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Remediation and persistent stability effects of sepiolite on cadmium—contaminated paddy soil

PEI Nan'?, LIANG Xuefeng', QIN Xu', ZHAO Lijie', HUANG Qingqing'", XU Yingming', SUN Yuebing'

(1.Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs, Agro—
Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. School of Resource and
Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: In the present study, a 2—year field experiment was conducted to investigate the immobilization efficiency and remediation
stability effects of sepiolite on Cd-contaminated paddy soil. Concentration of Cd in rice grain and available Cd in soil were determined
along rice grain quality, soil Cd fractions, and soil enzyme activity. The results showed that sepiolite effectively and persistently
immobilized Cd in paddy soils. However, the immobilization efficiency weakened over time. In the first year, sepiolite application
significantly reduced the content of Cd in brown grain of early and late rice by approximately 21.0%~79.0% and 63.8%~88.0%,

respectively, when compared with the control treatment. In addition, the content of Cd in brown grain of early rice was below the
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recommended tolerable level (0.20 mg-kg™') at sepiolite application rates up to 1.00 kg+m™. The content of Cd in brown grain of late rice

was below the recommended tolerable level only when sepiolite application rate was the highest (i.e., 2.00 kg+m™). In the second year,

sepiolite application significantly reduced the Cd content in brown grain of early and late rice by approximately 4.0%~73.5% and 21.4%~

81.0%, respectively. Moreover, the Cd content in brown grain of early rice was below 0.20 mg - kg™ only with the highest sepiolite

application rate. Therefore, the resulis of the 2—year field experiment show the continuous effects of sepiolite on immobilization remediation

of Cd-contaminated paddy soil; this could guarantee the safety of produced rice. Nonetheless, the remediation efficiency of sepiolite on Cd—

contaminated paddy soil needs to be tracked and monitored during the field remediation process; sepiolite should be reapplied, if

necessary, to ensure the persistence of the remediation effect.

Keywords:rice; cadmium; sepiolite; immobilization remediation; persistence
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Table 1 Effects of Sep treatments on the rice grain yield(kg-hm™)

Qb3 FLF Early rice 7 Late rice
Treatment  2(154F 20164F 2015 4F 20164
CK 7614+294a 8 344+428a  7920+529a 7 992+529a
Sepl ~ 8027+232a 7860+260a 7956+44la  82442617a
Sep2  7960+129a 8534%578a 8 172+500a 8 1722382a
Sep3  8000+253a 8200+604a 8493+147a 8 100+252a

T e R —FUAN R B3R A BRI 22 5 . 3% (P<0.05) . Nl
Note: Different letters in a column indicate significant differences
among treatments at P<0.05. The same below.
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Table 2 Effects of Sep treatments on the quality of rice grain
b3 20154 5L F5 Early rice in 2015 2015 4F I Late rice in 2015
Treatment  H]2 [| Crude protein/% TRy Ash/%  HMLIEWS Crude fa/% — HLZE A Crude protein/% K43 Ash/% MG Crude fat/%

CK 7.26+1.00a 11.00£0.47a 4.20+0.46a 7.29+0.61a 10.100.07a 4.62+0.46a
Sepl 7.45+0.60a 11.70+0.79a 4.14+0.16a 7.49+1.210a 10.50+0.07a 4.23+0.16a
Sep2 7.30=1.09a 10.100.53a 4.75+0.29a 7.64+0.83a 10.60+0.42a 4.50+0.29a
Sep3 7.84+1.54a 10.60+0.66a 4.27+0.40a 8.00+0.87a 10.30+0.27a 5.17+0.40a
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The dotted line in the figure represents the Cd limit standard of 0.2 mg-kg™" in rice(GB 2762—2017). Different capital letters indicate
differences among treatments of late rice, different lowercase letters indicate differences among treatments of early rice (P<0.05)
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Figure 1 Effects of Sep treatments on Cd concentrations in rice grain
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Figure 2 Effects of Sep treatments on soil pH and available Cd
content and immobilization efficiency
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Figure 3 Effects of Sep treatments on species of Cd in soil
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Table 3 Effects of Sep treatments on soil enzymatic activity

I i AR RER FRTLTE AR
Urease Catalase Sucrase/  Acidphosphatase/
pged'g) (pmol+d+g™") (mg-d'-g") (wmol-d'-g")

pOBL]

Treatment (

CK 475.0£17.7b  24.9+2.8b 23.2+0.8a 1.09+0.09b
Sepl  590.0+31.2a  25.8+2.2b 23.1x1.3a 1.11+0.09b
Sep2  673.0+£31.1a  30.6+2.1a 22.3+0.6a 1.34+0.02a
Sep3  598.0+£32.7a  34.1+2.5a 23.7x1.1a 1.34+0.06a

DI 448 UA .CA I ACP T 1 52 (2 3 A 2 SC R (&
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KKFR . WA UL, 3G P mT DA 54 e Bl Ak
&5 15 e /TN FE R

3 iTig

AHIF ST 32 B B UE U 0 A 7E S HLAE 5 A 3 P
DL R e ROns , K I 45 R BoR  FEVLVE RS B
PR 4 YL /K A HH L T A 0 - SR A 0 iy
SR FRF AR AN, H IR 28 B b 2 P IOk
K (K D). A Ei ik b F R 65 0 2 R I -
Ferb R A YA B A HE R R T PR R I AS
P00 285 1) 35 PR Al R h 45 B A Rk AR Ak (K1 3) o
A8 TR Lo Aok B B i pH
(10.1), 3585t A 5, B3 pH AR T 0.31~1.06
AN T - 58 pH 2 e 4R HH - B 4 R AR WA L
PEREERN R Z — MM R R, 13 pH
5 A SES ] S8 A5 2 2 T DG T S kR
BN MEREEMC(KE4), 14 pH FL AW

WWW.Qes.019.CN




NEG2*

VRS RSy F41552H

=]
S
g EI $ $ ET)lj SI 8' o
2 T 15} [ -
SEEJZB858£5353F3
1.000
Cdygin Ok
pH
DTPA-Cd 0.600
Exc-Cd
CB-Cd L 0.200
0X-Cd
OM-Cd
- -0.200
Res-Cd
UA
CA - —0.600
SA
ACP l—].OOO

B4 HEXREES TETEERZ BRHEXES R
Figure 4 Correlation analysis of Cd content in brown rice with

different soil indexes
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