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Analysis of the effects of heavy metal pollution remediation technologies in wheat and maize fields based on
bibliometrics

WANG Juan, SU De—chun”

(College of Resources and Environment Sciences, China Agricultural University; Beijing Key Laboratory of Prevention, Control and
Restoration of Farmland Soil Pollution, Beijing 100193, China)

Abstract: The China National Knowledge Infrastructure (CNKI), namely the China Academic Journals Full-text Database, and Web of
Science Core Collection Database were used for bibliometrics analysis and statistical classification of relevant literatures on wheat and
maize heavy metal-contaminated farmland remediation from 2000 to 2018. The aim was to clearly understand the domestic and foreign
research trends and characteristics in this field, and provide a basis for future in—depth research and wider application of different types
and effects of remediation technologies under field test conditions. The results showed that local and foreign research development in this
field was slow, and although the growth rate had increased since 2010, the degree of concern was significantly lower than that for rice fields.
From the perspective of heavy metal types, cadmium pollution was the most studied. The main publication journals in the field of heavy
metal pollution restoration of wheat and maize farmland included Journal of Hazardous Materials, Science of the Total Environment,
Chemosphere, Journal of Agro—Environmental Science, and Journal of Eco—Environment. Research on application of passivating agent/

improver had attracted the most attention. Evaluation of the restoration effect under field conditions indicated that the selection and
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application of low—cadmium accumulation varieties had the best cadmium reduction effect, with a reduction rate of 57.73%, followed by

organic —inorganic composite and inorganic composite repair technologies. Organic—inorganic composite remediation materials and low—

accumulation varieties were both effective technologies and research development directions for the remediation and utilization of wheat

and maize heavy metal-contaminated farmland.

Keywords : wheat; maize; farmland; heavy metal; bibliometrics; remediation technology; passivating agent; improver
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ARSI SCSCHRESR R BT o R I CNKT R
AT SO R (N3G 2 B S R sl ) o R
F e Pk R D RE L 5 STk A I 18] 5 2y 2000—2018
AR R A 1 S TR i O R R I
CNFETEC KT IR BIAHOC TR 1 357 L FE LA
SERUA BBl R YR B RS E AR
IR 55 R AR S AG: 2R T 0 T S R T A2 A A DG 1Y
SCHR , 5 e TR A5 18 TP SOk AL 205 7

AT FE SR R F T Web of Science #
DB B E (WOS) iz B i A6 2% 1 3 7 1 59
R A RBL A SUEI A —E RO, DINE EK
AR R 45 A8 A G STk HL AR L SR e A 2R )
fE, A 3 0 “TS=( ("corn field*" or wheat or maize or
corn or "agricultural soil*") and("heavy metal*" or cad-
mium or lead or plumbum or mercury or hydrargyrum or
quicksilver or chromium or chrome or arsenic or copper
or zinc or nickel) and(removal or decontaminal or stabi-
lizat* or phytoremediat* or phytostabilizat* or remediat*
or bioremediat* or co-remediat* or hyperaccumulate or
repair or restore® or control or localizat* or amendment
or Immobiliz* or fix* or accumulat®) not rice)” N &R
SR, SCHR 2 22 A1 [ 2000—2018 4, SCRRFRAE
N “Article” Hl“Review” iR AL, I F Fl HistCite 4K
ffrh “Cite Reference” M BERF A W55 1Y 35 2K SCHR B4 T
HMFE , 3B %R BRI O 10 , R R A2 IS A O 1 S
Tk, o VR AR BSOS E 202 55 ¢
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(RIS SCHR B AR IR, M ST 9 0 BT 85 (36 2)
KFE, SO & SR T R RO IR B R 2254
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Figure 1 Annual published literature quantity of research on heavy metals pollution remediation in wheat and
maize fields from 2000 to 2018
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B T HAth, b TSt 7, R S —E 11
TSE M 3 K 3888 B FGE AR, SOk R P 405
73RS SCHI T, R SCEHEA HT 10 A AR 3 s HE4
25— N Chemosphere , #1 5 SCHE L 14 55, HK & Enoi-
ronmental Pollution , 3£ 12 5% , — & 3L \5 14.5%., 5
PR S VA R — Ul Y o AR 8 A, 5
- 349 5% ) B S5 5 B B RISR Journal of Hazardous
Materials , Fo 5210 [ 74 7.336, Fo H Communications
in Soil Science and Plant Analysis 52 K 5 8 ik
SRR AR J& T Q4 43 DX, AT LA 1) & S 52 i)
TIIEARRA — @ WA, 4555 m K1 5 A b
B g I EL, Journal of Hazardous Materials ,Science of

the Total Environment Fl Chemosphere 1 J& i oL ) B AT
IS A T

WF SR F2 200 475 i 25 Be A LA K R AL B
A7, AT LAz e H 32 U 1Y) B R 0 T X I 20 A 1
B X 2000—2018 4F /N | TR AR HU 42 R 18
2 U, [ N SELAA 5 51 R AL 09 35 Sy vy A B A, A
A K 2B R AL, K321 R, A 10.24% , Ik b =
FA A R PR T R AR R D R v AR
R X Hok A, T R m I o EU K (H A
FEEE A s i, HENZ UG 2 A% OB AR
HIA A SS A AE , REAY JERWAE )2, RS
—BRMER R
23 ARBRS

A FH B 4 Ja 175 G e At SRV L A O T [R) R, A []
FhREG RPN EER . R ESR

Fz 1 20002018 F/hFE ERXRKHAELEETRIEETUH L LE Topl0 HEFK/H X
Table 1 Top10 countries or regions in volume of publications in the field of remediation of heavy metals contaminated wheat and
maize fields soil from 2000 to 2018

Fra ] %/iﬂzlﬁ“ ' Rk ' z!sim‘%‘%ﬁl‘(kéﬁz mmi’«‘]m&@lﬂﬂkiﬁz . 'éﬁjﬂl?kiﬁz i’smlé‘ﬁﬁlrkﬁ .
Country/region Literature quantity/f TLCS Local average number of citations TGCS Total average number of citations
1 F[E China 64 94 1.47 1398 21.84
2 [EEIH Pakistan 32 75 2.34 1025 32.03
3 F[H USA 24 54 2.25 1 464 61.00
4 #[H South Korea 12 56 4.67 1077 89.75
5 JNEEK Canada 10 43 4.30 634 63.40
6 ¥ K Egypt 9 14 1.56 251 27.89
7 Fi i Sweden 8 51 6.38 1547 193.38
8  MAFII Australia 8 33 4.13 1009 126.13
9 85 Germany 8 20 2.50 211 26.38
10 V¥ India 8 9 1.13 249 31.13

F2 20002018 F/hE ERKEAESBITRIEE XL TE Top10 HT
Table 2 Top10 Chinese journal in volume of publications in the field of remediation of heavy metals contaminated wheat and

maize fields from 2000 to 2018

e CHE

o IR R S EE B

PRSI AL

F45 Jo%ﬂfilgn fj;e Litere?ture Proportion ‘uf the total gﬁzlfﬁﬁﬁs Average n‘umber of Comiﬁfﬁifnritiacmr
quantity/fi  number of literatures/% citations
1 PV IR 224 32 15.53 782 24.44 2.40
2 MBI 11 5.37 219 20 221
3 K AR AR 7 3.41 107 15.29 2.02
4 r | A 2 A 6 2.93 72 12 1.00
5 VU R Al 2 4R 5 2.44 27 5.4 0.84
6 LRA AR 5 2.44 53 10.6 0.49
7 R 5 2.44 193 38.6 3.05
8 MR 5 2.44 154 30.8 3.58
9 IR 4 1.95 112 28 2.54
10 R AR 4 1.95 16 4 1.08

1% WHART]
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A HAE S A 743 A (L 2) i 2 — Ao, 4 HE 2R
A, R SCER AR 138 5 A 79 R L 435l B 67.3%
1 38.5% ; 75 9 3C & SCH 1 (B 3) , [ FE SR HESS —
(14355) ik 2, e UUE A RSB I N Fok
A FH A 5 0 %) DR B s vy 1 A, DA T A ™ g
T e E Y[R P A B ST T 4 R 2SO i
AL BRFE—B0, 0 B AR VB VRE VER TN B BR RS
G YR R 2 I . SRR A, KRR A ESE
JE 5 YeB AR 1 R S S B 2 A W 9 TR AT
B — T 4 B 5 YL ARG I 2 A

AT T PR E ) B IR A 22 57 /N2 LR
KE R I B R AR R SR, R SCE gk
F /N AR B4 JE TG 8 1 R 5E Kk SR R 223
T, EOKA 183 5, X /N A I EE 43 g 1B 2 I i 5

L T ORI FORVEIAS By HAT 20 4 s i
ZYEA K. AEEXN LRI, NE NSRS E R
il KT BRI E S R R, RN R XL H G )R L
FOR U, B ARRE ) B, FORIE SR §
SRR TG, M R AR Lok, HILAEY)
R, FVELYEL LT, 0 e Sk 18 5 B, AN /DI 5 Rs H
SeE G R AR R E KA TR E G R T ek T
BT ST, B AR B b nl D — i 8 52 01 174 i Y A
Yy, A —E e =R,

MEARLETRIGE 45K E (K 4) , B2
AL TR/ R AR B SR IR SRR R |
TET RELA2E 5] AR At LA R IR A8 S A, He it P
PR/ BT 5 B iR (48.4% ) , F 5% #44 B G 1 e L
i, FZAB S BRI T E L B SRR AT BB A, X
(7 ek 5 G S50 e LB B2 RO I T 28 5R — B Bk R/
o BRI AL AR A HLFI G HLZE 25 | 3 R 4000 R A1 JKET )

3 20002018 FE/ME EXRAELETREEFLELE Top 0 HAT
Table 3 Top10 English journal in volume of publications in the field of remediation of heavy metals contaminated wheat
and maize fields from 2000 to 2018

. _mn e SAD mseves e
quantity/iS TLCS TGOS pact factor Journal ranking
1 Chemosphere 14 38 702 5.089 Q1
2 Environmental Science and Pollution Research 12 14 188 3.208 Q2
3 Communications in Soil Science and Plant Analysis 8 2 83 0.784 Q4
4 International Journal of Phytoremediation 8 17 157 2.29 Q4
5 Ecotoxicology and Environmental Safety 7 33 310 4.064 Q2
6 Environmental Pollution 6 13 201 6.152 Q2
7 Journal of Hazardous Materials 5 37 899 7.336 Q1
8 Science of the Total Environment 5 15 309 5.727 Q2
9 Environmental Earth Sciences 4 5 123 2.032 Q4
10 Journal of Plant Nutrition and Soil Science 4 4 138 2.664 Q2
Rarn wia | #05%
% 4.1% 309 \
K 1.1%
$%5.5%
fi19.5% B 1.5% \ ‘
3.3% k
§112.0% - 2%
#520.2% #516.1%
B13.5% B16.0%

2 20002018 FF XX B/ E FARAKBEEERITRES
Figure 2 Chinese literatures in wheat and maize fields heavy
metal pollution category from 2000 to 2018

3 20002018 XXM/ Z ERKHAESRITRES
Figure 3 English literatures in wheat and maize fields heavy

metal pollution category from 2000 to 2018
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Figure 4 Number of published literatures about remediating heavy metals pollution in wheat and maize fields from 2000 to 2018
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Table 4 Effects of remediation technology of Cd pollution in wheat and maize farmland soil

TERHAR (FEAKD)

Remediation technologies(sample number)

LIRS RIE LEpHIIE pHARTHE LIRS fERRE R R T

Mean value of soil Cd Mean value of pH rising fiX*® Reduction rate of ~Reduction rate of ~Yield rising

content/(mg-kg™") soil pH value  soil Cd bioavailable/% crop Cd content/%  rate/%
TR AR TR 52 (n=42) 1.74 5.78 0.90 26.32 24.96 29.06
BR3¢ % 4 IR UL (n=35) 5.08 7.22 0.98 31.00 26.00 37.80
Fi L0 (n=24) 1.81 6.74 1.23 35.90 30.18 8.19
T AT (n=28) 1.72 6.43 1.84 34.44 47.80 36.63
A HLEE AL KA HLIE(n=39) 5.73 6.63 0.42 31.63 46.47 37.91
fedi R AW (n=29) 2.19 7.30 0.85 35.75 32.82 22.74
T+ IE A (n=22) 1.94 7.93 0.53 47.94 53.51 13.96
A EIBE A2 (n=17) 0.76 7.06 — — 23.26 7.00
AN (n=71) 111 6.76 — — 57.73 —
HWEE (n=17) 0.63 6.69 0.74 26.66 33.60 4.14
WA BE (n=12) 1.13 5.93 0.87 49.20 39.00 24.95
Fien | 0.63~5.73 5.78~7.93  0.42~1.84 26.32~49.20 23.26~57.73  4.14~37.91

FH )30 25 1R T /N2 FOKRA TS Yk FAE SRR
AIGETHR I ARB BRI | TR R B L A R AR
VEDRFRL 5 B RICR B A, AR R 1K 57.73% , LR
THL+A HLE G BB S ER R R 8 R 0
53.51%. JoHL-APLE 5 I8 L RHRIRAR 2 0 Fl
PEFTR/INA | TOKTE G 15 e B SR T A 2
ARFKJET5 1
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