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Abstract

With the acceleration of industrialization, urbanization and agricultural intensification, heavy metal
pollution in farmland soil has become a major environmental problem threatening global food se-
curity and ecological security. To study the research hotspots and evolution of heavy metals in farm-
land soil, researchers retrieved relevant literature published on China National Knowledge Infra-
structure (CNKI) from January 1, 2005 to April 25, 2025, and conducted a visual analysis of the col-
lected literature using CiteSpace. Draw a knowledge graph to reveal the changing patterns and de-
velopment trends of research hotspots. Based on the drawn map, they further explored the core
authors and institutions, the evolution paths of keywords, etc. The results show that since 2005, the
number of studies on heavy metals in farmland soil has significantly increased, forming popular
keywords such as “heavy metals”, “farmland soil”, and “pollution assessment”, reflecting the close
connection between research popularity and the national food security strategy as well as the demand
for agricultural land pollution risk management. Among them, the core research forces are concen-
trated in institutions such as the University of Chinese Academy of Sciences, the Chinese Research
Academy of Environmental Sciences, and some universities. Keyword clustering also indicates that
there are more studies on “risk assessment”, “soil pollution” and “heavy metal pollution”. The re-
search focus has gradually shifted from the initial analysis and assessment to in-depth research on
heavy metal pollution, continuously refining environmental research. However, the current research
still has deficiencies: First, the threshold system for heavy metals is not yet perfect; Second, the ap-
plication of technology is still limited to small-scale experiments. Therefore, in the future, it is nec-
essary to enhance interdisciplinary integration, incorporate artificial intelligence into geographic
information system technology, and build a full-chain prevention and control system of “risk early
warning-precise remediation-standard setting” to support national soil security and sustainable ag-
ricultural development, and enhance technical support.
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R gt SO K, B R R Sk a5 Yo AT B N, AR AR A SRR AE P AT
TEM A R JC ™ E 1] ARAE 2025 4F (A E L35 JeR GO SR ) , 2 EE 2 E 8815 Y i f s
K, BB FRARFEFR AN 2], B, AR, B[R R 2R 1) ) 52 BUAS R FE RS R 2
W R E S BIT g LIS Y ) B ERAL, 4(Cd). K(Hg). HH(Pb). fili(As). 4(Cu). #%(Cr)F14E(Zn)
SHEPRIGIRBONE R, HAP ARG R R3], 2014 F (A EREERRLEEAHR) 2R,
L EBHh - E S B S AR F N 19.4%, HAE. B . . k. BRERRRS BN 7.0%. 4.8%.
2.7% 2.1%- 1.6%- 1.5% [4]. A H IR E 5@ 15 P A RAEY B = A 5 5T, 38 v Re il BV
mi f g . DRI, 398 o G R Y T | 5 R A A S R R E R, R SERR Y
EREOETIS TN
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oo HAZOIhREEIEILG T b, BN PhEIZE 0T 1SR T RRAINSE . @I X L T
fE, CiteSpace FJ LLRESCHREHE 5% 40 B AR S, FEBVRHIE A RURILE A FE AU it . AR
EM 4. IEAL, CiteSpace 7 Web of Science. CNKI. Scopus 2% S NEHE, IHHLALEREM A
I XA S TRl RR P S5 A I T0T, LR S s SRR ) 23 A AR AR I A . AESGPRRZ Y, CiteSpace | i2
BT 2R SCRRE L. 2UE RIS, T BhRMIE N 52 58 4 b T R AR R STk 1) S R 485 1 R
KR [4]-[6].

A 78 F T [ 50 (CNKT), ] CiteSpace 6.3 R1. I FH#EXF 2005~2025 44 H 435 5 43 )& (1)1
RSCHRAT AT AL /3BT o SREUT 20 4 R4 H - 498 5 4 Jg V5 Yot e AU A% O SCik, AT B AT . R 5E
R TR BB S AR AR G MRE, A4 5 IR 50 A0 R SR AR Ak o

2. BRI SHIELIE
2.1. BEKIE

AU FCHE SR T [ A ABUREE T & o [ AN (CNKT), @R i < EARH RS R” |
CRHTIEESR” . “EEE” 25 850 AT, Kl 2005~2025 FFEHIFH GRS E] 844
HRALL. FIFA CiteSpace 6.3.R1 AT L, HAIFE] 836 ARG, RIS EEE N 2005 4
1 H1HZE202544 H25H.

2.2. BT

7 Hh A0 (CNKI R 2 R o AR T I E @ (Kb SCSCik(n 2005~2025), 5 Sk Bdis
(bR 3. SHIA . T EESE) . i ve: MIBRARREZUME SCHR, ARVE SRR (B “Cd/Am” 5 1H SUR),
G—H AR GG EIE A F| CiteSpace 1. £ CiteSpace 1 BAHKRSH(I AN 1 4F), 7
SR SCEEE . HURA . VR LIS . FIF Pathfinder Sy} L8 HEATH0BY, Id SCHE A JL I 40 M7 i 52 A%
OFFFTRE 7], f# ] Burst Detection BREFH S HIARL[8]; SR A B4R LE(Log-Likelihood Ratio, LLR)%
EHAT R, I R EEATARL, WA FIBY B BB FEE 11 [9] . 456 5 i o0 R XA,
AIRLACHIE T AR AR R AR A H [10]. ZREITIEIL. B3 RILMM LR, W7 [H R H LI E 4

SR R R L S
3. &R
3.1. ke

2005 4E 1 1 H&E 2025 4F 4 H 25 HRERRT “HEEESRE” SO CIRE R K SCE LA 1.
rh ] A 58 4 S A DG U IR R SO R LR IR B MBS KRR . 2005~2010 ARSI IREIM, 1Y
RICEAE 20 fo 2011 A 2014 4, WFFUREN TRl K, FRCRA 2 51 FELE. 2015
A 2019 4, FEERCELIERS: LI, B3 THiEE 86 fo A 2019~2020 FFFFLEHIL T I BRI R
B, 2020~2022 -t HFRHIMN 72 F B2 76 B, ROCEIEKEBONZENE . 1F 2022 LG, KILEZRF
HAAE 2024 4, ROCEN 22 W, AUE 2019 R CEMIY 2 — . 2025 T OGN BER &R
P 2025 £ 4 H 25 HIWSCHR, KCERE 11 M. WafkkE, TEIEESERAKCERE =MEER
W GAGIRZW - mod G K - FFEE NI SR BE, T LA T o AR R S G AR
TEFFEE NI, RORTHE A E R LR ARG F5 R, 5 2 0T 70 GE4R T4 3 a2
.
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Figure 1. Distribution of annual publications on heavy metals in soils in China from January 1, 2005 to April 25, 2025
1.2005F 1 A1 HE 20254 A 25 BXTHEDRESRARFELANENH
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Figure 2. Co-occurrence map of authors who published research papers on heavy metals in Chinese soils from
January 1, 2005 to April 25, 2025
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B2 1R CEA S WU EREER 15 Ao OEE R CBERTET 3R ST A, —3Ek
T 220 K, 24 SCEREE 26.32%. AHFFT T ST E 3 (Price’s Law) X A [l 4k FH - 338 55 4 J& 493,
MR e AT 00T . ERRARH, BOMEERELNS T EEEE B BH-F IR, B SCE R 53
BRE B 50%. BT HE T 50%, ARAEIWHEE KM E A% O AR F RE 1 SOT TR bR e, BrEliZ 4
AL A TR MR A 1170 AR ] 2 W RUACSTAE TR T ASIA « 22 22 hmt /R (10 ) R AT (9
) KEFE e TLR(8 ) NARKIBT T HIBN . ST, B IS AHERS , BifEE BN, RO Rt
WAL, W U A ST S AT, BRI “RLsl . 20257 M BUERE
fiEe FEARRMIETE HEZOAEH RN, Jyrh EAR H 355 2w i iR 4L Ksh /s .

Table 1. Authors who have published more than five papers on the research of heavy metals in Chinese soil from January 1,

2005 to April 25, 2025
FR1.2005 1 A1 HE2025%F 4 A 25 BXTHELEEERMR A 5 BEULESE

5 R =4
1 10 S« F IR R
2 9 WRT
3 8 LA « B RR
4 8 THARHE « BA i i
5 8 BOAR
6 6 KRNI
7 6 LBEE
8 6 L3R
9 6 Tl
10 6 bl
11 6 TKiT AR
12 5 L
13 5 R
14 5 XI5t~
15 5 HASOR
3.2.2. M

T RSO T AT A b, 3R 3 BRREE . B SR e T R B, E A
BB FAEIY R T RO R HE 3 TS 5 R SCRTET 3 RN oA 38 4, —3t
R 206 FESCF, HICERAELT 51.37%. HHF 2 AIAUR SCRAT 8 A ML, DL ERFEBLRZE(27 57)-
HEFR R FUBE(12 )~ BRI St B R 2 SR FR(10 RS2 RS O, HAE
X S 5P SN2 22.89% (FF&-F TR LU, (HDTRR T S1% MK S, 7o 43 EDE T RO
() EFHAL. i, 2012~2025 4F, 1 ERVERRFAERN IR Z 2R EE 2N T ERE T3 66 1%
W, WETEHWRE . RAe X SR I E S RS B O, A SR S YR LI RS T
IRKMITIRR[12] [13]0 XLEHUAIAOR mi7= R, BRI AL ORR AL . A% oM UR FESE 51 4040k i
BT, T T AT LU A B X T SO E SR BRI R, JRE A A R Eh S T
H & ERZIFm T 4 E R TR R TR AR
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Figure 3. Co-occurrence map of institutions publishing research on heavy metals in soils in China from January 1, 2005 to
April 25,2025
E3.2005 F 1 A 1 HE 2025 £ 4 A 25 BATHEIRESRBMHRLTHALIEE

Table 2. The top 8 institutions in terms of the number of research papers on heavy metals in Chinese soil from January 1, 2005
to April 25, 2025
F#2.2005F 1 B 1 BE 2025 %4 A 25 AXTHELRESRMARLLER 8 il

75 K A IR

1 27 2012 o [E PRI T R

2 12 2010 o [E PR AT AT R

3 10 2017 T R T K 2t F R 5 e D 2 e

4 9 2007 e [ 5 1 A5 R PG et B A O

5 8 2014 PH AL AR K 5 B VR 5 2 B

6 8 2017 R N s AR

7 7 2015 Hh [ER B L R B b5 7 YA 5 E S S (R e L R AT
8 7 2013 LR R 27 BHR S BT 2 B

3.2.3. XA

T CiteSpace A 1R IL I AT oR, Hp EAR F 398 5 & e 7 0 A0S A 1 1 B [ 1 R )
%, 2l N=271, E=312(Density =0.0085)) SCH A JL L 1% 1] 4 oo AR ¢ B il LB (1 A ik
ITHER G, SPHERT TR R 3. HOOHESERT I OGHE R “V5 Y7 (46 I, Centrality = 0.76) 02
“SRYR” (13 IR, Centrality = 0.71)F1 “ AL H{54” (309 ¥, Centrality = 0.63), XLEIA AL Z LI L R
(AL >0.1), UESEERREE AR BE B UL S E I [14].
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Figure 4. Co-occurrence of keywords related to soil heavy metal research in China from January 1, 2005 to April 25, 2025
4.2005 F 1 B 1 BE 2025 % 4 A 25 X THEDRES R RIAAIEL

Table 3. The top 10 co-occurring keywords regarding research on heavy metals in Chinese soil from January 1, 2005 to April

%5’32.0220505 F1H1BZE2025%4 825 BXTHELRESRARIEIINER 10 AKX HEIT
75 KA 1] L7108 HA L
1 HEE 441 0.79
2 A -4 309 0.63
3 +3 163 0.41
4 V5 R 87 0.25
5 A H 78 0.45
6 ek il 61 0.17
7 A A R 55 0.30
8 bER/S 46 0.71
9 RSP 42 0.13
10 s 27 0.53

TEXT SBHAR FEAT LI 43 M (R JE it b0k v (5] - 458 7 4 Ja A 75 SRk 1Y) DB i) R 284317, R log likelihood
ratio (LLR)HIE X iZ AU i 7 13 ANRFAESEE I 1) = R an ] 5 o o LLR BRI G R], i A
REM. [151HEH A% Modularity Q = 0.8465 > 0.7, KR FKARLE AL RECH 5, KX 13
AN 2 REBE 25 ) HA T R 2 A0 BTG ] 6 BTz o DA TRIRR B H R i, () — % TR] 2 B M7 28 R AR e AR,
Horp Rtk 2, WA Z I RIS FE M2 [16]. 45615 5 M 6 A%, X3 AAH S5
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Figure 5. Clustering of keywords related to soil heavy metal research in China from January 1, 2005 to April 25, 2025
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Figure 6. Timeline distribution of keywords related to soil heavy metal research in China from January 1,
2005 to April 25, 2025
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FIFMRHBL “EHR” MRIE, KSR “ RPN ORI L U o Xk
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Top 5 Authors with the Strongest Citation Bursts

Authors  Year Strength Begin End 2005-2025
RO 2006 557 2006 2015
T 2013  3.84 2013 2016 —

RESTES 2013 3.16 2021 2023
JEENT 2018 4.86 2022 2025
SKIBMAT 2019 332 2023 2025

Figure 7. Keyword bursts in China’s soil heavy metal research from January 1, 2005 to April 25, 2025
B 7.20054F 1 A1 HE 2025 4 A 25 BXTHEDRESRHAR XBIARNEL
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FIUBCER TR SRR, ARHEE SR AUE 7 2 LA 6] . R SCEAZ O F ZE A 7 v [ R B
KL T E R AR T R S A T = A [ KRR BE T, BRIk, R it S M 4% L
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AR R RN, IRZE/R T4 s g 5 R 22 4 o)l 1)K A% O A7 [20] o [ B ] 5K 75 S X BUKR I e
PEWETE, £ “HHbBT RS A CBRPRT” EREIRAESE T, HESIIFT R 18 B4R BUR 5 BOR bR HE 1)
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IR SR S .
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