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Cd Accumulation and Risk Assessment for Arable Soils in the Karst Region of

Northern Luodian Guizhou
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Abstract: Background levels of cadmium ( Cd) in carbonate rock areas of Guizhou Province are high. In order to understand the
characteristics of Cd in arable soils in these karst areas the soils in the northern county of Luodian were selected as the study object.
By comparing soils in non-karst areas the distribution characteristics of soil Cd were studied by combining geostatistical analysis and
GIS and the potential ecological risk index and health risk were used to evaluate the potential level of risk to adults and children. The
results show that the arable soil Cd content in this karst area is significantly higher than that in non-karst areas ( P <0.05) with a
geometric mean of 1. 33 mgekg 'and 0.27 mgekg™" respectively. In comparison the geometric mean of soil Cd content in forested
land in the same areas is 1. 57 mg*kg ™" and 0.22 mgekg™' respectively. Based on “soil pollution risk control standards” the Cd
content of 90% and 22% of arable soil samples was higher than the risk screening value and the risk control value for karst and non-
karst areas respectively. The areas with medium and high Cd values were mainly distributed in the karst areas presenting medium to
strong ecological risks and extremely strong ecological risks respectively. In contrast the areas with the lowest Cd concentrations were
distributed in the non-karst areas of Jiaoyan presenting low potential ecological risk. The health risk assessment showed that the non—
carcinogenic risk and carcinogenic risk of the three exposure pathways for adults and children in the karst areas are significantly higher
than those in the non-karst areas but the Cd content in the soil does not present non-carcinogenic and carcinogenic risks to local
residents. Overall the problem of Cd pollution in arable soils in the karst area of northern Luodian Guizhou is prominent. Therefore
the study of the risks posed by Cd pollution to the soil-plant-human system should be strengthened and appropriate measures should be
taken to prevent and control Cd pollution in the areas at risk.
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Fig. 1 Location of the study area and sampling sites
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Fig. 2 Histogram of Cd concentrations in different types of soils in karst areas before and after logarithmic transformation
3 Cd
Fig. 3 Histogram of Cd concentration in different types of soils in non-karst areas before and after logarithmic transformation
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Table 1 ~ Summary statistics for soil Cd concentrations in the study area
Cd /mgekg ™!
+ +
128 2.40 £2.74 1.33 £0.49 0.12~11.30 1.14
37 3.12+3.57 1.57 £0.54 0.16 ~15. 61 1. 14
34 0.51 +£0.76 0.27 £0.45 0.04 ~3.05 1.49
8 0.58 +0.92 0.22 +0.63 0.04 ~2.70 1.58
207 2.15+2.78 0.98 £0. 57 0.04 ~15. 61 1.29
43 _ 44 2
Cd R
2.2 Cd 0.802 RSS 0.012 0.24
GS +9.0 (
2. R’ ) .
RSS R 1 RSS
2 Cd
Table 2 Semi-variogram fitting model and parameter values of soil Cd content
(4) (Go) (G +0) Co/(Co+Q (R?) ( RSS)
14640 0. 100 0.410 0.24 0. 802 0.012
16890 0. 161 0. 360 0.44 0.792 0.013
13717 0. 180 0. 361 0.50 0.771 0.014
30752 0. 246 0.391 0.63 0. 465 0.032
0.3 ~3 mgekg ™
( 4 Cd 3 mgekg ™!
Cd Cd
Cd Cd
Cd GB 15618- ;
2018 Cd N
Cd 0.3 mgekg ™ Cd ; Cd
4 Cd

Fig. 4 Spatial distribution of soil Cd content in the study area
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Table 3 Evaluation results of potential ecological risks for soil Cd/%

E, <40 40<E, <80 80<E, <160 160<E, <320 E, =320

17.78 24. 44 17.78 13.33 26.67

25.93 19.75 20. 37 15.43 18.52
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Fig. 5 Spatial distribution of the potential ecological risk coefficient for soil Cd in the study area
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Table 4 Human health risk indices for adults and children in different landscapes and for different exposure pathways
1.90 x10 73 1.65x1073 7.73 x107° 1.92x107°
HO 1.66 x10 72 7.98 x10°° 5.25x10°° 1.67 x10 72
3.86 x107* 3.36 x107° 1.57 x107° 3.91x107*
3.38x10°° 1.62x1077 1.06 x10 73 3.41x107?
2.23x107? 1.16x107* 7.24x10°° 2.25x107?
3.26x1077 1.16 x107° 1.32x107° 3.28x1077
R 9.50 x10 7 1.87x107° 3.00x107° 9.55 %107’
6.61 x107® 2.36 x1071° 2.69 x107"° 6.66 x10*
1.93x1077 3.79x107"° 6.09 x10°" 1.94 x10 77
1.54x10°6 3.65x10°° 5.20x10~° 1.54x10°6
Cd
GB Cd
156182018
Cd
Cd Cd 2016 35(6): 1071-1080.
He LH Gao X H. Assessment of potential ecological risk for soil
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cd cd J. 2014
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( 1) cd Materials 2009 171( 1-3) : 1088-1095.
(P <0.05) GB ] 2016 41(5): 171-173.
156182018 Ccd Miao Y Q Lin Q. Pollution caused by heavy metal cadmium to
the soil in Guangxi and its harm to human health ]
Cd Environment and Sustainable Development 2016 41(5): 171-
90%  22% Cd 173.
30% 12%.
> d J. 2015 31
( ) C (2): 298-305.
QuML LiFB Wang Q et al. Spatiotemporal variation and
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