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Optimization of extraction conditions of transferring heavy metal acetate in
food packaging inner lining paper by response surface method
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ABSTRACT: Objective To reflect the migration of heavy metals (As, Pb, Cr, and Cd) in food packag-
ing lining paper by using acetic acid. Methods By using single factor analysis and response surface
method in the Box-Behnken model (BBD), the conditions of the transferrable heavy metal extraction by
acetic acid in food packaging lining paper was optimized. Results The extraction condition for the sam-
ple was: 1.0 g of sample, 4% acetic acid, extraction time 4 h, extraction temperature 60 C, and the theo-
retical extraction content of heavy metals in food packaging lining paper was 1.44 mg/kg of Pb, 0.105
mg/kg of As, 0.081 mg/kg of Cr, and 4.31 mg/kg of Cd, respectively. Conclusion The relative error be-
tween the prediction value and the measured value was 0.35%, 3.97%, 4.54% and 0.97%, respectively, and
the predicted values did not differ significantly with the theoretical values, which showed an important
practical value.
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Table 1 Heavy metal content in the sample under Table 2 Heavy metal content in the sample under the
different sample quality conditions (mg/kg) condition of different concentration of acetic acid(mg/kg)
(9 (%)
0.5 1.0 2.0 3.0 0.0 0.5 15 3.0 4.0 6.0
Pb 1.330 1.360 0.890 0.750 Pb 0.316 0.791 1.02 141 1.35 1.28
As 0.099 0.108 0.079 0.052 As ND 0.044 0.085 0.096 0.109 0.083
Cd 0.065 0.067 0.039 0.022 Cd ND 0.021 0.045 0.038 0.069 0.078
Cr 4.310 4.280 2.440 1.790 Cr 2.14 3.48 3.96 4,01 4.43 4.45
:ND
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Fig. 1 Effect of different sample quality on heavy metal
content line chart 2
Fig. 2 Effect of different concentration of acetic acid on
fiss
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Table 3 Heavy metal content in the sample under the 2.01 ——Cd
condition of different temperature (mg/kg) 1.5 - 3 —Cr
= 10+ /
0.5 1
25 40 60 80 0 +— e e—f—
TIURE] (h
Pb 0.41 0.85 1.48 1.52 ! 2 6 LRRCIRIC
As ND 0.074 0.103 0.110 4
cd ND 0.026 0.074 0.083 Fig. 4 Different extraction time line chart impact on heavy
metal content
Cr 0.24 0.88 4.79 5.01
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Fig. 3 Effect of extraction temperature on content of heavy
metals in line chart
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Table 4 The content of heavy metals in different leaching
extraction time conditions (mg/kg)

(h)

1 2 4 6 12
Pb 0.84 1.38 1.43 1.42 1.45
As 0.092 0.087 0.105 0.101 0.103
Cd 0.025 0.039 0.073 0.069 0.075
Cr 2.20 3.83 4.47 4.58 4.53
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Table 5 The response factor level experimental design table
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Table 6 Results of response surface experimental data
A B Cc Pb As Cd Cr
10 1 2 1 0 1 -1 1.25 0.080 0.042 3.83
1 2 2 1 -1 -1 0 1.36 0.052 0.038 4.01
14 3 0 1 0 0 0 1.47 0.112 0.076 4.36
13 4 0 1 0 0 0 1.45 0.109 0.079 4.33
9 5 2 1 0 -1 -1 1.31 0.046 0.022 3.52
12 6 2 1 0 1 1 1.29 0.090 0.087 4.50
7 2 1 -1 0 -1 1.36 0.086 0.040 3.56
8 2 1 1 1 0 0.74 0.104 0.053 2.50
11 9 2 1 0 -1 1 1.29 0.045 0.041 4.29
10 2 1 1 -1 0 0.79 0.064 0.017 1.97
11 2 1 -1 1 0 1.27 0.099 0.085 453
12 2 1 -1 0 1 1.23 0.086 0.082 4.49
15 13 0 1 0 0 0 1.43 0.107 0.077 4.37
6 14 2 1 1 0 -1 0.69 0.100 0.023 2.01
8 15 2 1 1 0 1 0.94 0.105 0.042 2.17
*x7 ZEcE@EFE
Table 7 The regression equation of heavy metals
145 . Y(As)=0.10933+0.00625A+  Y(Cd)=0.07733-0.01375A+  Y(Cr)=4.3533-0.9925A+
o Y 0.02075B+0.00175C- 0.01862B+0.015625C- 0.19625B-+0.31625C-
0.075 C2+0.01 AB + 0.000292 A%-0.02929 B?- 0.01517 A?-0.01392 B*- 1.03917 A%-0.06167 B*-
0.095 AC +0.015 BC 0.01479 C*0.00175 AB + 0.01542 C*0.00275 AB — 0.25667 C+0.0025 AB-
' ' 0.00125 AC +0.00275 BC 0.00575 AC +0.0065 BC 0.1925 AC -0.025 BC
Minitab DOE 4.35 mg/kg 6 :
“ ” “ ” 1.44
, , 7 mg/kg, 0.105 mg/kg, 0.081 mg/kg, 4.31
8 mg/kg, 0.35%,
3.97%, 454% 0.97%,
*8 BELERMKTAE ,
Table 8 The optimal level value of each heavy metal
bE A
A( 9) 0.92 1.32 0.93 0.84 4 &\ Ok
B( %) 4.24 4.14 3.01 4.32 (1)
C( h) 3.66 4.26 4.37 3.85 ,
1.0 g, 4%(v/iv),
35.2 mAELZMHEIEIE 60 C, 4h;
: )
1.0 g, 4%, 4 h, , : ,
60 C, :
1.45mg/kg,  0.109 mg/kg,  0.077 mg/kg,
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