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oF, A R, BTR, ZAE, B 8, 2%, Hh K
(1 WAL JCEERBEBE . RS 611130 2 AL ACH MIRSERGFHIFISIR, R 300191)

bt

Z
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=

W OE: IR T (CD) - (AS)E A5 4 H B E FOR R VLSRR, LU Cd-As BT YK FE + WA
TG, HIT 1%, 2% SHLA TG 3BT . Cd 1 As RSS2, R il i )P AR 4T TR [E AR BT +
Wt M REE SRR R . 25 SIE AN B R T 4 pH, Hib 2% AT pH KA R . SXIRMIEL, 1%
2% FEBZEAAHT, IEAVURES RN T 30.2%. 60.9%, Cd KA BS S RSHEIEEER BB T 97.7% ~ 98.3%.
77.1% ~ 92.7%, T As WA PR KA BEARI . AL AWM IR SR R EE TR ERm, HBEKET
Pseudanabaena_NgrPSIn22 Fl Pseudomonas WIAHNT F2 1% BERHL T 85.4% ~ 98.1%. 75.3% ~ 78.9%. FiEH L AAHT HIEHUAEY
BEE S5 B0, Hi pH O Fl Cd A LR BB RN R . B2, SO NMUBE BT Cd A%, e Hea IR &4,
SN B TR 454G, 30 33T B = Al 8 e = 1

KRR FM O WA AT L MR AR BN
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Effects of Mercaptopalygorskite on Remediation of Cd-As Co-contaminated Soil and Its

Microbial Community

SUN Chong', LIU Fen', CHEN Ziyu', DA Yinchen', WU Jun', LIANG Xuefeng?, XU Min""

(1 College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2 Agro-Environmental
Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To explore the remediation effects of mercaptopalygorskite on cadmium (Cd) -arsenic (As) co-contaminated soil and its
microbial community, in this study, 1% and 2% mercaptopalygorskite were applied to Cd-As co-contaminated paddy soil to
explore their effects on soil properties, the availabilities of Cd and As. High-throughput sequencing technology was also used to
explore the effect of mercaptopalygorskite on microbial community. The results showed that the addition of mercaptopalygorskite
significantly reduced soil pH, and the effect was more obvious under 2% mercaptopalygorskite treatment. Compared with the
control, soil organic matter contents increased significantly by 30.2% and 60.9% under 1% and 2% mercaptopalygorskite
treatments, respectively, the concentration of available Cd and toxicity characteristic leaching procedure (TCLP) of Cd was
reduced by 97.7%-98.3% and 77.1% —92.7% under 1% and 2% mercaptopalygorskite treatments, respectively. Whereas the
concentration of available As changed insignificantly. Furthermore, the addition of mercaptopalygorskite had no significant effect
on soil microbial diversity and richness, however, the relative abundance of Pseudanabaena NgrPSIn22 and Pseudomonas
genuses decreased by 85.4%-98.1% and 75.3%-78.9%, respectively. Mercaptopalygorskite addition significantly altered soil
microbial community structure, with pH and Cd availability being the main factors affecting microbial community structure. In
conclusion, mercaptopalygorskite can not only significantly reduce the availability of Cd and promote soil organic matter content,
but also impact soil microbial community structure and increase the abundance of disease-resistant bacteria and reduce the
abundance of azotobacter.

Key words: Mercaptopalygorskite; Cd-As co-contaminated soil; Microbial community; Ecological function; Environmental factor
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39 4 V5 YL R A BRI I ) B A (R A, K
YR AN L BCR L AE H AR5 ARG Sh 15K
A E A N Hop A B (Cd) R (As) TS
Yl eE, HEZUE AR, RE Cd
B S AR R 7.0%, As SN EBEREE N 2.7%9,
Cd TEMEE R 51088, Wt Rk AR, 30
e, B AR, As i R R AEY A
a1, WHEYAK, SEEDREGET. TEEAE,
As 251 RNERGARSB , A EUR KBS, 1M cd.
As fELIER BRI WEN:, SBCEERERL
Her e E A BARAERED 1 ik, SHRFRBE Cd.
As 15 H IR EER O IR 5 K R LA

WA N RE TR ER L W, 1 R R i R
W, HAFEENREERER, [EHXT Cd /e 8o
AHENOT SR 5 R A £ 3 2 A %o K b L R A g
f) Cd. Pb fil Zn %5 8 4 J@ HA RAFAY R E SR 12,
Liang Z-U2HF9E B, Siksiobh ol 3% 4w bl 2
CA™ BIMERE . SR, SIER TR AN E A ES R
T A EROR i AT RE . RN Cd-As B
A5 Y A Rl A i D HE

A% - 308 52 S nf 49 A A5 T BE R i 2 DEAN
HABE RO E TS P2 3 il BR A 4
5y, B5 HHEYIRIGES, Xt IR ST | EEE PERART
A i 3 B e e By L P B
FE M 2RV A R AR . — ek, BRI Y
AN B, ARG E Y R S 2R,
Mz +IEASTIRE. B, EmEESEABE
Cd-As B A5 RHENS RS, MR 2 &
IR S5 R AR AR X H AR R TR R s i A 2
S o SR HHT G TS 2 A ) 1A R T RS2 e Y
Sk LN

FEF I, AT UL B RIS, sl w s
[F) 351 1 A S 2 Ay, o3 B s S 2 A X S AR
i, Cd. As [FERCR AL B IhBERRIT, LA
Sy 2 A e B )1 R B R B
A

1 #REFE

1.1 ket

N Cd-As BRI, RAMHMH
BTl Bl X B 4 FH (104°15°177E,  31°25'6"N) 1) 3%
JZ(0~20 cm), HHEERJKAE L, K HIEAEZRT
AR, WG BR b i SR R0k, 535

2. 0.149 mm (e Je i, &M, R A AL E
JFih: pH 8.82, 4# 0.6 g/kg, 48 11.58 g/kg, 4
A 1.3 g/kg, AR 20.59 g/kg, EAH 64.07 mg/kg,
S5 2.74 mg/kg.

HERIE G AR S 2, A ol BT U
JE BRSNS AR AR AR EE CR A B W I BT
At SO AL R . pH 7.68, &
B 0.12 mg/kg, B 6.99 mg/kg, HEE 6.84 mg/kg,
Si0, 644 g/kg, MgO 205 g/kg, Al,O3 104 g/kg, Na,O
15 g/kg, CaO 12 g/kg. K2k 13m0 2k 5 3%
(_SH)[12, 151
1.2 REigit

I E 3 b DCK: AAINSiIE 217 ;
@OCI1: B 1% (m/m)FFEY2a; G0C2: Wi
2% (m/m)SiEE A1 . BB E 3 REE . Bk
PRAEINTF . FREL 100 g 3 2 mm SRR T I5 9 HHE T
500 mL 353, IMASIIEY A, IRA), FEM
A ZE IR 2 H R AR AR K R 60% , BT i 2 Kl
T ASROCIRA T AT R TR B KR FHFR B 2 4b
FeKGr, BEFR 135 d JE kA

ReFRasis, BUl% 10 g BT R OE PLE
—8OCIHEE FRAE, F Tt 1 EYetn. Fa
oy HIEXTFEE 100 HA 10 B, THE4EEE
A, T R AR B AT
1.3 HmillE

14 pH R HEALEIE ; FHESF3¢Hit(CEC)
R O TR R D A 5 454 HLBT (OM)R FH B 4%
RS- R SN I ARIE I 5 482 AU(TN)R K1
EULICTE I e 5 - HE 4 B (TP) Rl 4 41 (TK) >k A
HCI04-H,SO, W7 J5 43 il AR B Bt b € 12 Fn KA
JETHEIE s ARUHER A 0.5 mol/L ARAR S ANIZ -
MEEPUHEENE; +3E Cd. As Ml Fe SRR
iR — 2 TR — ey R A T I A, 43 ) ol FH Hh S 15 45
T (Nex ION 300x) . J5 T2 G (AFS2202E) 11
AT (ICAPS110)I5E o

Cd FI As BYREPERFEI2 HY (Toxicity Characteristic
Leaching Procedure, TCLP)X pH 24 2.64 £ 0.05 )
0.1 mol/L PBEMRVSWL, &MWL 11 200m = V)iR$E
18 h, RIGIRHWIERTT pH 2 2, MER M Cd
I As &, HRLAS Cd F As 235 H] DTPA 2425 F1
0.5 mol/L NaH,PO, 12 47| & U= Il 5 o

TRk (Fe) B AR A AR Uk 2 , 73k 54
JEA: A BES . TEIE . 45Rnd . RS,
A3 IR A 1 mol/L MgCl, i (pH 7). 0.1 mol/L £E#

http://soils.issas.ac.cn



130 +

e %56 4

FRENIATR (pH 10). 0.2 mol/L MRTEERER (& 0.2
mol/L ¥R 0.2 mol/L ¥ fR%#, pH 3.2). DCB
(Dithionite-citrate-bicarbonate)/& ik . fii ik — 2 TR 17
AR VEATHEIC . T HE IO VRCR FH AR 4E 2 Wbk L €8 325 00 o
Fe &&.

K A5 & (QIAquick Gel Extraction Kit)iF 4T+
1 DNA 240, Ff7F Illumina MiSeq “F & 4TI F .
A= 0y % v 3 S 00 P el S DAL R R (AL ) A BR
CIF
1.4 HELIE

fdi FH] Excel 2019 FI SPSS 26.0 X iR 46 Kt k4754
PSS, SRR I 2208 i LSD K
P B AT 3 43 BT (P<0.05) . ] Origin 2021
J& Canoco 5 1EK .

2 SRS

2.1 JMEWHERFMI T EEN R
SIS A W R T 3 pH, JF R

F+ T EHEEYUR S EGEE 1.5 CK M#HHE,0C1 5 0C2
AEPER 3 pH MR T 0.81, 1.04 DEALL(P<
0.05), IX AJ BESE H T80 09 U il 18 o HLER 1Y
SrEn, MR pH" ., RHEAHLRME N
HERE ) 552 vhRe ) i EBLAR bR, A ) T R R
HAFEEZE Y, L3R5, ST, CK
AbPER HEAA AL R T 42.1%, 15 CK A kL, 0C1
1 OC2 AbHT A LB HIEE I T 30.2% . 60.9%
(P<0.05). FFEEZA FEN NI Y, I
S NS EE I HIEA VU S R, SR LR
AR RESE B T A ek e, SR B
2efr, HIMATRIZSH , 2R TEZMANIIR, Wb T
AU S, RS T AL REN .
X 2 BH VS N0 JE Bk 2 A A R R AR ) 5 28
AE 1. BEAM, Zhao USSR BN, M T HAL AR
YIBTan Na,SO, A HLTT, St n] 1 5 42 i LI i
PEA BB, SX LA RS T WS NSRS 2 41 s A WL
PR E .

x1 ARLETHREBAMREL

Table 1  Soil physiochemical properties under different treatments

Kb 3 pH W (g/kg) 48 (g/kg) 2% (g/kg) HHLF (g/kg) A 35 (mg/kg) CEC(cmol/kg)
CK 8.82+0.34a 291+0.17 a 5.75+0.08 a 0.82+£0.02a 11.92 £0.64 ¢ 101.39+3.34a 4.80+0.94 a
0OCl1 8.01 £0.04b 2.65+0.06a 5.79 £0.08 a 0.82+£0.06 a 15.52+0.84 b 92.89+3.51a 4.87+0.12a
0C2 7.78 £0.08 b 2.69+0.16a 5.80+021a 0.87+£0.02 a 19.18 £ 0.46 a 96.94+3.74a 498+0.17 a

I R RFIAR/NG 53R b B A 22 53 8.3 (P<0.05); T,

2.2 FERERRMI L1 CdF0 As BRI

X e B -3, 3 S R A AU s AR
P E AR A, W R A DTPA R0 B 4R
AYaERE . X TESRGY R, TCLP &2
HEERORME R, WE 1 PR, 5 CK AL,
INF Y 2415 , 13 DTPA-Cd 5 TCLP-Cd &
PR E AL, IR T 97.7% ~ 98.3% Fl 77.1% ~
92.7%(P<0.05), FMAFHFI 2 A X Cd BA B4 [
ERCR ., X —45 R 5 Wang ZUIIBFST S5 R —50 A
PP 2 U0 MR TR Ak 2 PO, AR I Y
BRI AT Cd A A R B A A
(% 2),

WHELT, LIRS EHE TAS SRS HI1E
pH. CEC 2 HAHEEN, [AAM 5T, +4 CEC &
WAL, pH BAERERGER 1), 1 Cd ARk B E R
%, X ULEA B2 A A 2l i 577 14 pH fl CEC %
AR Cd ARt . Cd A3 B g AR T g2 o cd™
NERFRI S SR T, HXT S H(S) Bt B A B ),

A5 T FH B S S 26 AT 0 5 0 2,72 mmol/g,
SR AR TR HIES 5 Cd RAEB4
BRI, NI Cd> A8 R e RSP, Besh,
HHEAVTR M E SR AN EEN R, EL)E
A 3t 5 A AL HP A R N PR R A SR RE A R AR
B2 A S E P, A B TA UG R . AR5
W, SIS WD T A P TS AE,
MR T 3 2 3R WU A B e S8R S TR
Mo i, AR T RHEX Cd I .

T3 As B RS2 AR R A A L LA
BT Fe IEAERM, As e—MEZMEITE, R
JRFEET, As(V)BRE R As(T, HA R 55
BIRWEH N Besh, B FRERRAR S AR M 2l
S3a P TR AR S T S AW B 507 o Fathi-Gerdelidani
FRRgE B, FEm MBS, B
RIRIET, As WIREICEADAA Prdit . ek, T3
i As 5 Fe A BEHME, As L As(V)
B E T Fe 0t , 4k T KBRS Fe(TH(R)
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Fig. 1 Concentrations of available Cd (A) and As (B) and iron fractions (C) under different treatments

F2 TRABEFMESETEBERRILE
Table 2 Remediation effects of different stabilizers on
cadmium-contaminated soil

hc Fa g FE%) iR %)  Z% 30k
1 REFCERS A AE W ok 3 57.5 [21]
2 R A 3 32.6 [10]
3 FREPEY 2 A 2 31.1 [20]
4 esS g al 0.3 76.5 [15]

A S A SR, I RE ) As BRI R
TR, TSRS AW, Stk
WA TS IR B3O As AR, FEORR A
LR AR B S5 R G LT A R A, R s LR
BFIERAFAER As P ACHETE .2 a2 ],

ABIEFE R K TR Y 60% , 32 3
SEAREL, AFIT As (B AR . Lok, i 1A
®1AAL, SRS, JFRME s Fe JE
SHARWER S W, XKW L Fe B

YR KA B, BEEPERE LR EES,
BRI As FARMETC W85 o 25 1, WSk
2 X 3 As AR TC B R,

2.3 SHEWARRMIT T EREWRENG

2.3.1 XA ZAEE S R R TIERE
VIZFEME S TR RGN RE 2R IE A OCC
FP R U A e AR W 2 R TV - e R =
RH L A U Insi S 2 A J5 , 14 OTUs(GR
A RS, HIFREI B EZES, XRFFMAL
B AR T A W BRI, (R N A4
JHA PR, Chaol #8 %Y 725 Ak [l AF L 15 W 3X — A5 .

Shannon F5%(Y Simpson F8§HFR/RNHAEY 2R
iX, HEERA, MY ZHEHlE . h3k 3 s,
1% #iFed 2 A AP Shannon $5 01 Simpson $54(
AR, EARMIEEES . Li S
ARt Cd 53 IS, WARMARIEEZERA
K, RAFRE I Z AN

%3 FEAETHENS HHEMY

Table 3 Microbial diversity indexes under different treatments

Qb3 OTUs Chaol Shannon Simpson

CK 11450+ 81.0a 1152.8+829a 7.75+0.57 a 0.96 +£0.02 a
OCl1 1274.0+236.0a 1279.4+2358a 8.61+0.27 a 0.99+0.00 a
ocC2 1231.5+715a 1241.7+71.6a 7.63+0.01 a 095+0.01a

232 MRUEVIREE ST RS IRERE I O
T 2B o W AL 2 A X T AR AR, R T

ANRVAE BT K- FE K gl B 28 A, K]
2A @R, ZFFE ] (Proteobacteria)(28.0% ~ 52.5%)
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JE£BE 4 ] (Firmicutes)(15.8% ~ 30.0%) . 1]
(Actinobacteriota)(10.3% ~ 13.5%) 440 BT + 311
AT, X5 H X 4 8 B A B0 1 i 52 i
A RPN AR AEAET Cd 15 -1, Wang
SEHERRME Cd V5 Yt HErh R BVEIE AT ] (5 28.9% ~
30.8%; Li ZF"HS S A B R 1 HE Cd 15 LR,
I ] 38.1% ~ 41.8%. IAh, ZREHI]. JBEE
BT TR LR B T TBRI 52 Cd 22 4h, a2 it e 4 7 201
AR Cd-As RATGY I, UL Y 2E
TEBE] . R T IR T T E R . 5
CK MLk, BT X FETE OC2 A T Hem T
53.4%(P<0.05), XAfe SEAGHEYIM G, WIGEH
HFRBE AT E S5, AT T AL g
M, eI R s AR 1 2 S A
B n I AR SRIE , RO I BAG R 14 [F]sf s 25 )38
A PR, A S AR T A ]

(EARER A, IS 20 5 i e AN e 1]
(Cyanobacteria)fE OC1 il OC2 4ZbH A X} =F & 435
FEA T 73.0% Fl 94.3%(P<0.05), 143 M6 A FRiuE
Yy, TEARZHEERPRIL, 5 E 4 E TG e X
n Anjana SN G4 4 R TS g g B AT
Jor AR TR AR TR P AN S, IR T Cr(VD Y
Bfo [, AR MEY = R EA, s E
&JEU Cu. Zn, Mn AW K R s Z Y

(&)
100

others

[ Nanoarchaeota
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I Campilobacterota

[ Verrucomicrobiota
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ik

AR 2L (%)
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TR, A R B SR T, BN
YA R AL E 2 Cd, B 2 R EE Y Cul
LS ITER, XA AEK .

BR1TIKSF1, 25 Ak 2 ) 240 17 K SF F t BLAT e 3
25, B 2B R, B AR A0 H & (Pseudanabaena
NgrPSin22)(0.22% ~ 11.6%). Z{8FF i J& (Bacillus)
(6.17% ~ 9.18%) . ¥ 2 5 Ll 16 )& (Sphingomonas)
(3.93% ~ 8.73%) . L 7 J& (Pseudomonas)(1.22% ~
5.79%). VAFTE B (Lysobacter)(4.26% ~ 21.38%) M4
AEER IR AN . 5 CK M kL, OC1, OC2 4h#
T AR A R AR S R SRR AR, A3 RIS T
85.4% 1 98.1%(P<0.05), 33 = F 2[R g 1% f2 I % 4
VR 5 FE A B SRS T AR A, TS 2 A b B R
13 pH Ky 7.78 ~ 8.10(F 1), AFTHAEK, NS
FOCHARXT B R B B R X AR 25 e
W 4R | PuAE RIS Y5 B B a2
P Az, 5 CK Mk, OCl, OC2 AhHE T
B ERL B A AR X =E BE AT R BE T 78.9% . 75.3%(P<
0.05), X /& TR E X pH Uk, EAERS
(1 pH FAEIGC AT I, B2 S 2 A 34 i,
13 pH B AR, AR TR AR 1A, 5
CK # Lk, OC2 b3 F AT A m F L T 312%(P<
0.05), BCEM TUIMSIEIELA G HPA LTS
P, AU = A R A K

[ others

B Longimicrobiaceae

[ Limibaculum

B BD2 11 terrestrial group
B Lactobacillus
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[ JG30 KF CM45

W Girt GS 136
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Fig. 2

Zi b, BRAEYZE Ao 0 U A T O S R

HE, R AR A IIRE, NS AR ] R R R

Soil microbial community compositions at phylum (A) and genus (B) levels under different treatments
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JETCHLR o AT B AR £ 8 40 v s A [ SR s

http://soils.issas.ac.cn



513

SRS AVS NG, FLARX B 2 AR, T REEI S5
FHEREIEIACY AL, AT S R B T 5
TP SE B IR BT, [R] S 3 mT S A s 3 A AR
Y, EBIPHEEDREOERDPY, S 4
Sl 2 OCH T ANBEGE T, VAT TR AR R
N, A B ARG S B 2 AR, A A AR
A XsF - S BRE 114 52 1 10 75 4 — 25 BF TR RIE

2.3.3  IAEEIH T S MR TR S AR R A DG H
TR N 5 R IERUE YRR OGR4
AT 3 240 T 5 3 AL 7251 T Pearson AHC
PEHT(E 3)., G5R B, pH Al Cd B4 MR 5
WAEYI R R EER R . 5 REWIEARR, AR
pH A UEY i E R, XEH T pH fenlit
A3 G R AR A AL B A RN S R S Y
RPN, pH R E R RGIF R, Ak
ST A TS DA T T S R A B PR, S A 1)
WSINREAR T 3 pH, (FEE S A K IRERAL, AXF
FEF&MK, 5 Rangsayatorn ZEPURIHFSE—E, A5
rP ) R A R ] S R T T TR A Cd A R
ARG, X T i Rk i A QU R 7 s b B 4
JEXt A B RFEER, AN, SRS A)E, Cd
BIARCERENR, Cd XPREBRTEAT ] (Myxococcota) i # 1
FEAR, BRIUCRBREA T T=E B o SR, A AL e
IRV A2 e B 7 A i 2 e, SRR AN —
H. XATRREH THAE AT ER pH 5 Cd B4
AR AR T A R Vi 5 T R T BILJB AR SR2 ), 315
W s B A il ) 1 e -4 pH 5 Cd A St
XoF Gl A R O 7 L R
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Fig. 3 Pearson correlations between microbial community and
environmental parameters
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JE AR, PURREERFER N, b pH Ml Cd
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S 3k

[11 XuD M, Fu R B, Wang J X, et al. Chemical stabilization
remediation for heavy metals in contaminated soils on the
latest decade: Available stabilizing materials and associated
evaluation methods — A critical review[J]. Journal of
Cleaner Production, 2021, 321: 128730.

[2] WL, EBL PRIE, S ORNE -GS oK LR A B L
BE AN R[], 4243, 2023, 60(3): 657-672.

3] FE—, EM, W, . AREFE LR RS 5
Be - IRUE B ACRIE ST )], R, 2022, 53(5):
1203-1211.

[4] HRATLL, EmE, XL, S BRSCPEAAS JE 5 G
A TS Y R W B L RORBE ST [T]. £l AR BT 5T,
2021, 42(2): 311-320.

[5] SKEGAE, BORBC BRttts, 5. AESMERY) B R 2
A5 YA TSR AR BER AR AR AR R A R []]. AR
2RI, 2020, 39(7): 2214-2222.

[6] WangY L, XuY M, Sun G H, et al. Comparative effects of
Tagetes patula L. extraction, mercapto-palygorskite
immobilisation, and the combination thereof on Cd
accumulation by wheat in Cd-contaminated soil[J].
Ecotoxicology and Environmental Safety, 2021, 224:
112639.

[7] 23k, R, MRRSS, . WA TT Y A
RHFTE D). T3E2EAR, 2021, 58(4): 837-850.

[8] Liao X, Li Y M, Miranda-Avilés R, et al. In situ remediation
and ex situ treatment practices of arsenic-contaminated soil:
An overview on recent advances[J]. Journal of Hazardous
Materials Advances, 2022, 8: 100157.

(91 2%, ElFIR, ER8. KM G R E
IR 3, 2021, 53(4): 692-699.

[10] Fg¥e, &R, XHi, . AP a X 13 Cd 15
REIEZ R[], R ERAF4R, 2021, 40(4):
782-790.

[11] Li X Z, Jia R, Lu X Z, et al. The use of mercapto-modified
palygorskite prevents the bioaccumulation of cadmium in
wheat[J]. Journal of Hazardous Materials, 2021, 417:
125917.

[12] Liang X F, Xu Y M, Tan X, et al. Heavy metal adsorbents
mercapto and amino functionalized palygorskite:

Preparation and characterization[J]. Colloids and Surfaces

A: Physicochemical and Engineering Aspects, 2013, 426:

98-105.

http://soils.issas.ac.cn



134 + 1% %5 56 &
[13] RAKE, ¥, B, % HHEBEYAHS -5 [25] Sun Y C, Wang T T, Bai L, et al. Application of biochar-
FRE[D. HPERE A ERe#, 2021, 51(1): 1-11. based materials for remediation of arsenic contaminated
[14] % ERE, B, K, & &S oA Y 5 o4 soil and water: Preparation, modification, and mechanisms[J].
A%+ 18 58 SUR KR A W B VR S R B (D] ARk Journal of Environmental Chemical Engineering, 2022,
BBl 2AIR, 2022, 41(7): 1460-1471. 10(5): 108292.
mercapto-palygorskite on Cd distribution in soil aggregates AU JbatHkal R, 2017.
and Cd accumulation by wheat in Cd contaminated alkaline [27] LiJ, Wu B, Luo Z, et al. Immobilization of cadmium by
s0il[J]. Chemosphere, 2021, 271: 129590. mercapto-functionalized palygorskite under stimulated acid
[16] ZEtl, B3, BE, % JE 48 35 R M + R L b rain:  Stability performance and micro-ecological
BE TG SZ I N 2 0], EASEZR AR, 2021, 40(12): 3901- response[J]. Environmental Pollution, 2022, 306: 119400.
3910 [28] Chakdar H, Thapa S, Srivastava A, et al. Genomic and
[17] ZEF . Bkl 2 a7 A 607 e b 398 J (A 2 s proteomic insights into the heavy metal bioremediation by
SERFSEID]. fsi: LA, 2020 cyanobacteria[J]. Journal of Hazardous Materials, 2022,
[18] Zhao M, Liu X W, Li Z T, et al. Inhibition effect of sulfur 424(P C): 127609. o

R oo . . [29] Anjana K, Kaushik A, Kiran B, et al. Biosorption of Cr(VI)

on Cd activity in soil-rice system and its mechanism[J]. by i bilized b c indi ) c

t

Journal of Hazardous Materials, 2021, 407: 124647. Y Immoe I.IZC‘ lomass of two 1n 1gen0.us sra1n§ ©

cyanobacteria isolated from metal contaminated soil[J].
[19] Wang Y L, Xu Y M, Huang Q Q, et al. Effect of .

erilizati dmi . bilizati d bacterial Journal of Hazardous Materials, 2007, 148(1/2): 383-386.

stertiiza %on Von ca r{num 1.mm0 1lz'a ron- an acteria [30] Cao J S, Wang C, Fang F, et al. Removal of heavy metal

community in alkaline soil remediated by mercapto- L .

: ) ) Cu(Il) in simulated aquaculture wastewater by modified
palygorskite[J]. - Environmental Pollution, 2021, 273: palygorskite[J]. Environmental Pollution, 2016, 219:
116446. 924-931

A WA A g %756k - ¢ )
[20] F@IQLYM%’ EUE'NI’; % M(i{iiﬂi%ﬁﬁii%* Cd Y [31] Rangsayatorn N, Upatham E S, Kruatrachue M, et al.
FUALRCRBRIET]. #0702, 2021, 40(4): 795- Phytoremediation potential of Spirulina (Arthrospira)
803. platensis: Biosorption and toxicity studies of cadmium[J].
N - =n 2 oy 3 =)
(211 BEEf, AICH, B, S5 UL Sk R Environmental Pollution, 2002, 119(1): 45-53.
YA RAPEREE T[], A IREERER, 2021, 403):  [32] Qian X, Li Q X, He X S, et al. Pseudomonas sp. TCd-1
562-569. significantly alters the rhizosphere bacterial community of
[22] Yang TT, XuY M, Huang Q Q, et al. An efficient biochar rice in Cd contaminated paddy field[J]. Chemosphere, 2022,
synthesized by iron-zinc modified corn straw for 290: 133257.
simultaneously immobilization Cd in acidic and alkaline [33] Huang X W, Yang X L, Lin J H, et al. Biochar alleviated
soils[J]. Environmental Pollution, 2021, 291: 118129. the toxicity of atrazine to soybeans, as revealed by soil
[23] Fathi-Gerdelidani A, Towfighi H, Shahbazi K. Kinetic microbial community and the assembly process[J]. Science
studies on arsenic release from geogenically enriched soils of the Total Environment, 2022, 834: 155261.
under oxidized and reduced conditions[J]. Journal of [34] SKATH. [ KT KRS A KR 3 e M RE VR 1Y
Geochemical Exploration, 2022, 242: 107083. RMAFSR[D]. dbat: P ERERE K, 2021.
[24] BhEAME, FORR, BRAER, % AR LR IRE L [3S] XU K R AL, S HUBDRPROM - S

TR B ML S g i F s dE R (0], 4%, 2016, 48(5):
854-862.

FEVERI AT 2 RE MRS IR (], 3% 4, 2019, 56(4):
986-993.

http://soils.issas.ac.cn



