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XU Shao-e', HAO Jun-liang?, MENG Zhao-fu'->, WANG Yao®, LI Lu*, PENG Ge?,
BAI Zhao®, YANG Shu-ying*, LI Bin*, LI Zhong-qiang'
(1. College of Resource and Environmental Science, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. Shaanxi Provincial Solid Waste Management Center, Xi’ an, Shaanxi 710054, China;
3. Shaanxi Provincial Environmental Monitoring Center, Xi’ an, Shaanxi 710054, China;
4. College of Science, Northwest A&F University , Yangling, Shaanxi 712100, China;
5. Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China , Ministry of Agriculture, Yangling , Shaanxi 712100, China)

Abstract: Aimed at providing the basis for characterization of heavy metals in contaminated soils, the spatial distri-
bution characteristics of total concentrations and forms of Pb, Cd in the farmland soil nearby a smelter in Baoji City,
Shaanxi Province were investigated by using Kriging interpolation method, and the correlation between total concentrations
and various forms of Pb, Cd in soil and their concentrations in wheat was analyzed. The results showed that the concen-
trations of various forms of Pb was sequenced as: residual form > organic-sulfide form > Fe — Mn oxide from > ex-
changeable form, while that of Cd was sequenced as: exchangeable form > residual form > organic-sulfide form > Fe
— Mn oxide form. The concentrations of total Pb and Fe — Mn oxide form of Pb and Cd in soil samples at 500 m from the
smelter were significantly higher than those at 1 500 m and 2 500 m, but there was no significant difference between the
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later two distances. As for the concentrations of total Cd and the other three forms of Pb, Cd, there was no significant

difference among the three sampling distances. The results of Kriging interpolation analysis showed that, except for ex-

changeable form of Pb, the spatial distribution of other forms of Pb, Cd corresponded to the characteristic of wind direc-

tion in the research area. Correlation analysis showed that the exchangeable and Fe — Mn oxide forms of Pb, Cd in soil

samples were significantly correlated with concentrations of Pb, Cd in wheat samples. Therefore, the exchangeable and

Fe — Mn oxide forms of Pb, Cd in soil samples could both be used as the characterization indicators of heavy metal pollu-

tion in drylands nearby a smelter.

Keywords: soil; heavy metal; form; spatial distribution; wheat
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Fig.1 Sampling sites around the smelter
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Table 1  Total concentrations of Pb and Cd in farmland soil nearby the smelter

TR e 8 JGZ Element/(mg-kg™!) pH fi HHUR/ (gkg™ ")
Sampling location Number of samples Pb cd pH value Organic matter
R, n=16 74.45 £ 34.60a 2.27+0.67a 8.50+0.12a 15.37+1.83a
R, n=14 50.19 +29.56h 1.81+0.80a 8.47 +0.05a 13.79+1.8%
Rs n=13 40.88 + 19.20b 1.90+1.17a 8.58+0.18a 14.28 £ 1.79a
Bevig 13 A 16.30 0.12

Soil background values in Shaanxi Province

T P T B R R TE 0.05 K TR RF 25, T EAFE RRTE 0.05 A FRA BEFZES, TR,

Note: The same letters behind numbers represent no significant difference at 0.05 level, different letters indicate significant difference at 0.05 level.
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Fig.2  Spatial distribution of total concentrations of Ph and Cd in farmland soil nearby the smelter
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Table 2 Concentrations and proportions of various forms of Pb and Cd in farmland soil nearby the smelter

i e Pb Cd
Form Item R R, Rs R, R, R,
A #rht Concentration/(mg+kg™!)  2.98+2.75a 2.30£1.96a 2.96+2.56a 1.18+0.64a 0.87+0.40a 0.89+0.3la
Exchangeable form 1y 5] Proportion/ % 4.08 4.54 6.67 2.72 39.90 41.34
BRERGALZ SriE Concentration/(mg-kg™') 17.27+15.78a 6.19+3.92b  5.31£3.49b 0.51%0.23a  0.20:0.12b 0.19+0.15b
Fe-Mn oxide form Ly, Proportion/ % 23.17 12.22 11.96 15.48 9.12 8.21
HWURiE o At Concentration/(mgrkg™') 12.74+7.35a 10.48+4.88a 10.30+3.75a 0.25:0.16a 0.26+0.16a 0.24:0.11a
Organic-sulfide form L 5] Proportion/ % 14.98 17.74 23.18 11.63 11.76 11.18
TRt & Concentration/(mg-kg™') 43.00+30.80a 32.92+27.00a 25.85+18.57a 0.81£0.50a 0.85+0.59a 0.82+0.37a
Residual form 65.49 58.19 30.18 39.22 39.28

HuA Proportion/ % 57.77
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Fig.3 Spatial distribution of various forms of Pb and Cd in farmland soil nearby the smelter
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Table 3  Total concentrations of Pb and Cd in wheat

SR H 55, FE AL JGZ Element/(mg-kg™")
Sampling Number of
location samplings Pb Cd
R, n=16 48.44 +40.34a  1.59 +1.40a
R, n=14 14.36 £ 10.69b  0.38+0.25b
Rs n=13 10.28+7.99b  0.30+0.19b
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