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Fig.1 Scanning electron micrographs of attapulgite modified by NaOH
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Fig.2 X —ray diffraction patterns and Fourier transform infrared spectroscopy spectra of attapulgite modified by NaOH
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Table 1 The pH, cation exchange capacity (CEC) , electrical

conductivity (EC) of Cd polluted soil stabilized with

attapulgite modified by NaOH

- oH P S F 34 CERS S
(emol/kg) (pS/cm)
CK 7.29 +0.03¢ 22.79 £0.34"  328.67 +5.51'
NPO1 7.29 +0.03° 24.32 £0.30°  317.33 £9.29'
NP12 8.14 +0.01° 34.19 £0.28*  805.67 =3.51°
NP14 8.10 +0.00" 29.22 +0.22">  763.33 £6.81"
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NP18 7.99 +0.01¢ 25.24 £0.56°  559.00 =5.29¢
NP110 7.98 +0.01¢ 25.06 £0.07¢  456.67 +9.50°
F {4 2665.64 % " * 108.09 % * * 1529.53 " * *
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Fig.3 Chemical speciations distribution of Cd in soil stabilized

with attapulgite modified by NaOH
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00% (NPOL) ; Hovr 75 in NP12 A RHelifE 1358 )5 , T
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68% B E It %5 17.42% (NP110) ; 5 CK L, &40 3¢
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BHA T3S, I AEALAS Cd &5 NPI8 4b 2
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FHEE, AR ZS Cd & &l dy CK #Y 12. 77% f s JH 2
25.36% (NP12) , HAt Ab 3R 2R 0A 25 Cd & 72051
17.41% (NP14) . 15. 69% (NP16) .13. 86% ( NP18) |
13.32% (NP110) \13. 21% (NPO1 ) ; H A7, % i NP12
kHliAL 45 iR 45 Cd 2 i 5 T Al A
6 AHALFRLA KX BRZH h Cd 1 [m] Wi 32 2438 2 95% ~
105% HYER (£ 2) .

462 SRRSO MR £ Blifk 5P Cd i BCR HES:
RSO opmle®

Table 2 BCR sequential extractions and percentage recovery of

Cd in soil stabilized with attapulgite modified by NaOH

AR Cd
)
(mg/kg)

BJES Cd
(mg/kg)

S Cd BRI Cd Cd ek
(mg/kg) (mg/kg) (%)
CK  5.73£0.31° 7.03£0.20° 0.88£0.14° 1.97 +0.14¢
NPO1 5.27+0.14™ 6.63 £0.00> 1.24 +0.20¢ 2.04 £0.36¢
NP12  3.08+0.57% 6.06+0.11°¢ 2.19+0.00° 3.93 0.11°
NP14  4.30£0.52¢ 6.16+0.11° 2.11+0.27° 2.69 £0.08"
NP6 4.59£0.21% 5.63£0.07° 2.29 +0.09" 2.43 +0.07"
NPI8  4.53 +£0.32° 5.79 £0.26% 2.59 +0.30* 2.14 +0.13%
NP110 4.96 £0.29" 5.89 +0.26° 2.70 +0.17% 2.06 £0.05%
FE  1529%**  24.07***  36.91*** 50.74***
H: FSIAR/NG E8E(a b o d) Fn b )25 57 825 (P <0.05)
FAEJGRY“ = % = "FORAE0.001 /K EZEF B,

100. 82
98. 04
98.55
98.57
96.52
97.217
100. 84
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INE AL ECE MY R AR, AR Cd dis T
SRR L ASHAL, A S KRR, X2 o 2 A Al
SR AT o £y R SRR P 3% 1 B BRI 14
AL Y, — Ty TS o W B TR WY, 53—
TET A % B P ) P s o] LR G [ A A 2 o, i
TR TE WS B 1 T] 3 3o 288 S8 e A T B " i 17
TEIEA 7 AT R A B4k ) 5 B pH
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RAC {H 1 PRI {H 34 2 2 F4A (F =24.31,P <0.001 ;
F=19.97,P<0.001) (& 4) .
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Fig.4 Risk assessment code and potential risk index of Cd in

soil stabilized with attapulgite modified by NaOH
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Table 3 Correlation coefficients among physiochemical traits of

chemical

the stabilized soil, speciation  and

environmental risk factors of Cd in soil

febr RIES G BFEAC RMAEC ®EAC  RAC PRI

pH  -0.767** -0.844** 0.827** 0.579** -0.795** -0.659* *
EC  -0.847** -0.602** 0.499* 0.819** -0.879** -0.876* *
CEC  -0.839** -0.496* 0.397 0.867** -0.878** -0.897* *

= T FRHIR R BORE B KT (0.01 <P <0.05) 5
© o IR RBUARIMBE KF(0.001 <P <0.01)

3 &g

RS SR ER AR R 7R X [ A A 3
Ao, 2o B SOHE I I T A A Y 45 K R AIE 5 ) 5
LI, A B A S B I SO X S S e
b R HEBACTE RS E )R Cd TS ALRI R .
HAE SN A R O 1 2 RPERCR

BAfo GRNLL,FRGT REEM(0.01 ~0. Imm £ 4% )
Az R R i (0. 1 ~ Twm $0i2) , Si—O0—Si
5 Al—OH—AL fEWr 2, Si 5 AL 45 3Bk, M1
P e im B 2 LI B W B S, A AR AR
W BT R AR R o USRI A T A B AR
Hor - E AR T, 25 4% - 4% pH A . CEC I
EC i, M3 T8 . TR I AL A o M i
REAS [ A B2 A1 1E £ 3 v Gy 396 42 15 1) TR VS 25 1)
T Vv i R e Ak, 1 Cd 5% 78 Ay ik PR Eh 30 &
ALY S DOVE, 3 A% Cd M TE 2k, i 3% Cd
{18 JXUBSE TP 8 5OFN 08 0 RS 8 B8 AR — 1 XU 55
P, NTTREAIR T L3 b Cd A PR 58 AU o e 2 1M1
A X I E AR Cd B RAFEIEVER .

A5 A A A A BN 1M1 b A A e
GJ@ Cd $EAE T Bl 4, I R ms M i A 1
e SN B 1R i S A B A, (ELAT) e S
— RO IR T A A A 1M1 A AN R 3
B AR AICR
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Chemical Speciation and Environmental Risk of Cd in Soil Stabilized with
Alkali — modified Attapulgite

TAO Ling'*”, TONG Yun - long"”, YU Fang — ke*, YANG Wan — hui'*>, WANG Yi — rong"”,
WANG Li"*, REN Jun'?’"
(1. Key Laboratory of Yellow River Water Environment in Gansu Province, Lanzhou Jiaotong University,
Lanzhou 730070, China;

2. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;

3. Gansu Hanxing Environmental Protection Co. , Ltd. , Lanzhou 730070, China;

4. School of Environmental and Science Engineering, Shaanxi University of Science & Technology,

Xi’an 710021, China)

HIGHLIGHTS
(1) Attapulgite was selected as the raw material and NaOH as the modifier.

(2) The surface roughness and adsorption capacity of attapulgite were increased by NaOH modification. Alkali —

modified attapulgite significantly improved the physical and chemical properties of soil, thus improving the

stabilization effect on Cd.

(3) Alkali — modified attapulgite converted active exchangeable Cd into stable residual Cd in soil, and reduced the

risk assessment code and potential risk index of Cd by one risk level, which significantly reduced the

environmental risk of Cd.
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ABSTRACT

BACKGROUND: Heavy metal pollution in soil has been a serious threat to human health and ecological
environmental safety. Stabilization remediation has become an important means of remediation of heavy metal
contaminated soil due to the high efficiency and low cost. Attapulgite modified by alkali with an improved
performance, provides an important basis for its stabilization and remediation of heavy metal contaminated soil.
OBJECTIVES: To analyze the changes in physical and chemical properties of attapulgite before and after
modification, and to study the effects of attapulgite modified by NaOH on the chemical speciation changes and
environmental risks of Cd in contaminated soil, and to explore the stabilization effects of attapulgite modified by
NaOH on Cd in the soil.

METHODS:; Different proportions of NaOH were used to modify attapulgite. The surface characteristics, crystal
structure and functional groups of the materials were analyzed by scanning electron microscopy (SEM), X — ray
diffraction (XRD) and Fourier transform infrared ( FTIR) spectroscopy. Stabilization experiments were carried out
on artificially prepared heavy metal Cd contaminated soil to study the effects of NaOH — modified attapulgite on the
changes of chemical speciation of Cd and environmental risks in contaminated soil.

RESULTS: By adding the modified material with the mass ratio of NaOH to attapulgite of 1 : 2, the pH value of
the soil was significantly increased by 0. 85 units. The exchangeable Cd content decreased by 46.28% and the
residual Cd content increased by 1.98 times. The risk assessment code (RAC) and potential risk index ( PRI) of
Cd in soil decreased the most from 36. 70% and 207. 90 to 20. 08% and 86. 40, respectively, which effectively
reduced the transfer capacity and environmental risk of Cd in soil. According to SEM, XRD and FTIR analyses,
after modification, the surface roughness of attapulgite increased, chemical bonds such as Si—O0—Si bonds were
opened, so active sites for adsorption of heavy metals increased. Attapulgite modified by alkali immobilized Cd
mainly through adsorption, and the reaction of silanol and hydroxide with Cd** generated precipitate, so as to
achieve the effect of stabilizing and repairing Cd contaminated soil.

CONCLUSIONS: Alkali — modified attapulgite can effectively stabilize Cd in soil, which has a significant

application prospect in remediation of heavy metal contaminated soil.

KEY WORDS:: attapulgite; alkali modification; cadmium; chemical speciations; environmental risk; scanning

electron microscopy; X —ray diffraction; Fourier transform infrared spectroscopy
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