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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-situ 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
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metals in farmland soils from three perspectives: mechanisms of action, material design, and 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 LDHSs in the in-situ
passivation of heavy metals in farmland soils.
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Fig. 1 Schematic diagram of the layered double hydroxides (LDHSs) structure
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BE6EH bR 48 1 [R5 B AR S R B A8 7 B IR RS BT ThREME R RI B &7, TR T AR
R RE 1 B A ey IR A B SRR TG o 3T R it HAZ OALHI T I R Y2 (1
2) .

(LD F&EER: AR EREGRE FREELS TR S5 EREEE Tttt K4&
A T VAR, TR ) 5 R AR PR A, iX /2 LDHs SRl E &8 “Hfan b 1)
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Fig. 2 Passivation mechanisms of LDHSs for soil heavy metals
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X R BRI PR AE 25%~96%, XA fr i A B e S B PR IRRAE 14%~66%,
LDHs A4 miE & . ZemhEEE. 3% pH BN IERERE, ELREGRIGRER
AT RL o
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Table 1 Effects of single LDHs in the application of heavy metal passivation in soils

LDHs &7 REEHAY 1 B4 f4RAE BNAT4 TR sy HEESRE (g TaWMESRE it
© pH@ B /(mg.|(g_1)’5j J%/a\% / 75&%87 %‘M&%@HJ Bl /:.‘%I%TEE%K@ ®@

e /mgrkg?)” (t-hm- ©
2y @
CaFeAl-MSA- LitiE ISR 53 4 1.49 0.451 52 T 70% - - [37]
LDHs
CaAl-LDHs FLUliE V3% 62 - 0018 364 KH 6206 /hE 64% [38]
CaAl-LDHs HUiiE =M= 53 M 457 11 26 L 3% - - [39]
AR 5g 0.81 009 13 43%
IR 6.1 0.33 0.01 13 54%
ZnFe-LDHs LUt - - i - 0.35 26 L 83w - - [40]
MgAI-DDTC- #the-2 LH#M 65  fif 34.2 13 tH 96% - . [41]
LDHs KA
CaFeAl Ut WHFEM - @ 24.6 3.79 78 KH 7200 EE 23% [42]
-LDHs o 04 39 40% 63%
i 308 0.47 74% 42%
]
62.1 0.23 27% 66%
CaFe-LDHs Jtyile WiH# 58 4@ 437 0.736 26 L 96% - - [43]
B 43 14 80%
CaMgAl-LDH 3t HHEpE 77 @ 13.3 451 130 ¥ 25% - - [44]
s B go7 1.92 51%
CaAl-LDHs FEpiie HirE® - W - 0.41 364 KH - 30% FFE 14% [45]
i - 5.26 67% 25%
i - 0.71 58% 31%
i
- 0.009 39% 23%

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

W MSA: ZEEIEHIEE, DDTC: — Z 3 — iR H R . Note: MSA: Mercaptosuccinic acid, DDTC, Sodium
diethyldithiocarbamate. (O Preparation method, @ Locations, ® Soil pH, @ Heavy metal element, ® Total heavy
metals(mg-kg?), ®Available heavy metals(mg-kg?), MDosage(t/ha), @Experimental method, @Passivation efficiency of soil
heavy metal, (Crop species, ADReduction rate of heavy metal content in edible parts, @References.

211 ERASXEAHAESEEW BT LDHs ERAE R T AR, AR A
N G I IEIRZAE FHIE & 1) LDHs A T L3 E 48 A sl . Ca?* FIR £ 5 4 )& PH = 1 2 (A1)
BT ARARRL, w5 [ il AL, 4 S P B T [EE T HERA s 2, TR
PIPERGEMIT YA, 453 LDHs(Ca-LDHs) 5 At LDHs AHE, 78 5 4/ FH &5 1 W B i
OB MR BB, Flhn, WA CaMg-LDHs o] {# /K fg kK i i) Cd & & FAAIK
17.6%~19.6%, RCRA Tl A7 KA (13.6%~17.3%) ; MbAb, EFK1T3E Cd EWE
PEJ7TH, CaAl-CI-LDHs [IRRE T IE ML M kL Ca(OH), 1) 3 i5~6 fif, 43 T HokE i ki i
1T 317481, As 7E 3B H A 2PN, BN FR 2 00 2E D0 M RUSLAF A 0 35 22 S eostl
Fe/Zn/Mn-LDHs 45 8% F R B IRIX R B 4 Jm n s, M T R MR 20 M. Liu 55
(40151 25 1) ZnFe-LDHs ML AT i YA B B AR AR R, 2R FE 581 As(I) 6N
55 As(V): RN, A/ 1448 F Ca(OH), A1 FeCls 427 Y CaFe-LDHs, FSzHixt As
LZMESELANT IR . #F5ER, BT Ca(OH) I IRE R Fe(OH)s =, MRkt
it Ca M CaFe-LDHs HiE i %5/KH, LDHs B A KR IR £ FLEEF ) FeOOH
SE LR, X As AR5 I [E] e IR PR A 152541,
212 BEMEEMNEMCECESEREE  ENEARR R SRS R LDHs TR
RE PRI 7y — B4R R, RIS Z AN R WL BA LB, nI A RGR S R AT SR E
PE RSPRS00 4 o B 45 i 1 18 s B Be Bk [ e 90, i, A it 908
R R (COs2. S04 NOs. CI) #i/Z ) MgAl-LDHs 1 AW 572 Cd?*,
SRR, WHEERNTS%E8MIT —2, XIN: MgAI-COs-LDHs(—118.92
¢V)<MgAl-SO,~LDHs(-118.02 ¢V)<MgAl-CI-LDHs (—58.78 ¢V)~MgAl-NOs-LDHs(—58.44
eV)Bol, [HiF, He ZEB7E I SR AL BRI IE N\ CaFeAl-LDHs [1))Z [ K52 Bl 138 Cd2fi% %
PERE, PPEDN LR Cd B2 FR3RIE 99%, X L35 2 Cd [ & ik 70%,
EXI A E)E iR Few Mn Al Zn W[E E BCRESS, 0K 217, 517 F1 112, H2U#
W7 Fes Mn 1 Zn BT Cd 840, & BB RIE BRI LI P Cd It PR RS
FRICERA R ) ] ST
2.1.3 HARKMET T AL E AR &G LDHs £ESEBR S AT I 2 R FERR
HIR AN SRR 1t 22 J BRI S5 5 e P Ak 20 S e i Apok, W 7 il e R i i&
MEE AR MoK SR R KTEE TAESE SR mE, R4k T LDHs X # & & i 3k ae
JISHEEERYE, PO T s LR S 4E R, A TR RG], ik
LDHs 7E#ifk 135 5 4 & T Q0T AL 5 R R

T S IRIE S LDHs JZ A R X K0 Tl Z B2 1 i 8, DL KR
[ FASE], Zhao SR FH —fi AR E 2 H R IR AZ 16 1¥) MgAI-LDHSs, W] 7EARIR B it R fcfr
A E Cu?ty Pb?*. CA*55E &R, BEETT YA, Zn?, Cd> 4557 MInridt—PiE
i B N R, eI 2 AL AR L. FRE, AeKIES S g5 TR S LDHs
BT TS DAY R LL R THIAR, 2R o8 23547 A 000, Jing SRIOUSR FH T 3R HI 16 1 vk il 46 T
=4k MgAl KA 2 0iER (HMS-LDHs) , ARIEOIRE AT ELIE, 25O MERGE /G I T H 4
JERIR AL, AT FR AT B SLIR R B, HMS - LDHs n] 45 2 5 1 48 v
SIERE R, Bk —E®. SR, TESR I ARG, AN R 8 R A SR

http://pedologica.issas.ac.cn



+ 5% R
Acta Pedologica Sinica

A RE AR, filhn, HZE LDHs X Cr (il e % 53 & T 2 2 LDHs, {HXF Cd 1 [ € 2%
FATREAH S, X B T FEAR -1 e ¢ R T AE TR 1 5 & J o S 1 (62631,
2.2 $a# LDHs HEEMPERUAK T IEESRE PN AR

M T A H BRI 5 4%, LDHs 7525 BRi5 it #2 sz 8iAS2 3, nTReid s 2
Vi) 435 g S5 ¥ A0 4 5 5 e g i) REIGA-691 ]I, AL Gl T R A B BT —sE B e ), (H
FALBREE M RIS PE PRI e B A IR, @S LDHs 54, vl B8 K1Y
WP S B IEERIEAIRR T I, IR AL, RO — PR ARRRAS . FREE AT 1) B B
MR TCHER TR RT5 i 2500, filhn, Irfan ZEILVAEY K (BC) F11, 3, 5-2K =
RIR (HsBTC) NECEIEIZSEH), ¥E T MnFe-LDHs/BC@H3BTC LIS X 7K 4 o 3V i i
R EBRIER, SREW: MEHE 2 h WSZEL As()IPE 2Bk, FFiA BHE P47,
MnFe-LDH/BC@HsBTC Xf As(lll) 7 % Bk % % MnFe-LDH@HsBTC & 1.1 fF, %
MnFe-LDH/BC 7 1.17 5, #J54H MnFe-LDH 75 1.3 . T4k, WHEMFREEETIA
LDHs E& MR T T E & Jmis fe s i dith, EEE RN TR 2, NRPTLIEH, LDHs
B AR L3 E &R L RAE 8.4%~86%, XHEW ] & # A7 B & 8 & B I PR AL R
5.6%~32%

% 2 LDHs EEMRETIRES RN A FHRR

Table 2 Effects of LDHs composites in the application of heavy metal passivation in soils
LDHs Bl Y Rt L B4 EEBEE HachT it A B St HIEESEE EY e ES  am®
g pHY R%E (MOKOY omam wha)” k" AR R R REHEE

o (mg-kg)® ©
FeS@MgAI-LD J&ijtie  #M 8 & 368 - 26 0 86% - - [68]
Hs
C@MAI-L  FiskBs W& - B 12 236 52 b 50% - - [69]
DHs o 6.1 1.03 55%
i 25.3 10.1 75%
BC@CaMgAl-L JLiiie  Wig 64 4 41 09 26 @ik  50% KRR 11% [70]
DHs fi 112 7.02 15% 5.6%
BC@CaMgAl-L Lyl I5 82 8.1 086 130 -t} 66% - - [71]
DHs i 65 178 8.9 35%
i 11.9 29 73%
fi 325 64.8 49%
CAC-CaMgAl- 3EJiiE 1%k i 20 53 26 @HK  28%  #h 0 31% [72]
LDHs fih 20 21 79% 32%
MgFe-LDH  Jtyiie  #E - @ 149 106 130 tH  50% - - [73]
s/0S itk o 337 120 31%
BC@FeMnMg- #&iiie /"% - 4 1000 350 26-52 hi 35%~63% - - [74]
LDHs i 200 70 8.4%~29%
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11: BC: MIFUR, C: A5k, CAC: IFHEIRISZFLIK, OS: #1Wi5E. Note: BC: Biochar, C: Carbon, CAC: Calcium alginate carbon,
0S: Oyster shell. (DPreparation method, @Locations, ®Soil pH, @Heavy metal element, GTotal heavy metals(mg-kg?), ©
Available heavy metals(mg-kg?), @WDosage/(t/ha), ®Experimental method, ©@Passivation efficiency of soil heavy metal,
Crop species, (1IReduction rate of heavy metal content in edible parts, (2References.

221 LDHs/IANEGME  AEMTURIENE A ISR A, 52 200 F ) B 2R
7 HIIPRE, LDHs Stk AR B0k & — M Ro@ A, vl vw IR S A= i 7575 G 2B
RE IS = ST AN 20578, fan,  DAEKFREFT AV BUR 77 8852k LDHs Al {35 Cd.
Pb. Cu YA RE 7 I AR 21%. 25%F1 23%; 1% F ZnAI-LDHs 2§14 95 7% U B 1 47
IR T S IR T R A As 1IE E 2 ik B 17%F0 20%, TR 7%k LDHs A4 )5 5k
xf 3 As FEIL TR B B U s, Ak, BEREE RN, SRR A MEIAMY
REAE s [ e 4, 3 v HAE YA N IE B ST, Lyu SE0OUE ALE 5 1
S SReE OB X SRS AUEH (TEM-EDS) SR BE— 5 #7R, VR 7131 LDHs
REE K ABAR PR MOA B b R AEME ], 1845 As 1 Cd MIEAEZS Fe-Al B ALY 4E &35 2 bk
AR A As(V)/ICd A1 CA(OH), MIF e &4, EILH “ HIEFER-HEY N NE2REE
B5) )i

A WLEAR E Y HEAT 5 AN 40 B AT o5 5 B 0 b R, B 508 B )™ B [ B B i L A %
PRIR B, WA AT RFEL R R RS R AT BRI AR R R H afa ), el i, FRAR s
PLE R — 3 IE A O R Gs 0, R IH G5 4L — R R AR B R 774, B R
K HUESE EGF . BOARMR . 5 PSSR s, 2 LDHs HIERARZ A KHE, Zhao S5 B
%7 Mg-Al KA ABIRIHGI R 5 (MgAI-LDHs@WT) , FIF g As(V)Z &85 171
B, FEMESZE RV, B0 MgAI-LDHs@WT J&, As(V)HIZEFRFEAIE 90%LL .

222 LDHs/THLEEME  LDHs fE N IR 726 1, XBRE| 7 e ER ST
THI T L 5 8 2 — i R AR IR R R 20 1, BAT R IAR K L HUBRS 8 P 47 JE ARy F7 HLA

AR AESKUFES S, AR LDHs XM RN, Zhao ZEBILUIEA NEAE, #14 T
B =40 AR ZIRBEAE ALY (LDHS@VMT) , 4553 5 8 LDHs@VMT A 34
W B FR ] e B AR, Cu?t. Ph2YRl NI IR & %65 il 4 38%. 33%. 35%. Zhang F
LiuBILUB e FL = Ao ok, il T R E ALY (LDHs-D) , AT Cd. Crimj
TIERBE, SREVW, 26 thm?2 () LDHs-D 7E 48 h P AJ[E 2 -3 40%01 Cr A1 87%I¥)
Cd.

TMLIEA R o A 3 B0, dn, PR ek o T AR A 5,
B s IR P, Zhao SEOOLR R TIRERES VR, SR T Bcs I A B AA
VTR, W& T RRBUKIE A, AR R R SR s R R AR, LDHSs 410 &2 [E]
B AR E As(V), B I T ITUE EE Ph(I1) Cu(I)EEFH &, AT LI B BH 25
TRELENED LB FFE, Li SEORIG BT IR K (SAAFTAE 4l Mg-Al-LDHs,
FF1E5E 52 CA()i5 4 38 . LK RN BR 3 B 24015 21 SAA-LDHs HAT B IR bt g 71,
REAT AU PRA 43 v CA() P Ik XU AR 4 354k

LDHs @it Z WL P EER, 7EA B3 E &8 A s R RO k. Boe s R
71o H.— LDHs BT, (B9 2 BIEsEiem, FaRRE R ZEMkE
T AR R I B S AR e M, AT BRAS SR S P TE AR S A« H HTHI LR = PR R B
RGN, LR HGE 7 st 5B, RR TR InsExs et 78, DAEMERR SA RS
FH IS v e P

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

3 LDHs JE Az fifl 1% B 4 @ e e it

BALFN IO AL T B ITEAS, FRAK T H AR &tk (R E & B o R e LIig .
FEHATANAE I, 523 L3RR . TR E . RIS B4 s, L rhilifh,
(1) 5 48 P R 2> FLHT PR E7-881, LDHs Xf & @ M R A B R, AR IR e e 2 v iz
AR BT M S5 3 2 ) FH ) S FH R G5
3.1 EREM

122 KA e LDHs SRR 3R ) i R Z g4, oz O 158 pH e shflok s i g
. TS BN, LDHs Mgsisesett. KEM HY S5 FAUEBCRTH IR R 4,
W HESEESESFIEAER; BN, HY i S5Z2RAE RN, SRS MITEFRER;
B E I E SR . AERARIIHILE pH 44 F (40 pH=2) , LDHs Ml fig kK0, SERF6E
JIRBEE, B RY, @SR SR ARSI LDHs MImfERE. Flan, SRS
B2 421 CaFeAl-LDHs 7RI HIERGML (pH 45) &M T, AR Cd BEHLRMN
8.5%~17%, AR TAEGi A KALFE (35%~41%) 190, ¥ LDHs 54 REHAEE 4, tHaE
BREMR T, et 5. i MglFe-LDHs 52595 5 B 510 52 A M RHEAS 5] 2
PEIRES (pH 3~7) HHRIBLHBARA &8 1 A KL p g f e e PR, il itk 2 W o e 6 8 1
Ca-Mg-Al LDHs 71 & [ ki S 46 v 7R B Y2 25 i) As A Cd BV, RCRAR T — AR
[71]o

AL, $2F+ LDHs fh 2 Yz O e T s Pl T 1 5 S5 g, W
i LDHs, #HTRIMEKEE, LS AR R A UL pH k.

3.2 YIFERREM

5 ) VR BT BR 5 TR A B R SR Y S R M A AR A IX e v B R R 1t ) R
IREER -, 3K gt A5 n] REIE i 0 438 L 4 A AR AR 2 T A e s e < B P PR A . 38
() [ SR 45 5 Ak 22 72 AR UK & B 7 o XFRE ) T fd LDHs Rk 8 &G M RL™= AR R S )2
RRNES, B g E e W ESE, RS R MRS
BB A AL B L Bl L3 R AR e S I, P AR R LB o X SRR R T RN IR T AR
[ REERE, SRR s B FIAR R W R SR i T DUidUm i, (AR 1 R r A
FAEYIRES, AT Re b RS 5 AP R AL, B R, @M e e A 545t
A G AR IR B A R B SR SR B, R LDHS S TS 1 R 21 4 B e R
R Ak, Ressm B R PE SHLIEITE . I8 BoR, WRE EMEERT 2 Rk
TEIR G, X SR TR R YRR 12% 4547, 13 H RIS A 3 fiptes-98],

BT RHTTRRE S . TR A B S RL I Re 77, E M = ek 2, 5
EAUCGREEA R &, B THOERIEEIR S IEES,  DASG S B 0 2 W 45 e A PR AN B 2841
HE o
3.3 £REM

TR AN TR SR R, YRR A Y RET AR 2 B BB A R R T LDHs
PtRE M. YR RS R UIMED TEAIER (WFFERR. D SV, XL Rk
Fe AR A A7), LB T R T IA 4 AP LDHs e B4R RN SORRRILIE, fei
IR X pH, PRE SRR T RN, IR VIRV G698 P4 Addi)Z2 T LDHs
AN E T, SR EREEIEE TR, MIMIED “TUE” kLS5 F0eoT, T8 FE )
&, FRE IR SR E AR TSR, B, IR e R Hg2t F
R R R, Sk, Tong ZF8LE K fiddi A LDHs JZ Xt Hak ok, KIK
5 S-LDHs Z5& Tk p-HgS UiiE, HiXek HgS gk iikifiT S-LDHs K ER], SZEA) R
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R 7R 55 AL 4 B B2k, [R) 7R ¥ G 1338 HR R N S-LDHSs AT A R0 20 91%~97% 1) FH 3 7R 7= A2
[EIF, S5 B 7R 46 9 F LDHs B St L3 A i is a5 i i B AR A, gl NPT ReIE$%
P Hb ' G B S L D RE TR AR, IR P AR ) LA RN RS fe 24 I /R T HAC AR 1, AR
PR PP AT H AN AT Bl R — BR[S9,

R AR, A I BT YRR AR 2 TR 2, R G2 R S B B AR & A iy
ok P IR IS B,  DAESRF LDHs 78 24E Y03 BREREE b (1 [ 52 REOR
3.4 HEFRHTHEEREM

5, NEIFHLSI T 9ebR, 55 R A H (AL Rh e 50 R A FUAE A AR K S T LDHSs
B RCR MR G Fa e, RN, LDHs MR SR A AR R, Fln, jiEH
CaAl-LDHSs J&, /NEAFRIfE & BAE 5 —4ERI A 0.22 mg-kg™ (& B4 2 0.08 mg-kg?, J1F a4k
PRAE RS R, R B O R BN [A] A 22 1 T 5 28, AEZ P E &R E SRy
5N, LDHs BRI H i (1) F g2 [ 5 g 71 - Wang Z5100LE i 2 48 /e ¥R K B, CaAl-LDHs
REs B0 HIE IR BRI AT AZ 7S Cdy Pb. Zn BAL ABRIR Eh 45 A 75 . SR EL 45 &
BRIRES, MMAERA AR AR R AR RS o

IR RS 3[R B, LDHs AMYAE SLEG = 20 N BA st /1, 152810
AT B A KRR E KB S IERE, ORI FHHE) S fit 1 B S S HE

4 RgE SRR

B LDHs {EAR B SR AL BEAL i LR BIL I B 0, (B SR 2R 1K) R 3R T . 24
1 B 5 AT AR L P B S B 5 3R 5 15475 1 2 SRR )5 AR 90 ok A5 A R »
ARARMF T AT R A LR T5 17«

(D 1EFNLEIRRAG S REAERENT: 4106 LDHs ik 8 &8 rpLHIeE 7t 2 5 T — &
GBI, T SEPRA H IR AEAE Cdy As. P EZ &RILAFME AR, EE&EH
T SES I S P RIAS BURN B 55 RBEE AR M AN . RRF LG RALRALEAR (I
XAFS. JRALLLAMGHE) , SERNHEER 2 &R 1E LDHs EM-Z M &0 s et a5t
WA, B R TR U R S EAE . [, AT (i pH. 2]
B JF R AL A HLBE 7 8D Xt LDHs Z5 R A5 € 1 S B AL AR 423 ik A, /5S04
BHL - H A - L RIS B BAE T, 9 R Arin Qe R R I RE HEIE R AR fEHR S

(2) GREPBALHI &S TR : LDHs BRI A = i A s . T2 AR
Pk, PR T HAE KRR BRI, Judedt LDHs £ 5B g5 4 I s 1L
FIHT, AW HE “Hl g —t— N k. Bl% L, NBAR LBE . REAT A% [
JRAERHR A 2/ 0 T2, TR R BT e A= KL “ UBRYRTS 7 5 AR, /&L
WA A7 B L2, TPRICERIE R IRIRMRbe S S AR, sl A i R i g
S5 g it b, FRL R A, PR REIRPI IR AL . THRASE A
MR E A RE, FFIE AR T A 2 2 4k NOA B, XS LDHs ££ -3 v iyt 1 7 5

Chndifits . WD« B E KRN, 75T 5 2 AR A, S 7 T4 YT 1 e 67 00
MEERIGUEAR R, JFRE TS 5B B RSREOR, TR E AL BRI, e
SEHL AN S8 = AR HRIE 81 FE TR S A0 S P ) 5

(3) BRI KM IE: HAlx LDHs M43 22 Ve 7t 2 45 b TR AN,
LAYt I mT E 51 A AW AL XUBS: (4l LDHs [ 5 FEAd ™ rxt L3R AEVIRIRE M . <5 Jm Aa ™
WEERIFENIRIA L N IRETE) AR, RRFTEIL DL R ES PR R,
R il BEERD BEVEIRIS DAL LDHs X -3 AE MR 052 AR E AL
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I M (B T8 M T EE B ORI 4560 7AW EoR )
#r LDHs Xf 3. BIEMREMEYThRERIHIZIER . FEBLFEat b, M4 EAL LDHs
Xt R IR R G P R TR A AR, VAL AR Y AP AR AR A A 4
Uz, # LDHs BB S I KACE B, S5 a iRl L3 s S Jm PudAs MR, sk
BUE R R MBS VPG S RS HE R .

2E 3k (References)

[1] Chen W P, Yang Y, Xie T, et al. Challenges and countermeasures for heavy metal pollution control in farmlands of China[J]. Acta
Pedologica Sinica. 2018, 55(2): 261-272. [ L7, #fH, Wik, 2% S EARHLIRESRTE 0hPE S0 0] LK,
2018, 55(2): 261-272.]

[2] Chen C Y, Tang W B. A perspective on the selection and breeding of low-Cd rice[J]. Research of Agricultural Modernization, 2018,
39(6): 1044-1051. [BRFEHE, JHOCHE. 0 A5 & HR KA 2R /KA i b 002 e A0 ) REUER O [9]. AL BLARAL WF %6, 2018, 39(6):
1044-1051.]

[B]LiJR, XuY M, Lin D S, et al. In situ immobilization remediation of heavy metals in contaminated soils: A review[J]. Ecology and
Environment Sciences, 2014, 23(4): 721-728. [Z=81%F, fRNH, ARKHS, &5 REEE G YRMEMGE ST R[] EAR
B2k, 2014, 23(4): 721-728.]

[4] Zhang M F, Wang S, Li J Y, et al. Effects of ethylene and water management on Cd accumulation and health risk index in rice[J].
Chinese Journal of Tropical Crops, 2024, 45(5): 1072-1083. [{k W&, Tha, 2R, & LMK EET KRG Cd A1 R R X
B e g s 0], A EYI AR, 2024, 45(5): 1072-1083.]

[5] Xiao B, Wang Q S, Gao P P, et al. Blocking effects of foliar conditioners on cadmium, arsenic, and lead accumulation in wheat grain
in compound-contaminated farmland[J]. Environmental Science, 2024, 45(3): 1812-1820. [H VK, FEAksk, mitsss, 25wl E T
WG AT R FH/NEFFRL Cdy As F Pb SRARIFBEAE UM [I]. FA85FL, 2024, 45(3): 1812-1820.]

[6] Hu P J, Li Z, Wu L H. Current remediation technologies of heavy metal polluted farmland soil in China: Progress, challenge and
countermeasure[J]. Research of Agricultural Modernization, 2018, 39(4): 535-542. [#AMEAs, 254, Rlpte. WEAKHLIEE LB
PABEHAR G AN ] RIS, 2018, 39(4): 535-542.]

[7] Huang Z B, Zhao P, Wang Y N, et al. Progress in basic research & development and its application on solidification and stabilization
materials of heavy metals in soil[J]. Journal of Agricultural Resources and Environment, 2022, 39(3): 435-445. [¥ 5k, #X8, £ 8
W, 5. IR G RS E AR A R B JE AT AU R 9], AR B S IR BT AE AR, 2022, 39(3): 435-445.]

[8] Li Y M, Li C P, Zhan J Y, et al. Development of compound curing agent for stabilization of heavy metals in contaminated soil and
validation research[J]. Environmental Science & Technology, 2020, 43(6): 1-15. [ZE 5, 2548, Ml & ST ELER
TEALSE AL FIRT R S HAIEQ]. FREER S 51K, 2020, 43(6): 1-15.]

[9] Yang Y J, Chen J M, Huang Q N, et al. Can liming reduce cadmium (Cd) accumulation in rice (Oryza sativa) in slightly acidic soils? A
contradictory dynamic equilibrium between Cd uptake capacity of roots and Cd immobilisation in soils[J]. Chemosphere, 2018, 193:
547-556.

[10] de Souza dos Santos G E, dos Santos Lins PV, de Magalh&es Oliveira L M T, et al. Layered double hydroxides/biochar composites
as adsorbents for water remediation applications: Recent trends and perspectives[J]. Journal of Cleaner Production, 2021, 284: 124755.

[11] Zhou D J, Li P S, Lin X, et al. Layered double hydroxide-based electrocatalysts for the oxygen evolution reaction: ldentification and
tailoring of active sites, and superaerophobic nanoarray electrode assembly[J]. Chemical Society Reviews, 2021, 50(15): 8790-8817.

[12] Liu Y T, Duan J S, Liu Z G. New progress in cation design and research of hydrotalcite materials[J]. New Chemical Materials, 2025,
53(S1): 90-94. [Mlif¥, Bk, MIAENI. KM AAPR R ES 7o ST S R3] AL LR AR, 2025, 53(S1): 90-94.]

[13] Long Y, Xu G L, Yang L, et al. Remediation effect of super-stable mineralized materials(LDHs)application on Cd contaminated red
paddy soil[J]. Soil and Crop, 2025, 14(2): 246-255. [Je#E, 1RE¥E, #tk, 55, @A P EHLDHs) a5 e T oK FE L IME 5
R[], HIEEEY, 2025, 14(2): 246-255.]

[14] Rashitova K, Gerasimov S, Bobrysheva N, et al. Multifunctional sorbent and photocatalyst material for complex water remediation

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

based on Cu/Cr doped Mg-Al LDHs[J]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2026, 728: 138745.

[15] Birnin-Yauri U A, Glasser F P. Friedel’s salt, Ca,Al(OH)s(Cl, OH)-2H,0: Its solid solutions and their role in chloride binding[J].
Cement and Concrete Research, 1998, 28(12): 1713-1723.

[16] Lin T, Wang H R, Shen T Y, et al. Recent progress of remediating heavy metal contaminated soil using layered double hydroxides as
super-stable mineralizer[J]. Chimia, 2023, 77(11): 733-741.

[17] Li Z X, Xu N, Ren J, et al. Theory-driven design of cadmium mineralizing layered double hydroxides for environmental
remediation[J]. Chemical Science, 2024, 15(32): 13021-13031.

[18] Jiang W, Yan X T, Lv Y. A critical review on the migration, transformation, sampling, analysis and environmental effects of
microplastics in the environment[J]. Journal of Environmental Sciences, 2025, 154: 645-664.

[19] Chi H Y, Wang J K, Wang H J, et al. Super-stable mineralization of Ni?* ions from wastewater using CaFe layered double
hydroxide[J]. Advanced Functional Materials, 2022, 32(5): 2106645.

[20] Lai T'Y, Wang J K, Xiong W B, et al. Photocatalytic CO, reduction and environmental remediation using mineralization of toxic
metal cations products[J]. Chemical Engineering Science, 2022, 257: 117704.

[21] Wang Q, O’Hare D. Recent advances in the synthesis and application of layered double hydroxide (LDH) nanosheets[J]. Chemical
Reviews, 2012, 112(7): 4124-4155.

[22] Nemati S S, Dehghan G, Khataee A, et al. Layered double hydroxides as versatile materials for detoxification of hexavalent
chromium: Mechanism, kinetics, and environmental factors[J]. Journal of Environmental Chemical Engineering, 2024, 12(6): 114742.
[23] Li S F, Guo Y, Xiao M, et al. Enhanced arsenate removal from aqueous solution by Mn-doped MgAl-layered double hydroxides[J].

Environmental Science and Pollution Research, 2019, 26(12): 12014-12024.

[24] Chen H P, Chen M F, Zhang W Y, et al. Dual regulation mechanisms of LDHs on cadmium and arsenic availability in paddy soils
under alternating wet-dry conditions: Chemical immobilization and microbial responses[J]. Chemical Engineering Journal, 2025, 523:
168484.

[25] Pearson R G. Hard and soft acids and bases[J]. Journal of the American Chemical Society, 1963, 85(22): 3533-3539.

[26] Bulin C, Zheng R X, Guo T, et al. Incorporating hard-soft acid-base theory in multi-aspect analysis of the adsorption mechanism of
aqueous heavy metals by graphene oxide[J]. Journal of Physics and Chemistry of Solids, 2022, 170: 110934.

[27] Ma S L, Chen Q M, Li H, et al. Highly selective and efficient heavy metal capture with polysulfide intercalated layered double
hydroxides[J]. Journal of Materials Chemistry A, 2014, 2(26): 10280-10289.

[28] Ma L J, Wang Q, Islam S M, et al. Highly selective and efficient removal of heavy metals by layered double hydroxide intercalated
with the MoS,>ion[J]. Journal of the American Chemical Society, 2016, 138(8): 2858-2866.

[29] Bi R, Yin D, Lei B, et al. Mercaptocarboxylic acid intercalated MgAl layered double hydroxide adsorbents for removal of heavy
metal ions and recycling of spent adsorbents for photocatalytic degradation of organic dyes[J]. Separation and Purification Technology,
2022, 289: 120741.

[30] Asiabi H, Yamini Y, Shamsayei M. Highly selective and efficient removal of arsenic(V), chromium(VI) and selenium(V1) oxyanions
by layered double hydroxide intercalated with zwitterionic Glycine[J]. Journal of Hazardous Materials, 2017, 339: 239-247.

[31] Asiabi H, Yamini Y, Shamsayei M. Highly efficient capture and recovery of uranium by reusable layered double hydroxide
intercalated with 2-mercaptoethanesulfonate[J]. Chemical Engineering Journal, 2018, 337: 609-615.

[32] zhu S D, Asim Khan M, Wang F Y, et al. Rapid removal of toxic metals Cu?* and Pb?* by amino trimethylene phosphonic acid
intercalated layered double hydroxide: A combined experimental and DFT study[J]. Chemical Engineering Journal, 2020, 392: 123711.

[33] Zhu S D, Chen Y X, Khan M A, et al. In-depth study of heavy metal removal by an etidronic acid-functionalized layered double
hydroxide[J]. ACS Applied Materials & Interfaces, 2022, 14(5): 7450-7463.

[34] Wang W Q, Wang C, Jin X L, et al. Immobilization and mechanism of As(III)in water by FeMn-CI-LDHs hydrotalcite[J]. Industrial
Water Treatment, 2022, 42(3): 139-146, 153. [ 3CH, i, ¥ A, 4. FeMn-Cl-LDHs 7KFA4f 7K i As(II) i [E & R 75
1. Tk kbFE, 2022, 42(3): 139-146, 153.]

[35] Ma L J, Islam S M, Liu HY, et al. Selective and efficient removal of toxic oxoanions of As(l11), As(V), and Cr(VI) by layered double

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

hydroxide intercalated with MoS,?[J]. Chemistry of Materials, 2017, 29(7): 3274-3284.

[36] Lu H T, Zhu Z L, Zhang H, et al. In situ oxidation and efficient simultaneous adsorption of arsenite and arsenate by Mg—Fe—LDH
with persulfate intercalation[J]. Water, Air, & Soil Pollution, 2016, 227(4): 125.

[37] He L Q, Wang Y R, Ding C F, et al. Selective and efficient immobilization of cadmium in soil by layered double hydroxides
intercalated with the mercaptosuccinic acid[J]. Science of the Total Environment, 2024, 937: 173473.

[38] Kong X G, Ge R X, Liu T, et al. Super-stable mineralization of cadmium by calcium-aluminum layered double hydroxide and its
large-scale application in agriculture soil remediation[J]. Chemical Engineering Journal, 2021, 407: 127178.

[391 Wu Q M, Liu G, Wang H F, et al. Hydrocalumite passivation effect and mechanism on heavy metals in different Cd-contaminated
farmland soils[J]. Environmental Science, 2019, 40(12): 5540-5549. [2#kHfF, XN, F =g, & KA ARG YR 1 E 4
JRIEAL SR RALHI[I]. PREERFE, 2019, 40(12): 5540-5549.]

[40] Liu T T, Zheng M Q, Hao P P, et al. Efficient photo-oxidation remediation strategy toward arsenite-contaminated water and soil with
zinc-iron layered double hydroxide as amendment[J]. Journal of Environmental Chemical Engineering, 2023, 11(1): 109233.

[41] Zhang L X, He F X, Guan Y T. Immobilization of hexavalent chromium in contaminated soil by nano-sized layered double
hydroxide intercalated with diethyldithiocarbamate: Fraction distribution, plant growth, and microbial evolution[J]. Journal of
Hazardous Materials, 2022, 430: 128382.

[42] Li X R, Wang L W, Huang C D, et al. Long-term soil remediation using layered double hydroxides: Field evidence for simultaneous
immobilization of both cations and oxyanions[J]. Environmental Pollution, 2025, 366: 125417.

[43] Huang X F, Zhu J, Li Q Z, et al. Efficient mineralization of cadmium and arsenic by poorly crystalline CaFe-layered double
hydroxide in soil: Performance and mechanism[J]. Environmental Research, 2024, 262: 119994,

[44] Li X R, Wang L W, Chen B, et al. Green synthesis of layered double hydroxides (LDH) for the remediation of as and Cd in water and
soil[J]. Applied Clay Science, 2024, 249: 107262.

[45] Sun Z W, Wang Y P, Liu T, et al. Super-stable mineralization of Cu, Cd, Zn and Pb by CaAl-layered double hydroxide: Performance,
mechanism, and large-scale application in agriculture soil remediation[J]. Journal of Hazardous Materials, 2023, 447: 130723.

[46] Xiong W B, Yang M F, Wang J K, et al. Removal, recycle and reutilization of multiple heavy metal ions from electroplating
wastewater using super-stable mineralizer Ca-based layered double hydroxides[J]. Chemical Engineering Science, 2023, 279: 118928.
[47] Zhou J, Yuan S, Guo S Y, et al. Effects of different soil conditioners on late season rice yield, cadmium content and soil available
cadmium content[J]. Crop Research, 2025, 39(1): 5-10. [J&l ¥k, Z2il, FRUE, 25 AR-LEERER MR B 5 RS &L LIRE

RS R, /EYIBTIL, 2025, 39(1): 5-10.]

[48] Chen X C, Huang Y J, Zhao T, et al. Comparative study between CaAl-Cl LDH and conventional immobilizing agents for reducing
ecological and health risks of soil Cd[J]. Transactions of the Chinese Society of Agricultural Engineering, 2022, 38(19): 219-226. [[%
WeR, SME, B, & KACSURIRES 5 1% G Bl I A L 9 AR A R g R XUR: (RS B R[], ARl LR 4R, 2022, 38(19):
219-226.]

[49] Hellerich L A, Nikolaidis N P. Studies of hexavalent chromium attenuation in redox variable soils obtained from a sandy to
sub-wetland groundwater environment[J]. Water Research, 2005, 39(13): 2851-2868.

[50] Liu J, Zhang X H, You S H, et al. Function of Leersia hexandra Swartz in constructed wetlands for Cr(VI) decontamination: A
comparative study of planted and unplanted mesocosms[J]. Ecological Engineering, 2015, 81: 70-75.

[51] Hao L L, Liu M Z, Wang N N, et al. A critical review on arsenic removal from water using iron-based adsorbents[J]. RSC Advances,
2018, 8(69): 39545-39560.

[52] He X, Zhong P, Qiu X H. Remediation of hexavalent chromium in contaminated soil by Fe(ll)-Al layered double hydroxide[J].
Chemosphere, 2018, 210: 1157-1166.

[53] Liu T T, Yang J R, Ji K Y, et al. Multiple anchor sites of CaFe-LDH enhanced the capture capacity to cadmium, arsenite, and lead
simultaneously in contaminated water/soil: Scalable synthesis, mechanism, and validation[J]. ACS ES&T Engineering, 2024, 4(3):
550-561.

[54] Yan B, Liang T, Yang X H, et al. Superior removal of As(lll) and As(V) from water with Mn-doped B-FeOOH nanospindles on

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

carbon foam[J]. Journal of Hazardous Materials, 2021, 418: 126347.

[55] Mao F Q, Hao P P, Kong X G, et al. Layered double hydroxides as amendment for remediation of heavy metal ions in water and
soil[J]. Scientia Sinica: Chimica, 2021, 51(5): 493-508. [E 731, MikikE, FLEEST, & NEBE A EMEE S BITYLHK
ST AR FERE {62, 2021, 51(5): 493-508.]

[56] Li Q, Wu Z H, Bai S, et al. Insight into the mechanism of Cd?* removal by MgAl layered double hydroxides with different host-guest
interactions[J]. Chemistry, 2023, 29(37): €202300050.

[57] Garau G, Castaldi P, Santona L, et al. Influence of red mud, zeolite and lime on heavy metal immobilization, culturable heterotrophic
microbial populations and enzyme activities in a contaminated soil[J]. Geoderma, 2007, 142(1/2): 47-57.

[58] Jiang Z W, Wu M F, Li D S, et al. Functional modification strategies of layered double-metal hydroxide adsorbents[J]. Fine
Chemicals, 2023, 40(6): 1239-1252. [#F1ut, REM, 28k, &5 2GR A AR 77 DhBe A vk SRS [3]. RS4 AL T,
2023, 40(6): 1239-1252.]

[59] Zhao M L, Wang Y, Zhao H, et al. Effective adsorption of heavy metals on layered double hydroxides modify through
dithiocarbamate prepared by CS, and different molecular weight of polyethyleneimine[J]. Separation and Purification Technology,
2023, 327: 124886.

[60] Lu D Q, Cao Y W, Song L, et al. Synthesis and morphology control of layered double metallic hydroxides[J]. Journal of Salt Science
and Chemical Industry, 2023, 52(12): 17-21. [B& %, BRI, R, & JZRUERAEAN & BT TSI ST TERELL[].
Rl 5L T, 2023, 52(12): 17-21]

[61] Jing R S, Zhang Z H, Huang H H, et al. Hollow microspheres of layered double hydroxides through surfactant-free method enhanced
heavy metals removal from soil[J]. Journal of Environmental Chemical Engineering, 2024, 12(5): 113943.

[62] Xu S, Zhang L P, Zhao J W, et al. Remediation of chromium-contaminated soil using delaminated layered double hydroxides with
different divalent metals[J]. Chemosphere, 2020, 254: 126879.

[63] Zhang S W, Chen J 'Y, Yu J X, et al. Remediation of Cd-contaminated soil through different layered double hydroxides: The weakness
of delamination and mechanism[J]. Journal of Environmental Chemical Engineering, 2022, 10(3): 107815.

[64] Wu X X, Cao R B, Mi C H, et al. Research progress of in-situ passivated remedial materials for heavy metal contaminated soil[J].
Journal of Agricultural Resources and Environment, 2019, 36(3): 253-263. [ & &, WM, KKAT, & HERI5 4 R A 4
WA AR SO R[], Al BHR 53532441k, 2019, 36(3): 253-263.]

[65] Zhang S R. Study on structure and properties of layered composite metal hydroxides[J]. Liaoning Chemical Industry, 2023, 52(7):
1039-1042. [k B&. FIRE A 68 A A S5 KPR 7E[I]. 1540 T, 2023, 52(7): 1039-1042.]

[66] Feng X F, Long R X, Wang L L, et al. A review on heavy metal ions adsorption from water by layered double hydroxide and its
composites[J]. Separation and Purification Technology, 2022, 284: 120099.

[67] Irfan M, ul Hasan | M, Jafir M, et al. Arsenite [As(lIl)] removal from water using layered double hydroxide/biochar hybrid
composites: Synthesis, characterization, and reactive site identification[J]. Earth Systems and Environment, 2025, 9(3): 1737-1753.

[68] Wang L J, Bai Y, Gong Y Y. Chemical stabilization of mercury in contaminated soil using Mg,Al layered double hydroxide supported
iron sulfide composite[J]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2024, 692: 133923.

[69] Zhao M L, Liu X Y, Ding J Y, et al. Mechanochemical synthesis of carbon-loading layered double hydroxides by waste
magnesia-carbon bricks for removal heavy metals[J]. Journal of Environmental Chemical Engineering, 2025, 13(1): 115286.

[70] Lyu P, Li L F, Zhou X, et al. Modification of arsenic and cadmium species and accumulation in rice using biochar-supported
iron-(oxyhydr)oxide and layered double hydroxide: Insight from Fe plague conversion and nano-bioassembly in the root[J]. Chemical
Engineering Journal, 2024, 494: 152847.

[71] Lyu P, Li L F, Huang J L, et al. Magnetic biochar-supported layered double hydroxide for simultaneous remediation of As and Cd in
soil: Effectiveness, retention durability, and insight into a new immobilization mechanism[J]. Journal of Cleaner Production, 2024, 434:
140136.

[72] Zhang X Y, Song Y, Sun Y, et al. Nanoarchitectonics with self-healing hydrogel for hierarchical porous carbons and its application in

cadmium-arsenic complex pollution[J]. Journal of Environmental Chemical Engineering, 2024, 12(5): 113918.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

[73] Jeon S, Kim D, Kim S, et al. As, Pb and Cu stabilization by a mixture type of Mg-Fe layered double hydroxide (LDH) with oyster
shell: Laboratory and field evaluations[J]. Water, Air, & Soil Pollution, 2024, 235(10): 669.

[74] Shao P L, Yin H, Li Y C, et al. Remediation of Cu and As contaminated water and soil utilizing biochar supported layered double
hydroxide: Mechanisms and soil environment altering[J]. Journal of Environmental Sciences, 2023, 126: 275-286.

[75] Yuan S, Zhao L X, Meng H B, et al. The main types of biochar and their properties and expectative researches[J]. Journal of Plant
Nutrition and Fertilizers, 2016, 22(5): 1402-1417. [, BXSZfk, doifgist, 55, VR ETRA . MM TR ). MY
B IR5 kLEAR, 2016, 22(5): 1402-1417.]

[76] Gong Y Y, Zhao D Y, Wang Q L. An overview of field-scale studies on remediation of soil contaminated with heavy metals and
metalloids: Technical progress over the last decade[J]. Water Research, 2018, 147: 440-460.

[77] Liang X, Su Y L, Wang X N, et al. Insights into the heavy metal adsorption and immobilization mechanisms of CaFe-layered double
hydroxide corn straw biochar: Synthesis and application in a combined heavy metal-contaminated environment[J]. Chemosphere, 2023,
313: 137467.

[78] Gao X, Peng Y T, Guo L L, et al. Arsenic adsorption on layered double hydroxides biochars and their amended red and calcareous
soils[J]. Journal of Environmental Management, 2020, 271: 111045.

[79] Ding Y, Zhao J, Liu J W, et al. A review of China’s municipal solid waste (MSW) and comparison with international regions:
Management and technologies in treatment and resource utilization[J]. Journal of Cleaner Production, 2021, 293: 126144.

[80] Lu H C, Chen J Z, Tian Q H. Wearable high-performance supercapacitors based on Ni-coated cotton textile with low-crystalline
Ni-Al layered double hydroxide nanoparticles[J]. Journal of Colloid and Interface Science, 2018, 513: 342-348.

[81] Zhao S F, Li Z S, Wang H Y, et al. Effective removal and expedient recovery of As(V) and Cr(VI) from soil by layered double
hydroxides coated waste textile[J]. Separation and Purification Technology, 2021, 263: 118419.

[82] Balima F, Nguyen A N, Reinert L, et al. Effect of the temperature on the structural and textural properties of a compressed
K-vermiculite[J]. Chemical Engineering Science, 2015, 134: 555-562.

[83] Zhao S F, Meng Z L, Fan X, et al. Removal of heavy metals from soil by vermiculite supported layered double hydroxides with
three-dimensional hierarchical structure[J]. Chemical Engineering Journal, 2020, 390: 124554.

[84] Zhang D H, Liu Z M. Immobilization of chromium and cadmium in contaminated soil using layered double hydroxides prepared
from dolomite[J]. Applied Clay Science, 2022, 228: 106654.

[85] Roy Chowdhury P, Medhi H, Bhattacharyya K G, et al. Layered double hydroxides derived from waste for highly efficient
electrocatalytic water splitting: Challenges and implications towards circular economy driven green energy[J]. Coordination Chemistry
Reviews, 2024, 501: 215547.

[86] Li S K, Gao H B, Xu R, et al. Mg-Al layered double hydroxides derived from secondary aluminum ash for soil remediation
contaminated with Cd(1I') and Cr(VI)[J]. Journal of Hazardous Materials, 2025, 497: 139585.

[87] Cui W W, Li X Q, Duan W, et al. Heavy metal stabilization remediation in polluted soils with stabilizing materials: A review[J].
Environmental Geochemistry and Health, 2023, 45(7): 4127-4163.

[88] Xu Y, Liang X F, Xu Y M, et al. Remediation of heavy metal-polluted agricultural soils using clay minerals: A review[J]. Pedosphere,
2017, 27(2): 193-204.

[89] Rahman S, Navarathna C M, Krishna Das N, et al. High capacity aqueous phosphate reclamation using Fe/Mg-layered double
hydroxide (LDH) dispersed on biochar[J]. Journal of Colloid and Interface Science, 2021, 597: 182-195.

[90] He L Q, Wang X X, Yin Y P, et al. Acidic stability and mechanisms of soil cadmium immobilization by layered double hydroxides
intercalated with mercaptosuccinic acid[J]. Environmental Research, 2025, 269: 120738.

[91] Zhang L X, Tang S Y, Jiang C J, et al. Simultaneous and efficient capture of inorganic nitrogen and heavy metals by polyporous
layered double hydroxide and biochar composite for agricultural nonpoint pollution control[J]. ACS Applied Materials & Interfaces,
2018, 10(49): 43013-43030.

[92] Chen X C, Gao M, Li Y X, et al. Effects of freeze-thaw cycles on the physicochemical characteristics of animal manure and its

phosphorus forms[J]. Waste Management, 2019, 88: 160-169.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

[93] Tang X, Li Q, Wu M, et al. Review of remediation practices regarding cadmium-enriched farmland soil with particular reference to
China[J]. Journal of Environmental Management, 2016, 181: 646-662.

[94] Yuan W'Y, Yu Q Q, Chen J Y, et al. Immobilization of Cr(VI) in polluted soil using activated carbon fiber supported FeAl-LDH[J].
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2022, 652: 129884,

[95] Li Z H, Fang X, Yuan WY, et al. Preparing of layered double hydroxide- alginate microspheres for Cr(VI)-contaminated soil
remediation[J]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2023, 658: 130655.

[96] Lian F, Gu S G, Han Y R, et al. Novel insights into the impact of nano-biochar on composition and structural transformation of
mineral/nano-biochar heteroaggregates in the presence of root exudates[J]. Environmental Science & Technology, 2022, 56(13):
9816-9825.

[97] Bali A S, Sidhu G P S, Kumar V. Root exudates ameliorate cadmium tolerance in plants: A review[J]. Environmental Chemistry
Letters, 2020, 18(4): 1243-1275.

[98] Tong X, Zhang Z H, Dong X Y, et al. Sulfur-intercalated layered double hydroxides minimize microbial mercury methylation:
Implications for in situ remediation of mercury-contaminated sites[J]. Environmental Science & Technology, 2024, 58(38):
17179-17189.

[99] Sun C, Liu F, Chen Z Y, et al. Effects of mercaptopalygorskite on remediation of Cd-As co-contaminated soil and its microbial
community[J]. Soils, 2024, 56(1): 128-134. [#h5%, XIZF, FRTH, & SFEBAATI R L G5 5 TR L B 5 R A i B
M), 3%, 2024, 56(1): 128-134.]

[100] Wang H F, Gao Y, Hu W'Y, et al. Health management of Cd-contaminated soil using Ca-Al layered double hydroxide: Response of
different vegetables[J]. Agriculture, Ecosystems & Environment, 2023, 356: 108631.

(ZfESREE: TR R

http://pedologica.issas.ac.cn



