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Figure 1. Food samples prepared with steel and aluminum skewers
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Table 1. 68-element analysis (in percentage) of aluminum skewer and and disposable aluminum containers

Wavelength | Element | Wavelength | Element | Wavelength | Element | Wavelength | Element
242.794 Au 188.980 As 396.152 Al 328.068 Ag
Steel skewer ND ND 0.0025 ND
Aluminum ND ND 97.3 ND
skewer
Disposable ND ND 98.5 ND
container
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222.821 Bi 313.107 Be 455.403 Ba 249.772 ‘ B
Steel skewer ND ND ND ND
Aluminum ND ND ND 0.0016
skewer
D1spos_ab1e ND ND ND 0.0011
container
228.615 Co 418.659 Ce 228.802 Cd 318.127 Ca
Steel skewer 0.01 ND ND 0.00086
Aluminum 0.00012 ND ND 0.00064
skewer
D1spo§ab1e 0.00025 ND 0.0003 0.003
container
369.265 Er 364.540 Dy 324.754 Cu 267.716 Cr
Steel skewer ND ND 0.050 11
Aluminum ND ND 0.006 0.001
skewer
D1spos_ab1e ND ND 0.190 0.010
container
342.246 Gd 294.363 Ga 259.940 Fe 420.504 Eu
Steel skewer ND ND 83 ND
Aluminum ND 0.01 0.42 ND
skewer
D1spo§able ND 0.01 0.86 ND
container
389.094 Ho 435.834 Hg 264.730 Hf 219.871 Ge
Steel skewer ND ND ND ND
Aluminum ND ND ND ND
skewer
Dlspogable ND ND ND ND
container
408.671 La 766.491 K 236.804 Ir 410.176 In
Steel skewer ND ND ND ND
Aluminum ND 0.00076 ND ND
skewer
Disposable ND 0.00050 ND ND
container
260.568 Mn 280.270 Mg 547.668 Lu 670.783 Li
Steel skewer 0.36 0.0002 ND ND
Aluminum 0.04 0.0005 ND ND
skewer
container
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406.108 ‘ Nd 295.088 Nb 568.821 Na 202.032 Mo
Steel skewer ND 0.001 0.003 0.008
Aluminum ND ND 0.007 ND
skewer
Disposable ND ND 0.007 ND
container
220.353 Pb 213.618 P 228.228 Os 231.604 Ni
Steel skewer ND 0.013 ND 0.0520
Aluminum ND ND ND 0.0023
skewer
Disposable 0.028 ND ND 0.0066
container
420.179 Rb 306.471 Pt 410.072 Pr 324.270 Pd
Steel skewer ND ND ND ND
Aluminum ND ND ND ND
skewer
D1spos_ab1e ND ND ND ND
container
181.972 S 349.894 Ru 343.488 Rh 227.525 Re
Steel SkeWer 0.003 ND ND ND
Aluminum ND ND ND ND
skewer
Disposable ND ND ND ND
container
359.259 Sm 196.026 Se 335.372 Sc 206.834 Sb
Steel Skewer ND ND ND ND
Aluminum ND ND ND ND
skewer
Disposable ND ND ND ND
container
350.914 Tb 263.558 Ta 460.733 Sr 235.485 Sn
Steel Skewer ND ND ND 0003
Aluminum ND ND ND ND
skewer
Disposable ND ND 0.000015 0.003
container
276.789 Tl 334.188 Ti 283.730 Th 182.153 Te
Steel skewer ND ND ND ND
Aluminum ND 0.016 ND ND
skewer
Disposable ND 0.010 ND ND
container
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222.590 W 292.401 % 367.007 U 376133 | Tm
Steel skewer ND 0.041 ND ND
Aluminum ND 0.015 ND ND
skewer
Disposable ND 0.003 ND ND
container
349.619 Zr 334.502 Zn 328.937 Yb 360.074 Y
Steel skewer ND 0.003 ND ND
Aluminum 0.0001 0.007 ND ND
skewer
Disposable 0.0003 ND ND
container
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Table 2. RAC values for essential metals identified in the examined cookware

Row | Essential element Steel skewer | Aluminum skewer | Disposable container
RAC

1 Ca 0.0000086 0.00003 0.0000064
2 CU 0.25 0.95 0.03
3 Cr 0.92 0.00083 0.0000833
4 Fe 46.1 0.48 0.233
5 Mn 1.8 0.25 0.20
6 Mg 0.000005 0.0041 0.0000125
7 Na 0.0000125 0.0000291 0.0000292
8 P 0.00013 - -
9 Zn 0.002 0.107 0.005
10 K - 0.00000143 0.00000217
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Table 3. Concentration of selected heavy metals in the raw and grilled tomatoes using two
methods: steel (SS) and aluminum (AS) skewers

Selected metal Metal content in tomato (ppm)
Raw Grilled by SS Grilled by AS
Al 6.60 = 1.65% 5.40+0.782 54.50 + 3.73°
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Cd ND ND ND
Pb ND ND 0.65+0.13
Sn ND 17.00 + 5.04 ND
Fe 21.00 +9.58? 29.00 + 4.02° ND
Cr 3.10 + 0.96* 1.30 + 0.87% 1.10 £ 0.65°

ND: Not detected

Different lowercase letters indicate significant differences in a row of the table (p < 0.05).
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Table 4. Concentration of selected heavy metals in the raw and grilled chicken using two
methods: steel (SS) and aluminum (AS) skewers

Selected metal Metal content in chicken (ppm)
Raw Grilled by SS Grilled by AS
Al ND 2.80 + 0.44° 4.80 + 1.20°
Cd ND ND ND
Pb ND ND ND
Sn ND ND ND
Fe 7.60 + 2.35° 18.00 + 5.70° 5.40 + 1.64°
Cr 0.30 + 0.00? 0.70 £ 0.15¢ 0.50 + 0.07°

ND: Not detected

Different lowercase letters indicate significant differences in a row of the table (p < 0.05).
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Table 5. Concentration of selected heavy metals in the Koobideh kebab paste and grilled
Koobideh using two methods: steel (SS) and aluminum (AS) skewers

Selected metal Metal content in koobideh kebab (ppm)

Koobideh Paste Grilled by SS Grilled by AS
Al 1.80 + 0.96* 2.70 +1.10° 8.70 + 3.65°
Cd ND ND ND
Pb ND ND 2.57 +1.30
Sn ND ND ND
Fe 32.00 +4.15° 48.00 + 5.70° 27.00 + 1.86°
Cr 0.40 £ 0.06" 2.00 + 0.45 1.70 £ 0.55°

ND: Not detected

Different lowercase letters indicate significant differences in a row of the table (p < 0.05).
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Table 6. Concentration of selected heavy metals in the cooked rice stored in plastic packaging
(SPP) and aluminum disposable container (SADC)

Selected metal Metal content in the rice (ppm)
SPP SADC
Al 1.30 + 0.372 2.60 + 0.50°
Cd ND ND
Pb ND ND
Sn ND ND
Fe 5.00 + 1.46° 14.00 + 4.40°
Cr 0.50 + 0.26° 0.70 + 0.442

ND: Not detected
Different lowercase letters indicate significant differences in a row of the table (p < 0.05).
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Table 7. Target hazard quotients index (THQ) of heavy metals for adults through
consumption of grilled tomatoes, chicken and meat and cooked rice stored in aluminum
disposable container

Metal Tomato Chicken kebab Koobideh kebab Rice
S Raw | SS AS | Raw | SS AS | Raw | SS AS | SPP | SAD
C
Pb - - 0.04 - - - - - 0.12 - -
6 0
Sn - 13.7 - - - - - - - - -
3
Fe 0.00 | 0.01 - 0.00 | 0.01 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.013
7 0 3 6 5 7 1 6 5
Al 0.00 | 0.00 | 0.01 - 0.00 | 0.00 0 0.00 | 0.00 | 0.002
2 1 3 2 3 1 1
Cr 0.25 | 0.10 | 0.09 | 0.06 | 0.14 | 0.10 | 0.02 | 0.11 | 0.09 | 0.11 | 0.157
0 0 0 0 3 0 0 0 3 3
HI 0.25 | 13.8 | 0.10 | 0.06 | 0.16 | 0.10 | 0.02 | 0.12 | 0.22 | 0.11 | 0.172
9 4 3 3 1 8 7 1 0 9

Note: The raw values are calculated only to provide an overview of the increase in THQ index,
obviously raw chicken and batter are not consumed. HI = Sum of THQs of different metals in

a particular food

SS: : Grilled by steel skewers, AS: Grilled by aluminum skewers, SPP: Cooked rice stored in
plastic packaging, SADC: Cooked rice stored in aluminum disposable container
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ARTICLE INFO ABSTRACT
The intake of toxic metals from cooking utensils through food is of growing
. . concern to the health community. This intake poses serious risk to human
Article History: health. In the present study, the migration of some metals including
Received:2024/12/04 cadmium, lead, tin, iron, aluminum and chromium from steel and aluminum
grill skewers as well as aluminum disposable containers to various foods
Accepted:2025/05/14 including tomatoes, Koobideh, chicken kebab and rice investigated.
According to the results, in the case of tomatoes, during the grilling process,
both migration and leaching of metals along with water took place, so that
Keywords: the migration was related to metals that were not naturally present in raw
Metal release tomatoes (for example, tin concentration was increased upto 18 ppm). In
’ general, the migration of aluminum and iron were observed to be higher than
Cookware the remaining minor elements in the aluminum and steel skewers,
’ respectively, which is due to the higher concentration gradient of these metal
food safety, ions in two types of skewers. The lowest level of migration occurs in grilled

inductivity coupled plasma (ICP)
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chicken. In this regard, no migration level of lead, cadmium and tin metals
was observed in chickens from both types of skewers. It seems that the higher
pH of chicken meat is related to this result. In the case of the aluminum foil
cookware, the migration of only two metals, Al and Fe, to rice was
significantly done, so that the amount of these metals increased by 2 and 2.8
times, respectively. THQ and HI values were less than 1 in all examined
foods (except for tin in grilled tomatoes), which shows that the migration of
heavy metals to food from the examined cookwares is not a concern.
Nevertheless, the present study emphasizes the necessity of establishing
policies related to the materials and types of food cookware used in kitchens
to protect consumers by minimizing the health risks associated with the
migration of elements.
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