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1 Cd 15 YK LM BRI R, MSAZ XX PiAh 3% 0.43 mol/L HNOs $& A Cd (4 Uit K BRFRIGL 40%; £t 5 i H
FIFG, MSZA X5 47K A 1 0.43 mol/L HNOs $8IRAS Cd (1 SRR LBRAETTIL 98%, I HiZA EMKIAIRERE 85% MyMktae s, [l
R T 80%. AT HREMERE 0k BA BRI 3 Cd RBRMREFRI ARy, 7l R 3 Cd 15 YL JE OB R R LR B &
BRI HF.

KR R WL mEVEMRL BLo; RAMBEE; ARHEAIE

FESHES: X53 XERPRERD: A

Preliminary Study on Removal of Cadmium from Contaminated Soil by Magnetic Clay
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Abstract: A millimeter-level magnetic clay particle adsorption material recorded as MSAZ was used to test its soil Cd removal
efficiency. For different simulated Cd-contaminated soils, the results showed that the optimal mass ratio of MSAZ : soil was 1 : 5.
With this application ratio, the removal rate of 0.43 mol/L HNO; extracted Cd in the simulated red soil was as high as 95% in a
single application, and the removal rates could also reach 75%—80% in the brown and black soils. For dryland soils with high Cd
background values and Cd-contaminated paddy soils, the results showed that the removal rate of 0.43 mol/L HNOj; extracted Cd
by MSAZ was about 40% from the two soils in a single application. After five times of repeated use, the cumulative removal rate
of 0.43 mol/L HNOj; extracted Cd on MSAZ reached 98% from the actual Cd-contaminated paddy soil. The MSAZ still
maintained 85% adsorption capacity, and its recovery rate was higher than 80% after five reusing cycles. The magnetic clay
particles tested in this study has excellent soil Cd removal performance and showed potential application prospect, which can
provide materials and technical supports for subsequent in-situ treatment of Cd pollution in farmland soil.

Key words: Cadmium; Adsorption; Magnetic materials; Clay minerals; In-situ remediation; Farmland soil
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&7 R B Cd R ERECR M R R A BAIESE,
I H_EB B 0 AR bR, RS2 BR A5G
TR XE LA [l Wi f T L

AWFFEE XA EA R T — P2 KRR
LIORL, WS HR U RISE PR Cd 15 5% 3B 2 1t
RELL BRI M HITERE . A0 R 5 TR AR () 2R
EABARIT H o T, Al Cd 15 5eqe I e A
e 5 SR A B AR M AR S8

1 HREH%®

1.1 s

MK e ML Cd V5 5 HIEFISEPR Cd Y5
T4, R RZE 10 ~ 20 em), TEAH]
HAE ASRINT, RBREAR . ARG ERE, i 10 B
T o WARESL AU IR, F P T A s it
100 HJE Je i .

Bl Cd 5 - e R+ | FRIERIZIEE 3 Fp +
g, o 10 He et s HIERES 1.0 kg, I
R AIWEE 100 ml #2555 /K FIR A Y CdCl,
VST, JFTEmSI A Rl B HEA T o P S KR
H K LY 65%, i AME T 24k 30d, REXT
BEAH, 5o 100 Hf. AR BERR BE (L Cd 15 5+
% pH FIl Cd S 8EWFR 1 s,

S2BR Cd 5 Y 3853 R K RS R T S R bk
+, 3 pH FI Cd FEWFE 2 iw,

AR5 TR F A oK AR L TEK 2 BE R R R
G2 i B E 2542 Ak 20 A BRA A e K
182 MQ-cm B TK .

F1 #ECdFLEEENPpHIICAdEE

Table 1 pH values and Cd contents of simulated Cd-contaminated soils

A SRAEHh A FAFX RS pH 4= Cd FH(mg/kg)  0.43 mol/L HNO; $2HUAS Cd i (mg/kg)
R (T 7 RIS b R 1 5.66 0.47 0.17
Tk 1) ek 2 5.51 1.11 0.68
2 3 5.30 2.71 1.75
LUHE (R VLG JiE v e H AR | 4.96 0.26 0.05
&2t 414 2 491 4.47 422
L1353 4.53 23.5 22.0
BEMER  BRLER e H BE1 5.86 0.39 0.25
I E 1) ) 5.78 0.88 0.61
2+3 5.53 1.56 1.32

TE: RIS R HOR AR R M ARG PR, RIEE TSNS (LR ES RS2,
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Table 2 pH values and Cd contents of actual Cd-contaminated farmland soils

R REMA FgEs T e pH 4 Cd FHE 0.43 mol/L HNO; $2Ht 4 Cd
(mg/kg) & (mg/kg)
e H LHRE BEKEE@EEKIA L) KiEt 1 6.70 0.79 0.59
WKy WE KRR AN L) KAt 2 6.74 0.45 0.32
Lesii) BN I 3 2H BRCR BT IRIMA ) L 5.46 1.95 0.73
BN AR BRI RIS 1) TR o 2 5.53 3.27 1.72

1.2 wEER L B

AT ST BT P A 1 8 R F b L 2 B R
THEFI TR, bR} 3R P S e T A
AT B LA, Fes O, M CREMESEAAR, T8 5 ifg
PEIR A5 S BN A LT SRR S 1) R B T YA TR
it MSAZ.,
1.3 RIEit
1.3.1 BSR4 od £RRiREE % MSAZ :
P2 3E=1 5 B E L, FREX 10.00 g &3 100
HALKL T 50 ml .08, A 20.00 ml A5
Tk, SRIGHIA 2.00 ¢ MSAZ, [RIN& & 25 [ (AN
MSAZ), £ 120 t/min FEIRIRY 12 h, W& 247
7o WHEEHRIET 2 000 r/min £544 F &0 10 min,
I 0.45 pm PRSI E Cd BT EE . 1A
AR, FIFHREERRG B O D R AT R &
BT RERE ARG/ Nk e e BB, R R
£ 80 C &AM FHET, FREMIE MR, [FE AR
KPR MSAZ ZJ5 0 3R AE 80 C LT, WRES
i 100 H i f5 i %2 5 4 HL(0.43 mol/L HNO; #2H) 2
Cd FH,

VEFHZIHE 238 DIE MR Cd 15 Y 38, JF R M
BL A A B0 I T AR Y R R i,
MSAZ: 3R TR L 105, 1:10, 1:20, 1:50
12100, BRADECRI IR BTE IEAE, HAA L
Cd HYMZRE . 4R IBURIIN 2P TR S F R A ]
132 SEBRis e H 13 cd ABRiRE it
MSAZ : +3=1: 5 pyfim b JRilss, ¢ Cd
W R FRIBCRIIN E B BRI 1.3.1,
1.3.3 MSAZ 7E3EFR Cd 15 A H 4338 rp & &2 R
B M HEOKR T 1R 2), EERA S K,
WRIG A IR OFF T HHEAYIEER BRI BRIk
5, BIERX R — 4, R A E A 0.43
mol/L HNO; fi#; MSAZ, 4 84— b B A 1 4
Jo T BB E B MSAZ, IR MSAZ fEER ik
5 PG 1) BRE R ; QFH XA E R LB GE
IR« BIEF X ] — MSAZ #48+, f— R H1 0.43 mol/L

HNO; fft 5, FFRmERA B RS Cd 5%+
eI R Ans, M 5 E R G MRS B LBRbE
AFRFFREIE . AbBREHE Ry 24 h, FAYE 56 Cd MR
PRIBCHTIN & 20 YR [R] 1.3.1,

1.4 WX FAE

e FH o, T 148 B (s-4800, H 57, H )X}
MSZA HATROWIESL 530 il BRI (EX-350, H
S, HA) BT RN TC R AR AR L AR 4
LIAMEIREIL (Nicolet iS5, FEER K iH/R, FEE)XF MSZA
HEATOIRE AT AT s (DG BB (BXS3, BUAK
ELr, B AR AR YR AR I AT IR, R B
ML (ASAP 2400, %%, SEE )X MSAZ i Ak
AT E .

35 pH R LKL 12 2.5(m 2 V), i pH T
(FiveGo, MpFEE-FER 2, Sl . T mck
Cd >k 0.43 mol/L HNO; $#2H¢. 0.43 mol/L HNO; AJ
DISREH KA A | 59 5SS A /it A AL 19 Cd,
AJFE R L Cd SHEPI A RS By B
2.00 g it 100 HF W EAET 50 ml &8 H, A
20.00 ml 0.43 mol/L f) HNOs(+# b 1 : 10, m:
V), 120 r/min %47 4 h, BUHJE7E 2 000 r/min 2%
PFFEL 10 min, FIHREE 045 pm S8R fi
ICP-MS(ELAN DRC II, ¥4:#/R8k, FEE)HME Cd
) oL R VAR
1.5 HiEE

FIFH Excel 2017 #4750 500 1) JLmfiab 58, 7]
FH Origin 2018 #E1 7RI F2H , Hdi /R vk 24+
bR 2%

2 ZRMITL

2.1 MSAZ BIRIESHT

MSAZ B ETESANE 1 fis i b RS2
EIFIH A IR (K 1A T 1B), Al DL BABFZE I
(1) MSAZ #HEHMEUR A A 5], SR HA £ & FLER,
FF 54 R B 7k ABPR BRGA AEZ , T E AR
WL R FL; SRR B 0TS P s 45 G
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Fig. 1 Photograph (A), single particle SEM image (B), enlarged SEM image (C) and energy spectrum (D) of MSAZ
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R TR, 73000k 74.8%. 75.9% LLI 75.7%.
79.9%. XS H R ARIR B R HER RN Cd R FEfE
AT, AFEE pH. A L& A P4 s P 25 i
AT Cd S5 & RBRBE T . MRS, PHE T
(5w L NI B R R s E A i e
T AR A PLUT S E, AT LA E 4R TR R
PRI 22 A W B A5 POV, 4 S T RS B 1k R
R TXELA S MSAZ W, T3 PRSE ils , FEXT
BRI 0 EVEW A, 2038 3 B WD Cd
By B, 53T 0.13 mg/L, B2 FiERT
By Cd s H GRS Cd iy 1.2%, B0 H5Ed Y
Cd FEJEH MSAZ WeFff 8%, A2 T
2T

24 1100

RIS CA S i (mg/kg)
ERE (%)

3 MSAZ X[ ZEE &5 R H
T Cd By ERRIERE
Fig. 3 Removal performance of Cd on MSAZ in different simulated
contaminated farmland soils
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SxHi45 400 pH BAIE, AL pH ASFIF Cd 1 E
AR B EAR SR 5 — D e RN Cd A By RS sh kit
MEElAL, RN e K —Binta), 76 3 cd 39k
FELIE FAMBAAER . BT, AR 0 LRl
BTG Y b, MR Cd MM BB, 3 Fac#0e7S Cd
B 7 HE b R, B S i MSAZ W 2585 . 7 MSAZ
F ISR L, AR ERAL Ak 2.00 g, SF4AT [a]
W 1.91 g, AR T 95.5%.

& 40, 4 MSAZ 53R FREIAL S

REARE] 12 20 B, ZLFHALCRH 94.8% [EARE] 89.6%,
PRI T 5.26%; 45 & HLARZEFRAKE] 12 50 Al 1 :
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FEFUE L 10 SN 1 100 12 20 B, AbFEAK
SFWEAT BAR , AEAT R AR X 5 i A A B S E st
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Fig. 4 Removal performance of Cd on different MSAZ application
amounts in simulated contaminated farmland red soil

2.3 MSAZ XMEBRFELTH Cd AR R

W B LA 8 rp B A BRAGR 7 2 L
BT W AR B B R RRSN IR KRR iR S22 E £
SR RSP, & 5 ATLAE 1, MSAZ X &y
51 s TS 2 B3 Cd i F AL PR (44.5%) B
FHIFIKAE £(40.9%), XATREZERE . Om#E 2 7]
DL PR = 7Y i 4% pH B B IR TR KRS £,
pH #{%, Cd AYPIIERS el e P70, AT 0 5
MSAZ it ; @5 N 5 M 33 HLAR 35 B FR AR,
X4 R IR RE T BRI, L MSAZ T35 Tt
EBrEHER R Cd; GKREE 1 FUKRE L 2 H3E0 R
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Fig.5 Removal performance of Cd on MSAZ in different actual
contaminated farmland soils
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Fig. 6 Cyclic treatment performance of Cd on MSAZ in paddy soil
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