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Determination of 4 kinds of heavy metals in edible fungi by microwave
digestion and inductively coupled plasma-mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of heavy metals, including plumbum (Pb),
cadmium (Cd), mercury (Hg) and arsenic (As) in edible fungi by microwave digestion and inductively coupled
plasma-mass spectrometry (ICP-MS). Methods Nitric acid and hydrogen peroxide were used for microwave
digestion for edible fungi samples. The digestion solution was diluted and determined by ICP-MS, and quantified by
on-line internal standard method. It was verified by national standard material soil (GBW07427) and poplar leaves
(GBWO07604) and repeatability test and 3 levels of spike recovery test. Results The recoveries of 4 heavy metals in
different edible fungus matrix were between 90.7% and 105.3%, and the relative standard deviations (RSDs) were
between 0.88% and 4.03%. Conclusion This method has good stability, high sensitivity, accurate quantification and
improves detection efficiency. It is suitable for the rapid and accurate quantitative analysis of As, Hg, Pb and CD in
edible fungi matrix.
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Table 1 Digestion conditions of the microwave

IR TFR/W R E 53 550/% C T 18] /min JREE/°C {34355 1] /min

1 1200 100 6 120 2
2 1200 100 4 140 5
3 1200 100 3 160 20

222 EEMatRAL

AR (L. ¥Y. PCo. 'Ce 1 *°TI &&N
10 ng/mL)XHYEFIEA TR, @aL 875 RF D03 A0 E .
FEAE KT A B MR FER S S8, A 1 R A
FERRREE, AR BRI SR U R A4 RS T A
ZHOR 2. FWIBFER . TN REUE &0k E
BRI W3 3,

[ Hsf SR FHAEZR 7 SO ARSI . T4 BRI A
A7 i EPA_200.8 B IEF RN ZMEZ R FEF T
223 ARBIRIR Y ECH

ZILE RS ETR I Part#5183 — 4688 Ji HNO; A
(1:19, ViVyBhr el & WOEFAR BN 5. 10, 20, 50, 100,
200 ng/mL 6 SRR

RERMEVA T GBW(E)080392 ] HNO; i (1:19, V1)
BFRUET A BB R 0.2, 0.5, 1.0, 1.5, 2.0 ng/mL
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Table 2 Working parameters of ICP-MS

T H 28
TR 1200 W
W EI 15.0 L/min
LTIy 1.0 L/min
B 1.10 L/min
FE b AT B 1.0 mL/min
FAETREE 7.0 mm
AT SE B
Bl R AR B R A 2
TRyt i 0.3 s/[AfL &K
Bl R A T B 3

#3 EIRMIERE

Table 3 The selection of measured isotopes

BIvE 3 As cd Hg Pb
ElbvES 75 111 202 208
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225 AELEITHE
_(C=CyxV
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Table 4 Microwave digestion condition comparison test

% A 18] /min E/°C As Frt/(mg/kg) Hg & fit/(mg/kg) Pb 2 /(mg/kg) Cd 758 /(mg/kg)
1 10 120 0.108 0.032 0.87 0.013
2 10 160 0.124 0.040 0.91 0.020
3 10 200 0.113 0.021 1.15 0.029
4 15 120 0.125 0.035 0.85 0.011
5 15 160 0.134 0.048 1.19 0.030
6 15 200 0.119 0.030 1.16 0.027
7 20 120 0.132 0.043 0.93 0.016
8 20 160 0.157 0.052 1.20 0.032
9 20 200 0.121 0.027 1.21 0.034

%5 MEREEEERR@#=6)
Table 5 Control and precision test (#=6)

B +3E(GBW07427) B (GBW07604)

LR 5% {H/(mg/kg) RSD/% JEFME/(mg/kg) 5% {H/(mg/kg) RSD/% JEB{H/(mg/kg)
As 112 2.04 10.6+0.8 0.418 3.75 0.37+0.09
cd 0.135 3.28 0.13+0.01 0.295 3.02 0.32+0.07
Hg 0.049 2.93 0.052+0.006 0.030 5.41 0.026+0.003
Pb 20.8 1.26 21.6+1.2 1.34 1.59 1.540.3

6 WINAREYRIE (n=6)
Table 6 Arsenic standard recovery test (n=6)
(A A AR/ (mg/kg) AR BE/(mg/kg) V- {E/(mg/kg) Bl /% RSD/%
Vg R T 0.072 1.00 1.05 97.9 3.72
0.072 5.00 5.10 100.5 1.78
0.072 10.0 10.1 100.2 1.24
AL 0.170 1.00 1.13 96.6 1.18
0.170 5.00 5.11 98.8 1.78
0.170 10.0 10.2 100.3 1.21
ZAN 2 R B 0.081 1.00 1.07 99.0 2.96
0.081 5.00 5.26 103.5 1,14
0.081 10.0 10.2 101.2 0.95
R 5 R T 0.144 1.00 1.09 95.3 1.92
0.144 5.00 5.13 99.7 1.40
0.144 10.0 10.2 100.8 0.87
A 75 HE T 0.058 1.00 1.03 97.4 3.85
0.058 5.00 5.02 99.2 2.05
0.058 10.0 9.89 98.3 2.87
REFERT 0.053 1.00 1.02 96.9 1.98
0.053 5.00 4.98 98.5 0.88

0.053 10.0 10.2 101.5 0.96
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Table 7 Cadmium standard recovery test (n=6)

FE b4 AJEAH/(mg/kg) Jinkrvk i /(mg/kg) FXI/(mg/kg) E 78 RSD/%
- g4t B o 0.049 1.00 1.03 98.2 3.85
0.049 5.00 5.01 99.2 2.11
0.049 10.0 9.67 96.2 1.65
Tt KL o 0.034 1.00 1.05 101.5 4.76
0.034 5.00 5.02 99.7 1.23
0.034 10.0 10.0 99.7 0.92
PR R 0.037 1.00 1.04 100.3 2.96
0.037 5.00 4.89 97.1 1.54
0.037 10.0 9.92 98.8 1.03
1 5 4 5L o 0.041 1.00 1.02 98.0 4.54
0.041 5.00 5.01 99.4 2.78
0.041 10.0 10.02 99.8 1.67
A 00 24 B I 0.047 1.00 1.02 97.4 2.89
0.047 5.00 4.83 95.7 3.97
0.047 10.0 9.66 96.1 1.59
REZIER 0.179 1.00 1.18 100.1 3.05
0.179 5.00 5.21 100.6 2.68
0.179 10.0 10.1 99.2 1.36

Fz 8 SRMAREIWGHR I (n=6)

Table 8 Mercury standard recovery test (1#=6)

FEdh i A A/ (mg/kg) TRV B /(mg/kg) - )M /(mg/kg) [EISR /% RSD/%
g HE 5T 0.030 0.10 0.119 91.5 4.03
0.030 0.20 0.221 96.1 2.98
0.030 0.50 0.521 98.3 2.04
i 5L o 0.047 0.10 0.136 92.5 3.99
0.047 0.20 0.238 96.4 4.01
0.047 0.50 0.529 96.7 2.62
PR E 0.029 0.10 0.117 90.7 3.56
0.029 0.20 0.217 94.8 1.99
0.029 0.50 0.521 98.5 2.49
EPS 29 0.061 0.10 0.157 97.5 3.89
0.061 0.20 0.252 96.6 2.03
0.061 0.50 0.540 96.3 1.77
A 7 5L o 0.036 0.10 0.130 95.6 3.22
0.036 0.20 0.230 97.5 2.96
0.036 0.50 0.526 98.1 3.73
RZHL 0.105 0.10 0.216 105.3 1.92
0.105 0.20 0.311 102.0 2.12

0.105 0.50 0.578 95.5 1.65
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Table 9 Lead standard recovery test (n=6)

FE b i = AJRA{H/(mg/kg) TR BE /(mg/kg) S {H/(mg/kg) BB /% RSD/%
V2 R 5T 0.422 1.00 1.39 97.7 1.45
0.422 5.00 5.32 98.1 1.22

0.422 10.0 10.5 100.7 1.96

B HET 1.15 1.00 2.13 99.1 1,78
1.15 5.00 6.27 101.9 1.25

1.15 10.0 112 100.4 1.94

ZE R L 5T 0.214 1.00 1.22 100.5 2.58
0.214 5.00 5.11 98.0 1.33

0.214 10.0 10.1 98.9 3.01

11 R L 5T 0.998 1.00 1.99 99.6 2.67
0.998 5.00 6.03 100.5 1.38

0.998 10.0 10.5 95.5 2.02

A 00 25 B o 0.203 1.00 1.19 98.9 2.56
0.203 5.00 5.12 98.4 1.98

0.203 10.0 10.1 99.0 2.79

RZHE 1.65 1.00 2.70 101.9 1.45
1.65 5.00 6.84 102.8 1.03

1.65 10.0 11.9 102.1 0.89
4 4t ife prospects of edible fungi [J]. Times Agric Mach, 2018, 45(10): 47.
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