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Immobilizing effects of calcium—based agents on soil contaminated by vanadium ore

DING Xu-tong'?, JIANG Jian—guo™*, LI De—an', LI Tian-ran', WANG Jia—ming'

(1.School of Environment, Tsinghua University, Beijing 100084,China; 2.College of Life Science and Technology, Harbin Normal University ,
Harbin 150025, China; 3.Key Laboratory for Soil Waste Management and Environment Safety, Ministry of Education, Beijing 100084, China )
Abstract: There are not many investigations available regarding the remediation of vanadium (V) —contaminated soil. Here three calcium—
based immobilizing agents, i.e. calcium oxide, calcium chloride, and hydroxyl—apatite, were employed to investigate their immobilizing ef—
fects on V—contaminated soil. Results showed that the efficiency of different agents for immobilizing V exhibited in order of calcium oxide >
calcium chloride>hydroxyl-apatite, at a rate of 0.5%, 1%, and 2%, respectively, under neutral-pH conditions. Calcium oxide showed a bet—
ter immobilizing efficiency for Cr than calcium chloride and hydroxyl—apatite did. In acidic conditions, calcium oxide was still better in im—
mobilizing V than calcium chloride and hydroxyapatite were. Calcium oxide and calcium chloride increased Cr immobilization, but hydrox—
yapatite promoted Cr leaching under acidic conditions. After 14 d of treatment, the immobilizing efficiencies did not change over time. The
releases of other V—accompanied heavy metals, i.e. Cd, Cu, Pb, and Zn, were reduced by all three agents at all rates, expect calcium chlo—
ride at 2%. Applying calcium oxide at 2% immobilized V and Cr by 99.0% and 38.6%, respectively, after a 3-h. In calcium oxide treat—
ment, soil residual V was 22.9%, which increased by 76.2% as compared to the untreated soil.

Keywords: heavy metal pollution; calcium—based immobilizing agent; vanadium; chromium
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Table 1 Physicochemical properties of experimental soil

{&hRFactor i Value
pH 7.2
A WL Organic matter content/g-kg™ 1.4+0.1
A5 Available phosphorus content/mg-kg™ 67.65+3.1
R Available potassium content/me- kg™ 159.5+1.5
4> Total nitrogen content/mg-kg™ 342+12
BHES F22 iz Cation exchange capacity/emol (+) kg™ 2.13+0.29
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W5E Y (NY/T 1121.6—2006) HL5E J5 2 58 5 B S Hi
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FE 5 RBP4 R AR R g A ) (LY /T 1236—
1999)HL5E J5 i 22 5 £ 38 4 A4 B CGRAM L 3E2 0)
(LY/T 1228—1999) HL & J ¥ 2 ; BH B 758 i i 4%
HE G 38 B 5 750 4t ) (LY/1243—1999 ) B e Jy
PAE
1.2.2 [Efes5

43 4% 0.5% 1% 2%\ 5 5 LA 1) 5 e £ 3 v
TS B[ Ak 70, SR e B 159 14 3 e Ho A A v
IR S KR 15% 4 A7 0 AT . ki
FEHCE A R iE e 4 K [ AL R bR B F N T
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15 S 3 ) e BT A 2 it g R 3 ik
KBRS ) (HI 557—2010) (pH=7.00 ) F1¢ [#44 1% 4
B EE R O B R A PR 1 ) (HJ/T 299—2007)
(pH=3.20+0.05 ) S jiffi o 35 5 ¥ B 3 2o v JEol & 25
B KRR T & 5615 Y (Inductive Coupled Plasma
Emission Spectrometer,ICP ) {il] % , fIf %% F %) ICP %Y
241 Thermo SCIENTIFIC iCAP 7000 SERIES,
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Table 2 Basic information for three calcium—based immobilizers

F5EE[E 4L 7 Calcium—based immobilizing agent 2l HIAG Puarity 4 H Content J 7% Manufacturer
k45 Calcium oxide AR =98.0% PEB A T A A BRS F
AL Calcium chloride AR =96.0% A BACA RS AR A2 b A PR )

FR IR K A7 Hydroxyl-apatite BR

— FE 2GR L R A R A WD
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WP EAEAE D A TREREA TINE , P IR A2 2RI BifE Cr(300 mg kg™ 1.9 Ao V A1 Cr 5 B A 5
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AT R AN [ ARCR , [ A2 45 [
A5 13 R LU R AR TR v BEU D 1 43 B [k
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C, WELIE R R E , mg- L,
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i T 2 T B T R PRI VS A T A B o A 2 1
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Table 3 Microwave digestion procedure

HAEAE 4R Cr YT LR ER ORI . 159+
HEA R AR RN 4 PR
2.2 =FhEEE ELFIEbiE
2.2.1 ANJA] pH R R85 1 50

Ve AR E] 3 h, SR K418 35 B o v 2R
355 (pH7.0) T 45 35 [ A6 790 1 [ Ak SR L SR R R A
PSR TR BT (pH3.2) T A5 35 [ A7) (1 B AL 3R

PR PRI S5 T B S AR X VL Cr B [ AR K
FILE 1, A 1a ol LI H, = RS EERE L0 V 35
A AR . Bl LA = 3, v
fh Rt bt 22 3 s = A ES3E [ AR ZE AR [R) 8 i st
[ Ak 2% i e IR UK R S AL 5> S AL 5 > R L KA
MEEALAS AR N 0.5%38 5 1%, [ 1L 53.3%
PR R 92.7% , T 47 i N 193 % 2%, [k 23
M 92.7%38 % 99.0% , {8 T 6.3% , WAL EELE 1%
(VS I T B AT 3k A AR RS RS it 4 14
T, G0 e B L RN AR A0S AR [ AR 5 2
B ROAN IR N 0.5%38 5 1%, Xt V (1 [EfL R
T 0.5%, I+ T0 . 284k, 0 24 i N 19%3%
2 2%, [EALZIEIN T 20.2% , LB F R, K
1b J2 AL Cr A REERCR . YA AL ES TR Tt A
0.5%¥4 %) 29I}, BRI T 13.5%, HALEF
o FESAUSINET, SAESXT Cr AR F B 1L 3L
WA B T5 Y - S s S i At R R B [ 1k
Cr; REEBE AL T Cr (IR, BOSR B A ANE
YERPEAEE 4R Cr & B AL 15 4 135 [E 4k
o

PR L PRIEE 25 AF T 85 L [ AR AR X V. Cr /9 [ 1k 4%

7= ¥ B R T 8] PR i) o
Stage Power/N  Temperature/C Heating time/min Holding time/min WILK 2, HE 2a af DIF Y, =R S LRI V 3
1 1600 100 3 3 A EIABROCR . RS E R A A0 g, AR 8OR
2 160 130 7 3 SR PR T AR, AR XS VA ARk
Lo ) . SR 5 T AL HS RO LB K7 . SRR 1Y pH g
7.20, 1E{5 4 TSI A B S [ AR AL 3 h s i
F4 FHRIELSHBZHE(ng-kg")
Table 4 Total and leaching amount of heavy metals in soil (mg-kg™)

Hi 4@ FI 2 Heavy metal A% Cr Cu Zn Pb Cd

4 {H f# Total amount 1 306.0 868.0 294.7 172.3 11.3 1.2

KR %12 H & Horizontal vibration extracting amount 187.9 14.7 0.1 0.3 nd 0.1

IR TNARIZ H & Sulphuric acid & nitric acid extracting amount 249.2 16.4 0.2 0.6 nd 0.1

TE:nd ARME . T,

Note : nd—not detected. The same below.
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Figure 1 Immobilizing effects of calcium—based agents on V and Cr under neutral conditions
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Figure 2 Immobilizing effects of calcium-based agents on V and Cr under acidic conditions
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£S5 ARENRETEELED V. .CrRHE(ng kg')
Table 5 Leaching amount of V and Cr from polluted soil after different immobilizing time(mg-kg™)
i} i) S ALEG Calcium oxide SALEG Calcium chloride FRIEWE IR Hydroxyl-apatite
Time/d 0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2%
v 0 87.7 13.7 1.8 1304 103.9 974 154.7 153.7 115.8
3 108.5 37.2 11.5 156.9 145.3 141.3 94.4 86.7 78.7
7 108.9 47.6 5.7 188.0 150.0 155.7 170.3 144.5 133.9
14 91.1 60.5 9.1 130.3 103.7 85.1 166.2 161.5 159.8
Cr 0 14.1 12.2 9.0 16.3 14.7 13.7 18.4 19.0 18.9
3 9.8 9.3 9.9 7.3 8.4 7.3 10.8 9.8 10.2
7 13.1 12.0 11.8 12.1 9.9 10.3 16.0 16.2 16.8
14 12.1 9.8 74 8.8 7.0 53 15.0 17.0 17.8
TE:0 d BBERIFRIETINE A7) 3 h )5 AT R4 25
Note: Data on 0 day represent the results after 3 h of treatments.
FO6 KMMEMER
Table 6 Linear goodness of fit R?
B AN A 4k45 Calcium oxide Z4k45 Calcium chloride BRI KA Hydroxyl-apatite
Goodness of fit 0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2%
R*(V) 0 0.88 0.18 0 0.03 0.08 0.20 0.17 0.60
R*(Cr) 0.01 0.15 0.15 0.26 0.62 0.60 0.02 0.01 0.04

AL, SRR VB EfEEE AT IR 95.2%, %F Cr 11
[ A%k 38.8%. 1 LRI A4 B 1] A, A AH0 05 A G
FESXT VI Cr BRI BAF i AR . 3 6 Frdh
Y RPAEAAR, EARASCR 5 AR 1a] Do B S8 e A
e, BRIV A RICR I A B [ £ Fsp ) g B4 52 300 o B
TR B RIE K S BRI A XV
PR IR TS ORI Cri2 o
2.2.3 fAEE SR ESCR P
7E_FIREgE r Al b, SR T4 3 h S Y A,
XPELAT 15 e 3 v At A AR 4 ) [ AR SR 2R T 7
M RN T PR o FEAS RS BE L5 Ak 57 FAS [H]
Wi, Cd Cu .Pb.Zn iR 11 53 4 hK-FR
J7E TR JERE Cd Cu Pb . Zn (3 AR LG, B 2%
T SEALES fF Zn AR G T 0.4 mg-kg™ 4b,
A [ A6 AN RIS I 2B T Cd .Cu .Pb . Zn 1)
R KM EP S A, R SR IS Y

I 5% K, Cd 12 H R BEREAIR 85.5% ; F g 55>
TSR B, 72 5L KA RE RS 1 o B 4 & 15 YL iR
Cu.Zn.Pb.Cd M@, X E5AMIF M ZE R 2 —3K
o FESZBRN R X =S 5L AL R A 2 4 5
Cd.Cu.Pb.Zn 75 YL iy AU -
2.2.4 [E4LRTE 3% V 1 Cr IE AR

FER ISR 2% . LR RN 14 d B4 A
5 R BCR =254 BG40 115 4% 1389l A fb 45
R A ) e O R B | N A R S R DI =R e
XoF 4 A [ AR SR i A SR AL B R TS Y Rt
1T V.Cr A5 , TR I 3 iR,

SRR 4R VR LRSI R
TERAEAE, I35 83.3%, T EAL A LBl b, AR
3.7% 5N 13.0% . INARACHE , V B8 BGS
o7 LB R IR AR, FF FL V AR S BT o B K R
e BB T 22.9%, 155 R E AR Cr FE LR

®7 EgRRHE(ng-kg')
Table 7 Amount of heavy metals leached from soil (mg-kg™)

5 [ A5 cd Cu Pb Zn
Calcium—based immobilizing agent  0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2%
A ALES Calcium oxide 0.01 nd nd 0.02 0.05 0.06 0.03 0.02 nd nd 0.04
444b45 Calcium chloride 0.09 0.01 0.02 0.05 0.01 0.03 nd nd 0.18 0.30 0.70
B KA Hydroxyl-apatite 0.06 0.06 0.04 nd nd nd nd nd 0.03 0.02 0.01
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