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Fast separation and identification of nine carcinogenic dyes
in textiles using liquid chromatography-electrospray
tandem mass spectrometry

DING Youchao CAO Xizhong WU Lina ZHANG Qian

Inspection Center of Industrial Products Jiangsu Entry-Exit Inspection and

Quarantine Bureauw Nanjing 210001 China

Abstract A qualitative method of the identification of nine carcinogenic dyes prohibited in textiles
was developed using high performance liquid chromatography-tandem mass spectrometry interfaced
with electro-spray ionization HPLC-ESI-MS/MS in the selective reaction monitoring SRM mode.
The dyes were extracted from textiles composed of natural or chemical fibers by methanol under ul-
trasounication and then eluted with gradient by acetonitrile and 5 mmol/L ammonium acetate from
an RP-C18 column with two segments in effluents. The first effluents accommodated Acid Red 26

Direct Blue 6 Direct Black 38 and Direct Red 28 with negative ionization mode while the second ac-
commodated Basic Red 9 Basic Violet 14 Disperse Blue 1 Disperse Orange 11 and Disperse Yellow
3 with positive ionization mode. Thus the investigated compounds could be identified simultaneously
with single-run analysis no matter which type of the fibre the sample was and no matter which cate-
gory of the dye the analyte was. The established method was successfully applied to identify the car-
cinogenic dyes in textile samples through comparing the chromatographic retention time and the rel-
ative abundance of characteristic product ions with the standards.
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GB/T 20382-2006 -

HPLC-DAD 9 7 s TLC HPLC
HPLC-MS/MS 9
19 HPLC-MS/MS
Table 1 Nine carcinogenic dyes and HPLC-MS/MS analysis parameters
. . t/  Detection Parent ion Product ions m/z Collision
Color index name CAS No. Chemical groups . . K
min mode m/z relative abundance % energies/eV
Direct Blue 6 2602-46-2 sulphonate azo anionic 4.63 ESI™ 210 158 40 236 5 248 100 12 10 8
Acid Red 26 3761-53-3 sulphonate azo anionic 4.98 ESI- 217 137 100 142 25 208 15 21 33 14
Direct Red 28 573-58-0 sulphonate azo anionic 5.18 ESI- 325 234 40 401 20 416 100 18 23 20
Direct Black 38 1937-37-7 sulphonate azo anionic 5.40 ESI™ 736 344 50 357 100 672 85 42 40 25
Disperse Blue 1 2475-45-8 anthraquinone non-ionic 5.90 ESI* 269 107 20 241 100 253 95 27 27 29
Basic Red 9 25620-78-4 triphenylmethane cationic 6.41 ESI* 288 168 15 195 100 72 5 34 29 29
Basic Violet 14 632-99-5 triphenylmethane cationic 6.62 ESI* 302 195 55 209 100 287 10 34 30 22
Disperse Yellow 3 2832-40-8 anthraquinone non-ionic  6.92 ESI* 270 107 55 122 30 150 100 30 16 21
Disperse Orange 11 82-28-0 azo non-ionic 7.07 ESI* 238 105 15 165 100 223 65 24 32 20
; 1.0 g 0.01 g
10 mL
1.1 70 C 30 min
Accela -Access 1 mL 1 mL
Thermo 0.45 pm
ESI 420 W 40 HPLC-MS/MS
kHz 70 C +2 C Branson 1.4 HPLC
0.45 pm Hypersil Gold C18 100 mm x 2.1
mm 5 pm Thermo C18
1 9 Phenomenex 35 C
Dr. Ehrenstorfer A 5 mmol/L B
Merck Sigma 5% A 1 min 2—5 min A 5%
Milli Q 80% 10 min 10.5 min 5%
1.2 15 min 200 pL/min 10 pL
4 1.5
28 0 ~ 5.65 min
38 9 3 ESI™ 5.65 ~15 min ESI*
-3500V 4500 V
N, 16 L/min N,
0. 01 1.5 L/min 350 C He
mg 1.0 g/L 23.79 Pa 1
-18 C - 1:1 SRM 0.1 min
m/z 0. 01
1 9 14 1 11
2
3 2 26 28 38
6 1 mg/L 4 2.1
C 4 2.1.1
1.3 1 9

5 mm x5 mm
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10 GB/T 20382-2006
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Fig. 1 Effects of a different extraction times at 168 W
and b different ultrasonicwave powers for 30
min on extraction efficiencies of dyes

Conditions at 40 kHz ultrasound in 70 C water bath.
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Fig. 2 Chromatograms of LC-ESI-MS/MS with SRM mode of nine dye standard solutions
a. negative ionization mode b. positive ionization mode.
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a Direct Black 38 Basic Violet 14 Disperse Yellow 3
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Fig. 3 a Re-constructed ion chromatograms and b selected ion monitoring spectra of reference samples
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