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PRIE TR A RS O Ve A 0] 18 pHL. BH(SH)RITE A I Sb 76 -3/ INASE P MUA I 2 . 255K 0
WAL AR L IS S LIRSS K, FE R TIAE N 18.11%, Fe, Mn il 733 LIRS, H Fe. Mn LIk
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19.51%~59.23%, HH, Ui 2.5% 45 AR Sb RCREAE, FEMFIREINSET, I ser i A R
Sb HURAREL F VRN KSR AT A A . A0, R4 O TR A X B T e - LA B A BEAR CR

X B OIE: BERSEEEE A ISR NASE: B(Sb); Hlifk

FESES: X53 XEkRERS: A EHE: 1007-1032(2023)01-0086-08

Characterization of FeSO;and KMnO4 modified sepiolite
and its remediation effect on antimony contaminated soil

ZHAO Mengjie'->*, WEI Xiangdong!?3*, WU Jinbiao'?3, JIANG Chao!??

(1.College of Resources and Environment, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Hunan
Provincial Research Center for Irrigation Water Source Pollution Purification Technology Engineering, Changsha, Hunan
410128, China; 3.Key Laboratory of Pollution Prevention and Control of Southern Producing Area, Ministry of Agriculture
and Rural Areas, Changsha, Hunan 410128, China)

Abstract: On the basis of FeSO4 and KMnOs modified sepiolite(FM-sepiolite), effects of FM-sepiolite and natural sepiolite
on soil pH, Sb morphology and the migration law of Sb in soil-pakchoi system were studied with a 50-day pot culture
experiment. The pot experiment had 7 treatments including 0.5%, 1.0% and 2.5% natural sepiolite, 0.5%, 1.0% and 2.5%
FM-sepiolite and control(CK). The results showed that the FM-sepiolite had a porous structure and higher specific surface
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area after being modified by FeSOs and KMnOa4. The specific surface area of FM-sepiolite increased 18.11% and the
contents of Fe and Mn increased significantly, and which showed with amorphous form. Compared with CK, the soil pH
increased after various concentrations of natural sepiolite and FM-sepiolite added. Of them, the treatment with 2.5% FM-
sepiolite had the most significant effect. The contents of crystalline iron-aluminum-bound Sb and residue Sb increased with
addition of FM-sepiolite, and the reverse was true for soil non-specifically adsorbed and obligately adsorbed Sb, amorphous
iron oxides and amorphous Sb. Compared with adding natural sepiolite, the content of non-specifically adsorbed Sb in the
soil modified by adding FM-sepiolite decreased by 2.48%-43.31%. The translocation of Sb in the soil-pakchoi system was
hindered by the application of the FM-sepiolite and natural sepiolite; and the Sb mass fraction and enrichment coefficient
of each part of pakchoi reduced significantly and the mass fractions of Sb in root and stem-leaf decreased by 6.83%-44.26%
and 19.51%-59.23%, respectively. Among them, the application of 2.5% FM-sepiolite had the best effect, and the effect of
FM-sepiolite was better than that of natural sepiolite with the same application amount. All results showed FM-sepiolite

was an effective material of harness of soil polluted by Sb.

Keywords: FeSO4 and KMnO4 modified sepiolite(FM-sepiolite); soil pollution; pakchoi; antimony(Sb); passivation
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Table 1 Specific surface area, pore size and volume of natural

2.1.1

sepiolite and FM-sepiolite

ups fLEMmm  fLE/(cmP-gh) HEmF/ (m?g™)
RIRMFHLA 10.135 0.346 153.968

PEHEEE G 7911 0.359 181.856
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Fig.1 Surface characteristics of natural sepiolite and FM-sepiolite

2.1.3 HEHHERGHTLEMIITER

BREG ORI AT TPk . DT R MY EL B IR 0
(£ 2), Hr, Fe JuRMBTRE A5 3.19%5¢ 53
21.75%, JE T E 4 0.98%$E 5] 2.29%; Mn T
RHTRA e 0.53%4R 5 E] 6.12%, JRTFH 4t
H 0.17%$Em 5] 7.99%; [FIEF, 4. BEoEK B B

REARR, Bt 0 L SIREAIG 16.70 11 7.09 AN E 4305,
XAREREHTINA Fe¥, Mn* B 15, IRHRUKME
fiRtt, 2 Si-0O-Mg-O-Si #WIZL T 2 4~ Si-OH
B, W H S A BT B A Mg
o [FEF, B TR, PEREERLINGE , iR
TG

R2 RAEBARMATETR S

Table 2 Proportion of elements of natural sepiolite and FM-sepiolite %
PR TT5M A
PR ik 2 B 7S i A B B i
KIRHRILAT 11.39 60.77 24.12 3.19 0.53 16.33 65.44 17.08 0.98 0.17
BRERUCEREA 11,05 44.06 17.02 21.75 6.12 18.87 56.49 14.36 2.29 7.99

2.1.4 SREBRMIEOGIINMES TSR
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LR . Si-O-Si HEMXIFRFE A . AERRER
FERE N TG . Si-O-Si BRI 4aRE Shils Fl M2 4%
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Fig.2 Infrared spectra of natural sepiolite and FM-sepiolite
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Fig.3 X-ray diffraction of natural sepiolite and FM-sepiolite
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4 RMRAREKAK MG IEATIER pH &

Fig.4  pH value of soil with natural sepiolite or FM-sepiolite

2.3 ATEEBAKEXTIE Sb SRS
AT 3 ATHN, TSN SR FNER G At v A d
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Fepil R A2, Bl, B3 34, {HH: Fe fHGIH
e SAH RS I Y AR A EE, S Inekes

F= 3 RMRADSEN S RALTIEN S S LEE
Table 3 Fractions of Sb in soil with natural sepiolite or FM-sepiolite

i He/%
F1 F2 F3 F4 F5 F6

CK 1.79a 1.82a 47.56 26.46 11.78abc 10.59c

Al 1.32b 1.23b 49.20 2447 11.21abc 12.57abc

A2 1.21b 1.43b 41.62 29.63 15.13a  10.98bc

A3 1.27b 1.40b 41.20 30.60 11.05bc 14.48ab

Bl 1.28b 1.34b 38.99 32.07 13.35ab 12.97abc

B2 1.18b 1.21b 47.28 2648  9.27c  14.58a
B3  0.72c 1.23b 44.70 2751 12.68abc 13.16abc

[ TR] T RE7R Ak BRE] A 22 S a2 5 L (P<0.05).

phsi]




5549 B 1 4]

BBGESE  BRER VIR AR S B 5 G T IR IE R ACR 91

AN, Sboh Fl WESHEMKT
2.48%~43.31%; FR 0.5%AyH iz, Sb o F4 (YA
G3 FEIIREA; BR 1% n4h, Sb H F5 B A 4t
Bisghn; B 2.5%B9Usn4h, Fo 1y HL B HE 0.

SR, S IR S AR A M VLA A AR PR AY Sb

F5 F6 (41 70 L Z FIBCAS IR AR A7 AT BT

BIA-3E Sb HYLEYIARMEREAR, X RIIEARGS &
N ERER LA L% S TS QA BALAICR LR
SRIEFIEAT LT

24 AELEBAMIERT/NEZE Sb RN
MFE 4 AL, 5 CK ML, IR ARG
PEEAA AR B E RN SR A= Sb i
I3E, BEIRAT HK 6.83%~44.26% . 19.51%~59.23%,
HBEAIEEsgim, AAZEr- Sb it /3408 o
BARG s TR IR A MV A1 A PR A /N P SEAR R 2E
W Sb LA ES B E AT S A [ i AR
AN . AT DL, SR R A T A Y R
BEAIR /NI SR8 BB AL Sb 5 2, {ELIS 3 BRI B T

*4 HhBEXRM Sb RESUMEERUREZRY

Table 4 The mass fraction, enrichment coefficient and transport coefficient of Sb in tested pakchoi

Sb JFHR 43 40/(mg kg )

Sh B it /3 BRI %

Sh EHERLL

Qb3 Sh #4312 R4
Uik EXD i E R EA
CK (18.4640.28)a  (2.87+0.01)a (0.06840.002)a  (0.01020.000)a  (0.15240.003)ab
Al (17.2040.11)b  (2.3120.01)b 6.83 19.51 (0.06340.001)b  (0.00920.001)b  (0.14+0.002)c
A2 (15.3840.14)c  (2.2120.04)c 16.68 23.00 (0.05720.001)c  (0.00820.001)c  (0.1420.008)bc
A3 (14.4440.10)d  (1.9940.02)d 21.78 30.66 (0.05320.001)d  (0.007+0.000)d  (0.1420.001)c
B1 (15.4540.01)c  (2.1240.14)c 16.31 26.13 (0.05720.000)c  (0.00720.000)d  (0.140.002)c
B2 (11.3440.25)e  (1.8640.12)e 38.57 35.19 (0.04340.002)e  (0.00620.000)e  (0.16:40.002)a
B3 (10.2940.01)f  (1.1740.05)f 44.26 59.23 (0.03840.000)f  (0.0040.000)f  (0.1140.000)d
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