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SR SRR SCHIRIEA T PTAAR 0T, RFER OISR TG SR S, LIRSS Zeiioe b TRESC G S22 A
(FE
1 MRI5HE
1.1 BHEKIR

FIT AT B4 2K I8 T Web of Science #.0& 4, [RII g CRAERUHE A MR M, 5] SR 51 #E SCI-
EXPANDED. #F5NAERET AR BEEAR, Wf LR KR . BrICHsMmERrpit
FEAA RSN, e R B E R A, HRTE SR S S il . =
PP, RS, AN BIREL | mEkIRER . AREUIAS ORI, R Z RIS e
A+ TS=((“chemical oxidation” OR “advanced oxidation” OR (photo* AND (oxidation OR cataly*)) OR
“electro* oxidation” OR Fenton* OR “hydrogen peroxide” OR H,O, OR persulfate* OR persulphate* OR
peroxosulphate OR peroxysulfate OR peroxydisulfate OR PMS OR PDS OR K,S,0; OR Na,S,0, OR
permanganate OR KMnO, OR ozone OR ozonation OR “calcium peroxide” OR CaO, OR percarbonate OR
“chlorine dioxide” OR CIO, OR “hypochloric acid” OR HCIO OR ferrate* OR “peracetic acid”) AND
(“contaminated site*” OR “polluted site*” OR “site* contamination” OR “site* pollution” OR soil* OR
groundwater OR “ground water” OR ground-water OR brownfield) AND (remediat* OR degrad* OR remov*
OR treat* OR destruct®)), IFEIEE K 1990.01.01—2022.12.31, CHRZEHIESE Article F1 Review, JE1EK:
RER P S AL A A B ORISR, BRI 4 642 Fi
1.2 WRFAE
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2.1 FEEAXERAXERDH
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SHIEA 3268 FHMETMCE AR T | 1|
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1 %%, RUTHRATHEX A F B R R GU by

HEOGTE, JPfREITTILE . Tl TR gy s o s anseni s s
B U 20? )% X @k ’{i JEEEE 5‘:“‘3/{ii EI/‘J Fig. 1 Number of papers published in the field of chemical
4.44% . MERS WECRE, ThEBABCR I oxidation technology for site remediation in 1990—2022
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1 1990—2022 FiFth ik FR IS SRS

IS [BCRE , iR S — PRI SR K &SCERT 10 BN
2, REHREE N 52.28 R, HUERE NG B Table 1 Top 10 institutions in the field of chemical oxidation
LN E B2 (44.72) R sty Ak technology for site remediation in 1990—2022
(45.52) o Lty DIRRSHRIRRIA, HATb 74 e - B ORBEL RBE HIRR
3R N0 e S S SR TR 7 B U SR RE
Kl 2(a) FIIEL 2(b) 53545 BRSPS & 1 o AL B 206 9212 4472 264
EXRZR, BT S K/ NRR B G & SCERE 2 EIRIT R 98 1820 1857 154
PR CRAE R, LA R EEREL. 3 hERPEBAY 87 2834 3257 138
rh | FNSE I A Ak A B B Sl ) 4 4 ] e 74 1898 2565 48
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W B HEAGEAE, WSS e g s we e
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TR G R IR, A SR 2 NS 5 Al . S—— . vaoh s
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(b, SEFIMEE . PRI SR s 2T s
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Fig. 2 Cooperation between paper contributing countries and institutions

R 2 19902022 FAtLFENEERARTUTLTERT 10 HEE
Table 2 Top 10 authors in the field of chemical oxidation technology for site remediation in 1990—2022

He4 =4 FRIEHLA SRR ST R T IR IR
1 LYUSG AR T R 107 2716 25.38
2 SUIQ R T R 64 2031 31.73
3 QIUZF R T R 58 1984 34.21
4 GUXG Lﬁ?ﬁmﬁig&&ﬁﬁ%éﬁ 50 1744 34.88

(AR TR
5 SANTOS A L B R T R 36 692 19.22
6 DANISH M P TR SHAR K 32 677 21.16
7 ZHOU DM AR (P EREERE) 31 1969 63.52
8 FANG G D rhERERE 30 1931 64.37
9 ROMERO A L i Y R R 30 674 22.47
10 XUJL PHL BRI R 29 309 10.66
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2.3 FEEESTUTISH

G E B ORI X 14 519 £72838 , KOCRETT 10 @8 ik 2 s ZSCEHRATHT
SHEEE PR AR R:, 31 LYU S G (107 %) . SULQ (64 %) A1 QIU Z F (58 %) - fERIHES
UEOTTE, ok H R EREEBER FANG G D (64.37) AR Rtk (R EEERE) B9 ZHOU D M (63.52) HA7—
EPLR, s —. =4, Uil 2 A\TESH b= S A 5 S e S, BRG] .

SISO RIRT SRRSO, AT A e SO TR Ak . b2 S B BoR St
AR 4 642 F SCHR AT AIRIET 562 MU, W& 3 ATLIEH, Chemosphere 22 (2R T, L&
405 T S1ZATUE A SCik, 5 BR SCEAY 8.72%; Environmental Science & Technology TIE A4 SCHik BAT i
S SR, BiE [REGK 19 204; Chemical Engineering Journal W EA HE A1 (15.1, 2022 4F),
SMATTE, #OCEHEAET 10 (I RIRZ A IR RN T, BARERUENE, XS Ea AaE
BORE R

7R 3 19902022 Fipth b FEIEE AT CZRT 10 HYEAT
Table 3 Top 10 journals in the field of chemical oxidation technology for site remediation in 1990—2022

HE# T P SCERBCHE EljitVe: AT (20224F)
1 Chemosphere Yl 405 17 870 8.8
2 Journal of Hazardous Materials fif =% 329 17 989 13.6
3 Chemical Engineering Journal it 293 15299 15.1
4 Environmental Science & Technology ESE| 204 19 204 11.4
5 Water Research paE 199 14 952 12.8
6 Science of the Total Environment i 2% 157 9275 9.8
7 Environmental Science and Pollution Research TIE 154 2359 5.8
8 Journal of Environmental Management Y lE 82 2 801 8.7
9 Separation and Purification Technology fiif 2% 81 1934 8.6
10 Water Science and Technology Yl 79 1426 2.7
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1o A O B ) s W2 AT AR o A R A . Ak BB B R AR 4 642 B Sk A
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Fig. 3 Keywords co-occurrence network of chemical oxidation technology for site remediation in 1990—2022
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R /INR R SR T A, R OCRE IR R IR B BV AR I . R AR R Y G B R 4R oxidation
(1 123 ¥K), groundwater (689 {X), hydrogen peroxide (615 ¥X), soil (585 ¥X), kinetics (584 {X), adsorption
(455K ), persulfate (408 {X ), polycyclic aromatic hydrocarbons (387 X ), mechanism (361 X ),
biodegradation (351 ¥X), iron (305 ¥X). HH Al S EE IR A mT 0 . (D3RI R /K& 75 Y i) B B Ak
QAR EAMEZ AR, i A AR BRI R & 2 A B S H AR ST R FH e 22 48U FR)
TR RHIPE R TR A IS AR RL ;. O B ARZ I TR A LS ), D07k i
R DA RIBITHARTT SHEMIBR FEARR G, DS R ERECR.

SR S W — TR B USROS . AT CiteSpace HYICEHIRIZSININRE, & SCHERIESIR
BRIHER 2 4, IEYT RN 148, 153 164 DoS3in), 4R HRSEMR EEAZS B RIE B 20 S9EMRlHAT
3HT, SERNE 4 PR, R EAEE HOR 208 R AR A (1990—2005 4F) FILELAR (1990—2007 4F)
B TR RER bR R T A AU A U S 28 SR AR (1997—2011 4F) o R4S E B SR HOR K it
B, 2017—2020 4F & SCE W EHIN . AL, abEREREY G — SRR ER it AR ER AR ) M OHTE A T A6 R

(2020—2022 4 ST J VAR AL R B E HR SIS A
ISR MG JTERINTR SR 1990—20224F
hydrogen peroxide 31.54 19904F 20057F I
ozone 26.68 19904 20074 I
decomposition 12.31 19904 2005 I
destruction 12.22 19907 20114 ——
soil 18.38 19914 20004F I
atrazine 10.48 19924 20024 ]
Fenton reagent 26.04 19934F 20094F |
ozonation 13.84 19934E 20114 |
waler 12.85 19934 20044 I
titanium dioxide 9.94 19957 20064 |
photolysis 9.58 19964 20074 |
catalyzed hydrogen peroxide  13.07 19974F 20114F ]
phenol 8.38 20014F 20094F |
potassium permanganate 14.12 20021F 20144 ]
tert butyl ether 10.65 20024 2013 |
iron oxide 8.36 20044T 20124F I
in situ chemical oxidation 8.49 20174F 20204F [ |
peroxymonosulfate 16.31 20205 20224 |
persulfate 13.80 2020°F 20224 [ |
activation 8.04 20201 20224F [ |

T R B (EOR, R CHATE IR B NPT A BERG R MR s FFARMEE] | 25Ut E) AR S B R Re BUT A N ZE S A 1) 5
I TRl P 21 6 8 ARG TS R IR I I

4 1990—2022 FiFth it FRMIEE ARG S EIAZIELE

Fig. 4 Keywords with the strongest citation bursts in the field of chemical oxidation technology for site remediation in
1990—2022
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R RAED, KR HA AN, Vs SRt r s, HE KA (DNAPLs) XER
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LA H RSSO, RZ AT KIER . AT HEER, e R m (R W
PRIZER LK pH %) XHEERCR B m i £ Zhlad PR R A RO, OB R T
pH. T H SRR (B=1.68 V), W—S85#5 2% | Prabismmam s 4 LA B, i
SR A AL E, FIE A E AL R R RO, o B E A S B AR AR
I A ] )

200
2.729, +03% — LA
21.1% 342% 150
&
E[]fj 100
[ImEUE=vis) S
[ i Wi “
— {Eﬂ;’iﬂ:’%
# \‘H_’ 0"
30% e R e N O N
A
(a) R &AL E ) (b) TR AN K S0 ik

Ele6 19902022 Fipht FEMIESRATTANTINAER
Fig. 6 Application of oxidants in the field of chemical oxidation technology for site remediation in 1990—2022
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Fig. 7 Common catalytic/activated methods for hydrogen peroxide and persulfate
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4 WFENHKAEMIEE AR STIN A ERL

Table 4 Application of chemical oxidation coupled with other remediation techniques for pollutants degradation

BRAHEAR 15 YL Kok [E AR ERUSAES P 3
N 20 mmol-L " Na,S,0,: 98%:;
e+ HI[altE 500 g b4, FrkH20%, 10~40 mmol L' e ¢ DS TR
HEE [BaP]=0.7 mg-kg ' Na,$,0,#KMn0,, 25 C, 60d 10 mmol-L 'KMnO,: 84%;  JCHK[S3)
- e P o BB R 03 )
SRR NI E20 g 4148 b
R N D ke LRI UE20 o1 Heas nZVI: 84%. 89%. 91%:

@& nZVIELSiO,/mZ VIS0 mmol- L™ i SCHK[54]

st e BEH 4100 mg kg N e Si0,mZVI: 75%. 85%. 87%
i REEFI 100 mg ke RAhiA T IR, 25 °C, 30min 2 o BT 81
N 125 g+3, 0~2.5 1-g 'Na,S,0,, HiR SN (ERH) : 36%;
Tt L, g mmol-g Na,$,0,, i HBLNA (ERH) : 36%:
P » 8v-em ', 6g0.1% NaClHLf# FUA T, ERH+2.5 mmol-g 'Na,S,04: SCHR[S5]
Mg [PAHs]=101.6 mg-kg i
90+£10 °C, 240 min 79%
3 kg, Fe,0, (FHM) FIf & (B ,
b2 b+ A, L0 V-em™, 15d, BHML MR HN10% 290, SCHRS6]
HEIEE [TPH]=10 000 mg-kg ' H,0,+0.1 mol- L #7Ks . FAMLHL i b Y

0.1 mol L' R
WEEMAIIGYY), MIEN-TAEE  SERIME (CL/uV) A T2 PP IS e ) R B FR BHz

. STk UL (LOJUV) AT E 1009, LUV T LA o)
fh2g b+ Ofifi#E, 1~180d s _
M AR, RAEEZE . — O (1.5% Na,S,0,H10.03% éﬁﬂ”‘i%f”mi%' nr
PO GOH) . 180-228 4 KA BE A 2 R SCHR[SS)

U U B SO R, HELEUEII90 d HREUT

SRR AT) T N T ECBRER, HRT 28R pH 2 10.0 DAL, MPREEMHER, A
o, DO PRI BTSSR T . PR EASTIA RIS, T2 B I
TR DAt RO R, S R A A Y, SRR E T YW perE,
(IR ARG s s &SP B/ hEw o e 7 L1 1 N/ NG SO & 7 AN i = 7 e = [ I NS R 7 (R V| R L R )

3) SEPRIAHBE BRG] . SEPRT5 AT s PSR AT 2R, AT TS AT B U 2 1
I, T TG RGO, LRE BB YL | ACSCHSURAIE AR ST, TiEiE A AB S Tk
X GMARTG R, R S B R BRI BB RO, Al S5 . Mt
B BRSBTS, IR AR FHE S BORB PRI, SR A5 Qe PRk A R 2
ONE, WESRAMRE MIER RS E L, 1R T AE AR

4) LIS KN Trik . s BB R N2 70 nl e 2o 5 D 3 Kot K BRI (4045 pH.,
AR MU S A FRCEYI S A2 e, REMBEME SIS A 4 Bl A e A A TR
Rl REXHREE L . BRI TARRERL ™ AR XU . Ak, Aot An] B SR E P IE) )
AP FIRR R, BN SBUER oo R (Bl BEAIEESE) M. AP RTR M, B Ry ER A
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Research focus and future trends of chemical oxidation technology for site
remediation based on bibliometric analysis
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Abstract Chemical oxidation is a green and low-carbon remediation technology that has wide application
prospects in the field of contaminated site remediation, mainly due to its high efficiency, short remediation time
and low cost. In order to systematically sort out the knowledge structure and research thread of chemical
oxidation, and to explore the hotspots and trends of the research, the bibliometric method was used to visualize
and analyze the number of published articles, institutions and keywords in the core database of Web of Science
from 1990 to 2022 by using VOSviewer and CiteSpace knowledge map analysis tool. The results showed that
the number of annual publications was increasing worldwide. The country with the highest total number of
publications was China, followed by USA. The number of annual publications of China ranked the first since
2010. The Chinese Academy of Sciences topped the list in terms of the number of publications and the
frequency of citations. Based on keyword analysis, pollutants suitable for chemical oxidation remediation
technology, oxidants species, catalytic/activation methods and combined chemical oxidation remediation
technology were summarized. The research hotspots focused on development of catalytic/activation method,
investigation of pollutant degradation mechanism, and application in soil and groundwater remediation.
Meanwhile, future research is expected to concentrate on the development of novel oxidant species and targeted
activation/catalytic methods, the investigation of mechanism of materials migration and diffusion and reactive
oxidizing substances generation, construction of synergistic chemical oxidation remediation technology system
and promotion of engineering application. In addition, establishment of risk monitoring and evaluation system
for the entire chemical oxidation remediation process also deserves attention.

Keywords contaminated sites; soil and groundwater; chemical oxidation; remediation; bibliometric analysis
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