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Abstract

Hazardous metals leaching experiment was carried out in accordance with various usage environments for camping
cooking utensils distributed in the market. There was a significant difference in the degree of migration for lead,
arsenic, cadmium and nickel defending on the solvent and how to use, although they were all appropriate for criteria.
In general, the migrated amount of aluminum was increased in acidic condition, and the migrated amount of arsenic
was increased in salty condition. Physical scratches increased the overall release of hazardous metals from the
portable pots and pans for camping in all solvents. Especially, in 0.5% citric acid solution, cadmium was migrated
by physical scratch in stainless steel and hard aluminum pots and pans. The longer the leaching time, the higher
the migration of aluminum in acid condition and arsenic in basic condition. From these results, it is desirable
to use the cooking utensil for camping without being exposed to strong acidic or basic solution and scratches
in order to reduce the migration of hazardous metals from them.
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A% % BEE
Nitric acid(Junsei Chemical Co., Ltd., Tokyo, Japan)<}
hydrochloric acid(Daejung chemicals & Metals Co., Ltd.,

Table 1. Classification of the cooking utensil for camping used in this study

No. of samples of solution

Item Distilled water Citric acid solution (0.5%) NaCl solution (1%)
05h 2h 6h 05h 2h 6h 05h 2h 6h
Stainless steel Pot 3 3 3 3 3 3 3 3 3
Hard aluminium Pot 3 3 3 3 3 3 3 3 3
Soft aluminium Pot 3 3 3 3 3 3 3 3 3
Fluorocarbon resin Pan 3 3 3 3 3 3 3 3 3
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Table 2. Operating conditions and data acquisition parameters
for ICP-OES spectrometer

Parameter Wavelength Parameter Operating conditions
Pb 220.353 RF power 1,300 watts
As 193.696 Nebulizer flow 0.65 Ljmin
Cd 228.802 Auxiliary flow 0.2 L/min
Ni 231.604 Plasma flow 12.0 Ljmin
Al 396.153 Sample flow 1.5 Limin

[e}
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Table 3. Linearity of the hazardous metals according to different
migrant solution

Citric acid solution

Parameter Distilled water 0.5%) NaCl solution (1%)
Pb >0.9999 >0.9999 >0.9999
As >0.9999 >0.9999 >0.9999
Cd >0.9999 >0.9999 >0.9999
Ni >0.9999 >0.9999 >0.9999
Al >0.9998 >0.9998 >0.9999

Table 4. LOD and LOQ of the hazardous metals according to
different migrant solution at 100°C for 30 min

(ugkg)
Distilled water Citric acid solution NaCl solution (1%)
0.5%)

Parameter

Lop’ LoQ®  LOD LOQ LOD LOQ
Pb 248 8.81 1.02 3.36 2.84 937
As 2.00 6.59 1.66 547 246 8.11
cd 045 148 047 1.56 053 175
Ni 057 1.89 028 091 142 4.68
Al 395 13.02 1.60 530 1.80 595

Limit of detection=3%o/m
(0, standard deviation of area; m, slope of calibration curve).
Limit of quantification=3.3xLOD.
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Table 5. Recovery rates of the hazardous metals according to different migrant solution at 100 for 30 min

1097

Distilled water

Citric acid solution (0.5%)

NaCl solution (1%)

Parameter
Recovery (%)” RSD (%)? Recovery (%) RSD (%) Recovery (%) RSD (%)
Pb 100.5 1.22 1013 0.82 99.8 1.26
As 99.8 1.51 101.2 0.53 103.9 091
Cd 101.1 0.94 101.6 1.10 100.6 1.94
Ni 1033 0.68 105.1 044 104.5 2.64
Al 100.4 0.87 1015 2,07 99.4 242

DAverage values obtained from three measurements.

AStandard deviation/Average valuex100.

Table 6. Measurement of certified reference material (CRM) according to different migrant solution at 100C for 30 min

Measured

Element Migrant solution Averagel) Uncertainty Avenage - Reﬁ%ef}’ F%]%
(lig/mL) (%) (lig/mL)

Distilled water 0.302 0.004 100.1 1.38
Pb Citric acid solution (0.5%) 0302 0.466 0.306 0.003 101.2 1.05
NaCl solution (1%) 0.303 0.005 100.3 175
Distilled water 0.393 0.008 101.0 2.08
As Citric acid solution (0.5%) 0.389 0.574 0.393 0.002 101.1 0.39
NaCl solution (1%) 0.402 0.004 1033 1.12
Distilled water 0.751 0.004 101.0 0.50
Cd Citric acid solution (0.5%) 0.743 0.460 0.755 0.006 101.7 0.73
NaCl solution (1%) 0.756 0.010 101.7 1.33
Distilled water 1.198 0.003 104.1 0.26
Ni Citric acid solution (0.5%) 1.150 0.458 1213 0.002 1054 0.17
NaCl solution (1%) 1.207 0.012 105.0 0.99
Distilled water 1.833 0.020 935 1.10
Al Citric acid solution (0.5%) 1.960 4.980 1.847 0.013 94.2 0.72
NaCl solution (1%) 1.865 0.011 95.1 0.59

DAverage values obtained from three measurement.

AStandard deviation,
IStandard deviation/Average valuex100.
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Table 7. Average concentration of the migrated hazardous metals according to different migrant solutions at 100°C for 30 min

(mg/L)
Materials solution Pb As Cd Ni Al
. By 0.001 (0. 001)2> 0.000 (0.001)
Distilled water ND ND-0.002" ND ND-0.001 ND
Stainless steel Citric acid 0.001 (0.001) 0.001 (0.002) ND 0.007 (0.003) 0.021 (0.009)
solution (0.5%) ND-0.002 ND-0.003 0.005-0.010 0.012-0.029
NaCl sohtion (1) ND Qs (000 D \D 0001 (000)
» 0.001 (0.002) 0.001 (0.001) 0.007 (0.001)*
Distilled water ND ND-0.003 ND ND-0.001 0,006-0.008
Hard Citric acid 0.000 (0.001) D \D 0.005 (0.002)" 5197 (4.402)
aluminium solution (0.5%) ND-0.001 0.003-0.006 47.50-56.30
NaCl solution (1%) ND O o) ND ND 0 L)
» 0.001 (0.000) 0.001 (0.002)
Distilled water ND ND ND 0,001 ND-0.004
Soft Citric acid 0.002 (0.000)" 24.89 (3.130)™"
aluminium solution (0.5%) ND ND ND 0002 21452757
. 0.006 (0.002) 0.000 (0.001) 0.002 (0.002)
NaCl solution (17%) ND 0.004-0,008 ND ND-0.001 ND-0.003
- 0.001 (0.002) 0.001 (0.001)
Distilled water ND ND-0.003 ND ND-0.001 ND
Fluoro- Citric acid 0.001 (0.001) 0.001 (0.001) ND ND 0.040 (0.003)"
carbon resin solution (0.5%) ND-0.002 ND-0.002 0.037-0.043
. 0.001 (0.002) 0.000 (0.001) 0.001 (0.001)
NaCl solution (1%) ND ND-0.004 ND ND-0.001 ND-0.002
YNot detected.

)
Average (Standard Deviation).
)
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Minimum concentration-Maximum concentration.
p-value shows significant differences of hazardous metal concentration between non-scratch and scratch on the bottom of a pot (p<0.05).
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Table 8. Average concentration of the migrated hazardous metals according to different migrant solutions and scratch on the bottom of

a pot at 100C for 30 min

(mg/L)
Materials Solution Pb As Cd Ni Al
» ) 0.000 (0.001)”
Distilled water ND ND ND ND-0.001° ND
. Citric acid 0.000 (0.001) 0.000 (0.001) 0.009 (0.001) 0.021 (0.008)
Stinless steel — j ion (0.5%) ND-0.001 ND ND-0.001 0.009-0010 0013-0028
NaCl solution 0,009 (0.004) 0.001 (0.001)
(1%) ND 0.004-0.012 ND ND ND-0.002
» 0.000 (0.001) 0025 (0.004)"
Distilled water ND ND ND ND-0.001 0,022-0.030
Hard Citric acid D D 0,001 (0.001) 0014 (0.002)" 53.86 (3411)
aluminium solution (0.5%) ND-0.002 0.013-0.017 50.30-57.10
NaCl solution 0,010 (0.006) 0.005 (0.002)
(1%) ND 0004-0015 ND ND 0.004-0.007
. 0.001 (0.002) 0001 (0.002) 0.001 (0.002)
Distilled water ND-0.003 ND-0.003 ND ND-0.003 ND
Soft Citric acid 0.003 (0.003) ND ND 0.011 (0.001)™ 3178 (1.662)""
aluminium solution (0.5%) ND-0.006 0.010-0.012 30.25-33.55
NaCl solution 0,006 (0.003) 0.007 (0.005)
(1%) ND 0.003-0.009 ND ND 0.003-0.012
. 0.001 (0.001) 0001 (0.002)
Distilled water ND ND-0.002 ND ND ND-0.004
Fluoro- Citric acid 0.003 (0.001) 0.002 (0.003) ND 0.000 (0.001) 0.055 (0.008)""
carbon resin solution (0.5%) 0.002-0.004 ND-0.005 ND-0.001 0.048-0.064
NaCl solution ND 0,003 (0.003) ND 0.001 (0.001) 0.003 (0.002)
(1%) ND-0.006 ND-0.001 0.002-0.006
DNot detected.
YAverage (Standard Deviation).
IMinimum concentration-Maximum concentration.
PR value shows significant differences of hazardous metal concentration between non-scratch and scratch on the bottom of a pot (p<0.05).
]} 1= B_ )!] - -
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Fig. 1. Change of lead concentration as the increase of migrant
time in 0.5% citric acid solution at stainless steel, hard aluminium,
soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (49, H,

A X)
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Fig. 2. Change of arsenic concentration as the increase of migrant
time in 0.5% citric acid solution at stainless steel, hard aluminium,
soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (4p, I,
A X
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Fig. 3. Change of arsenic concentration as the increase of migrant
time in 1% NaCl solutoin at stainless steel, hard aluminium, soft
aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (49, H,
A X)
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Fig. 4. Change of nickel concentration as the increase of migrant
time in 0.5% citric acid solution at stainless steel, hard aluminium,
soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples @, 1
A X
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Fig. 5. Change of aluminium concentration as the increase of
migrant time in distilled water at stainless steel, hard aluminium,
soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (49, H,
A X)
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Fig. 6. Change of aluminium concentration as the increase of
migrant time in 0.5% citric acid solution at stainless steel, hard
aluminium, soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (49, H,
A ).
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Fig. 7. Change of aluminium concentration as the increase of
migrant time in 1% NaCl solutoin at stainless steel, hard
aluminium, soft aluminium and fluorocarbon resin.

Results are shown as average bar (—) of three experiments in each samples (49, I,
A X
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