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Abstract: Cadmium (Cd) pollution is dispersed over a wide area in farmland soils and seriously threatens the safety of
agricultural produce and sustainable development of agriculture due to rapid industrialization and inadequate environmental
protection in China. Compared to other toxic elements, Cd is highly carcinogenic and readily accumulates in edible portions of
plants to levels that are toxic to humans. Traditional technologies of chemical remediation, physical remediation and
phytoremediation have been widely applied to remediate Cd-polluted arable soil, especially in acid soil in some areas of southern
China. However, little is known about the remediation technologies of Cd for alkaline arable soils. Alkaline soils are mainly
distributed in North China. This area is an important hub for both the crop growing and animal breeding industries, and is
suffering from severe Cd pollution as well. To ensure food safety, it is necessary to establish the technology and theory of Cd
purification in alkaline soils. This paper reviews the domestic and foreign research trends of Cd remediation strategies, hot
technologies, Cd geochemical cycle, and Cd transport and accumulation mechanisms in wheat grains, and analyzes the scientific
and technological issues of Cd management and control in alkaline soils. The Web of Science core collection database (WOS)
were employed to conduct a bibliometric analysis of the literature on remediation technologies of Cd in alkaline arable soils from
2000-2021 via VOSviewer software. The immobilization technology is popular to remediate Cd contamination in alkaline soils
and the top three countries in the number of publications are China, the United States and Australia because of their abundant
agricultural resources. Besides, soil acidification is the main reason for the increasing grain concentrations of Cd in alkaline
arable soils. Meanwhile, lower soil Eh can increase Cd bioavailability by flooding in alkaline soils, suggesting that irrigation and
drainage projects should be built in dry-land soil in North China. However, compared with acidic soil, the research on Cd
remediation technology in alkaline arable soils is relatively weak. Currently, alkaline amendments such as clay minerals, biochar
and lime are usually applied to lower Cd bioavailability in alkaline soils. However, it is difficult to inhibit the accumulation of Cd
in crop grains by improving soil pH due to the large amount of carbonate in alkaline soils. Moreover, the excessive addition of
alkaline amendments can destroy the soil structure, leading to soil hardening. Also, in phytoremediation, the high pH of alkaline
soil will reduce the uptake of Cd by plant roots, resulting in low remediation efficiency and high cost. The accumulation of Cd in
wheat grains is affected by both biotic and abiotic factors, and the complex molecular mechanism of its uptake and transport also
limits the development of low-accumulation varieties. Thus, local governments should monitor the Cd concentration and it is
imperative to explore and develop new technologies for inhibiting the transfer of Cd to food crops in alkaline soils.

Key words: Alkaline arable soils; Bibliometric analysis; Cadmium; Remediation strategies; Wheat
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PuS: £+, LiS: /7KL, BIS: 2+, FaS: 1+ . Note: PaS: Paddy Soil; ReS: Red Soil; LrS: Lateritic red Soil; LaS: Laterite
Soil; YeS: Yellow Soil; YbS: Yellow-brown Soil; BS: Brown Soil; CiS: Cinnamon Soil; SaS: Saline Soil; PuS: Purple soil; LiS:
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Fig. 1 Information collection of soil cadmium prevention based on both Web of Science( WOS )and Chinese National Knowledge Infrastructure
(CNKI ) databases ( a. The number of published papers from 2000 to 2009 and 2010 to 2021 based on WOS and CNKI databases, respectively;
b. Number of papers published according to different soil types in China from 2000 to 2021 )
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Fig.2 Common map of international publications on the prevention and control of soil cadmium pollution
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Table 1 Application of passivation materials in remediation of heavy metals in alkaline soils
W) R R ‘
FiTuy AR EIRAEARY  AWBRM FRERY ARV
Phosphorus-cont EHL R
ok g g B kR gl
aining Organic
Clay minerals Lime Metal oxides Biochar Humic acid Straw
substances materials
materials materials materials materials materials materials
materials
BARALE B acHr. SR RS WM, R WM, EUIE . R EE . W B BB ESR
Passivation WHULHE . % pH. Hifnt %G . (L¥FD0E HKomEfis  #IHE EH, JF & 58S EBIFRER
mechanisms ST HER AR H, 4T 1 1 pH JEAEF pH RESE JEHYUER HAY
fif . BUE+ b IR 4 AR
HIHEF Ja& i
o d F0 e
R A
REBHEMEL A 2. 7KE BER AR, o BREEMT AEAY R AR X9FE. R,
Representati Mf#E 4 R AKE  BERES. BRR— . HRAML Buk. N/ KFEREFF . RHZEICE
on materials 1 . i 3L LI 2% B FRILWE KA LY/ FORFEFFA: FRFEFF
A7 AT 2% B R . EHEERE Yis . W TMSEFRSFEAN
. ki 5 Jiie WUPE N R INEFEFT A
fa A, As AW T
i, JifiA % . Bk
UPEAE Y BT
WL

FERRIR . 88 pH E, 5850 A s R
SRR, BG R E S AE Y 0 X S B PEARAE, FR
il TR . sk s AN R AR
R WLEF B ( Bidens pilosa L. ) X} Cd ¥%i5 20T ik
2.84, (HAESONE O ARE N 172, MAKIE,
HEMAYRIBCR S 15 Cd W al RIS R AE
e F R IEASS, FIES EAEYERRYE 1% (pH
<7) TRRBECERIE Tt 3 (pH > 7). Huang
SFUTE LT L S B BREYIFRL T ( Amaranthus
Je 2%
( Solanum nigrum ). Rkt ( Phytolacca acinosa ) FlfF:
W 5K ( Sedum plumbizincicola ) TE1R . Bl 13
XF Cd MERHUSCRET R, R L1 SupE )
(4R R 2 5 T ok L3, o R S KA
PE A e h (4R ORI A, HLAEBME T e rp A A T

hypochondriacus ). T #i ( Celosia argentea ).

A6 1 38 3 430 B 22 (AR S A AL R SR 3 AR B
A Cd FrE. Li FWIRE T AT o4,

TR MR EFER . B EHERRI Cd T
HORIH 1.6 ¢ 1, fefEBE AR, REMYBEE
mEBE MK, HESBUEE AR, A
e b, AR B ROCR 5 85 A R 5 o7
WIS IngE . S, A FSE 8 L S I L AR
fdctE 148 pH MR PE R AOR, 45 RLRGE
IR IE 2% E ( Cichorium intybus ) FRWUL Cd & & M
4.43 mgkg ' BFEWANZE 20.16 mgkg "W, 1khh, %
JE Cd 53, i SR S 08 A ) 1R T 4
FEAEE W INZ B, 185 IR IK 46 J6 =
6~8 AW i n, FIHM PG sk T bk 4 8 5
P - 1 (1) OC B O T R AR SR AT X H 4 T IR fE
J1 . BRI P — 1 48 00 R AR A R

http://pedologica.issas.ac.cn



2 3 SR AR LT kAR SR TS g e

. PR Sk 355

I, BB R Y A | SRR A S
YeRANFRE LS G, 2 A AR 1 07 8 A ) S
ARMFEYEEE , IPaktE Cd V54 YR
BUSCRIF I AR A, TR I 28 57 b 1 g R
FH Y BT
3.3 MEMEREAR

F 55 220, il T BEL R 390 3 el AR R 4 I TR AR AR
RN, AT RUREARF PR G i & i, R )i
AT R ERERIG YR HhtY FRESH
CRAEYTVG | T VU A RS A5 T R T i W B 4% Cd
4 FE R, R0 o T TR A A M XY 4
W], mEBEI R cd 5RMmESFE. +
B RUREY) S A TC I AR SCE BRI e AR 3%
PR, AR R Y MR AR T A R
i aneE (Si). B (Se ) AEASAY AT A RLBH ¥
Cd, [R) ] 38456 AR 4 B4 33 B 45 B 2, (7R gt
O, Wil Se £ = I MK FARLX Cd BYFLR,
XATRES 4 Cd KA P, R, I A e
HEVEM A E Cd 4. Taved 20535 B/ N A 27
TR Zn D9SRB, AN AT BRARFERE Cd
S, WA cd SLRMEERA . L LT
W, nE MR AR RR, S HAR 2RSS A
it F A B AR DA K R B AILER BRI 5 Ja W 58 I B2
AL, 9K A R BRI R AR 2 —, Xt
Cd MYRHPRCRTEAERY, flan, 7E/Ed b Zno
YR KIIUREAE g I 1T 48 K B R} e 1 e B R B A 25,

4 /NSRBI BILA KR R A 2R

INFESE RS S R BRAEY, (UK TKREFE
Ko PEAGF, 60%/INZZ B il = g A Sk £ A T B
F] 2050 41z FL I BTG 2 70% . B R /N B i
KAEFER, WRRRMHESRE, LI h 3,
PR /INZ FPRE Cd 22 4 ) | T 4 25 45 AL 6 T

Cd Wizt BIEAFRLBUR Cd &R . DU
AW R, NEHR R BEIAXT Cd IR ISR,
B Cd MARBIFFRL iz R, 00 B3 S50
FKPRE Cd BARKERDY . MAERE EYE, sy Cd
AR PR AR R, B A AR AL S
TR, TR Cd #E KPR Y S iz
i, WA ER N NERRR R Cd 5HK
WA R0 CAd s %, HEMIAEZ Cd 1 h#)

Fe i — e 2 B s ) SRR SRR i —2,
T AT AF 5T i I T 3 A 2 T B A /N2 R O
Seia FE N R F Kk I Cd BFL R . Liu 208 d %k
/NAZ TaSWEET14 FE[H, AAUATHE S /NEE T Cd (1T
ZHE, IR cd RRER, X Tzt
it RIEEW T2 5518 1 FEK NRAMPS . LCTI .
HMA3 M IRTI BB, Wu PR BN 41 i
[ TaSFT2L W Cd a3, Tk
ZFEETTG] Cd IW/NER ZRERLN Tz, IR
ik 68%, FHEMITE/NERRL Cd & B FEAE 53%. SR,
i T7E Cd A 25 Cu. Fe. Zn Fl Mn ZE§532 1)
FEHFE R RS, R Al R R
RV R) Cd sk, ik, HABE cd LR
UV ) L DR /INE FF B 56 T8 . Zhang 26V i 7%
BE R AR By w B O AR /N A2 AR P i AR R Cd
FH OsHMA3, ffi/NEZMARBIZEN) Cd $iz KR
T 1045, /NEFER Cd FREWFER T 96%. It
SN, BT Zo®, Fe?'Al Ca® X M HE 75 cd™
FEAL 2R R BT A, A BT A S AR /N
RN S LM HE a5 N TaLCTI, KIN$E
& Ca /KAl TaLCTI X Cd (05635, (A% 5K
%t Cd I TR R

B—JE, mF Cd MEESY, TREUNE
BURHEE . PR TR, R, MR
FRZ SR/ NZE | UpI 4 B e S22 M 2L ] HMT-1 Al
FALYIIERE RALTEMR Cd BRE/NE s FF B,
TR SR /INAE A e A B AL A A i R OO e o
£ Cd WHar, NIRRT R SRR T BEAR
4 BE . PR RKEE S LKA
YRk, BE/NEXT Cd MR BN AR 2, X
W ARARFR RN BB R Rk 18 T Pk R

B T /NZE H B s SR Sk R AP - Cd
B, JEA IR & 3 T pH L B HLY) . CEC.
PR EY SR (B SR Wi
INERLR Cd MR, fefltE £3Erh, 8
R IN T HEYIXT Cd MR, AR R 2t Al
B Cd e e i AE R R . AR R,
B+ HE Fe., Mn fIBE 09 & =S FAL/NEXT Cd
HW i, (HFEAE pH Fl CEC W28 fin/N22 %) Cd Y
Wt Ma 45 gt 13 AN RN E AN R B
o BE R0 K B, B - S gl %) (1R 1 X /N F R Cd
) DTk /N ZE S PP IR BRSO B, i I T
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INZERFRINS Cd YRR R . FRAIE ST A 1) 3 ]
AL AT R B RN X Cd I SRR,
Vo it JFH A W S5 e T /N AR Cd B R AR
97.80%!%%,

AWFRER LB TEYRI Cd ZRZEHRER
i, SRR Cd HRSKE. DEFERIEDT
K Cd AL E S R 20 ) [t 2 Y B
53 T3 Cd A HFMBEVEYRFRL Cd AR B M 1
i, DR -4 cd MAMAVEWATRL Cd ASEBARY
PHPEAS RS RP Huk, AW NH T 38
Cd &, DA od &t mm g ey
R Cd & B SPRaE o SR 29 38
HWED TR K L—KBERS, &80 5CE TibE
TN ERG ., AR ESRREN 25
325 1)#( 55 )FRZEH HCL, i HNO; Al CH;COOH
4. (2) hPE$R2E CH; COONH, . CaCl, . NaNO;
I KoSO4 55 (3) S{ARRFER LM —MH <
iR (DTPA ), WRFR A& - LM =M LR ( AB-
DTPA ) FIZ WU 2R (EDTA ) %1%, ettt
e, PRSI 1 X e 9 R R] AY HREGR R B,
L 0.10 mol-L™" CaCl, #EEUMA A Cd i S5Rk
FPRL Cd il B B /K . 7t R, oF
58 &P 0.10 mol-L™' CaCl,, 0.05 mol-L”' EDTA I
DTPA #2EUNARE Cd & 5/N kb Cd & i
Pk ) G 2 KT, ik Bl 5 BEAL WA R 4n e 17
WL R —3, TEmitEee b, ARES Cd & &
ENERRR Cd & RAHCHENF L 0.10 mol-L!
CaCl, 11 0.10 mol-L ™' HCI iz i 3%, HIJ&rk R 5k
#0.97, HMEAYH 1.00 mol-L' NaNO; $2HL, H3%
PEREAH 0.36,

5 iRy

T E N T AR AR FH i 5 5 ke, (R PEBE Cd
Yo e AR AT L V5 Yl PR 2 A 58 B ) A
B EL R EE S o TR E M X
AT, A XAz AR TR 2 i 3 B R E )
Cd IR FREE AR o AR, 6] F [ 1 o 1 4
Cd 15 XA, XEEAR, SEHBEH A
RANXTH S« P XTPESS . ST, R EE ST A R B
PEHIEE LSS Cd 5 PRI R, o5& Cd 726

PE S R Bk AL g AR, TR IR AR N
PR, AT S AR (LI/NZE ) 8 Cd
PRALE, PRBE DR R . 224 e SR
E7=,
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FARE R AR X B g o (R, T3 # o B kA<
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T EH-IX o Hig, stk Cd AR R A
BRM . RIEHTFEBR, T = A A X 2
RETMIELHE Cd T9UR B, ik = X it 415
ASRTE. Pt BN ZR SR, JCHE Y
Wg . BBUN, MSRBORSIS, 4R R
TSHBIR RSB, B> TR B0 2
PELHE Cd {5HeREL . MBS Bk IRAFFEAE &L,
THEIOH | AEY AR R DT AEE R SR
fERE IS XA RS A H B Cd SRBIAS S
FR YA AR, DA A DI 6 5 it 1 e 1

(2) I HHE Cd MsbERfLae i /e, R HERD
EHPE LI Cd IS RB R AR . Cd 1EMR . Bkl 4
T B ER A BRI AN AR R] o R E L SRR
PR AN A R L RR A I, i 3
Cd M — BRI RIA R . U, AL A
WA S HOR RS, Pk K55S KT
Cd #brd g o, MRYE Cd 7efsi 13 b i
IRAFHLA], DERCXTI Y Cd {5 QiR BRAEOR , A&k
Lhr PRSI, A S0 A B T A] AR
e . BUESHE, B HEITRE AR B A RS
HPBEEE, 5 Cd BRHSER.

(3) b FARMEY ——/ X Cd MM, A3
FHUH, T ME/DNEBIEER . MR Cd By
BLEMBI AL 570 220 LRI R %, M T
XN NFRER) Cd Fm R /8 R, 455
FRRENEOAR M2 )8, RR AR i FE N 2 4 |
FRE NS0 7 T B/ N RPRL Cd R B 1T —
TEPRA . WAL, FRTEE X L AR AN A A
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e Cd—/NEKPRL Cd S5 AR FHPE R BITE Y
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