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Deter mination and health risk evaluation of heavy metalsin cultivated
edible mushrooms
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ABSTRACT: Objective To study the characteristics of heavy metals content and examine the human health
potential risk of heavy metal in edible mushrooms produced and sold in a province. Methods The atomic
absorption spectrometer (AAS) and atomic fluorescence spectrometer (AFS) were adopted to detect heavy
metal concentrations of total lead (Pb), total cadmium (Cd), total arsenic (As) and total mercury (Hg) in 4 kinds
of cultivated edible mushroom samples. The results were compared to main edible mushrooms standards of
China. Under the help of healthy risk model proposed by USEPA (2000), the health risks of heavy metals were
forecasted by the method of calculating the risk index (the target hazard quotient, THQ and TTHQ). Results
Totally 1.45% of the Pb, 10.14% of the Cd, 5.80% of the As, and 1.45% of the Hg in Lentinula edodes, 1.82%

of the Cd and 3.64% of the As in Pleurotus mushrooms, 11.11% of the As in Auricularia auricular exceeded the
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maximum allowable limits, respectively; four heavy metals in all Flammulina velutipes were less than the
maximum allowable limits; for adults, 4 kinds of cultivated edible mushroom samples were safe by analyzing
THQ, but total arsenic (As) should be paid attention to, in particular, Lentinula edodes and Auricularia
auricular; 4 kinds of cultivated edible mushroom samples probably posed a potential health risk to children by
analyzing THQ, in particular, Lentinula edodes, Pleurotus mushrooms and Auricularia auricular; in addition,
Cd in Lentinulaedodes should be paid attention to; 4 kinds of cultivated edible mushroom samples might pose a
potential health risk to adults and children by analyzing TTHQ; overall potential health risks were mainly
caused by As and Cd. Conclusion As and Cd are the main heavy metal pollutants in edible mushrooms
produced and sold in the province. Lentinula edodes, Pleurotus mushrooms and Auricularia auricular are likely
to pose a potential health risk to adults and children. Potential health risks for children to consume edible
mushrooms caused by heavy metals are bigger than adults.
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Tablel The maximum allowable limits of heavy metals
in edible mushrooms
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Table2 Valuesof the parameter used in the calculation of THQ for heavy metals
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Table3 Massratio and pollution assessment of heavy metalsin cultivated edible mushrooms

xts (mg/kg) (mg/kg) (%)
Pb 0.083+0.190 <0.001~1.191 0.66
cd 0.103+0.229 <0.001~1.800 5.30
(n=151)
As 0.155+0.241 <0.001~1.500 5.30
Hg 0.0060.012 <0.001~0.110 0.66
Pb 0.063+0.169 <0.001~1.191 1.45
cd 0.192+0.312 <0.001~1.800 10.14
(n=69)
As 0.202+0.272 0.012~1.400 5.80
Hg 0.007+0.015 <0.001~0.110 1.45
Pb 0.029+0.125 <0.001~0.910 0.00
cd 0.014+0.032 <0.001~0.220 1.82
(n=55)
As 0.076+0.134 <0.001~0.830 3.64
Hg 0.003+0.007 <0.001~0.034 0.00
Pb 0.365+0.235 <0.001~0.896 0.00
cd 0.084+0.088 <0.001~0.420 0.00
(n=18)
As 0.281£0.325 0.074~1.500 11.11
Hg 0.012+0.010 0.005~0.041 0.00
Pb 0.065+0.047 0.002~0.220 0.00
cd 0.007+0.006 0.001~0.032 0.00
(n=9)
As 0.030+0.043 <0.001~0.390 0.00
Hg 0.002+0.002 <0.001~0.010 0.00
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Table4 THQ of single heavy metal in cultivated edible mushrooms
THQ THQ
_ THQ=1 _ THQ=1
x+ts (%) xXxs (%)
Pb 0.046£0.105  <0.001~0.657 0(0.00) 0.0870.198 0.001~1.241 1(0.66)
cd 0.199£0.443  <0.001~3.475 7(4.64) 0.37620.836 <0.001~6.567 16(10.60)
(n=151) As 0.996+1.553 0.001~9.653 43(28.48) 1.883+2.935 0.002~18.242 57(37.75)
Hg 0.03820.077 0.001~0.708 0(0.00) 0.071£0.146 0.001~1.338 1(0.66)
Pb 0.035£0.093  <0.001~0.657 0(0.00) 0.066+0.176 0.001~1.241 1(1.45)
cd 0.370£0.603  <0.001~3.475 7(10.14) 0.699+1.139 <0.001~6.567 15(21.74)
(n=69) As 1.301+1.748 0.077~9.010 28(40.58) 2.459+3.303 0.146~17.026 29(42.03)
Hg 0.047£0.098 0.001~0.708 0(0.00) 0.088+0.186 0.001~1.338 1(1.45)
Pb 0.016£0.069  <0.001~0.502 0(0.00) 0.03120.130 0.001~0.949 0(0.00)
cd 0.027£0.061  <0.001~0.425 0(0.00) 0.052+0.115 <0.001~0.083 0(0.00)
(n=55) As 0.490-+0.865 0.001~5.341 5(9.09) 0.925+1.635 0.002~10.094 12(21.82)
Hg 0.018+0.043 0.001~0.219 0(0.00) 0.034:£0.082 0.001~0.413 0(0.00)
Pb 0.202£0.129 0.001~0.494 0(0.00) 0.381+£0.245 0.001~0.934 0(0.00)
cd 0.163+0.171 0.001~0.811 0(0.00) 0.307+0.322 0.001~1.532 1(5.56)
(n=18) As 1.810+2.091 0.476~9.653 10(55.56) 3.42143.952 0.900~18.242 16(88.89)
Hg 0.079+0.064 0.031~0.264 0(0.00) 0.149+0.121 0.059~0.499 0(0.00)
Pb 0.002:£0.002 0.001~0.008 0(0.00) 0.005+0.005 0.001~0.014 0(0.00)
cd 0.011+0.019 0.002~0.060 0(0.00) 0.020+0.035 0.004~0.114 0(0.00)
(n=9) As 0.129:£0.080 0.039~0.245 0(0.00) 0.243+0.152 0.073~0.462 0(0.00)
Hg 0.009+0.018 0.001~0.051 0(0.00) 0.017+0.034 0.001~0.097 0(0.00)
in
#5 HEERAEESEESERNKITMN
Table5 TTHQ of heavy metal in cultivated edible mushrooms
TTHQ TTHQ
_ TTHQ=1 _ TTHQ=1
pesy %) pesy (%)
(n=151) 1.279+1.785 0.007~9.918 53(35.10) 2.417+3.374 0.014~18.742 67(44.37)
(n=69) 1.563+2.465 0.083~9.488 30(43.48) 2.953+4.658 0.156~17.931 36(52.17)
(n=55) 0.551+0.921 0.007~5.343 8(14.55) 1.041+1.741 0.014~10.096 13(23.64)
(n=18) 2.253+2.107 0.787~9.918 15(83.33) 4.258+3.981 1.486~18.742 18(100.00)
(n=9) 0.151£0.104 0.044~0.361 0(0.00) 0.285+0.197 0.083~0.683 0(0.00)
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Table6 Contribution ratio of single heavy metal to TTHQ
of adultsand children in cultivated edible mushrooms

(%) (%)
Pb 3.60% 3.60%
cd 15.56% 15.56%
(n=151) As 77.87% 77.91%
Hg 2.97% 2.94%
Pb 2.00% 1.99%
cd 21.11% 21.11%
(n=69) As 74.22% 74.25%
Hg 2.68% 2.66%
Pb 2.90% 2.98%
cd 4.90% 4.99%
(n=55) As 88.93% 88.77%
Hg 3.27% 3.26%
Pb 8.96% 8.95%
cd 7.23% 7.21%
(n=18) As 80.30% 80.34%
Hg 3.50% 3.50%
Pb 1.32% 1.75%
cd 7.28% 7.02%
(n=9) As 85.43% 85.26%
Hg 5.96% 5.96%
.n
,
>
)
S % 3k
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