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Determination of the bioaccessibility of cadmium and arsenic in
earthworms by PBET digestion in vitro / MDCK cell model with
risk assessment
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Abstract: Inductively coupled plasma mass spectrometry (ICP-MS) was used to determine the content of
cadmium (Cd) and arsenic (As) in earthworms. A physiologically-based extraction test (PBET) digestion in vitro /
MDCK cell model was established to investigate the bioaccessibility of Cd and As in earthworms. The hazard
index (HI) method and the margin of exposure (MOE) method were used to assess the risks of the total content and
the bioaccessible content of Cd and As. The results showed that the total content of Cd and As in six batches of
earthworms ranged from 8.319 to 33.606 mg-kg™ and from 0.532 to 16.412 mg-kg™, respectively. After uptake by
MDCK cells, the bioaccessibility of Cd in earthworms ranged from 10.13% to 64.16%, and the bioaccessibility of
As was from 2.72% to 46.57%. The results of risk assessment showed that before uptake by MDCK cells, the MOE
values of As and HI values of Cd for all batches of earthworms were greater than 1, which suggests that the risks of
As are acceptable but the risks of Cd are unacceptable. After transportation by MDCK cells, except for one batch of
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earthworms, the HI values of Cd in the other five batches were less than 1, which suggests that the risks are at a
safe level. This study provides important technical support for a more objective and scientific assessment of the
health risks of heavy metals in traditional Chinese medicines, and for a more scientific and reasonable standard

limit of heavy metals.

Key words: earthworm; physiologically based extraction test digestion in vitro / MDCK cell model; bioacces-

sibility; Cd; As; risk assessment
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Table 1  Sample collection information in the study

No. Batch No. Location Source
1 SH-1 Shanghai Pharmacy
2 SH-2 Shanghai Pharmacy
3 HN-1 Hainan Pharmacy
4 GD-1 Guangdong Production site
5 GD-2 Guangdong Production site
6 GD-3 Guangdong Pharmacy
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th Cd ) 4= W ] 45 1 7E 10.13% ~64.16%; As )45 4 A]
Y VEAE 2.72%~46.57% (K 1).

Figure 1  The bioaccessibility results of Cd and As in Pheretima
aspergillum (E,. Perrier). n=2,x s
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Table 2 The total and bioaccessible contents of Cd and As in Pheretima aspergillum (E,. Perrier). n =2, x s

Total content/mg-kg*

Bioaccessible content in gastric

Bioaccessible content after transportation

Batch No. phase/mg-kg* by MDCK cells/mg-kg*
Cd As Cd As Cd As
SH-1 24,774 +0.006 2.483 +£0.013 10.249 + 0.107 0.388 + 0.020 3.160 £ 0.165 0.352 +0.037
SH-2 11.111 £ 0.141 0.772 £0.033 4,591 +0.007 0.084 +0.017 1.334 £0.017 0.021 +£0.003
HN-1 33.606 + 1.420 0.532 +0.008 12.624 + 0.509 0.127 +0.003 21.562 + 0.547 0.135 + 0.004
GD-1 13.406 = 0.704 16.412 + 1.529 5.688 +0.013 5.481+0.148 1.358 + 0.044 7.644 +0.033
GD-2 8.319 £ 0.057 0.619 £ 0.081 4.168 + 0.051 0.158 £ 0.028 4112 £0.105 0.163 £ 0.006
GD-3 16.691 + 1.421 0.594 +0.007 6.581 £ 0.154 0.150 £ 0.011 5.090 £ 0.088 0.085 £ 0.010

Table 3 The risk assessment results of Cd and As in Pheretima aspergillum (E,. Perrier). MOE: Margin of exposure; HI: Hazard index

Exposure dosage/mg-kg*

Bioaccessible exposure dosage/mg-kg™

Batch No. cd As MOE HI cd As Bioaccessible MOE Bioaccessible HI
1 0.273 0.027 11.0 3.3 0.035 0.004 77.5 0.4
2 0.122 0.008 35.3 15 0.015 0.000 1298.7 0.2
3 0.370 0.006 51.3 4.4 0.237 0.001 202.0 2.8
4 0.147 0.181 17 1.8 0.015 0.084 3.6 0.2
5 0.092 0.007 44.1 1.1 0.045 0.002 167.3 0.5
6 0.184 0.007 45.9 2.2 0.056 0.001 320.9 0.7
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