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Effect of Nano-TiO,on Release and Speciation Changes of Heavy Metals in Soil
ZHANG Jin-yang"? , WANG Ding-yong®’ ", LIANG Li*, LI Chu-xian’, ZHANG Cheng’, ZHOU Xiong’, LIU
Juan'

(1. College of Chemistry and Chemical Engineering, Neijiang Normal University, Neijiang 641112, China; 2. College of Resources
and Environment, Southwest University, Chongging 400715, China; 3. Chongqing Key Laboratory of Agricultural Resources and
Environment, Chongging 400715, China)

Abstract: The effects of nano-TiO, on migration and transformation of heavy metals in soil were investigated by outdoor flooding
simulation experiments. Cr, Pb, Zn, Cd and Cu contents of different forms were determined in soil of typical fluctuating zone of Three
Gorges Reservoir. The results showed that, after flooding months, both addition of 4 g+kg ™" of rutile and anatase particles resulted in
the release of about 30% Cr into the water. Nano-TiO, particles mainly promoted the dissolution of oxidizable residual Cr, and elevated
its ecological risk. Thus nano-TiO, promoted the activation of chromium and improved the mobility of chromium in soil. 4 g-kg™" of
rutile particles caused the decrease of acid exchangeable lead by 25. 92% and oxidizable lead by 33.09% , and enhanced the mobility
of Pb. However, anatase particles caused the increase of oxidizable zinc by 30% in soil, which facilitated fixing of zinc. In addition,
two types of nano-TiO, particles had no significant effect on the speciation changes of Cu and Cd. Therefore, the effect of nano-TiO,on
release and transformation of Cr in soil was the largest, followed by Pb and Zn. This needs special attention when using nano-TiO, to
remediate heavy metals contaminated soil and assessing its environmental risk.
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Table 1  Physicochemical properties of soil for test
" EilN CEC HURALR % Cr Pb 7n Cd Cu
P /g'kg™' /emol'kg™' <0.02mm 0.02~0.25 mm  >0.25 mm /mg-kg ! /mg-kg ™! /mg-kg ™! /mg-kg™"  /mg-kg”!
8.04 15.76 7.12 45.88 51.00 3.12 25.14 £0.51  73.84£3.25 133.29+10.81 2.83+0.06 32.91+1.14

1.2 LRIk

FHHE 4K EC ) 300 mL 0.2 g-L ™' A10.4 g-L~'
K TiO, POk E W, 88 75 30 min. FK 30 g 14
(0. 149 mm) N ENG0K Tio, POk 2w, #£45), -
FERYK TiO, WU RN 53 50 R 2 g-kg ™' Al 4
grkg ! BLIAREIRA SR R2(2 g-kg ') HI R4 (4
g-kg ) BUEKD AL FRLAA T h T2 (2 gokg ™) FN T4

(4 g-kg™") ARG Tio, 4bBR Ayt IR | 454 4k
FHTR S 3 VK. S0 R R RE BB, I35, BT
SHNIRBET 60 d JF, 41 LK, KRR Cr
Ph. Zn, Cd Fl Cu f¥R L, T RE R T 5 M0 e, i
(0.149 mm) ,IRE 5], RAEGHN BCR L
W MR A IEZS Cr. Pb, Zn ., Cd Fl Cu fOF%
i, HARD IR W3 2.

R2 BRSELENRERAZ
Table 2 Extraction method of various forms of heavy metals in soil
B REOTR B
FREL1.00 g BEFE] 100 mL RFR BT A 0. 11 mol-L =" HAc 40 mL, Z & F#R% 16 h(250 r-min~') | B0

B4 000 remin 20 min) B ENR ZARNSh , BE 4°C AR SR AR R

2 i) _EiRgRE FAIA 0.5 mol-1.~! NH,OH-HCI 40 mL, 5% 16 h, B .00 8. HARERS—5 AR B
15 AP AR BUE BRI PR A 10 mL H, 0, , 3 BRI, fH/RIRG , il FIHM 1 h, SRJE7K I m#A s 85C T i

3 1 h, FZRMIL, FHEMAEE G T, FA 10 mL H,0, , EZ L Fid . BHJE 01 mol-L~! NH,0Ac 50 mL, HAy  AIEMS
BAER S — 4
5 = AP PRI B AR 5 50 mL R PSR LA HEAR 1, A 10 mL HNO; |, 10 mL HF #13 mL HCIO, , 7 b 3% F /5 i3

4 LA - ARIR AN | b, BRI 1 h 2SS bR 2ohE. B EWIE AT EE S E 3. SFSUHTHREE iy BaF LY St s

THRE TIPS R E B N A 2 R R. BCR RS K SRR S5 AN BE A 1 mL V(HNO; ) : V(H,0)
=10 TV TR N AR R . T TR0 B S A L RS 28 25 mL 28D, 45 #8505

SR A 47K ( Minipore 18.2 MQ-cm) , T H it
USRSt F i R FH FUBAN & 45 B8 AR BT 1CP-
MS( Thermo,iCAP-Q) I %E. L5 A2 R 45 11 S5 5
PRAETAEIIZE, s D, AruER) 5T (GBW 07406 ) i
T, FSCRAE 90. 6% ~ 106. 8% ZIH].

2 ER5HMm

2.1 LFAEKPSESETCRWKRE

#K 60 d 5, /K45 84 oo R B AN
3. SXFRAHLL, Ik Tio, Pk BfE , B
K Cr WREE I 8 55 (P <0.05) , HIREZ K

TiO, TRV B (3G Tt 5,4 g-keg ™ AbHA Cr ¥k
FEYRME T, DA PR FP 44K Tio, FUk: 242 it -+ 4
W Cr A RE R, 312 i 7K AR5 e XU, L I 8 ik vy XL
AR, _EAEK T Ph Y BE{L R4 AL U B o, 3R
W4 g-kg ' GLLARIELIES Ph AUBEL. 5 Cr AN
Pb ARl , T2 F1 T4 kb BRZH B K h Zn ¥ B
AL X B, U6 BEEK B 40K TiO, M -4 Zn
s B — s W EEE R b, B KT Cd
WEEYEAE AL, 22 SN, rT & F 3 cd
S ARRE YK Tio, XF 3 Cd S mifR/N; 45 4b B
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®3 LEKPEEERTENRE" /pg-mL™!

Table 3 Concentrations of heavy metal elements in overlying water/ g mL ™!

JLER popisl R2 2 R4 T4
Cr 0. 021 +0. 002 0.111 £0.013* 0.051 £0.008 * 0.644 £0.018 * 0.675 £0.051*
Pb 0.268 +0. 054 0.227 +0. 002 0.324 £0. 003 0.561 +0.006 * 0.233 £0. 021
Zn 1.457 0. 144 1.552 +0. 066 0. 892 0. 066 * 1.343 +0. 021 0.312 £0.056 *
cd 0. 006 +0. 001 0. 001 0. 000 0.012 +0. 001 0. 004 +0. 000 0. 002 +0. 000
Cu 0. 179 +0. 030 0. 178 +0. 023 0. 197 +0. 010 0.213 +0.018 0. 180 +0. 024

1) * F/R P<0.05(SGXFHUHLL) , FIH
K TiO, X 45 Cu BRI AR /)N,
2.2 TEERESENLSREL

23t I WK A T AR, = oK R IE v
HEE 4 E S EA AR E. WK 60 d )5, 5 EEER
L, X R ZH 45 H 4 Jm T 2K A A i AT ARG (BT
BSR4, SXTIEME 4 ¢-kg ' 90K TiO,
Wk AL FRAL Cr 2 B T, 43 B AR 30. 20%

F130.85% ,ix 5 FAEIK HIZA PR Cr W EE 20 F
5, R4 FI T4 AbFHZH B KT Cr WRE E T
fe, BE— A UE I - Cr B BIK . 441 A kL
H A3 Ph SEE T REBRE AN E K.
BUERR BURI AL P ZH 13 Zn B TF Y, H T4 Ab
ZHP A XA, peAh, 3R Cd A Cu ¥9IRA
ARk,

R4 IEPREESRETEMNEEEN /mg-kg™!

Table 4 Changeof the total amounts of heavy metals in soils/mg-kg ="

AP Cr Ph Zn Cd Cu

Jiyes 25.14 £0.51 73.84 £3.25 133.29 +10. 81 2.83 £0.06 32.91+1.14
popiiss 24.93 £2.65 71.43 £3.03 120.07 £3.67 2.72 £0.16 30.74 +£1.08
R2 23.82 +1.44 69.47 £1.81 119.97 +4.32 2.82+0.05 31.00 £0.75
T2 24.44 £0.65 70.07 £4.24 126.17 £5.55 2.70 £0.08 30.48 £1.71
R4 17.40 £0.65 66.53 £4.04 116.17 £6.55 2.78 £0.14 30.35+£2.21
T4 17.24 £1.33 " 71.40 £2.23 128.41 £0.87 " 2.81 +0.09 30.62 +£1.08
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Fig. 1 Contents of different speciation of chromium in soil
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Fig. 2 Contents of different speciation of lead in soil
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