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Investigation into the elemental content and migration of heavy metals in
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ABSTRACT: Objective To rapidly screen the elemental content and migration of heavy metals in commercially
available stainless steel electric kettles using efficient detection technologies. Methods In this study, 20 batches of
stainless steel electric kettle samples were analyzed using inductively coupled plasma-mass spectrometry (ICP-MS) to
determine the migration levels of 13 kinds of heavy metal elements, along with label compliance checks. A handheld
X-ray fluorescence (XRF) spectrometer was employed to rapidly detect the elemental content of key components and
analyze their material composition. Results Multi-element migration experiments revealed heavy metal migration in
some samples, particularly manganese (Mn) and aluminum (Al). XRF analysis identified the use of non-food-grade
stainless steel in certain products. Additionally, non-compliant product labeling and discrepancies between labeled

and actual material compositions were observed in some samples. Conclusion The combined ICP-MS and XRF
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results demonstrat that stainless steel material quality is a critical factor influencing heavy metal migration. This

study provides theory basis for enhancing industry quality regulation, ensuring consumer health and safety, and

promoting technological advancements in product manufacturing.

KEY WORDS: stainless steel electric kettles; migration of multiple elements; inductively coupled plasma-mass

spectrometry; elements content; label identification
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Fig.1 Migration of Mn (a) and Al (b) elements in 2
batches of samples

F1 THERNBHRKEZTRNERCEERFERL
Table 1 Determination of multiple elements in stainless steel
electric kettles and identification of issues

FEGHEIREL b i LIRS ek

KEMH igii /(mg/kg) /it 1%
As TH & 20 A 0 0
Cd i 20 A 0

Cril#t 20 A 0 0
Ni i F it 20 EN oA 0 0
Pb iT i 20 ENiodi 0 0
Sb i it 20 A 0 0
Zn TH & 20 EN O 0 0
Cu il & 20 HA 0 0
Mn i 20 Fr th~0.017 0 0
Al FHH 20 KA H~0.012 0 0
Sn FH it 20 A 0 0
Mo iT# & 20 A 0 0
Co it 20 EN oA 0 0

1 BT EAKHRIN: As 0.0002 mgkg, Cd 0.0001 mgke.
Cr 0.002 mg/kg. Ni 0.002 mgkg. Pb 0.0003 mgkg. Sb 0.002 mgkg. Zn
0.006 mg/kg. Cu 0002 mgkg. Mn 0001 mgkg. Al 0.006 mgkg. Sn
0.002 mg/kg. Co 0.0003 mg/kg. Mo 0.002 mg/kg.
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Table 2 Statistical results of label identification inspection
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Table 3 XREF test results of a certain brand stainless steel
electric kettle

JLRER AR T TIREN TR

Fe/% 73.19+£0.09  71.77+£0.10  73.28+0.10 72.95+0.09
Cr/% 13.89+0.04  18.16+0.04  14.27+0.04 14.06+0.04
Ni/% 1.07+0.01 8.15+0.04 1.08+0.02  1.14+0.02
Mn/% 10.91+0.06 1.10+0.03 10.48+0.06 10.91+0.06
Cu/% 0.79+0.01 0.37+0.01 0.77£0.01  0.79+0.01
Co/% 0.10+0.01 0.34+0.01 / 0.09+0.01
V/% 0.05+0.01 0.12+0.0 0.11+0.01  0.08+0.01
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