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Abstract: In order to establish the probabilistic risk assessment method for heavy metals and harmful
elements in line with the characteristics of traditional Chinese medicine (TCM) and provide guidance for the safe
use of TCM, the contents of lead (Pb), cadmium (Cd), arsenic (as), mercury (Hg) and copper (Cu) in 21 batches of
Plantago asiatica L. were determined by inductively coupled plasma mass spectrometry (ICP-MS). By the compre-
hensive use of investigation of TCM consumption pattern and Monte Carlo simulation technology, the non-carcino-
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genic and carcinogenic health risks of heavy metals and harmful elements in TCM were assessed by hazard
quotient (HQ) and cancer risk (CR), respectively. The greatest risk contributors were screened through sensitivity
analysis. The results revealed that the mean contents of Pb, Cd, As, Hg and Cu in Plantago asiatica L. were 9.01,
0.28, 3.83, 0.01 and 12.82 mg-kg", respectively. The P95, P99 and maximum values of HQ for males were 1.41,
2.83 and 10.97 mg kg, respectively. The P95, P99 and maximum values of HQ for females were 1.27, 2.63 and
9.80 mg-kg", respectively. The P95, P99 and maximum values of HI for males were 1.44, 2.85 and 11.0 mg-kg”,
respectively. The P95, P99 and maximum values of HI for females were 1.29, 2.66 and 10.0 mg-kg"', respectively.
The P99 and maximum values for CR,, and total carcinogenic risk (TCR) were greater than 10™ for both men
and women. The risk assessment results indicated that the non-carcinogenic and carcinogenic health risks of high
exposure population caused by arsenic exposure are needed to be concern. The results of sensitivity analysis
showed that the exposure frequency of TCM and the arsenic concentrations in Plantago asiatica L. were the main
risk contributors. Based on Monte Carlo simulation technology and considering the characteristics of TCM, this
study puts forward the first example of probabilistic risk assessment of heavy metals and harmful elements in
Chinese herbal medicine, which provides a novel perspective for health risk assessment of heavy metals in TCM.
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Table 1 Contents of heavy metals in Plantago asiatica L.

Content/mg kg’

No. Batch No.

Pb Cd As Hg Cu
1 QC001 4.52 0.07 0.83 0.01 15.04
2 QC069 13.92 0.33 11.57 0.01 31.08
3 QCO070 11.89 0.95 7.06 0.01 20.32
4 QCO079 0.37 0.10 1.28 0.02 7.80
5 QC084 0.32 0.08 1.47 0.02 6.82
6 QC086 0.68 0.11 3.09 0.01 8.17
7 QC096 1.79 0.20 0.26 0.02 7.02
8 QC100 9.78 0.25 2.72 0.01 10.34
9 QC101 38.56 0.29 4.90 0.01 11.25
10 QC109 8.65 0.28 2.32 0.01 16.34
11 QCI118 47.12 0.61 14.53 0.02 12.55
12 QCI120 10.44 0.38 11.23 0.03 8.56
13 QCI21 2.99 0.09 1.44 0.01 8.30
14 QCl162 5.61 0.18 2.09 0.01 14.06
15 QC169 7.01 0.16 3.06 0.01 14.27
16 QC170 422 1.02 0.90 0.01 13.10
17 QC184 4.63 0.18 2.65 0.01 14.15
18 QCI185 2.01 0.12 1.08 0.01 10.95
19 QC186 3.98 0.15 2.11 0.01 12.92
20 QC193 7.15 0.32 3.83 0.01 14.48
21 QC194 3.54 0.11 2.05 0.00 11.74
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Probabilistic estimation of hazard quotient (HQ) and hazard index (HI) of heavy metals

HQ Gender Min P25 P50 P75 P90 P95 P99 Max Mean

HQ, ~ Male 1.56x10°° 1.56x107 6.06x10°  2.38x107  6.55x107  0.11 0.23 0.70 2.37x107
Female  2.95x10° 1.72x107 5.99x10°  221x10%  6.02x10%  0.10 0.22 0.83 2.22x107
HQ., Male 1.20x10°  2.58x10*  9.41x10*  3.57x10°  9.36x10°  1.48x10°  2.97x107 0.16 3.33x107
Female  1.33x107 2.83x10™ 9.61x10™ 3.29x10° 8.20x10° 1.30x107 2.68x107 0.17 3.04x10°

HQ,, Male 2.58x10%  0.02 0.09 0.33 0.89 1.41 2.83 10.97 0.31

Female  1.72x10°  0.03 0.09 0.31 0.79 1.27 2.63 9.80 0.29
HQ,, Male 2.04x10%  2.72x107 1.06x10%  4.22x10* 1.16x107 1.94x10°  4.15%x107 1.31x107  4.24x10™*
Female  3.88x10°  2.99x107 1.05x10*  3.90x10* 1.07x10° 1.80x10°  3.98x107 1.56x107  3.97x10™
HQ., Male L67x10°  3.93x10*  1.51x10°  5.56x10°  1.35x10%  2.03x10°  3.39x107 6.19x10%  4.61x107
Female  2.89x107 431x10™ 1.51x10° 5.04x10° 1.22x107 1.85x107 3.32x107 8.08x107  4.31x10°

HI Male 7.13x10*  4.67x10%  0.13 0.38 0.92 1.44 2.85 11.0 0.35

Female  1.67x10°  4.80x102  0.12 0.34 0.83 1.29 2.66 10.0 0.32

Table 3 Carcinogenic risk (CR) values of Pb, Cd and As. TCR: Total CR
CR Gender Min P25 P50 P75 P90 P95 P99 Max Mean

CR,, Male 4.64x10"7  4.64x10°  1.80x10°  7.08x10°  1.95x107  3.21x107  6.81x107  2.08x10°  7.05x10°"
Female 8.77x10"*  5.13x10” 1.78x10* 6.57x10" 1.79x107 2.99x107 6.50x107 2.48x10° 6.60x10"
CR,, Male 7.30%x10° 1.58x107 5.74x107 2.18x10° 5.71x10° 9.01x10° 1.81x10° 9.70x10” 2.03x10°
Female  8.13x107 1.73x107 5.86x107 2.00x10° 5.00x10° 7.91x10° 1.63x10° 1.02x10* 1.85x10°¢
CR,, Male 1.16x10* 1.04x10°¢ 3.85%x10° 1.50x107 3.99x107 6.36x10° 1.27x10%  4.94x10™* 1.41x107
Female  7.73x10” 1.15x10° 3.90x10° 1.38x107 3.56x10° 5.71x107 1.18x10™ 4.41x10™ 1.30x107
TCR Male 8.06x10"* 2.33x10° 6.53x10° 1.82x10° 4.22x107 6.62x107 1.29x10* 4.94x10™ 1.62x10°
Female 9.71x10® 2.43x10° 6.21x10° 1.63x10° 3.83x10° 5.94x107 1.21x10* 4.44x10™ 1.50x107°
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