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Abstract: A rapid screening method based on high performance liquid chromatography-linear

ion trap/orbitrap high-resolution mass spectrometry ( HPLC-LTQ/Orbitrap MS) for 22 disperse
dyes in ecological textiles has been established. The target compounds were extracted by pyri-
dine/water (1:1, v/v) by shaking extraction in 90 ‘C water bath. The extracts were then sepa-
rated by a CAPCELL PAK C,; column (100 mmx2.0 mm, 5 pwm) using gradient elution with
acetonitrile-5 mmol/L ammonium acetate containing 0. 01% (v/v) formic acid as mobile pha-
ses, and finally analyzed by HPLC-LTQ/Orbitrap in positive and negative ESI modes. The reten-
tion time and accurate mass of parent ion were used for fast screening of 22 disperse dyes,
while the confirmatory analysis was obtained by fragments generated by collision-induced disso-
ciation (CID) MS/MS. Target analysis exhibited high mass accuracy (<5x107°). Each target
showed a good linearity in its own concentration range and the correlation coefficient was high-
er than 0. 99. The LOQs were 0. 125-2. 5 mg/kg. Except for Disperse Yellow 49, the average
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recoveries of most disperse dyes at three spiked levels were 65%—-120%, and the relative stand-

ard deviations (n=6) were less than 15%. The method was applied for screening 40 different

kinds of textiles, and Disperse Orange 37/76 was detected in one of them. With high selectivity

and strong anti-jamming ability, this method is simple, rapid, accurate, and it can be used for

the inspection of disperse dyes in textiles.

Key words: high performance liquid chromatography-linear ion trap/orbitrap mass spectrome-
try ( HPLC-LTQ/Orbitrap MS) ; high resolution mass spectrometry ( HRMS) ; disperse dyes;

textiles
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min, RHZE R, # &5, W 80 pL ik,
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7.00 min, 40% A ~ 10% A, Jf-{£4#F 3 min; 10. 00 ~
10. 10 min, 10% A~90% A, f£35 2% 15 min, &
0.25 mL/min; #3530 C ;B E R .15 C; iFkE
.10 pL,

1.2.3 i &

AT SN H I 55 25 U5 (HESI-ID) ; B 40457
350 C 5 (N,) FEJ1 2R 2.067%x10° Pa(HP 30
arb) , H B (N,) Wi~ 3.3 L/min( Bl 10 arb) ,

ESI IE B TR 25 f oy 3 KV, BAIE LR
930 V, 585/ (tube lens) Jy 80 V; ESI 17 55
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Table 1 Liquid chromatographic and mass spectrometric parameters of the 22 disperse dyes

No Dve Retention Molecular Precursor Theoretical m/z Deduced major Theoretical m/z
’ v time/min formula of precursor fragment ion of fragment
1 Disperse Blue 1 2.86 C,H;;N,0, [M+H]* 269.10330 [C4H;O,N, |* 161.03455
2 Disperse Blue 3 3.24 C;H¢N,O,4 [ 1 297.12337 [CsH,,0,N, " 252.08933
3 Disperse Blue 7 2.96 CgH;gN,Oq [ 1 359.12376 [Ci¢H,O5N, 1" 314.08972
4  Disperse Blue 26 5.88 CsH;yN,O, [ 1* 299.10263 [CsH,,O4N, ]" 284.07916
S5a Disperse Blue 35a 4.84 C;sH;,N,0, [ 1* 285.08698 [C,H,(N,O,]" 270.06351
5b  Disperse Blue 35b 6.24 CsH,N,0, [ 1 299.10263 [CsH,O4N, ] 284.07916
6  Disperse Blue 102 3.34 CsH;yN;0,S [ 1 366.12305 [C,HO,N]* 208.13320
7  Disperse Blue 106 3.80 C,H;N50,8 [ 1 336.11249 [C,,HON]" 178.12264
8  Disperse Blue 124 4.91 C,¢H;(N;0,S [ 1* 378.12305 [C3HO,N]* 220.13320
9  Disperse Brown 1 3.98 CsH;sCLLN, 0, [ 1* 433.02316 [C3H,(O;N]* 228.06552
10  Disperse Orange 1 6.26 CgH4,N,O, [ 1* 319.11895 [C,H, N]* 169.08860
11 Disperse Orange 3 4.06 C,H;,N,0O, [ 1* 243.08765 [CcH,O,N; " 150.02980
12 Disperse Orange 37/76 5.72 C;H;sCLN;0, [ 1 392.06756 [CsH;;0,N,CL, " 351.04101
13 Disperse Red 1 4.36 CsH;gN, O, [ 1 315.14517 [CoH|,N]" 134.09642
14 Disperse Red 11 3.31 CisH;pN, 0,4 [ 1 269.09207 [C,H,,O;N, " 254.06859
15  Disperse Red 17 3.53 C;HyN,O, [ 1 345.15573 [C,yH,ON]" 164.10699
16  Disperse Yellow 1 4.45 C,HgN; 04 [ 1 274.04694 [C,H¢O N5 ] 256.03638
17 Disperse Yellow 3 4.04 CsH;5N;0, [ 1 270.12370 [C¢H,,ON, |* 150.07876
18 Disperse Yellow 9 4.52 C,H,,N,O, [ 1 273.06293 [C,H,O;N, ]~ 255.05236
19  Disperse Yellow 39 4.27 CH\,N,0, [ 1 291.11280 [C\¢H, O,N, ]" 263.08150
20  Disperse Yellow 49 4.75 Cy,H,,0,N, [ 1 375.18155 [C;H,; O] 238.13522
21  Disperse Orange 149 7.46 C,5HysNgO; [ 1* 459.21392 [CpH, O;N¢]* 417.16696
22  Disperse Yellow 23 6.10 CgH4,N,O [ 1* 303.12404 [C,,HyN, ]* 181.07602
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Fig. 1 Extracted ion chromatograms of the 22 disperse dyes in (a, b, ¢) positive ionization mode

and (d) negative ionization mode

For peak identifications, see Table 1.
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VTR A UAR FITRE A HH 1 S AR VAR B B ik B R A
FE AR R R, 22 Fhar BB
Rl FHOC R B PR L 2,

VR H 5 A 16 i DL e A A IR TR 47 A 45
2 P RHE R 25 81 AR R 3L, MR35 Oeko ArifE!
XF 25 40 SR Y Rk R T A BRI R E (50
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Table 2 Linear ranges, correlation coefficients (r?) and
LOQs of the 22 disperse dyes

Linear
Dye range/ 7’ Low
(mg/kg) (mg/kg)

Disperse Blue 1 0.125-25 0.9995 0.125
Disperse Blue 3 0.25-25 0.9995 0.25
Disperse Blue 7 1-50 0.9993 1
Disperse Blue 26 2.5-50 0.9994 2.5
Disperse Blue 35a 1-50 0.9996 1
Disperse Blue 35b 0.5-50 0.9994 0.5
Disperse Blue 102 1-50 0.9997 1
Disperse Blue 106 0.125-62.5 0.9986 0.125
Disperse Blue 124 0.5-50 0.9999 0.5
Disperse Brown 1 1-50 0.9999 1
Disperse Orange 1 0.5-50 0.9995 0.5
Disperse Orange 3 0.5-25 0.9995 0.5
Disperse Orange 37/76 1-25 0.9999 1
Disperse Red 1 0.25-25 0.9992 0.25
Disperse Red 11 0.5-50 0.9989 0.5
Disperse Red 17 0.25-50 0.9994 0.25
Disperse Yellow 1 0.5-25 0.9995 0.5
Disperse Yellow 3 0.25-25 0.9977 0.25
Disperse Yellow 9 0.5-25 0.9999 0.5
Disperse Yellow 39 0.5-50 0.9984 0.5
Disperse Yellow 49 0.25-50 0.9999 0.25
Disperse Orange 149 0.5-50 0.9999 0.5
Disperse Yellow 23 0.5-50 0.9991 0.5
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Table 3 Results of recoveries for the 22 disperse dyes spiked in textile samples (n=6)

Polyester Cotton polyester Polyester Cotton polyester
Dye Spiked/ blended fiber Dye Spiked/ blended fiber
(mg/kg) Recovery/ RSD/ Recovery/ RSD/ (mg/kg) Recovery/ RSD/ Recovery/ RSD/
% % % % % % % %
Disperse Blue 1 25 73.09 7.33 78.78 5.31 || Disperse Orange 37/76 25 78.84 5.42 68.24 2.98
50 71.93 1.16 71.39 2.30 50 82.92  3.29 99.62 3.58
100 95.58 6.98 102.69 6.19 100 81.61 6.16 90.41 9.62
Disperse Blue 3 25 86.99 5.01 71.36 3.04 || Disperse Red 1 25 80.11 2.92 79.36 2.49
50 94.31 1.51 95.89 1.51 50 80.85 1.33 81.74 1.35
100 97.93 1.49 104.88 1.32 100 95.50  2.80 108.35 1.26
Disperse Blue 7 25 81.30 10.73 83.14 5.35 || Disperse Red 11 25 85.97 5.51 79.33 3.85
50 100.13 2.54 125.96 1.80 50 88.89  2.97 94.14 3.30
100 91.74 1.53 112.79 2.16 100 99.04 1.31 100.09 2.13
Disperse Blue 26 25 97.30 4.65 115.57 3.47 || Disperse Red 17 25 90.40  5.47 81.97 3.81
50 104.58 2.84 100.68 2.64 50 89.42 1.03 89.10 0.83
100 110.13 5.11 114.59 3.19 100 104.84  2.43 107.04 1.51
Disperse Blue 35a 25 85.19 9.90 82.70 7.95 || Disperse Yellow 1 25 72.78 11.32 80.75 7.59
50 80.15 2.45 82.97 1.43 50 93.13  5.78 97.80 4.64
100 115.77 2.01 110.70 3.88 100 106.00  0.80 105.95 4.80
Disperse Blue 35b 25 84.89  10.13 83.53 9.36 || Disperse Yellow 3 25 89.92 4.32 87.72 1.67
50 95.08 3.61 93.30 2.03 50 87.63  2.66 87.10 2.51
100 111.49 2.40 110.92 2.00 100 98.80  2.25 92.57 3.98
Disperse Blue 102 25 88.06 2.21 91.03 4.02 || Disperse Yellow 9 25 106.63 3.34 104.77 3.85
50 77.97 2.73 77.63 3.04 50 94.88  6.05 102.04 4.19
100 99.40 3.43 100.99 1.57 100 105.45  2.57 105.48 4.24
Disperse Blue 106 25 89.52 2.67 88.27 0.85 || Disperse Yellow 39 25 80.88  4.59 84.34 5.28
50 87.00 2.21 85.89 2.56 50 98.47  4.13 97.99 6.48
100 101.52 4.64 101.11 1.35 100 104.13  3.10 128.57 2.26
Disperse Blue 124 25 63.33 3.98 64.10 3.07 || Disperse Yellow 49 25 7.97 13.00 7.96 7.87
50 67.33  13.13 53.58 11.71 50 7.46  14.08 7.02  11.70
100 78.74  14.42 70.76 9.35 100 9.07 12.72 9.09 13.31
Disperse Brown 1 25 82.81 3.22 79.94 3.90 || Disperse Orange 149 25 79.13 211 80.59 4.74
50 91.72 1.18 89.27 0.92 50 71.29  2.34 74.55 6.89
100 105.49 6.10 110.52 1.50 100 84.28  8.04 80.62 6.68
Disperse Orange 1 25 99.27 2.15 93.23 3.06 || Disperse Yellow 23 25 86.51 6.07 76.50 6.50
50 114.00 2.65 118.09 1.58 50 89.78 291 88.80 2.73
100 109.42 2.79 110.69 2.73 100 117.95  2.34 125.35 2.56
Disperse Orange 3 25 82.61 6.99 79.67 4.10
50 96.13 6.13 98.26 4.40
100 107.76 4.14 103.74 3.94
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Fig. 3
mass spectrum ( MS?) of Disperse Orange 37/
76 in a real sample

3 &ig

ABIFTE AT (9 25 8 Hh A3 B R RO 2,
T - A 1 1 B/ 5 H 3 0 B v 0 0 IO U A AN
UEJ5 i BA T PR e g i s, s Ptk
b EvEReLsr e PR R MER AT 5, HRTE W T2
USRS H R R
S0k
[1] Oeko-Tex®-International Association for Research and Tes-

ting in the Field of Textile Ecology. Oeko-Tex Standard 100.
(2014-12-24) . https ;. /www. oeko-tex.com/en/manufactur-

(2]

[10]

[11]

[12]

[22]

[23]

ers/manufacturers.xhtml

European Communities. Commission Decision of 9 July 2009
Establishing the Ecological Criteria for the Award of the
Community Eco-label for Textile Products (2009/567/EC).
(2009-07-09) . http ./ eur-lex. europa. eu/search. html? qid =
1435755118480&text =2009/567/EC&scope = EURLEX&type =
quick&ang=en

BS EN 71-10; 2005

GB/T 20383-2006

Garcia-Lavandeira J, Blanco E, Salgado C, et al. Talanta,
2010, 82 261

Fang H W, Chen X, Lu Y P, et al. Journal of Instrumental
Analysis (J553C, BRI, FERMS, 45 Hrillilasd) |, 2010,
29(12): 1178
Zhao SH, Wu G, WuJ J, et al. Textile Standard and Quality
(RLL, BRI, R0, 5. i8UnES B, 2010(2) ; 37
Yang C, Zhao J H, Wang J, et al. J Chromatogr A, 2013,
1300: 38
DeArmond P D, DiGoregorio A L. J Chromatogr A, 2013,
1305 154

Schuhmann K, Herzog R, Schwudke D, et al. Anal Chem,
2011, 83: 5480

Guo C C, Shi F, Jiang S, et al. J Chromatogr B, 2014,
967, 174

Jia W, Chu X G, Ling Y, et al. J Chromatogr A, 2014,
1336: 67

Jia W, Chu X G, Ling Y, et al. J Chromatogr A, 2014,
1347, 122

Lehner S M, Neumann N K N, Sulyok M, et al. Food Addit
Contam, 2011, 28. 1457

Quifer-Rada P, Vallverdu-Queralt A, Martinez-Huélamo M,
et al. Food Chem, 2015, 169 336

Zhang L, Luo X, Niu Z Y, et al. J Chromatogr A, 2015,
1386 22

Xiu X L, Luo X, Niu Z Y, et al. Chinese Journal of Chro-
matography (&R, B, o0, %, @), 2013, 31
(10) : 961

Ye X W, Peng Y, Niu Z Y, et al. Chinese Journal of Chro-
matography (MRS, A&, R0, 4. Ai%), 2014, 32
(9): 1015

Peng Y, Ye X W, Niu Z Y, et al. Chinese Journal of Chro-
matography (323, HEEE, 480, 25 (i), 2015, 33
(4):377

ISO 16373-2-2014

European Communities. Commission Decision of 12 August
2002 Implementing Council Directive 96/23/EC Concerning
the Performance of Analytical Methods and the Interpreta-
tion of Results. Official Journal of the European Communi-
ties. 2002/657/EC. (2002-08-12). http: / eur-lex. europa.
ew/legal-content/ EN/ALL/? uri= CELEX;32002D0657
Domenech A, Francisco N C, Palacios O, et al. J Chroma-
togr A, 2014, 1328: 16

Choi J H, Lamshoft M, Ziihlke S, et al. Biomed Chroma-
togr, 2014, 28. 751



