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3
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Waters ) s MilliQ ( Millipore ) ; KQ-600B (
): MS2 (  IKA  ):N4000 (  Eyela ) BC-55
( Yamato ) ; Acrodisc GHP ( Pall ); . .
(HPLC Fisher ); (HPLC Acros ); Milli-Q
(0.22 pm ) © L (>99.999%); .
26(  84%)- 9(  95%). 49C  96%)- 3( 20%)-
1( 30%) ~ 3( 80%) 124 ( 70%) 2( 95%)
Dr. Ehrenstorfer ; 1( 30%) ~ 1( 99%) - 106 ( 95%) ~ 3
( 30%) - 1( 95%) 37( 95%) Sigma ; 3(
95%) 3( 99%) Acros 16
N 1 (http://www. analchem. en/table /090704. pdf) .
2.2

Waters ACQUITY UPLC BEH Cy

(50 mm x2. 1 mm 1.7 pm);

1)

5 mmol /L

pH =5.0(B) :0~2.0 min 28% ~40% A;2.0~6.0 min 40% A;6.0 ~9.0 min
40% ~95% A;9.0~9.5 min 95% A;9.5~10.0 min 95% ~28% A, 0.3 mL/min; 30 C;
20 °C; 5 nLo
2.3
; ; 4.0 kV; 0.1V; 120 °C;
350 C; 600 L/h; 50 L/h; 650 V;
0.32 Pa; (MRM) 16 1 MRM 1,
1 16
Table 1 ~MS parameters for 16 carcinogenic and allergenous dyestuffs analysis
Retention time ~ Monitoring ion pairs Cone voltage Collision energy
No. Dyestuffs (min) (m/2) ) (eV)
1 26 0.61 437.1/355.0 30 18
Acid red 26 : 437.1/327.0 30 25
2 9 111 288.2/195.1 40 30
Basic red 9 : 288.2/168.1 40 35
3 1 1.47 269.0/106.9 40 35
Disperse blue 1 : 269.0/161.0 40 23
4 49 240 713.4/527.3 60 50
Acid violet 49 : 713.4/341.2 60 60
5 3 259 297.1/252.0 25 18
- Disperse blue 3 : 297.1/235.1 25 30
6 4.81 198.1/152.0 25 18
Solvent yellow 1 : 198.1/124.9 25 22
7 106 5.02 336.0/178.1 25 16
Disperse blue 106 ’ 336.0/196.2 25 15
3 3 594 243.0/139.9 27 15
Disperse orange 3 : 243.0/121.9 27 17
9 3 6.13 270.1/106.9 20 20
Disperse yellow 3 : 270.1/150.0 20 17
358.2/342.2 40 35
10 Basic violet 1 6.25 358.2/237. 1 40 32
11 3 7 54 372.2/356.2 40 37
Basic violet 3 : 372.2/251.1 40 35
1 315.1/134.0 30 23
12 Disperse red 1 7.56 315.1/255. 1 30 27
3 226.1/106.9 26 25
13 Solvent yellow 3 8.00 226.1/120.9 26 23
14 124 8. 11 378.2/160. 1 28 20
Disperse blue 124 : 378.2/220.1 28 15
15 8. 60 226.1/120.9 26 30
Solvent yellow 2 : 226.1/134.0 26 20
16 37 8.78 394.1/133.0 30 35
Disperse orange 37 : 394.1/353.0 30 20
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2.4

45
[ %y SR
100 mL 1000 mg/L -20 C i 1316
o 5 mL
100 mL 50 mg/L o
4 C J _,JJ: _J
2.5 0 1 2 3 4 5 6 7 8 ﬁo
2.5.1 N N N 5 S N t/min
1 16 MRM
Fig.1 MRM chromatograms of 16 carcinogenic and
3 mm X3 mm R allergenous dyestuffs
1.0 g 50 . 15 mL 1(The peak numbers are the same as in
15 min. 50 ml. fable 1)
15 mL o 40 C
1 mL 0.20 pm UPLC/MS/MS o
2.5.2
o 1.0 g 50 mL 15 mL
15 min 50 mL 40 C
1 mL 0.20 pm UPLC/MS/MS o
3
3.1
26 16 / (K,,) -0.83 ~4.58
(10 15 20 25 min)
(a2 3 ) o
3.2
3.2.1 N o
UPLC ( 50 mm x2.1 mm 1.7 pm) 16
Cs G ) Shield RP18( ) Phenyl ( Cs
) HILIC( ) HSS T3( Cg )o 16 ACQUITY UPLC
BEH C, o
3.2.2 ( ) pH
( )-5 mmol/L (pH 3.75
4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75). ( )-5 mmol/L (pH
2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75). ( )H.1%
o -5 mmol /L (pH=5.0)
2 mmol /L 10 mmol /L 5 mmol/L o

16

S

16

S S
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3.3
ESI® ESI- o
EST* M+H* o 26+
49 (M-nNa) +(n+1)H * 9. 1. 3
M-Cl+H * 16 1 Chttp://www. analchem. ¢n/fig/090704. pdf) .
3.4 UPLC/MS/MS HPLC/MS/MS
26 16 HPLC/MS/MS
27 min 27 mL( 1.0 mL/min) . 9 min
16 HPLC/MS/MS 1/3
2.7mlL  HPLC/MS/MS 1/10
3.5
16 N
2, 10 (LOQ) 16 1.0~8.0 ug/kgo
2 16 N (n=3)

Table 2 Linear equations linear ranges and correlation coefficients of 16 carcinogenic and allergenous dyestuffs(n =3)

Dyestuffs Linear equations Linear ranges (ug/L) Correlation coefficients (r)
26 Acid red 26 Y =24.60X -25.20 1.0 ~100 0.9977
9 Basic red 9 Y=4.26X +74.49 5.0 ~500 0.9961
1 Disperse blue 1 Y =55.87X-60.29 0.5~50 0.9989
49 Acid violet 49 Y=2.40X +23.64 5.0 ~500 0.9971
3 Disperse blue 3 Y =36.98X -51.34 0.5~50 0.9982
1 Solvent yellow 1 Y =52.55X -60.40 1.0 ~100 0.9996
106 Disperse blue 106 Y =183.64X -52.20 0.5 ~50 0.9942
3 Disperse orange 3 Y=97.11X -69.37 1.0 ~100 0.9978
3 Disperse yellow 3 Y=12.24X -63.94 5.0 ~500 0.9937
1 Basic violet 1 Y=15.62X -125.65 5.0 ~500 0.9933
3 Basic violet 3 Y=10.47X -36.32 5.0 ~500 0.9944
1 Disperse red 1 Y=1.28X+30.17 5.0 ~500 0.9934
3 Solvent yellow 3 Y=15.85X+23.53 5.0 ~500 0.9973
124 Disperse blue 124 Y =127.32X -21.95 0.5 ~50 0.9926
2 Solvent yellow 2 Y =23.28X +36.04 1.0 ~100 0.9951
37 Disperse orange 37 Y=1.95X-28.90 5.0 ~500 0.9956
3.6
16 N N N N N N N
1.0 g 6
o NN 3
81.3% ~98.6% . 16 3
(http://www. analchem. cn/table /090704. pdf) . (5d )

11% ;
3.7

14%

25
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3 ( N . ) 16 (n=6)
Table 3 Results of recovery for 16 carcinogenic and allergenous dyestuffs in textile leather and paper samples(n =6)
Textile Leather Paper
Spiked level RSD RSD RSD
Dyestuffs Recov > Recov > Recov >
) /k ecovery ecovery ecovery
(pg/ke) ) (%) (%) (%) (%) (%)
5 88.6 5.7 83.7 7.7 85.6 4.6
26
Acid red 26 10 84.2 6.5 88.7 5.2 82.9 9.9
50 85.5 4.4 83.6 6.1 95.8 8.5
10 85.5 6.2 83.8 8.8 87.8 5.3
9
Basic red 9 50 92.3 4.5 89.4 4.6 85.0 5.7
100 93.4 5.0 87.6 6.6 87.2 8.1
5 85.4 5.2 87.1 4.9 87.2 5.8
1
Disperse blue 1 10 84.1 4.7 83.4 6.3 90.1 6.1
50 90.4 4.9 92.1 6.1 87.7 7.6
10 87.0 6.8 88.3 7.1 84.0 5.6
49
Acid violet 49 50 91.1 7.4 92.5 3.6 91.5 4.2
100 95.3 3.2 90.6 4.9 89.4 7.3
5 84.1 4.4 81.3 5.2 86.8 5.8
3
Disperse blue 3 10 85.3 8.0 87.9 4.7 91.6 5.1
50 91.0 6.7 83.3 9.1 88.9 3.7
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Simultaneous Determination of 16 Carcinogenic and Allergenous
Dyestuffs in Toys by Ultra Performance Liquid Chromatography
Tandem Mass Spectrometry

MA Qiang' BAI Hua"' WANG Chao' ZHANG Qing' MA Wei’® ZHOU Xin' DONG Yi-Yang' WANG Bao-Lin'
"(Chinese Academy of Inspection and Quarantine Beijing 100123)
*(China Agriculture University Beijing 100083)
*(Dongning Eniry-Exist Inspection and Quarantine Bureau Dongning 157200)

Abstract A comprehensive analytical method based on ultra performance liquid chromatography tandem mass
spectrometry has been developed for the simultaneous determination of 16 carcinogenic and allergenous dye—
stuffs(acid red 26 basic red 9 disperse blue 1 acid violet 49 disperse blue 3 solvent yellow 1 dispersed
blue 106 disperse orange 3 disperse yellow 3 basic violet 1 basic violet 3 disperse red 1 solvent yellow
3 disperse blue 124 solvent yellow 2 and disperse orange 37). Various toy samples including textile leath—
er paper wood balloon modeling clay limitation tattoo and aqueous liquid were extracted under ultrason—
ication. Qualitative and quantitative analysis was carried out for the analyte under the MRM mode after the
chromatographic separation on Waters ACQUITY UPLC BEH C;;(50 mm x 2.1 mm 1.7 wm) column. The
limits of quantitation(LOQ) for the 16 dyestuffs were in the range of 1.0 - 8.0 pg/kg. The mean recoveries at
the three spiked levels of 5 —100 wg/kg were 81.3% —98.6%  with the intra-day precision less than 11%
and the inter-day precision less than 14% . The method is accurate rapid sensitive and adapt to the inspec—
tion of the 16 dyestuffs in toys.

Keywords  Ulira performance liquid chromatography tandem mass spectrometry; Toys; Carcinogenic

dyestuffs; Allergenous dyestuffs
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