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Table 1 Physicochemical properties of soil and different amendments
pH 5.34 10.5 9.13 8.83
EC(mS/cm) 0.44 0.13 2.46 0.26 0.74
(g/kg) 1.53 0.08 1.81 7.96 1.24
(g/kg) 15.9 0.68 4.66 0.61 1.74
(g/kg) 0.65 0.04 0.88 1.40 0.56
OM (g/kg) 15.5 1.15 15.5 25.8 6.50
(mg/kg) 15.3 5.26 167 236 160
(mg/kg) 125 12.5 170 110 150
CEC (cmol/kg) 19.2 0.51 30.6 1.73 2.24
*2 HITIEMEUTHNESES 2 (ng/ke)
Table 2 Contents of heavy metals in amendments and soil
Cu Zn Pb Ni Cr Cd
125 84 33 49 182 0.12
PAM 1.02 1.97 1.52 0.38 2.62
0.61 4.93 2.90 0.84 6.81 0.09
11.7 29.4 6.48 9.86 17.4 0.15
0.60 7.46 1.93 1.66
2.5 17.1 4.25 0.93 1.89 0.13
II 50 200 250 40 150 0.3
1.2 18°C
10 ( 3) 2 20
(2 Cu Cd 3
20 g/kg 4
0.7 ¢ 65
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Table 3 Treatment abbreviations of different amendment materials nmol/ g
CK 2
F 20 g/kg 2.1 pH DTPA
G 20 g/kg
M 20 g/kg ! oH
J 20 g/kg
FMG 4 g/kg + 8 g/kg + 8 g/kg pH
FMJ 4 g/kg +8 g/kg +8 g/kg ( (@) )
GIM 4 g/kg +8 g/kg +8 g/kg (F) (M) ) pH
PFIM 5 g/kg PAM + 5 glkg +5 glkg + 24 23 2.2 + +
5 g/kg (1:2:2 GIM) + + (1:
PGIM 251;2 PAM + 5 g/kg +5 g/kg + 2:2 FMJ) N N (1:2:2 FMG)3
pH 22 23 22
13 PAM+  + + (1:1:1:1 PFIM)
13.1 pH pH  PAM* + + (1:1:1:1 PGIM)
( PHS-3B) (EC) pH 2017
( DDS-310) pH
1:25 HF-HNO;- 10 ~
HCIO, 0.005 mol/L DTPA a
1:2 25C 2h sl TR SN S -
0.45 um _I_
HNO; o op 4 4
(Z-2000 Hitachi) Ls*_%“
(GBW 07408 4
) (GBW 10011
) (GBW 10015 2r
) 0
1.3.2 (SOD) (MDA) CK G F M ] GJM FMJ FMGPFIMPGIM
0.5 g(-70°C) 5.0 ml ARIFEEAL AL
(0.05 mol/L NaH,PO,/Na,HPO, 90 pmol/L 1 AREFAFEMS 1% pH 89T L
pH 7.4) ( Fig.( 1 Changes in soil pH;fteOr nglication of different amendments
DY89-1) (  Sigma '
Sigma 3k15)10 000 g 4C 10 min pH DTPA
SOD MDA 4°C DTPA
(SOD) NBT( Zn Pb Cu Cd Ni 4
) (3] 50 umol/L  NBT
0.06 mol/L EDTA 20 umol/L 2 umol/L DTPA Zn Pb Cu Cd Ni
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Table 4 Effects of different amendments on concentrations of DTPA-extractable metals in soils
DTPA (mg/kg)
Cu Zn Pb Ni Cd
CK 41.6£047a 1.90£0.10 a 321+0.16a 7.16£0.09 a 0.051 £0.003 a
G 20.3+3.20 cd 1.96 £0.06 a 321+0.12a 7.30+£0.14a 0.056 £ 0.001 a
F 22.8+£0.38b 1.06 £0.08 b 1.71 £0.05b ¢ 1.80 £0.09b 0.015£0.002 b
M 22.6 £1.00 be 1.02£0.10b 1.78 £0.13 be 1.70£0.09b 0.016 £0.002 b
J 235+1.37b 1.13£0.22b 1.82£0.11 be 1.78 £0.17b 0.014 £0.003 b
GIM 19.6 £0.76 ¢ 1.16£0.22 b 1.90£0.34b 1.70£0.12b 0.013 £0.005 b
FMJ 19.7£1.50¢ 1.00£0.07 b 1.76 £0.09 be 1.70£0.12 b 0.015£0.001 b
FMG 192+1.78 ¢ 1.06 £0.06 b 1.78 £0.14 be 1.80£0.04 b 0.017 £0.003 b
PFIM 18.6 £ 1.21de 1.09£0.10b 1.58£0.11¢ 1.84£0.09b 0.017 £0.003 b
PGIM 16.6£1.85¢ 1.07£0.02b 1.62£0.11¢ 1.84£0.08b 0.015 £0.004 b
P 0.05
2.2 Zn Cu Cd
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Fig.2 Changes in biomass of Brassica chinensis L. under different DTPA
amendments
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Fig. 3 Changes in metal concentrations in Brassica chinensis L. under different amendments
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Fig. 5 Correlations analysis between DPTA-extractable metal concentrations in soils and metal concentrations in above ground parts of
Brassica chinensis L.
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Remediation of Heavy Metal Contaminated Soil with
Different Amendments

WANG Yu-xia'?, HAO Xiu-zhen®, SU Yu-hongl*, LI Cheng-cheng®, QIN Wen-xiu®, ZHOU Dong-mei’

(1 College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046, China; 2 Key Laboratory of Soil
Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Pot experiment was conducted and the soil pH and DTPA extractable heavy metals in the soils were analyzed to
investigate the effects of different amendments (zeolite, oyster shells, eggshell, diatomite, and polyacrylamide) on the biomass,
metal accumulation, SOD and MDA of Brassica chinensis L. in this study. The results showed that the accumulation of metals on
Brassica chinensis L. was greatly decreased with addition of amendments, meanwhile, SOD and MDA levels were also reduced,
which indicated that the amendments could alleviate the toxicity of metals. To elucidate the possible reasons for the effects of
amendments on Brassica chinensis L., the changes in soil pH values and DTPA-extractable metals (Cu, Zn, Pb, Ni and Cd) were
determined. The results suggested that soil pH values increased significantly, while DTPA-extractable metal concentration
decreased significantly with the addition of amendments. Moreover, a negative correlation was found between soil pH and the
concentrations of DTPA-extractable metal in soils, while a positive one was observed between the amount of metals in Brassica
chinensis L. and the concentrations of DTPA-extractable metal, which indicated that soil pH and DTPA-extractable metals in soils
would be the primary factors affecting the biomass, accumulation of metals and SOD and MDA of Brassica chinensis L. Overall,
the combination of zeolite, oyster shells and eggshell or only oyster shells is the best amendment for the remediation of heavy
metal contaminated soil in this study, which provides a new method for the remediation of heavy metal contaminated soils.

Key words: Amendments; Heavy metals; Brassica chinensis L.; Antioxidant; Lipid peroxidation



