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Simultaneous determination of migration levels of 10 kinds of restricted
substances in food plastic packaging products by high performance
liquid chromatography

WU Zhi-Hang", LUO Min-Ting, QIU Qi-Dong, ZHOU Ming-Lin

(Guangdong Testing Institute of Product Quality Supervision, Foshan 528300, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of migration levels of 10 kinds
of restricted substances [including bisphenol A, bisphenol S, bisphenol F, phthalic acid, terephthalic acid, isophthalic
acid, trimellitic acid, caprolactam, 1,1’-sulfonylbis(4-chlorobenzene) and 4,4’-biphenol] in food plastic packaging
products by high performance liquid chromatography. Methods Following the general principles of migration tests,

plastic packaging products were subjected to migration testing using food simulants, the food simulants were
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separated by gradient elution with a mobile phase of 0.1% phosphoric acid aqueous solution-methanol on a Welch

Ultimate AQ-C;g3 chromatographic column (3.0 mmx100 mm, 3.5 pm), detected by a diode array detector, and

quantified by the external standard method. Results All 10 kinds of compounds exhibited good linear relationships

in the concentration range of 0.10 to 10.00 mg/L (r*>0.999) in various food simulants, including 4% (volume

fraction) acetic acid, 10% (volume fraction) ethanol, 50% (volume fraction) ethanol and 95% (volume fraction)

ethanol. The limits of detection were in the range of 0.01-0.02 mg/L and the limits of quantitation were 0.05 mg/L.

At 3 spiked concentration levels (low, medium and high), the recoveries of the target analytes in different food

simulants ranged from 87.8% to 104.0%, with relative standard deviations (n=6) ranging from 0.33% to 7.58%.

Conclusion This method is simple, efficient and accurate and is suitable for the determination of migration levels

of 10 kinds of restricted substances in food plastic packaging products.

KEY WORDS: high performance liquid chromatography; food plastic packaging products; restricted substances
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1.2.3  Ar/f TR R 09 B )

T TR T2 SR AR RSNV T . FRiBEfs AR 1.00 mL
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Table 1 Gradient elution procedure of mobile phase

i+ 1] /min 0. 1% B K 13 WL/ % /%
0.00 15 85
5.00 15 85
15.00 60 40
20.00 60 40
20.10 15 85
25.00 15 85
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Fig.1 Spectra of each compound
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Fig.2 Chromatograms of the 4% (volume fraction) acetic acid standard solution at various wavelengths
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Table 2 Linear relationships, limits of detection and the limits of quantitation of standard working solutions in various types of food simulants
o et RS s 25 o L BR SRR
7N
(RN EN IR 10%IARABOCEE  S0%IARAEN L 95% (AR E0 LB /(mg/L) /(mg/L)
e Y=22.46X-0.3387 Y=22.56X-0.3412 Y=22.612%X-0.3874 Y=20.26X-0.8975
C IR (r*=0.9998) (r*=0.9996) (r’=0.9997) (r’=0.9998) 0.02 0.05
e — s Y=41.62X-0.2427 Y=41.49%-0.1211 Y=40.24X-0.4026 Y=40.02X-0.3406
P =R (r*=0.9998) (r*=0.9999) (r’=0.9996) (r’=0.9999) 0.02 0.05
A — B Y=32.89X-0.4669 Y=33.27X-0.3404 Y=31.79X+0.4543 Y=32.10X+0.9552
PRI (r*=0.9998) (r*=0.9996) (r’=0.9994) (r’=0.999) 0.02 0.05
e s Y=59.27X-1.2124 Y=58.85X-0.9922 Y=59.46X-2.1778 Y=58.42X-2.3866
R TR (r*=0.9998) (r*=0.9998) (r’=0.9998) (r’=0.9998) 0.02 0.05
NET—— Y=48.76X-0.7280 Y=48.43X-0.2203 Y=49.14X-1.0872 Y=48.30X-0.0643
T 1 (r*=0.9999) (r*=0.9998) (r’=0.9998) (r*=0.9999) 0.02 0.05
N Y=29.91X-0.1035 Y=29.80X+0.1028 Y=30.62X-0.3622 Y=30.16X+0.2406
BB S (r*=0.9999) (r*=0.9998) (r’=0.9994) (r’=0.9998) 0.02 0.05
V. Y=44.93%-0.8101 Y=44.91X-0.9326 Y=45.83X-1.4413 Y=44.91X+0.7564
447 A (r*=0.9999) (r*=0.9998) (r’=0.9995) (r’=0.9999) 0.01 0.05
N Y=40.60X~1.4587 Y=40.67X~1.6888 Y=40.76X-1.8752 Y=39.82X-0.4141
X F (r*=0.9998) (r*=0.9997) (r’=0.9995) (r’=0.9999) 0.02 0.05
R Y=34.05X-1.1167 Y=34.02X-1.2614 Y=34.23%X-1.7218 Y=33.61X-0.5907
B A (r*=0.9998) (r*=0.9998) (r’=0.9994) (r’=0.9999) 0.02 0.05
1R R — Y=65.96X-3.3691 Y=65.86X-1.1604 Y=66.23X-2.4535 Y=64.75%-0.5234 0.01 0.05
(@535 (r*=0.9998) (r*=0.9998) (r’=0.9997) (r*=1.0000) ’ :

®3 JBUSMEREIELR SRR KR T EIL T RSDs (%, n=6)

Table 3 Average recoveries and RSDs of each compound at different spiked concentration levels in different simulants (%, n=6)

A% (RN EO 1R 10% (A 50 2 B 50% (IR FRA> 550 2, 1 95% (IR TR0 2 BE
A THOKE RAE BT KF AT A KE KR mATE UK PAE Bk
(0.1 mg/L)(0.2 mg/L) (1.0 mg/L) (0.1 mg/L)(0.2 mg/L)(1.0 mg/L)(0.1 mg/L) (0.2 mg/L) (1.0 mg/L) (0.1 mg/L)(0.2 mg/L)(1.0 mg/L)

E———X 93.4 90.5 98.7 89.3 99.1 94.7 89.9 98.2 90.2 90.5 97.4
(2.85)  (3.33)  (1.65) (415  (3.40)  (1.05) (3.61) (423) (1.33) (5.23) (6.59)  (1.21)
[ 90.1 90.1 88.1 91.2 98.9 89.0 94.0 99.4 89.7 96.4 100.0
B (3.12)  (2.03) (0.81) (6.92) (2.70)  (0.86)  (5.26) (4.81)  (1.08)  (4.36)  (5.88)  (0.96)
s 916 94.1 89.5 101.0 96.4 98.5 97.9 99.7 96.5 945 102.8 100.7
- (428) (2.10) (0.86) (237) (1.94)  (0.66) (3.20) (2.03)  (0.92) (7290 (3.79)  (0.86)
———r 923 38.8 92.8 90.0 97.7 90.7 92.6 97.3 38.6 95.4 100.0
— (3.23)  (1.88)  (0.79)  (4.84) (3.44) (043) (271 (391  (2.02)  (5.05)  (2.60)  (0.77)
W 958 89.5 88.9 88.5 89.9 97.4 93.9 96.5 92.6 99.0 102.7 101.7
— 341  (1.77) (.14 (5.72) (335 (0.75)  (3.04)  (1.89) (1.77) (275 (2.77)  (0.85)
— 90.9 878 88.6 90.0 88.2 95.7 90.8 96.1 98.1 922 104.0 100.7
(3.30)  (2.65) (137) (7.14)  (1.92)  (0.55) (1.94) (1.42) (1.84) (5.91) (7.01)  (0.93)

44K 929 91.4 88.7 99.1 92.6 97.2 95.3 97.7 97.2 96.4 102.7 101.7
— (5.96)  (1.25)  (0.59)  (1.81)  (1.38)  (0.37)  (3.06)  (433) (1.18)  (5.80)  (2.01)  (0.48)
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A% (B ED) 2 BR 10% (A B 50) 2. 50% (AT E) 2 B 95% (AT E) 2

AR AR HoKE wmKE KR KR mKE OKE kR mAKRE 0K POKE . mkR
(0.1 mg/L)(0.2 mg/L)(1.0 mg/L) (0.1 mg/L)(0.2 mg/L)(1.0 mg/L) (0.1 mg/L) (0.2 mg/L) (1.0 mg/L)(0.1 mg/L)(0.2 mg/L)(1.0 mg/L)

T F 99.8 91.4 88.1 102.0 93.0 96.8 97.5 95.7 99.6 93.5 98.4 102.0

(2.12)  (1.49)  (0.87) (3.30)  (1.20)  (0.41) (3.68) (3.78)  (1.50) (3.61)  (2.07)  (0.76)

W A 96.7 89.7 88.1 90.1 89.1 95.1 925 92.8 93.9 93.2 97.0 99.3

(1.70) (3.74)  (0.69) (241) (1.88)  (0.81) (3.55) (2.89) (1.07) (7.58) (2.62) (1.34)

LU-BiERE 968 92.2 90.9 94.2 98.6 97.7 95.1 101.0 99.0 96.5 103.4 101.0

T@EFE) (239) (704 (097) (7.24)  (489)  (033)  (5.85)  (3.67)  (238)  (3.50) (695  (1.07)

T PR FE [ECE (RSDs)

RSDs JEREI(N=6) 0.33%~7.58%. Z5HRRH, APFFEH-r
BRI 7 vRAE 3 P AR AL, B & 3 AMIndR K
T, 10 FhEMES Y EA RIFERE S % E, ke
Tl R AH BT 2R
2.6 SEPREEMINE

FE A5 )y 1 R 45 W A ol P R AR I L (T 5
PC. PP. Tritan #J50)5 — BRI IR H (i % PP, PE.
PET #4J5) 9 SO FH B il SR 2 7™ i JF ¢ 10 Rz B4 i
(AEAS BN, HErh A PR i 55— UG A% S0 AG S XU
A, BRI 40 HAx 9 FEA I RK H o FHEERE S (XX
PC ) 10% (A FR 5450 L B £ ST (i 1 8] 3 s o

R4 LhrERNELER
Table 4 Determination results of actual sample

gl R H Y
g 501 FRs
T e MR EBAH 4B (mg/L)
WA 10%(IAT D .
XX PC #f E—1) 71 70°C,2h 0.51
WA 95%(B4 4D o
xx #% %) 2 70°C,2h  0.39
300
220F
E
;1
Z10f
0 %\A .
0 5 10 15 20 25
4 E3 1 [ /min
B3 BHMERE S (XX PC )M & AR [ 10% (IR T4 50)

TIN5 3 4
Chromatogram of 10% (volume fraction) ethanol food
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