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Bioaccessibility of Soil Cadmium and Its Health Risk Assessment
CUI Yan-shan CHEN Xiao-chen
College of Resources and Environment Graduate University of Chinese Academy of Sciences Beijing 100049 China

Abstract Sixteen soil samples were collected from different sites of China to study the bioaccessibility of soil cadmium. The
relationship between the soil properties and the bioaccessibility as well as the health risk assessment of the oral ingestion soil was also
studied. The results showed that comparing with Chinese environmental quality standard for soils the concentrations of cadmium in 11
soil samples were higher than the standard. The high variability of dissolved and bioaccessible cadmium of soils were observed.
Concentrations of bioaccessible Cd ranged from 0. 05-20. 71 mg- kg ™' and 0.03-11.99 mg- kg~' with a mean of 1. 81 mg- kg 'and
1.06 mg- kg™ ' in gastric and small intestinal phase respectively. Bioaccessible Cd ranged from 6. 37% -69. 43% and 3. 19% -36. 91%
with a mean of 25.34% and 14.84% in gastric and small intestinal phase respectively. A significant correlation between dissolved
cadmium in gastric stage with the soil pH was also observed. In gastric stage for children the highest contribution of the oral ingestion
soil cadmium to the provisional tolerable weekly intake PTWI that recommended by WHO was 26. 90% in the soil sample that was
collected from Nanning Guangxi and the contribution rate in 11 soil samples is lower than 1.00% . In small intestinal stage for
children the contribution of the oral ingestion soil cadmium to PTWI was also variable. The highest contribution rate was 15.57%  the
four samples were higher than 1.00% and others were below 1.00% . Health risk from the oral ingestion of soil cadmium was low in
most of soils and the high health risk only occurred in the soil sample with high total cadmium concentration and high bioaccessibility.
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Table 1  Basic characteristics of the soils

OM /% Clay /% pH Cd T-Cd /mg kg™
1.77 9.8 7.34 0.29
1. 94 23.7 4.38 0.17
1.59 10.7 6.36 0.23
5.71 17.2 5.61 14.29
2.08 7.1 4.77 1.08
3.48 22.8 6.53 2.68
1.37 17.2 6.87 0.38
4.00 14.5 5.09 4.38
2.27 13.2 6.15 7.78
3.00 15.4 6. 86 2.16
2. 66 25.8 5.38 2.55
3.75 40.7 4.12 2.05
3.70 38.8 4.79 1.21
2.57 25.7 5.00 0.49
3.16 32.2 5.31 2.55
3.03 1.7 5.83 32.49
40. 7% 0.17 ~32.49 mg- kg™' mg- kg™ 1.81 mg- kg™
GB 15618-1995 3 6.37% ~ 69.43%
11 25.34% 0.03 ~
11.99 mg- kg™ 1.06 mg- kg™
2.2 3.19% ~36.91%
14. 84% 2

0.05 ~20.71 2.3

2 1

Table 2 Dissolved and bioaccessibility of the soil cadmium

G-D /mg- kg™' G-B /% I-D / mg kg™! I-B /%
0.06 0.01 19.43 0.03 0.00 9.77
0.08 0.00 46.08 0.04 0.00 24.71
0.05 0.00 20. 87 0.03 0.00 14.78
1.44 0.08 10. 06 0.96 0.04 6.71
0.26 0.03 24.29 0.17 0.03 15.38
1.86 0.06 69. 43 0.86 0.04 32.11
0.15 0.03 38.35 0.10 0.01 27.28
1.40 0.03 31.87 0.98 0.04 22.34
2.12 0.16 27.25 1.34 0.05 17. 19
0.11 0.02 5.25 0.08 0.00 3.48
0.21 0.01 8.37 0.14 0.01 5.40
0.13 0.00 6.37 0.07 0.00 3.19
0.09 0.04 7. 64 0.02 0.00 1.57
0.08 0.00 17. 06 0.05 0.00 10.78
0.24 0.0l 9.44 0.15 0.01 5.87

20.71 0.93 63.74 11.99 0.67 36.91
1.81 5.09 25.34 20.07 1.06 2.95 14.84 11.01
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Table 3  Correlations matrix for the factors
G-D G-B 1I-D 1-B oM Clay pH T-Cd
G-D 1
G-B — 1
1I-D 0.548 1.000 "~ |
I-B 0.573 = 0.967 "~ — 1
oM -0.256 0.102 -0.187 0. 096 1
Clay 0. 344 —0.445 -0.266 -0.332 -0.258 1
pH -0.565" -0.311 0.213 0. 067 0. 195 0.072 1
T-Cd 0. 047 -0.258 0. 349 0.433 0.938" " 0. 404 0.933" " 1
I o= p<0.05 * % p<0.01
3
WHO
3.1
PTWI 4 4
Navarro 16 18
PTWI 26.90% 9% ~99% .
3% 11 1. 00% 6.6% ~52.4% . Turner
0.10% . PTWI 13.4% ~
7.40% 100% . 9.1% ~68.4% .
1.00% . 6.37% ~
PTWI 69. 43% 3.19% ~
15.57% 4 1. 00% 36.91% .
1.00% . Schroder
4.28% 0.50% .
63.0% 38.2% 39.1%
/%
’ 12.9%.
Table 4  Contribution of children and adults uptake cadmium
from soils to PTWI/% pH
pH
. Navarro 10
0.02 0.08 0.01 0.04 18
Tang
0.03 0. 10 0.01 0.05
0.02 0.06 0.01 0.04 pH
0.51 1.87 0.34 1.25 pH
0.09 0.34 0. 06 0.22
pH
0. 66 2.42 0.31 1.12
. 19
0. 05 0.19 0.04  0.13 - Ljung 0~50 pm
0.50 1.82 0.35 1.27 pH
0.76 2.75 0.48 1.74
0.04 0.14 0.03 0.10
0.08 0.27 0.05 0.18 pH
0.05 0.17 0.03 0.09
0.03 0.12 0.01 0.03 6
0.03 0.10 0.02 0. 06
0.09 0.31 0. 05 0.19 6
7.40 26.90 4.28 15.57
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