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Abstract: A rapid super-microwave-digestion/ICP-MS method was established for the simultaneous determination of aluminum (Al),
chromium (Cr), nickel (Ni), arsenic (As), tin (Sn), cadmium (Cd), mercury (Hg), and lead (Pb) in Amomum villosum, a plant with medicinal and
nutritional value. A HNOs-H,O super microwave digestion system was employed to digest the Amomum villosum samples, and the contents of
the aforementioned elements were determined by ICP-MS in kinetic energy discrimination (KED) mode. Moreover, the internal standard
method was adopted to improve the matrix effect and interference. The detection limits of all the investigated elements were found to be low
(0.00025~0.25 pg/kg). Adequate linear relationships between the signals and concentrations, and correlation coefficients (r) within
0.9997~1.0000 were obtained [r(Hg)=0.9935]. The proposed method was validated using standard reference materials, namely rice (GBW10010)
and Salvia miltiorrhiza (GBW(E)090066), and the results were found to be within the recommended ranges of the references. The spiked
recovery rates of Amomum villosum samples sourced from Guangdong were found to be 85.71%~109.09%, with relative standard deviations of
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1.93%~8.01%. The analysis of Amomum villosum samples sourced from different locations (Guangxi, Yunnan, Hainan, and Guangdong)
revealed variations in the contents of the target elements, with the differences being primarily reflected in the shell components. The Al content
in the shells was found to be the highest (455.59~613.45 mg/kg), with the Guangxi-based samples exhibiting the highest Al content among the
samples. The content of Pb in the shells was found to be in the 0.68~4.56 mg/kg range, with the samples sourced from Hainan exhibiting the
highest Pb content. The Ni contents of the shells (0.42~2.06 mg/kg) and nuts (0.22~2.29 mg/kg) were found to be similar. The Cr content of the
shell was estimated to be 0.53~1.05 mg/kg, and the Cd content was below 0.04 mg/kg. Hg and Sn were found to be present only in the shells. In
particular, the content of Hg was ascertained to be 0.01 mg/kg in all the samples. The highest contents of Sn (0.10 mg/kg) and As (1.05 mg/kg)
were detected in the shells of samples sourced from Hainan. The proposed method exhibits high precision and accuracy, and sufficient suitability
for the determination of multiple elements in Amomum villosum. The contents of Cd, Hg, Sn, and As are all lower than the limits recommended
by national standards. Additionally, the inclusion of Pb, Ni, and Al in risk monitoring indicators was recommended.

Key words: super microwave digestion; inductively coupled plasma mass spectrometry (ICP-MS); Amomum villosum; elemental analysis
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Table 1 Internal standard elements, linearity parameters, detection limits and quantitation limits

AE ARLAE AR EH BRERA(ugks) TEM/(ugks) ZKMEEER/(ugl) AME R =EFE(Y=k*X+b)
7TAl Sc 45 0.25 0.83 0.00~1000 1.0000 Y=0.9987X+0.894
2Cr Sc 45 0.008 0.025 0.00~20.0 09999  Y=1.0027X-0.0383
ONi Ge 72 0.03 0.11 0.00~20.0 09997  Y=1.0143X-0.1995
"As Ge 72 0.018 0.059 0.00~20.0 0.9999  Y=0.9948X +0.0723
e In 115 0.00025 0.0008 0.00~20.0 0.9999  Y=0.9954X+0.0647
118gn In 115 0.0015 0.005 0.00~20.0 0.9999  Y=0.9958X+0.0583
M2Hg Bi 209 0.003 0.010 0.00~4.00 0.9935  Y=0.9956X+0.0837
28pp Bi 209 0.0015 0.005 0.00~20.0 0.9999  Y=0.9948X+0.0723
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Table 2 Analytical results of rice and salvia (n=3)
AE  GBWI0010 MZ{4E GBWI0010iEH/E  GBW(E)090066 MZ .  GBW(E)090066 iEFH/E  #A4i/(mg/kg)

7TAl 0.037:0.002 0.039+0.004 - - 107
Cr 0.08+0.002 0.09 - - 10
ONi 0.26+0.005 0.27+0.02 14.5+1.2 15.142.1 10
PAs 0.104:+0.004 0.102+0.008 0.38+0.03 0.400.06 10
ted 88+2 87+5 48+3 47+4 107
IISSn _ _ _ _ _

Mg 5.2+0.4 5.3+0.5 11£0.5 12+1 107
2%p 0.06+0.01 0.08+0.03 0.91+0.02 0.93£0.04 10

® 3 IR R SRR E

Table 3 Results of the recovery and precision (n=5)

Ak A 5b ARAL (mg/kg) JnkrE/(mg/kg) AoAF /e M AL (mg/kg) = HE /% RSD/%
1.00 48523 98.33 521
ZTAl 492.45 30.00 535.45 102.49 3.11
100.00 602.23 101.65 3.92
0.01 0.58 107.41 4.63
2Cr 0.53 0.48 0.96 95.05 461
0.96 1.56 104.70 4.25
0.03 0.57 105.56 8.17
ONii 0.51 0.48 1.03 104.04 3.62
0.96 1.40 95.24 5.36
0.02 0.12 109.09 229
PAs 0.09 0.50 0.55 93.22 721
2.00 2.16 103.35 4.56
0.01 0.05 100.00 4.11
ed 0.04 0.20 0.26 108.33 2.16
1.00 1.10 105.77 436
0.01 0.06 85.71 3.01
118n 0.06 0.24 0.27 93.10 453
0.68 0.67 91.79 3.03
0.01 0.02 100.00 521
Mg 0.01 0.10 0.10 90.91 8.01
0.20 0.19 90.48 5.16
0.01 1.08 97.30 4.12
208ppy 1.10 0.68 1.70 95.51 1.93
5.00 5.90 95.72 421

E: 4% (mgkg).
_ C s F5450.3 g, RATHI 7, 03 APATRES, S25
23 AREANR A ol P bR 22k 2R . S5 R IAFREY) )
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(RISE56 7 AR HEY) BT GBW 10010 CKK) GBW (E) AEIERLS, TR R HERES, Bk, 15
090066 (F+Z) AT TIE, ARAEY BTN E (AR CHETN GRS ENEMER (n=3).,
PAEWR 2. R D2 — R PRREIREDITK .
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R4 AT CHERELRRE
Table 4 Contents of elements in 4 Amomum villosum samples (n=5)

AFE R4 =& i 25a) ]
N 7 437.32435.76 492.45+35.27 466.71423.56 613.45+46.77
A= 8.27+2.56 4.98+1.23 1.96£0.23 24414234
o0 7 1.05+0.17 0.53+0.05 0.75+0.09 0.61+0.06
A= 0.07+0.01 0.10£0.02 0.03£0.01 0.06£0.01
i 7 2.06+0.22 0.51+0.09 0.59+0.11 0.42+0.07
A= 2.29+0.32 0.46+0.06 0.35+0.06 0.22+0.06
aq 7 0.110.02 0.09+0.01 1.05£0.23 0.15+0.01
= 0.01£0.00 0.05+0.01 ND
ey 7 0.02+0.01 0.04+0.01 ND 0.01+0.00
A= 0.010.00 0.0120.00 ND ND
g, 5% 0.06+0.01 0.06:0.01 0.10+0.02 0.07+0.02
A= ND ND ND
. 7 0.01£0.00 0.01£0.00 0.01£0.00 0.01£0.00
A= ND ND ND
— 7 4.5140.70 1.10£0.12 4.56+0.45 2.78+0.21
A= 0.31£0.02 0.04+0.01 0.08+0.01 0.18+0.01

E: $45 (mgkg), ND & FAMEHE.
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