563 % 55 M + I E W Vol. 63, No. 5
2026 4F 9 1 ACTA PEDOLOGICA SINICA Sep., 2026

DOI: 10.11766/trxb202509010430 CSTR: 32215.14.trxb202509010430
T B, Frak, S, FREAOY, ERHE. RRIGE R R A TER F 4 B s A P A ROTT BE R S R ER)]. R, 2026,
63 (5): 1409-1423.

DING Changfeng, YIN Jibin, HE Liqin, DU Jiufang, WANG Xingxiang. Progress and Prospects of Layered Double Hydroxides in In-situ

Passivation of Heavy Metals in Agricultural Soil[J]. Acta Pedologica Sinica, 2026, 63 (5): 1409-1423.

ERARNzBE S ERBLIEEERERMAEIL PHIY
AtRERE

Te" 2, Fas'?, AWE"?, HRE"?, T

(1. SR TRrEE R A E T SRS CPEFRABER SO ), mMat 211135; 2. PREFBLABES:, LT 100049 )

#OE: PERHIEE SRS YREIR, R A, IR R B R B AR S R A S ek
HZ LR HMTFR S . PRUE Rk (LDHs ) BA LbREBIK . BFacHpe iR . 5] I e b3 R in
B, HRBALGA DR TR . ASCIEILH . MRS ST PG AN 4EE RS 4548 T LDHs 7EAR H 1
SIE AP IR . |, WA T HGE I R B A . W -TTOTE S SR - UE 2 AR DN AL T
MR HKk, B45 T H— LDHs M SRR I 498 i 43 i IO B Ak iR, R0 T il 2 AR BH s i . R &R
UIREA S GBS oy AR it DARTHRIa M B, IR WUBAn AR Wy oA FEDPAS T R CR AR E 1k
s T HAORME T 010 &5, 40T T 4T LDHs SR e Pk . B T ASKAR ST ], B 7Eh LDHs JRAilifkak
M -G m A it . RSMER ] . KA 2R S

EEAE. ERULBESIY (LDHs); HIEE4EE,; Fadif; BeEh

HESES: X53 XERFRERTE: A

Progress and Prospects of Layered Double Hydroxides in In-situ Passivation of
Heavy Metals in Agricultural Soil

DING Changfeng" % YIN Jibin"? HE Liqin"?, DU Jiufang"?, WANG Xingxiang' ?

(1. State Key Laboratory of Soil & Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 211135, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Heavy metal contamination in agricultural soils in China is severe, posing a significant threat to the safety of
agricultural products. The development of long-lasting and stable in-sifu passivation materials has become a current research
hotspot for the safe utilization of contaminated farmland. Layered double hydroxides (LDHs) possess unique advantages such as
large specific surface area, strong ion-exchange capacity, tunable structure, and super-stable mineralization, offering a new
pathway to overcome the limitations of traditional materials. This article systematically reviews the research progress of LDHs in

the in-situ passivation of heavy metals in farmland soils from three perspectives: mechanisms of action, material design, and
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stability evaluation. Firstly, it analyzes the mechanisms by which LDHs synergistically passivate heavy metals through multiple
pathways, including isomorphous substitution, ion exchange, adsorption—precipitation, and redox—precipitation. Secondly, it
summarizes the effectiveness of both pure LDHs and their composite materials in the in-situ passivation of heavy metals in
farmland soils, and discusses the “molecular engineering” design achieved by regulating layer cations, functionalizing interlayer
guests, and composite design to enhance targeting capability. Finally, the long-term stability of their passivation effects is
evaluated from chemical, physical, and biological perspectives, revealing their potential to resist environmental interference. The
article concludes by analyzing current challenges in LDH research and outlining future research directions, aiming to provide

insights for the targeted design, precise application, long-term effectiveness, and safety evaluation of LDHs in the in-situ

passivation of heavy metals in farmland soils.

Key words: Layered double hydroxides (LDHs); Soil heavy metals; /n-situ passivation; Stability
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Fig. 1 Schematic diagram of the layered double hydroxides ( LDHs ) structure
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Table 1 Effects of single LDHs in the application of heavy metal passivation in soils
ik AR H RN
) == HEJE B/ Wi P YEY) PRI E 4R
LDHs  Hil#&J7%" RPEHR® o mk  ElEaay . - &JEE o k®
pH” ~ (mgkg-')? (thm?) 7 EL” RN A RREEED
R (mgkg') * R
CaFeAl-MSA- HL:PiyE  VIPESIE 53 MW 1.49 0.451 52 +3 70% - - [37]
LDHs
CaAl-LDHs  FE:Ui3E HIDIN 62 0.018 3.64 KH  62% /NE 64% [38]
CaAl-LDHs 90 =@z 53 4@ 4.57 1.1 26 5 3% - - [39]
LRI 5.8 0.81 0.09 13 43%
MR 6.1 0.33 0.01 13 54%
ZnFe-LDHs  FLUTTE - - i 0.35 2.6 T3 83% - - [40]
MgAL-DDTC- JBe-E TN 65 M 342 13 +5 96% - - [41]
LDHs KAk
CaFeAl -LDHs F:yivE  THEER - ) 24.6 3.79 78 KHE  72% ¥ 23% [42]
i 204 3.9 40% 63%
fif 308 0.47 74% 42%
B 62.1 0.23 27% 66%
CaFe-LDHs  HLUiJE  WimfflH 5.8 44 4.37 0.736 26 T8 96% - - [43]
fif 43 1.4 80%
CaMgAl-LDHs F:OiiE P HEUM 77 @ 133 4.51 130 k¥ 25% - - [44]
it 807 1.92 51%
CaAl-LDHs  F:iile  HM AWM - il 0.41 3.64 KM 30% FFE 14% [45]
B 5.26 67% 25%
i 0.71 58% 31%
i 0.009 39% 23%

7 MSA: FiFLIEIARR , DDTC: 2K it & FH R . Note: MSA : Mercaptosuccinic acid, DDTC, Sodium diethyldithiocarbamate.
(DPreparation method, @Locations, @Soil pH, @Heavy metal element, & Total heavy metals ( mg-kg') , @Available heavy metals

(mg'kg') , @Dosage (t/ha) , @Experimental method, @Passivation efficiency of soil heavy metal, (0Crop species, (DReduction rate

of heavy metal content in edible parts, (QReferences.
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Table 2 Effects of LDHs composites in the application of heavy metal passivation in soils

A E
filess  CREE 1 EHE - SE&E R TR DIEESE EY T EEAES b
LRI JrEY HE® pHY MY = (mgkg!) (tha) k”  fRECRY OO0 @& RETR
(mgkg')”® ‘
FeS@MgAI-LDHs FLUiE S 8 K 368 - 26 i 86% - - [68]
C@MgAl-L FIBERE LA it 12 2.36 52 i 50% - - [69]
DHs it 6.1 1.03 55%
il 25.3 10.1 75%
BC@CaMgAl-LDHs HVilE #1864 4% 4.1 0.9 26 AR 50% KA 1% [70]
i 112 7.02 15% 5.6%
BC@CaMgAl-LDHs JLUiE L7 82 4 8.1 0.86 130 3% 66% - - [71]
W 65 W 178 8.9 35%
] 11.9 2.9 73%
it 325 64.8 49%
CAC-CaMgAl-LDHs 3LiiyE  1II%R i 20 5.3 26 FEAR 28% b 31% [72]
it 20 2.1 79% 32%
MgFe-LDH eyt #HiE i 149 10.6 130 50% - - [73]
s/0S R it 337 120 31%
BC@FeMnMg-LDHs FL0i3E )74 il 1000 350 2.6~52 TR 35%~63% - - [74]
fi 200 70 8.4%~29%

H: BC: AWFR, C: 188, CAC: WEMmFLfLAK, OS: $Wi7 . Note: BC: Biochar, C: Carbon, CAC: Calcium alginate
carbon, OS: Oyster shell. (DPreparation method, @Locations, Soil pH, @Heavy metal element, G Total heavy metals ( mgkg™) ,

(®Available heavy metals ( mg-kg™' ) , @DDosage/ (t/ha) , @Experimental method, (DPassivation efficiency of soil heavy metal, (0Crop

species, @Reduction rate of heavy metal content in edible parts, @References.
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(LDHs-D), FH¥HHAHF Cd. Crisi+EMBE,
4ERFEM, 26 thm* i LDHs-D 7E 48 h A ] [# & +
HErh 40%0Y Cr #1 87%F) Cd.

TCHLE A Y & A E & IR, i, g
FREERRNE Th S A E W ARG B, B S
W NIR R, Zhao LR IR MM TUREREE T, G B
FIH T BEfchk (1 S8 AL BE LA SR TR UR il T k3K
WA, MR R A SEd et %%, LDHs
20 4 V) 3 2 R) - AC e [ As (V) BiGE R R T
W FFHITYE & E P (1), Cu (1) ZEFHES T, ML
BHXF B BH 25 - R o 4 i A TR) 2B kB o TR, Li 450
B AT R R K (SAA ) AT A 4l
Mg-Al-LDHs, FITFBEZ Cd (11) 541+, &
K A ANBE AL B 44k 15 3 A9 SAA-LDHs ELAT #5041
BRETT, REA AL HHET Cd (10) Ak XURS: A
A

LDHs idit Z AL PrRIfEH, 7Ek H -5 4
JE R R m . R E R,
LDHs BHEEM TN, (A5 %2 LA EEm, 7
FEA RS RS 5 B2 A POREE o 204 58 531
PESTRE M, ANE G R AT A S . B
R FE R Z PSRRI RGNS LG, DL ff S
se S5IE P, Ak gt eitsy, D
SRR T TRDRG v it -

3 LDHs AL 3% B 4 R e e

BEALRI MR A TEEBIEE, BILT
AR, AESRITENE D, fEHET
P A= mf, Z B HHERRIR . TIBARR . WS
WA AR b, L EifbiE SR T ES
FoH R LDHs 54 J@ 00 B AL SUR
FAR AR e MR D i B AR BE A5 DA 52 50 5 5 1) HH (]
N7 FH 1 A
31 EFREMH

fb2z 0 Aa . LDHs Bl fh 5 0 3 ek 9 5 5 2234

7, HizgoJe 4 pH Wl & MEimSm. +
HERR A £ A%l LDHs B 45 F 58 5k . KB HD
SRR RN S, RS TSR
THIBCAAE ; TR, HOW 52 RS PR, S
LS P I RO [ 2 W E AR . TERMIR ARG
pH 4/4F (i pH=2), LDHs MIFIfig k400, &
O FHE ) RS, Bk, s A RS R
A0l AT LDHs I EtE. B, sisEsEimm
1fi)2 CaFeAl-LDHs 7ER40 IR L (pH 4.5) 5%
W, AR Cd BHFEERITY 8.5%~17%,
VR TAL G4 KA (35%~41%) ®Y, %% LDHs
YRR ERIEE A, Wiga SR b m ik,
AL iF4ERY 52 G0 Mg/Fe-LDHs 5 4 ¥ o i 1
HEMEEARR RIS (pH 3~7) R AL
(14 4 Ja Vs 1 RN R A A 2 A AR e R Y s mi e AR I
11481 Ca-Mg-Al LDHs 7£ B2 /i b1 52 56 b IR E I 25
il As F1 Cd W, SORE T — A
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HHR TALRE 11 545 M 28 v, M9 s &% i
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32 YIEREN

S R R PR TR A R S FE TR S BTk
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PERZ I 4 R TR . IR RO RS S b &
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33 AYREN
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