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Determination of primary aromatic amines released from food paper
packaging materials by liquid chromatography-tandem mass spectrometry
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(1. Shandong Entry-Exit Inspection and Quarantine Bureau, Qingdao 266002, China; 2. College of Food Science and
Engineering, Ocean University of China, Qingdao 266003, China)

ABSTRACT: Objective To develop a liquid chromatography-tandem mass spectrometry (LC-MS-MS) method
for the simultaneous determination of 24 primary aromatic amines (PAAs) released from food paper packaging mate-
rials of food simulants. Methods Different food simulants were used to simulate the migration of PAAs from food
paper packaging materials. The simulant migration liquid was determined directly after being filtered with a 0.22 pum
membrane without any other process. The analysis of PAAs was performed on a ZORBAX-Cs column using gra-
dient elution with the mobile phase of 0.1% formic acid in water and acetonitrile, and the mass spectrometry signal
was collected by the positive electrospray ionization-MS/MS method under MRM mode for qualitative and quantita-
tive analyses. Results The correlation coefficients (r) were 0.9902~0.9999 for the standard curve of 24 primary
aromatic amines in the simulant of 50% ethanol solution (V/v), recoveries ranged from 70.30% to 97.88%, the relative
standard deviations were 0.30%~9.90% and the limit of quantification (LOQ) was 3.0 pg/kg or lower. Conclusion
This method is simple, fast, sensitive and accurate, and can meet the requirement of the relevant limit regulations.
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4
N AB SCIEX API 4000 ,
15l 8/ AB SCIEX : : ZORBAX-Cyg (150
mmx2.1 mmx5 um), ;
, IKA® KS 40001 control, IKA ;
, , : IKA® MS3 basic, IKA ;
Mettler Toledo XS 205( 0.01 mg),
Mettler-Toledo ; MILLI-Q S
, Millipore ; : KQ-IOOE,
, , 24 , 1 (
, , , 96%, Sigma ), 30
mg/L , 24
(primary aromatic amines) , 1 mg/L,4C
, , (Burdick & Jackson );
( );
) (J. T. Baker )
DNA : 22 BILKHG
’ ’ : ( A), 0.1% ( B);
’ 4 3 : 10 pL; 30 °C; : ZORBAX
2 . 2007 ’ ; SB-Ci4(2.1 mmx150 mm, 5 um, Agilent )
: 0~5 min, 15% A, 0.3 mL/min; 5~15 min,
2007/19/EC ’ 15%~90% A, 0.3~0.5 mL/min; 15~20 min, 90%
0.01 mefke - - A, 0.5 mL/min; 20~20.1 min, 90%-~15% A,
o-11] 12 0.5~0.3 mL/min; 20.1~25 min, 15% A,
’ 0.3 mL/min
03] ’ 2.3 FRIBEH
(EU)No 10/2011 : (ESD),
GB/T 23296.1-2009 (positive); (MRM);
, 3%, CAD (Collision-activated dissociation,
(WA)  10% (VIv)  20% (VIiv)  50% ): 6 psi; CUR (curtain gas, ): 20 psi; GS1 (ion
(VIV) 95% (VIv) source gas 1; 1): 45 psi; GS2 (ion source gas
, 2; 2): 60 psi; IS (ion spray voltage;
24 , 50% ): 5500 V; TEM (temperature, ):
(V) 24 550 C; Dwell Time( ): 20 msec;
, ( )
o HI5T 2.4 HEHRIEIFHEKL

(EU)No 10/20114
GB/T 23296.1-2009!"
, ; 3% (w/lv) 10% viv) 20%

2.1 UFE 5K
Agilent 1260
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Table 1 Mass spectrum parameters of 24 primary aromatic amines
[1\(/1&121)]* mz2 (V) V) V) o)
1 ::Ammodiphenyl 92-67-1 170.1 115523% 95 10 ;575 ig
2 Benzidine 92-815 185.1 1166%.11* 7 10 gg } 8
3 ::C};lf)-ro—Z—toluidine 95-69-2 142.0 11(())76..(())* 45 10 g; g
4 i:Naphthylamine 91-59-8 144.1 1;773 * 65 10 i; i
5 OAmiomoioliene 97-56-3 262 ) 111 68 10 2 .
6 i:Amir;j-_4-nitrotoluene 99-55-8 1531 15?978* 59 10 4212 g
! :::Chloroaniline 106-47-8 1281 ?735%* 58 10 ézlz 150
8 i:::Diaminoanisole 615-05-4 1390 1120[;1)* 41 10 5421 163
’ j:ft::Diaminodiphenylmetheme 101-77-9 1992 1;)76(())* 72 10 zg 160
10 i:i ::Dichlorbenzidine o1-941 2531 211872({ 85 10 gg 150
! 32; ::Dimethoxybenzidine 119-90-4 2451 21380721* 78 10 421461 ig
12 ii ::Dimethylbenzidine 119-93-7 213.1 11%%.11* 9 10 42127; 1(1)
13 ii ::Dimeth;l‘:i;’—Diaminodiphenyl 838-88-0 2272 1127%.11* 84 10 gj z
methane

14 i:Cresidir-li ” 120-71-8 138.1 112036'}; 60 10 > 7
13 f’1f’l::Meth_y41’e4r;:-bis(2-chloroaniline) 101-14-4 267.1 21?4’11010* 88 10 43;8 g
16 :::::Oxdianiline ois04 2001 g * 82 10 5 o
1 :Z:::Thodianiline 139-65-1 2171 1220%.11* 77 10 ;Z !
18 20-—Toluidine 95-53-4 108.1 9913'.11* 100 10 3471 g
0 i:::Toluylenediamine 95-80-7 123.1 11%86%* 80 10 ;i ;
20 iz:zz:Trimethylaniline 37177 136.1 1;1111 * 60 10 gg Z
2 Z:Methoxyaniline 90-04-0 124.1 15(5)8(()) * 89 10 421; 471
2 j‘l:Aminoazobenzene 60-09-3 198.1 797501* 100 10 3(5) ‘5‘
23 éﬁ:xy“dine 95-68-1 122.1 11%75'%* 69 10 ij Z
24 26 87-62-7 122.1 11%57‘%* 60 10 ;g g

2,6-Xylidine

A: Declustering potential; b: Entrance potential; c: Collision energy; d: Collision cell exit potential; *: Quantification ion (
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(viv) 50% (VIv) 95% (viv) (temperature, ): 550 C 24
; (1.0 pg/mL)
, 24 )
, 40 C 240 h, )
- s 5 1
. 100 ¢ 1?0 mL 32 SERHEEEZRGNHE
0.6 dm",
- /Lm ZORBAX E clipse XDB-C;3 ZORBAX
) & ’ SB-Cy VenusilSCX-L
6 cm
6 , ZORBAX SB-Cyg
5 ’ . 2.2 24
dm?/L s 10 mL ,40 C .
2 , 24 25 min
10
, 1
25 BmEIRALE e s A
ARSI 33 EFFrE LS ERE LR
2.4 50% (v/v)
24 1 pg/mL
1 mL, 0.22 pm
, 50% (v/v)
50.0 40.0 20.0 10.0 50 2.5 1.0 0.1 ng/mL
3 H#R5WR , ;
3.1 24#FERBIREIEZFHIMNIL
: CAD (colli- (LOD)
sion-activated dissociation, ): 6; CUR 3(S/N=3)
(curtain Gas, ): 20; GS1 (ion source gas 1; (LOQ)
1): 45; GS2 (ion source gas 2; 1): 60; 10(S/N=10) 2 , 24
IS (ion spray voltage; ): 5500; TEM 50%
Il XIC of + MRM (50 pairs): 170.100/152.000 Da ID: 14 Aminodiphen... Max. 8.2e4 cps
4.8e5
4.0e5 4
£ 3.0e5 -
z
£ 20es5 A
=
OO J_Ili ] — T L ‘hi k T T 1
5 10 15 20 25

1 24
Fig. 1

Time, min

Total ion current (TIC) of 24 primary aromatic amines
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Table 2 The detection limit and linear parameters of 50% alcohol food simulants
) (ng/g) Lop LoQ .
(ng/g) (ng/g) (min)
1 Y=2.06x10*X-3.93x10° 0.9999 1.0~50.0 0.12 0.37 10.89
2 Y=1.58x10*X+7.5x10° 0.9937 0.1~50.0 0.04 0.12 1.26
3 Y=1.65x10*X-5.34x10° 0.9928 0.1~50.0 0.09 0.28 8.34
4 Y=3.96x10"X-1.66x10* 0.9972 0.1~50.0 0.06 0.18 4.80
5 Y=8.45x10*X+7.71x10* 0.9983 0.1~50.0 0.05 0.15 15.36
6 Y=2.78x10*X—4.81x10° 0.9999 1.0~50.0 0.37 1.20 11.83
7 Y=2.31x10*X-6.30x10° 0.9965 1.0~50.0 0.18 0.59 3.74
8 Y=4.03x10°X+1.01x10" 0.9939 1.0~50.0 0.22 0.72 1.17
9 Y=1.64x10*X-7.40x10? 0.9976 0.1~50.0 0.09 0.30 1.18
10 Y=2.02x10*X+1.13x10° 0.9994 0.1~50.0 0.09 0.30 14.05
11 Y=1.46x10*X+2.21x10* 0.9970 0.1~50.0 0.06 0.19 2.02
12 Y=1.09x10*X+6.26x10° 0.9927 0.1~50.0 0.08 0.25 1.94
13 Y=3.32x10"X—4.83x10* 0.9946 1.0~50.0 0.15 0.50 1.79
14 Y=2.53x10*X+2.45%10* 0.9902 0.1~50.0 0.06 0.20 2.12
15 Y=1.96x10*X+1.24x10* 0.9983 0.1~50.0 0.05 0.15 14.27
16 Y=6.79x10°X+2.73x10* 0.9933 0.1~50.0 0.09 0.29 1.17
17 Y=4.03x10"X-3.62x10* 0.9935 0.1~50.0 0.09 0.29 4.45
18 Y=3.38x10°X-1.47x10° 0.9913 1.0~50.0 0.20 0.67 1.73
19 Y=5.03x10°X-1.29x10° 0.9971 1.0~50.0 0.76 2.50 1.17
20 Y=2.10x10*X+5.36x10* 0.9930 0.1~50.0 0.08 0.25 3.19
21 Y=4.69x10*X+5.56x10* 0.9968 0.1~50.0 0.05 0.17 1.67
22 Y=2.80x10*X~1.45x10* 0.9974 0.1~50.0 0.05 0.15 14.09
23 Y=2.30x10"X+2.61x10* 0.9924 0.1~50.0 0.09 0.28 2.12
24 Y=3.73x10*X+4.55x10* 0.9918 1.0~50.0 0.37 1.20 3.95
0.9902~0.9999, 0.12~2.50 ng/g, , 10%
0.04~0.76 ng/g, 20% 50% 95%
3% 10% , 5 10 20 pg/kg
20% 95% , 6 >
3

3.4 [EERINEZE

24

3.5 SERFRAESIMIR
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, 95% 50% 3,3'-
, , 1.4779 png/kg( 2) 0.8607
s pgkg( 3), 3% 10% 20%
3 AREEMELY P ERARKEEKRE
Table 3 Recoveries of primary aromatic amines released from food paper packaging materials
ng/kg (%) RSD(%)
5
10 77.44~97.88 0.57~8.09
20
5
3% 10 76.48~94.08 0.90~8.36
20
5
10% 10 72.98~96.09 0.47~8.76
20
5
20% 10 75.50~93.13 0.69~9.90
20
5
50% 10 76.56~94.20 0.74~7.90
20
5
95% 10 74.98~97.70 0.30~8.30
20
@ 14.09
[="
S 5000
2z
0260.602643.504105.03589676 8.119.10.9 39
c 0 ;| o sttt Mol e cliirnJ ity S LAY Boolbs budalib Ao, oty e n g, - = o A A b gk " -
- 2 4 6 8 10 2 14 16 18 20 22 24
Time, min
& 3900
z: L|
g 0' - - - 1l - - - - ! —
E 170.100/152.000 144.100/127.100 128.100/93.000 253.100/217.000 227.200/120.100 201.100/108.000 123.100/108.000 198.100/77.000

185.200/167.100 226.200/121.100 139.000/107.000 245.100/187.100 138.100/106.000 217.100/2000.100 136.100/91.100 122.100/105.000

2 33-

95%

Q1/Q3 Masses. Da

Fig. 2 The chromatograms and mass spectra of 3,3'-dichlorbenzidine detected in 95% ethanol food stimulant
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= 2 4 6 8 10 12 14 16 18 20 22 24

Time, min

5 2000 j

z

% 0 . . . — . . | I . - . . - | . -
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Fig.3 The chromatograms and mass spectra of 3,3'-dichlorbenzidine detected in 50% ethanol food stimulant
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