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ABSTRACT: The work aims to establish a gas chromatography-mass spectrometry method to determine the migration of
23 primary aromatic amines (PPAs) of new children's tableware in simulated saliva. The sample was extracted by simu-
lated saliva shaking and the dichloromethane was extracted and then concentrated. The methanol with volume metered
was analyzed by gas chromatography-mass spectrometry and quantified by external standard method. The method had a
good linear relationship in the range of 0.001-0.15 mg/dm?, and the correlation coefficients (r) were all greater than 0.998.
The detection limit of the method was 0.0001-0.0005 mg/dm?, the spiked recovery was 85%-108%, and the RSD was
1.5%-8.7%, which met the test requirements. According to the method established above, 10 actual samples were meas-
ured, and 9 of them had aromatic amines. The method is simple and accurate, with high sensitivity and good reproducibil-
ity and can be close to the actual use state of sample, so it can meet the determination of aromatic amine migration in new
children's tableware, and provide data support and method guidance for the development of safety standards and evalua-

tion of children's tableware.
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1.1 K

s, talkal, Bow; &M, @ik, Tedia
Oy BRIR AN . AN . BRIRET . WRSIREN . LRI
KA, Bt N TMER ST . K 4.20 g
IR, 0.50 g A fbih, 0.20 g BRFRHT, 0.0030 g
W AH R N7 T K TR BE £ 29 900 mL., FHHE A 0.1
mol/L FhRIATR S E N 0.1 mol/L S A AN IR M
I pH & 9.00, B E | L AT, B8 B2,
07 B AR EVS W B f v B2 300 mg/L, EE o2si
smart solutions,

1.2 UFE5i%#E

FEALER . BT RF (1J2000B, JE&dt 0.01g,
5 = 38 2 M B A A\l ) B R (CPA224S,
&I 0.0001 g, 7EEFE 2 M H B2 Fl ) TH IR K%
By (HWS26, Lig—fERl A RAR); ekt
7% ) A ( Hei-VAP Precision ML/G3, f& ¥ Heidolph );
BB ( Agilent 7890B/5977N, [E Agilent

/NEIDE
1.3 KHEaE-RiEsHf
1.3.1 SHEBEEHE

EiEA S DB-SMS B4+, FEEMh (fms
BN 5% SE ) - B L B A BE (30 mx0.25 mmx0.25
um), FFEEEDIRE N 250 °C; HARANAR (4difFE =
99.999% ), ik AHHE 1.0 mL/min; HEFERN 1 uL,
HERE T O A TR 5 THERE P ARG 60 °C,
£4% 1 min, %EPL 12 °C/min JF& 210 °C, K5
15 °C/min F+ & 230 °C, LI 3 °C/min F+ & 250 °C,
)5 LA 25 °C/min F+ % 280 °C, 4% 10 min,
1.3.2 RiE&HE

B O T2 VR (ED), JRiEEOEE N
270 °C, BEALHEEHR 70 eV, HHILER N 3.0 min, Ji
IO N 35~350 kg/C, KM, w#t
B AR R R LR 1
1.4 HmRBHE

FEM AL LS & S BRTE L, = GB 31604.1—
2015 EHFITR A, SCrP R S AR R iRk sk
B e, s KB RE T, 53R GB
5009.156—2016" Az b i AL, JF 4% R 2 mL/cm?
Y EE I AR SR, SR IR IR K 40 °C, JF
LA 70 r/min $% 3% & BORABZE L L0 I 42 fiok (4 175 450
RAAETEI 4 h, $REESR)E, BB R, R
50 mL G k5 3 WAL, A BUR T BRI
W R R R IR, &S 1.0 mL HEEE %,
WE 1 min, 3 0.22 wm JERE, AR,
1.5 HRAEMZKZIZLT

BGE i PPAs BRUEJF IR, FHH B T8 . i) i o i
W51 0.2, 1.0, 5.0, 10.0, 20.0, 30.0 mg/L f)
PRETARIAIR, B T-18 CCHREGCIR-AT
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br, BB 1 0EE, 2 SR BAE A BOE IR,
PPAs M ISR ey, PRl e 3 — S e /e
AT



FarE F21 i

FEZESE: AR OE- B RN E LA B Oy F T & - 147 -

Tab.1 Qualitativelionzs? quantitative ions and retention time of 23 aromatic amines
e 4y CAS 5 1A B4 i E] t/min FEPER T(m/2) FE i B T(mV2)
1 BN 62-53-3 5.145 100 93
2 LI R i 95-53-4 6.278 77 107
3 2,4-Z I HORRR 95-68-1 7.456 106 121
4 2,6- — H JEOR i 87-62-7 7.480 106 121
5 A0 HE K T ik 90-04-0 7.576 108 123
6 X G e 106-47-8 7.905 92 127
7 1,4-2 ik 106-50-3 8.556 100 108
8 2- AR AL -5- B R i 120-71-8 8.747 122 137
9 2,4,5- = H BB 137-17-7 8.963 100 135
10 4- S SBR f 95-69-2 9.075 106 141
11 2,4- " HIFEH K 95-80-7 10.013 94 122
12 2,4- T HOR Wk 615-05-4 10.975 123 138
13 2-Z5 M 91-59-8 11.841 115 143
14 4-FFEBRIR 92-67-1 13.749 141 169
15 44" e T 101-80-4 16.891 108 200
16 A% 92-87-5 16.996 92 184
17 4.4 T Bk TR 101-77-9 17.076 106 198
18 3,3 - T HI k440 T AL TR 838-88-0 18.976 211 226
19 3,3'- BRI R 119-93-7 19.288 106 212
20 4,4'- B I T I Bk 139-65-1 19.978 184 216
21 3,3 - AR 91-94-1 21.332 126 252
22 4,4'-3 B - -EOR ) 101-14-4 21.381 231 266
23 3,3'- " H R LI AR B 119-90-4 21.485 201 244
100 4,4 - TR FE TR B L) I 3,3 - AR | 4,4
osl F- T (2-FH M) | 3,3"- T H AR IR IR 1 0 B RO A

O
N
T

SR %
4

BN
92 §
)

0 \
88 \
Mg ECk WEE —EWg 2
i
CRRENCES AL

Fig.1 Influence of different extraction solvents
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Hbie, &I HP-5SMS Xf 4,4'- "2 3 — R EE . BRI

%, 1fii DB-5MS X} 23 F' PPAs H AT 554 143 25 B il
WERY, BEASNE 23 BhOY AR Ay B . W e
B, ARG R LA 2,
2.3 AEFEM

Fi2 1.5 ATFCH] 5 AR B 05 & e b ofie T AR
W, TE 1.3 70 5T Hevk BE AR B0 AR v kA 7 i
LA o W B A bR (y), BB ARAR ()
224 W 5 4% 03 AR o T AR £k, 45 R i
SIS @

W2 B RAME R #% LR Dy il g 7 ¥k, DA 3 55
ME b (SIN=3) T AL PR, P PR 1
FE AR K HBR (LOD ); B HiLas FRHIR 200
mL, IIAFREWRE (C) 4 10 mg/L AYIRAR, A (V)
4391 0.50, 5.00, 10.00 mL FRifERR, FH 50 mL —
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AW RS 3 WA, G IFEBUR TR S, Bef
ZEZELT, WG 1.0mL FEEES, WiE 1 min,
it 0.22 pm JEME, 132 nbR 530 0.005, 0.05, 0.1
mg/dm® FRFIE, X728 (FRERIEST 3 A Impruk K
SR IINBR TS 5 7R BRI BT SRR, RS
PRUESEATINGE 7 U, LA 7 YA T BRI R e v A

FARXI AR 22 (RSD ).

SRR, 23 Fh 5 A B BEAE 0.001~0.15
mg/dm® Y5 N EA RIFRIL TSR, MERE (r)
¥IRF 0998, Jrik ik th R 0.0001~0.0005
mg/dm?*, fIAR RN 85%~108%, RSD N 1.5%~
8.7%, HI MR T K, L5 PRI R 2,

120 18 21
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Fig.2 Chromatogram of 23 PPAs
2
Tab.2 LOD, recovery and RSD of the method (n=7)
HIr fndrdE/(mg-dm™)  RSD(n=7)/% ¥ [FU /% K H R /(mg-dm ™) e 75l /(mg-dm ™) A5 R %
0.005 6.8 105
H 0.05 1.6 92 0.0003 0.001~0.15 0.9987
0.1 7.5 100
0.005 5.7 106
A0 R 0.05 2.8 95 0.0001 0.001~0.15 0.9984
0.1 52 87
0.005 2.3 100
2,4- W ORI 0.05 8.2 98 0.0002 0.001~0.15 0.9982
0.1 5.6 89
0.005 1.9 99
2,6- I FEOR 0.05 2.4 101 0.0001 0.001~0.15 0.9983
0.1 6.8 102
0.005 33 86
RIE=- L 0.05 5.4 106 0.0004 0.001~0.15 0.9988
0.1 3.0 101
0.005 2.0 99
Xof A 0.05 3.1 87 0.0002 0.001~0.15 0.9993
0.1 2.5 88
0.005 3.0 95
1,4-7 e 0.05 7.1 100 0.0003 0.001~0.15 0.9989
0.1 1.6 101
0.005 5.0 85
2-H A -5 - F B R i 0.05 2.7 106 0.0001 0.001~0.15 0.9992
0.1 3.0 88
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4y JnkrE/(mg-dm™2)  RSD(N=7)/% -2 [ 4 /% 5 H FR/(mg-dm™2) L35 Fl/(mg-dm™2) H5& R %L
0.005 5.7 104
2,4,5-= I FL IR 0.05 7.9 90 0.0005 0.001~0.15 0.9997
0.1 73 103
0.005 4.5 93
4-5H 48 H R i 0.05 2.0 95 0.0002 0.001~0.15 0.9993
0.1 6.0 90
0.005 7.1 104
2,4-ZF R 0.05 5.7 101 0.0002 0.001~0.15 0.9980
0.1 1.7 91
0.005 2.5 105
2,4- T B R Wk 0.05 3.0 99 0.0002 0.001~0.15 0.9990
0.1 5.7 108
0.005 6.3 96
2-Z8% 0.05 3.4 95 0.0001 0.001~0.15 0.9995
0.1 5.9 106
0.005 4.4 87
A-F BN 0.05 8.3 107 0.0003 0.001~0.15 0.9990
0.1 3.2 93
0.005 1.6 103
4,47 - TR TR 0.05 33 108 0.0002 0.001~0.15 0.9990
0.1 3.8 108
0.005 3.9 93
IBE 2 i 0.05 5.5 106 0.0001 0.001~0.15 0.9996
0.1 4.9 86
0.005 6.9 93
4,4 - TR L 0.05 5.7 88 0.0002 0.001~0.15 0.9988
0.1 5.6 91
e 0.005 4.9 88
’ S 0.05 2.7 103 0.0003 0.001~0.15 0.9980
0.1 6.4 89
0.005 8.6 102
3,37 - H LR 0.05 5.3 96 0.0001 0.001~0.15 0.9996
0.1 8.7 94
0.005 5.6 100
4,4 - TR 0.05 3.8 103 0.0002 0.001~0.15 0.9998
0.1 5.2 98
0.005 7.2 88
3,3 - R BOR R 0.05 5.5 87 0.0002 0.001~0.15 0.9998
0.1 6.6 104
) o 0.005 2.8 98
441 ii;'(z'% 0.05 1.5 100 0.0003 0.001~0.15 0.9996
0.1 1.9 94
0.005 8.7 94
3,3 - AR ORI 0.05 7.9 99 0..0002 0.001~0.15 0.9998

0.1 43 103
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Ko

80
70¢ 3,3 - FH-4.4-
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Fig.3 Chromatogram of sample
23
Tab.3 Migration of 23 primary aromatic amines in the learn chopsticks mg/dm?
i 1 2 3 4 5 6 7 8 9 10
ESL3 — — — — — — - - = —
L0 R — — — — — — - - = —
2,4-Z R — — — — — — - - = —
22,6- " LI — — — — — — - - = —
W HE A ik — — — — — — - = = —
Xof A — — — — 00022 — - - = —
1,4-2 i 0.0029  —  0.0012 0.0016 —  0.0012 0.0094 — 0.0062 —
2-FH A 3 -5- R R 2 i — — — — — — - - = —
2,4,5- = HI HEoR i — — — — — — — — 00033 —
4-GRA0 TP A — — — — — — 0.0015 — 0.0016 0.0011
24- AP 0.0095 —  0.0012  — — —  0.0280 — 0.0062 —
2,4- T HOR Bk 0.0021 — 0.0066 0.0013 —  0.0011 0.0133 — 0.0040 —
2-ZE Mk 0.0031  — — — 0.0042 —  0.0085 — @ — —
4-F R — — — — — — 0.0013 — @ — —
4.4 T B Tk — 0.0010 0.0014 0.0031  —  0.0012 0.0096 — 0.0091 0.0015
BRI — — — 0.0026 — — 0.0019 — 0.0065 «—
44T TR — — — — — — - - - —
33T 44 T EI TR — — — — 00072  — — — —  0.0012
3,3 RO — — — — — — — — —  0.0029
4.4 5 R TRk — — 0.0047 0.0294 —  0.0129 0.0182 — 0.0062 —
3,3- AR — — 0.0041 0.0112 0.0030 —  0.0202 —  —  0.0011

4,4' 3 - — - (-SRI
3,3"- SRR
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