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Bibliometrics—based development trends of solidification/stabilization technology for the remediation of sites

contaminated by heavy metals

YAN Shu-lan'?, ZHAO Xiu—hong', LUO Qi-shi"*

(1.Yonker Environment Protection Co., Ltd., Changsha 410000, China; 2.Yonstar Environmental (Shanghai) Co., Ltd., Shanghai 200051,
China)

Abstract: To fully understand the state—of—the—art and trends of solidification/stabilization (S/S) technology for the remediation of sites
contaminated by heavy metals, literatures from the China National Knowledge Infrastructure (CNKI), China Academic Journals Full-text
Database, and Web of Science Core Collection Database published from 2006 to 2018 were investigated. The collected documents were
screened and sorted using Excel 2016, HistCite Pro 2.1, and Origin 9.0. Annually published papers, the country/region of origin, published
journals, the top ten cited papers, the top ten research institutions, research content, remediation materials, and contaminants were all fac-
tors that were analyzed and compared. The following conclusions were drawn: The number of Chinese publications increased over the 13
studied years and significantly more studies were published in Chinese than in English. In addition, the number of English publications
from Chinese authors and research institutions were more than those from other countries; however, the average total global citation score
(TGCS/R) of them was relatively low. Among the top 10 most cited papers, only two were by Chinese authors. Furthermore, although much

research was focused on combined remediation materials derived from biomass carbon, lime, zeolite, diatomite, etc., few led to the develop-
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ment of equipment and technical implementation processes. The most studied contaminants were found to be cadmium and lead. In the fu-

ture, Chinese scholars should reference international research results more to improve the quality of their work and ensure it has greater in-

fluence. Additionally, advances should be made in technical processes, the treatment of equipment, and standardized post evaluation meth-

ods.

Keywords : bibliometrics; solidification/stabilization; heavy metal; soil
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Table 1 Countries/regions for top10 published quantities on S/S technology for remediation of heavy metals from 2006 to 2018

LS B SRS A b S 5 IRIR AR BT [ ISR IR/ Y B 1R €5
Countries/Regions Records/f Percentages/% TLCS TLCS/R TGCS TGCS/R

[ China 289 46.02 601 2.08 4098 14.18
F[E USA 84 13.38 272 3.24 2119 25.23
% [E South Korea 51 8.12 175 3.43 1255 24.61
YeE UK 39 6.21 199 5.10 1502 38.51
K F . Australia 30 4.78 71 2.37 716 23.87
[ JE 7 Pakistan 26 4.14 44 1.69 354 13.62
PUHE Spain 26 4.14 16 0.61 356 13.69
[ France 23 3.66 66 2.87 492 21.39
1 India 23 3.66 48 2.09 544 23.65
FP B Tran 19 3.03 23 121 135 7.105
TR F Ttaly 19 3.03 127 6.68 1000 52.63
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1, HlE44 Top 10 FIHFEALAS AR 5 7R, 2006—2018 4F
HE44 Top 10 IWFFEALAY , Hr EA 64, Ho bl Fr — , H
rh e R 2 B A 4 [ AL AR A8 2 BRI
RICHE R 620 , it = T HER I 9158 = iy fe 4l K
2 ] [ S VTR R S g [ SR R 2E (B2 165 )
S5 R B 1125, 3 5 FEA A ss AL . X 4k
i 15 BH o A 22 BL A 78 A 45038 PN B AR F R i 4 3
IR, E IR A ARATE A , v XA ST AR 75 SR A

RE IRz - RUE B R R SRR R SR A A,
WIS UE T H 2R AR ACE DL 2 AR A 4T
2.6 XHHARAE

X 2006—2018 45 4 J& [ ik fa e b B = H AR 1
o SC TS EE AN E R R T A2 A5 RN
2 iR, & F AR AR E A bR Hh S 8 S SRR A
LR 43550 R 986 612 fi Al 841 &, 431l o5 STk iy
88.4% (1115%5) .97.5% (628 5 ) F1188.3% (952 %5 ) ; %

2 20062018 FE L EEKBENEEFHASI Top 10 5451183
Table 2 Top10 highly cited papers on S/S technology for remediation of heavy metals from 2006 to 2018

WICEH =4 LUREIRR N [ 524 X AHGI VA SIS
Titles Authors Journal name Countries/Regions LCS GCS
Stabilization of As,Cr,Cu,Pb and Zn in soil using Kumpiene Jurate Waste Management e 124 746
amendments(Review )
Field evaluation of in situ remediation of a heavy metal Gray C W Environmental Pollution kS| 42 217
contaminated soil using lime and red-mud
In situ stabilization of cadmium-,lead—, and zinc— Lee SangHwan Chemosphere & [ 41 156
contaminated soil using various amendments
Mobility , bioavailability and pH-dependent leaching of ~ Houben David Chemosphere Eavalling 38 226
cadmium, zinc and lead in a contaminated soil amended
with biochar
Influence of red mud, zeolite and lime on heavy metal ~ Garau Giovanni Geoderma FORA 33 165
immobilization, culturable heterotrophic microbial
populations and enzyme activities in a contaminated soil
The immobilisation and retention of soluble arsenic, Beesley Luke Environmental Pollution [ 30 303
cadmium and zinc by biochar
Role of organic amendments on enhanced Park Jin Hee Journal of Hazardous WA 29 322
bioremediation of heavy metal (loid) contaminated soils Materials
Availability and assessment of fixing additives for the in ~ Guo Guanlin  Environmental Monitoring h 26 132
situ remediation of heavy metal contaminated soils and Assessment
(Review)
Evaluation of different phosphate amendments on Chen Shibao Ecotoxicology and i 26 114
availability of metals in contaminated soil Environmental Safety
Assessment of zerovalent iron for stabilization of Kumpiene Jurate  Environmental Pollution Fiti 24 134

chromium, copper, and arsenic in soil

3 20062018 FEELEBENIEENIEEF ARTIH P XA E Top 10EAT]

Table 3 Top10 selected Chinese journals for publications on S/S technology for remediation of heavy metals from 2006 to 2018

LUR P K P T R S L A HE AT AR R T
Journals name Records/f Percentages/% Compound impact factor Comprehensive impact factor
PV IR 24 54 4.84 2.404 1.573
BT TR 50 4.48 1.243 0.808
LA L 28 2.51 0.485 0.274
A 22 1.97 2211 1.532
r ] e 3 A 19 1.70 1.001 0.683
K AR 17 1.52 2.016 1.46
13 13 1.17 2.005 1.571
AR 13 1.17 1.203 0.825
JARAT 12 1.08 0.221 0.138
AR 13 1.17 0.469 0.336
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7o HE 3 FELS nT A, Hd SCSCEk A il e — A4 k)
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1 r2o0 956 N
% 000 ] [ 93C3CF Chinese articles
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SCHKZEAY Literature types

B2 2006—2018 FE &R EMLIRE W 8 SR AT LAk LB
Figure 2 Literature types of S/S technology for remediation of
heavy metals from 2006 to 2018

&4 20002018 FEEBEWREMNIE S BRI ZTE Top 10T
Table 4 Top10 selected English journals for publications on S/S technology for remediation of heavy metals from 2006 to 2018

LIRS V36 AHERT R AR IR L SEEEREE T TS

Journals name Records/fs TLCS TLCS/R Impact factor Journal ranking
Environmental Science and Pollution Research 55 91 1.65 2.777 Q2
Journal of Hazardous Materials 50 281 5.62 5.239 Q1
Chemosphere 41 215 5.24 3.834 Q1
Journal of Soils and Sediments 31 50 1.61 2.32 Q2
Science of the Total Environment 28 36 1.29 4.15 Q1
Water Air and Soil Pollution 24 17 0.71 1.652 Q3
Environmental Pollution 19 181 9.53 4.468 Q1
Ecotoxicology and Environmental Safety 18 80 4.44 3.218 Q1
Soil and Sediment Contamination 14 7 0.5 0.996 Q4
Environmental Earth Sciences 13 27 2.77 1.585 Q3
Journal of Environmental Management 13 36 2.08 3411 Q1

5 200602018 FELEBEHXIRENEE AT A LE Top 10 AR

Table 5 Top10 institutions with the most publication on S/S technology for remediation of heavy metals from 2006 to 2018

WFFEHLA MUt 344 %MK V3G ZR1]] ISEITR/ €

Institutions Chinese name Country / Region Records Percentages TGCS
Chinese Acad Sci oh R B i 62 9.87 1125
Hunan Univ W R CHE| 23 3.66 519
Huazhong Agr Univ Herh gl R SRS 16 2.55 175
Kangwon Natl Univ DRIN Y i [ 16 2.55 477
Univ Cambridge L NES Yl 16 2.55 571
Southeast Univ R R eHE| 15 2.39 332
Zhejiang Univ WILRF i 11 1.75 137
Univ Novi Sad AR R LEOSN 10 1.59 84
Chinese Acad Agr Sci rp ROl Rl B ERE 9 1.43 234
Chosun Univ TSR T 9 1.43 225
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