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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.
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Table 1 Physicochemical properties of experimental soil Thermo SCIENTIFIC iCAP 7000 SERIES,
Factor Value
pH 7.2
Organic matter content/g+kg™ 1.4+0.1 ° 10:1
Available phosphorus content/mg- kg 67.65:3.1 L-kg™
Available potassium content/mg-kg™ 159.5+1.5 L=Cx10
Total nitrogen content/mg-kg™ 342+12 L mg-k g—l C mg* I,
Cation exchange capacity/cmol + -kg'  2.13£0.29

2
Table 2 Basic information for three calcium—based immobilizers
Calcium-based immobilizing agent Purity Content Manufacturer
Calcium oxide AR =98.0%
Calcium chloride AR =96.0%

Hydroxyl-apatite BR
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12 h 3 92.7% 99.0% 6.3% 1%
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Table 3 Microwave digestion procedure ’
V.Cr
Stage Power/W Temperature/°C Heating time/min Holding time/min 2, 2a \%
1 1600 100 3 3 o
2 1600 150 7 3 \Y%
3 1600 170 5 3 X pH
4 1600 190 5 10 720 3h
4 mg-kg!
Table 4 Total and leaching amount of heavy metals in soil mg-kg
Heavy metal Cr Cu Zn Ph cd
Total amount 1 306.0 868.0 294.7 172.3 11.3 1.2
Horizontal vibration extracting amount 14.7 0.1 0.3 nd 0.1
Sulphuric acid & nitric acid extracting amount 16.4 0.2 0.6 nd 0.1
nd 5

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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5 V.Cr mg- kg™
Table 5 Leaching amount of V and Cr from polluted soil after different immobilizing time mg-kg™
Calcium oxide Calcium chloride Hydroxyl-apatite
Time/d 0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2%
A4 0 87.7 13.7 1.8 130.4 103.9 97.4 154.7 153.7 115.8
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 1339
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
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
0d 3h -
Note Data on 0 day represent the results after 3 h of treatments.
6 R?
Table 6 Linear goodness of fit R
Calcium oxide Calcium chloride 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
A4 95.2% Cr 5% Cd 85.5% =]
38.8%
V. Cr o 6 Cu.Zn.Pb.Cd o
R? °
Cd.Cu.Pb.Zn o
° \Y 2.2.4 VvV  Cr
Cr o 2% . 14d
223 BCR
3h
o
7 o V.Cr 3 o
Cd.Cu.Pb.Zn 4 A
Cd.Cu.Pb.Zn 2% 83.3%
Zn 0.4 mg-kg™ 3.7% 13.0%. \
Cd.Cu.Pb.Zn \
o 4 22.9%, Cr
7 mg kg™
Table 7 Amount of heavy metals leached from soil mg-kg™
Cd Cu Pb Zn
Calcium-based immobilizing agent  0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2% 0.5% 1% 2%
Calcium oxide 0.01 nd nd 0.02 0.05 0.06 0.03 0.02 nd nd 0.04
Calcium chloride 0.09 0.01 0.02 0.05 0.01 0.03 nd nd 0.18 0.30 0.70
Hydroxyl-apatite 0.06 0.06 0.04 nd nd nd nd nd 0.03 0.02 0.01
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