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ABSTRACT: Objective To establish a method for the simultaneous determination azo dye migration of bubble net
with color and color masterbatches by reaction decomposition method-gas chromatography-mass spectrometry
(GC-MS). Methods The water, 4% (V/V) aqueous acetic acid, 50% (V/V) aqueous ethanol and isopropanol alcohol
were used as the food simulated solution. The samples were immersed in food simulant at 40 °C for 10 d. The

migration conditions of azo dyes in color foam mesh and color masterbatches were studied. The amount of reactants
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and reaction conditions, chromatogram and mass spectrum conditions were optimized. Results Under optimized

conditions, there were good linearities for 23 kinds of carcinogenic aromatic amines between peak areas and

concentrations in the range of 0.1-10 mg/L with correlation cofficients (r?) more than 0.999. The limits of detection

were 0.0003-0.001 mg/L, and the limits of quantitation were 0.001-0.010 mg/L. The recoveries at 3 spiked levels

ranged from 84.9% to 105.1% in 50% aqueous ethanol and isopropanol alcohol and relative standard deviations were

less than 5%. Conclusion

With high sensitivity, recovery and selectivity, this method can fully meet the

requirements for practical work, which is suitable for the determination of migration of phenolic antioxidants in

food packaging materials.

KEY WORDS: bubble net with color; masterbatches; azo dye; aromatic amines; gas chromatography-mass

spectrometry; migration quantity
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TERFIRSRATT, B R YRL AT A 7™ H 30 07 B e, 223
ARAE FH AR A DNA 25445 R 28 T 42 Jini >0

M BAE A SR R 2RI SRR, AL
AFEI TR S A EEERL . BRI, G Rk A,
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H, BREHIE T 2001/62/EC 184>, AR M R T 4Kk AT )
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WHR T HIE R, DB i R bR 4 22 B SR AR A,
DLy ] 5 ) mT AT B R ESR, ORI [ P il ) 5 A3
BOAR AR

2 MREEE
2.1 HEESI

2.1.1 ZEBME
GCMS-TQ8040 < AH (A3 -iT i {Y (H 4 SHIMADZU
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Table 1 Molecular structures, retention times, quantitative and qualitative parameters of 23 aromatic amines

5 1AW £ Bk £ 84 B[] /min it FY FE BT EMEE T
NH,
1 SR 2K 6.313 [::f::]/// 106 107,79,89
NH,
V=1 (A0S o
2 R 2 % ik 7.617 ~ 123 138,95,96
3 POEEN S 7.983 \\\I::::::l\\ 127 129,65,92
NH,
H,N
4 2- A B -5 - LR e 8.829 ;Ii:l\ 122 137,94,77
o
5 2,4,5- = ALK 9.063 120 135,134,91
H,N
Cl
6 4- AR AR 9.158 @\ 141 106,140,142
NH2
7 3-5-2-F AR 9.158 143,106,77

Cl
NH;
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HoN
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9 2-ZE i 12.031 143 115,116,89
NH,
10 AR LI 12.381 168 114,167,169
NO,
11 5-Fit 3408 B 2R 12.439 152 106,77,79
H,N
12 A 13.951 HZN 169 170,168,141
— b N
13 4-FIB AR 16.901 ) N«@»N// @ 197 92,120,198
2!
HoN
14 4-4- 5L IR 17.201 \©\ /©/ 200 108,171,201
O
15 A 17.327 ”ZNN”Z 184 92,156,167
HoN NH,
16 4.4 ORI g 17.405 198 197,106,182
//N
17 ABEFLMAE IR 18.979 mN«QM 106 225,91,77
HoN NH,
3,3- T HISL4 4 T
18 . 19.381 226 211,225,120
TR
o -
19 3,3 H IR e 19.716 212 213,196,180
HN NH,
20 4.4 - R TR 20.517 O\S/G/ 216 184,215,217
Serest
21 3,3 - AR 21.885 252 214,181,154
Cl Cl
4.4 L —--E % HN NH,
22 s 21.963 266 195,140,231
) (L Cl
23 3,3 FV R LI 21.963 N . Q N 244 201,229,186
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Fig.1 Effect of dosage of reactant on the detection of aromatic
amine (N=3)
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Fig.2 Effect of reaction time on the detection of aromatic amine
(n=3)
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Fig.3 Effect of reaction temperature on the detection of aromatic
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KT 0999, SIN(FMEL)=3 &M TFiTEMKHE, 7 SNIE
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Table 2 Linear ranges, standard curves, correlation coefficients and limit of quantitations of 23 kinds of aromatic amines

B 28 P8 Bl /(mg/L) 28 [l )5y 72 MXEH  KHEBR/(mg/L) EaBR/(mg/L)
A0 R i 0.01~1.0 Y=672797.8X +1596.247 0.9999 0.0003 0.001
SR A IR H ik 0.01~1.0 Y=370216.6X +457.7801 0.9999 0.0003 0.001
X AR 0.01~1.0 Y=433605.3X +934.5351 0.9999 0.0003 0.001
2-F & -5 - H RO i 0.01~1.0 Y=445040.6X +115.1478 0.9998 0.0003 0.001
2,4,5- = HIL IR M 0.01~1.0 Y= 604853.2X-206.5994 0.9998 0.0003 0.001
4G40 H PR e /35 -2- SRR 0.01~1.0 Y=221223.2X +272.9867 0.9998 0.0003 0.001
2,4- A HOR 0.01~1.0 Y=237471.4%-5226.458 0.9992 0.001 0.01
2-Z8 M 0.01~1.0 Y=746771.9%-4047.069 0.9996 0.0003 0.001
ARSI 0.01~1.0 Y=659257.4X +1594.886 0.9998 0.0003 0.001
S-S54 H 2R e 0.01~1.0 Y = 144843.0X-410.9849 0.9990 0.001 0.01
4- 5 FEWRTR 0.01~1.0 Y =916000.3X-3312.546 0.9997 0.0003 0.001
A-G BN AR 0.01~1.0 Y =451105.4X-3399.87 0.9991 0.0003 0.001
4-4'- " LTI 0.01~1.0 Y =306062.5X-9191.339 0.9992 0.001 0.01
R i 0.01~1.0 Y =604211.4X-14991.62 0.9996 0.001 0.01
44-T R A TR 0.01~1.0 Y=161616.1X-2298.282 0.9993 0.001 0.01
AR A R 0.01~1.0 Y = 536165.4X-3770.655 0.9991 0.0003 0.001
3,3- -4 4 T A TR 0.01~1.0 Y =286191.2X-5524.943 0.9990 0.001 0.01
3,3'- T H BRI e 0.01~1.0 Y =821927.1X-16269.96 0.9992 0.0003 0.001
4.4- T I TRk 0.01~1.0 Y =20093.94X-782.1596 0.9990 0.001 0.01
3,3- TR 0.01~1.0 Y = 540089.9X-5587.044 0.9995 0.0003 0.001

4,403 F - (- R M )/3,3'-

0.01~1.0 Y =157289.0X-3950.553 0.9992 0.0003 0.001

ARSI i
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BEBOR & B AR B R M E, 47 1. 2.0 10
e i TR 3 ANKOE IR [RS8, f R EHERT 6
AEATRE, 3R 3 SRR, 23 FIFEIETE 50% BRI
o ARSI R 84.9%~105.1%, AR HRUEIR 2 (relative
standard deviations, RSDs)/NTF 5%, A€ M, &%
3/
3.5 ZPRMEEREUNE

MRYEA SCRTIA 3, W ERLf, wmE, SR
KINE LA i S rbRidt 6 ARSI TR,
1A 2 RO TRIAE 50% -5 57 P9 BEEASTA DL HhAG I 1 5%
Jiiz, JHrp R A R AL R B 40 R e 1T RS o
7 10.28 mg/kg Fil 11.38 mg/kg, L% HER1E B 2AI

B4R R 2R BT A5 1 Bk 5.09 mg/kg Fl1 6.33 mg/kg, HiAY
YA, T AN AU B b A kA e Hh 5 A T
BRI AR .

4 &

AT T A3 S -GC-MS - I 5E HL (4 388}
iy S A BRE A R R SEE R AT R IIE S, X
FIR AT B i EA T A D 1o 285250, 20 vk RUE
. PRELE S ARG AT UG SERRRE S B AT AL
Kl o 207 e FAYESR, AT BN TR L A Al
P H A DR i S 0Bk rp B0 55 7 I S5 A W S A
I, TSk b0 DA A 7 8 9 5 e TR, fRIIE
HASDRLR) bl R 22 4, S UM A £ bl b 2 42 i
AR PR S

3 BIRA S FITRER IR T 1 = ER RS AR R E (n=6)

Table 3 Recoveries and RSDs of standard solution of target compounds(n=6)

ey T Flg®E  RSD  findrit i RSD A it [l 2R RSD

/(mg/L) 1% 1% /(mg/L) 1% 1% /(mg/L) 1% 1%

SRR e 0.001 85.6 43 0.002 93.1 2.5 0.01 98.3 1.5

A0 B Y ik 0.001 88.3 3.6 0.002 94.8 2.2 0.01 101.7 1.8

X SR 0.001 84.9 3.1 0.002 94.0 3.1 0.01 101.1 2.0

2-F AU -5 - IR e 0.001 90.7 2.9 0.002 97.2 2.6 0.01 103.8 2.1
2,4,5- = RO 0.001 89.4 3.8 0.002 98.9 2.0 0.01 104.0 2.3

4G4 R IR /3-8 -2- F SRR 0.001 91.6 4.0 0.002 99.3 2.8 0.01 105.1 1.9
2,4- RO 0.01 87.8 2.4 0.02 96.1 3.4 0.1 102.3 1.7

2-ZE 0.001 92.4 3.7 0.002 99.3 3.7 0.01 103.5 2.5

A FEHR 0.001 85.1 2.1 0.002 94.7 2.9 0.01 99.8 2.6

5-Tirg -418 Y 2 e 0.01 90.6 1.9 0.02 98.1 33 0.1 100.9 2.7

4-G{ B 0.001 91.4 4.2 0.002 97.6 2.1 0.01 103.2 2.9

-G HAB AR 0.001 89.0 4.6 0.002 98.2 3.6 0.01 102.8 1.6

4-4'- T B TR 0.01 92.5 3.0 0.02 99.7 2.7 0.1 103.8 1.8

AR g 0.01 91.2 2.5 0.02 98.4 2.6 0.1 102.7 2.4

4.4- @A TR 0.01 88.6 2.8 0.02 97.2 3.9 0.1 101.9 1.9

A S MA TR 0.001 87.4 4.1 0.002 96.3 3.0 0.01 102.2 1.7
3,3 - H -4 4 T TR 0.01 90.8 3.3 0.02 98.5 2.7 0.1 103.1 2.5
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oy JnwR ik FgR  RSD  Milfnk: [al i RSD TR ik [al i RSD

/(mg/L) 1% 1% /(mg/L) 1% 1% /(mg/L) 1% 1%

3,3"- BRI ORI 0.001 91.3 3.9 0.002 99.0 2.6 0.01 104.2 2.2

4.4 T S TR ek 0.01 92.6 2.7 0.02 98.9 2.1 0.1 102.5 2.4

3,3- TR 0.001 90.1 4.6 0.002 97.5 3.3 0.01 101.7 1.7

4,47 H - -
0.001 91.8 3.7 0.002 99.3 3.8 0.01 103.8 1.6
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