  Sherman Chemistry of Materials 7
iron nanoparticles in the remediation of aqueous metal Ponder
contaminants
Hydrodechlorination of trichloroethylene to hydrocarbons using 2002  Bettina Schrick ~ Chemistry of Materials 31
bimetallic nickel-iron nanoparticles
Microemulsion and solution approaches to nanoparticle iron 2003  Fang Li Colloids and Surfaces A : 9
production for degradation of trichloroethylene Physicochemical and

Engineering Aspects
Delivery vehicles for zero valent metal nanoparticles in soil and 2004  Bettina Schrick  Chemistry of Materials 31
groundwater
Congener-specific dechlorination of dissolved PCBs by 2004  Gregory V. Environmental Science & 30
microscale and nanoscale zero valent iron in a water/methanol Lowry Technology
solution
Dechlorination of trichloroethylene in aqueous solution by 2004  Chinjung Lin Journal of Hazardous 9
noble metalmodified iron Materials
Removal of chromium ( VI ) from wastewater using 2011  Lina Shi Water Research 105
bentonite-supported nanoscale zero-valent iron
Biochar supported nanoscale zero valent iron composite used as 2015  Jingchun Yan Bioresource Technology 87
persulfate activator for removing trichloroethylene
Reductive dechlorination of trichloroethene by zero valent iron 2016  Yanlai Han Environmental Science & 102
nanoparticles: reactivity enhancement through sulfidation Technology
treatment
Sulfidation of nano zero valent iron ( nzvi) for improved 2016  Dimin Fan Environmental Science & 86
selectivity during in-situ chemical reduction ( ISCR ) Technology
Stabilization of nanoscale zero-valent iron( nZVI )with modified 2017  Haoran Dong Journal of Hazardous 173

biochar for Cr ( VI) removal from aqueous solution

Materials
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Title Year  The first author Journal Co-citation

Removal of antibiotic florfenicol by sulfide-modified nanoscale 2017  Zhen Cao Environmental Science & 90

zero-valent iron Technology

Zeolite-supported nanoscale zero-valent iron: New findingson 2018  Zhangtao Li Journal of Hazardous Materials 112

simultaneous adsorption of Cd (1) , Pb (1I) , and As (III)

in aqueous solution and soil

Dechlorination of excess trichloroethene by bimetallic and 2018  Feng He Environmental Science & 108

sulfidated nanoscale zero-valent iron Technology

Factors influencing degradation of trichloroethylene by sulfide 2018  Haoran Dong Water Research 105

modified nanoscale zero-valent iron in aqueous solution

Reactivity, selectivity, and long-term performance of 2019  Jiang Xu Environmental Science & 82

sulfidized nanoscale zero valent iron with different properties Technology
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Table 2 Top 15 institutions in terms of total citations

s &l |
4 HLAG P
Total citation Average citation
Rank Institution Country
frequency frequency
1 71 [ BL2#BE Chinese Academy of Sciences 19 720 45.0 71 [E China
2 F i FEAHFFE K 2% Carnegie Mellon University 9 044 161.5 Z[E USA
3 [A] %% K2 Tongji University 7360 40.7 A1 China
4 G K% Lehigh University 5949 175.0 [ USA
5 WL K2 Zhejiang University 5681 424 1 [# China
6 517 F2% Hunan University 4980 53.5 A1 China
7 SN A 22 4A 78 R 4348 University of California, Berkeley 4527 105.3 3 E USA
8 & 2  JL K 2% Fujian Normal University 4239 88.3 1 [ China
9 W /R Tl K2 Harbin Institute of Technology 4171 46.9 1 [ China
10 1 1E K2 Tsinghua University 4126 46.9 1 [ China
11 P FF K 2% Nankai University 3596 58.0 1 [ China
12 7 %2 KW K% University of Western Ontario 3270 155.7 JN& K Canada
13 3T K2 Rice University 2982 142.0 %£I[E USA
14 JiiHAR K2 Stanford University 2955 95.3 [ USA
15 A R e 5 RL2% K2 Oregon Health and Science University 2 895 137.9 FE[E USA
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