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ESI electrospray ionization

MSP  microspectrophotometry

TLC thin-layer chromatography

HPLC high-performance liquid chromatography

LC/MS liquid chromatography mass spectrometry

DAD diode array detector

LC/LIT-MS" liquid chromatography/linear ion trap tandem mass spectrometry

¢ molar absorbance coefficient

SRM selected reaction monitoring

TIC total ion chromatogram

m/z  mass to charge ratio

DMF dimethylformamide

LOD limit of detection
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Table 2.1 Standard disperse dyes used in this study

No. C.1.Generic name Chemical dye class Formula Monoisotopic mass
1 Disperse Blue 60 Anthraquinone CyH17N30s 379.1
2 Disperse Blue 72 Anthraquinone CxH1sNO; 329.1
3 Disperse Blue 73 Anthraquinone C20H14N205 362.1
4 Disperse Blue 77 Anthraquinone Ca0H12N206 376.1
5 Disperse Blue 79:1 Monoazo Ca3H2sBrNgO1o 624.1
6 Disperse Blue 148 Monoazo C19H19N504S 413.1
7 Disperse Blue 149 Monoazo C19H20Ns0sS 444.1
8 Disperse Blue 165 Monoazo CaoH19N703 405.2
9 Disperse Blue 214 Anthraquinone CyH1sN205 390.1
10 Disperse Blue 257 Monoazo C21H23BrNgOs 518.1
11 Disperse Blue 266 Monoazo C23H27CINgOs 502.2
12 Disperse Blue 281 Monoazo CaoH20BrN7Os 533.1
13 Disperse Blue 291 Monoazo C19H21BrNgOs 508.1
14 Disperse Blue 301 Monoazo C21H25BrNgOs 568.1
15 Disperse Blue 354 Methine Ca1H37N30,S 515.3
16 Disperse Blue 359 Anthraquinone C17H13N30; 291.1
17 Disperse Blue 366 Monoazo C19H15N6O2 362.1
18 Disperse Blue 367 Monoazo CH24Ns0sS 472.2
19 Disperse Brown 9 Monoazo C20H19CI,NsO4 463.1

20 Disperse Orange 25 Monoazo C17H17Ns0, 3231

21 Disperse Orange 29 Diazo C19H15N504 377.1

22 Disperse Orange 30 Monoazo C19H17CI,NsO4 449.1

23 Disperse Orange 61 Monoazo C17H15Br2Ns0, 479.0

24 Disperse Orange 62 Monoazo C24H19CI,Ns0, 511.1

25 Disperse Orange 73 Monoazo CaH21N504 443.2

26 Disperse Red 50 Monoazo C17H16CINsO, 357.1
27 Disperse Red 60 Anthraquinone CaoH13NO4 3311
28 Disperse Red 73 Monoazo C1gH16NgO2 348.1
29 Disperse Red 92 Anthraquinone CasH24N,07S 496.1

30 Disperse Red 143 Monoazo C25H22CINsO4 491.1
31 Disperse Red 145 Monoazo Ci1sH16NsO2S 380.1
32 Disperse Red 146 Anthraquinone C21H1sNOs 361.1
33 Disperse Red 152 Monoazo C19H1,CILNsS 417.1
34 Disperse Red 153 Monoazo C1sH15CILNsS 403.0

35 Disperse Red 154 Monoazo C21H20Ng0sS 468.1

36 Disperse Red 167:1 Monoazo C22H24CINsO- 505.1

37 Disperse Red 179 Monoazo C19H15N60,S 394.1

38 Disperse Red 184 Monoazo C24H20N02 424.2
39 Disperse Red 258 Monoazo Ca3H27CINGOs 502.2

40 Disperse Red 323 Monoazo Ca3H24CINsOg 533.1

41 Disperse Red 343 Monoazo CaH22Ns02S 410.2

42 Disperse Red 356 — Ca5H1505 398.1

43 Disperse Red 364 — C16H350,S; 296.0

44 Disperse Violet 26 Anthraquinone Ca6H15N204 422.1

45 Disperse Violet 28 Anthraquinone C14HsCI:N20, 306.0

46 Disperse Violet 93:1 Monoazo C18H19CINGOs 434.1

47 Disperse Yellow 42 Nitro Ci18H15N304S 369.1

48 Disperse Yellow 54 Quinoline CigH11NO3 289.1

49 Disperse Yellow 64 Quinoline C1gH10BrNO3 367.0
50 Disperse Yellow 71 — Ci9H12N20, 300.1
51 Disperse Yellow 82 — CyoH19N30, 333.1
52 Disperse Yellow 114 Monoazo C0H16N4OsS 424.1
53 Disperse Yellow 163 Monoazo C15H14CILN6O, 416.1

-15-



CHs
OH ©
o} NHz o /©/ NO, O HN@
O HN OH
IR 900 ee

o o— NH.
O NH 2
I OH O OH
1 2 3 4
N
=
OCH; N s
CZHAOCOCHg S O,N CaH4OH
O2N o,N C,H,COOCH; N=n N
CZHAOCOCHg N=N N/ \
NHCOCH N CoH4OH
02 3 CoHs NHCOCH3
5 6 7
NH,
Csz o C2HaOC2Hs C2H4OCH3
O,N ON
C2H5 C2H4OCH3
NHCOCH3 oH O Hy NHCOCH3
8 9 10
OCHS OCH;
C2H400H3 c H4CN C2H5
O,N 204 O,N
CZH4CHCH3 Csz Csz
NHCOCH3 OCH3 NHCOCH, 0, NHCOCH3
11 13
OCH; H2
CZHAOCHg CN Csz
O,N
CZH4OCH3 e c CGHla Csz
NHCOCH3 Ly HaC c@H13 NHC2H5
14 15 1 7
N
~ \S Cl
O,N C2HaOCHg _CaH4CN
N=N N ON N=N N, _ _CaH,CN
CoHiOCH; C,H,0COCH; O N N=N N\C y
NHCOCH; cl CHa 2
18 19 20

QCH - Br
3 CoH4CN ,CoHs
OoN N=N N O,N N=N N\
C,H40COCH3 C,H,CN
Cl Br
22 23

cl al

CoH4CN CoH/CN

/
N N:NON\ OZNONZNON: OaN NiN‘@iN/CZHE
. =
C,H40CO C;H40CO “CoHACN
cl
24

25 26

O NHp 0 NH,
o CN o.
U0 S, SO
T ON NiN‘@iN\CQHA,CN T SO,NHC3HEOC,Hs

27 28

Fig. 2.1 Chemical structures of disperse dyes
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2.2.2 IEE KOV S

LC/LIT-MSr 1%, BiEtlsEdiigik 7 v~ b 2 F 7 (Prominence UFLC) % i L 7=,
V=T 4w —FA T 474 v 7HELXQ ZHWTITo T, 7T M EFW
B R eSS L-column 2 0DS (W48 1.5 mm X £ & 150 mm, H7 /£ 5um) % H
Wiz, BEMEIZIZA : 5% A %/ — VB (10 mM Filig 7 »E=7 L 56H) & B: 95%
A B ) — N (10mM FERET o E=7 LE4H) O A:B (40:60) 75 A:B (0:
100) ~ 15 43 TEMANCEL SH 10 pMfrFr S E 5 77 Vv Mot e vz, ik
1Z 0.2 ml/min TH 7 AR 40°CICF%E L7z, DAD I L 2l R aEkix, a6
% (380-760nm) & L7z, #BHI. 045 ym D7 4 A F—%EL=ZHD 2 nl ZEAL
= EESWOA A AT L7 fa A2 L—A A4k (ESI) ORITF 4 7E— R
LT, =7 b AT L—@EEIX5kV, 2l Pa BRI~ TLZHWT, Xt
aYPa T RAFX—F45%E Uiz, ¥+ BT U —iREIZ275CL L, v — AN A&
1% 25 units & L7z, MSn G DT 77 4 N— 3 U Z A AT 30ms TEDEEDOT A Y
L—va vy XAE 4 Da ICRE Lz, HEOHIE, LTOO~@IZR7 ldata-

dependent MS3 method] %M\ TiT-7,
O m/z 100-1000 OFIPHD A F L NZDNTD T IVAF ¥ L AT MLV ERGT 5,

@ f\Jonie MS ol bBEOH LA L 2TV I——(F L LT M2 %
i A

@ /ol M2 bibBEOH LA AL 2TV —Y—AF L LT MS? %
i A

223 IEHESHBYLEI O & T — Z = X O

PeBtRE R DR AT 72, —RIICHERSHEA SN D 53 O #Lk
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(Table 2.1) 122\ T, DK (50 ul/ml) % A % / —/LC 10 pl/ml (ZA7HR L CHijTE
FAFF LC/LIT-MS» #4757z, DAD IZ X0 oot —2 L2 0En72aH (LC 47
B SN 73EY DAD 725~ AERISE AT HIEH]) RICH LN h—F A Frrr~
NI ADE =76 BFREEID L max GEIVATRIRIN AT FAVINBERTZH D) B
BHHRO~YAAXT NP OHELNTEN—A =T AT ZDOAFT U DERAF 7
B~ 7T LNBELNIZE— 7 ORFFRH, 2O A 2TV II—Y—AF & LT
KD MS2, MS3 DF AT M AR LT, oz T —F2 %27 —ZX—2R|C
Bk Llc, £, ZOBBRA A/ v~ M7 70— EHfH%Z DAD B — 7 g TR
L7l B LT, ESI A A U AKIEIC K DK & DAD (& & 2 1 H R OO FR e i s 2 5~

7

23 FERMLUELE
2.3.1 FEHESHGLEND ST

53 FED /3 YL BHZ DT LO/LIT-MS» L72fER, Winodukt s [M + Hl*& L TA
F oAb &, MS2, MS3 K OMRFFIRFA], L max DfEIL, Table 2.2 (Z7 T LB Th o7z,
FERTECE (TYLBHEIZ KV 5~1T3 DA R LTz, ZOERENI 1A A & LTOM
HEV DAD ICLDMHNRKETHDLZ L EZRLTEY, ZOHAE MSh 7 —# B3
AAIR72b D LMD, M+ HIY 23F U2 7~ 4eBHE OANIEL, MS2, MS3 7 —#
FVEZ e o7, AEIOKRFHIH W 53 O HILED 5 &, [M + HI*OfEAFE U
L OO L & LT, Disperse blue 73 & Disperse blue 366 (m/7363) , Disperse
Yellow 114 & Disperse Red 184 (m/z425). Disperse Blue 266 & Disperse Red 258

(m/z503) . Disperse Blue 281 & Disperse Red 323 (m/z534) @ 4 #HMBTE(E L T
7z, DAD BHDNREEZR GG 2 0ET D L. 2B A ORI LAR RN O Lok

BRI X722, B, TV I —Y—A 4 L RC m/z 2B T 59 LI O W e N BAE$
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LHAREME A ZBT 5D L. (kD LC/MS Oa . Yebtz w28 NIcRITHEZAT
H D, T LT LC/ALIT-MS» Tl, YRS IZER L7-FEH O MS23 3555
72, 53 O E gL, [IM+HIFOIENIS B MSr T — 2 2 K 0+ _CEkBI R E T

Ho7- (Table 2.2) .
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Table 2.2  Analytical data for the standard dyes
N Base peak Base peak -
No C.1.Generic name [M=H] ion ianS2 ion ianS3 r.t./min? A PeaL< Relative
(m/z) (m/2) (mi2) /nm No. sensitivity®
1 Disperse Blue 60 380 348 320 12.95+0.01 665 14 53+8
2 Disperse Blue 72 330 238 210 18.20 £ 0.01 570 25 29+4
3 Disperse Blue 73 363 334 289 8.81+£0.02 625 6 25+4
4 Disperse Blue 77 377 200 173 12.77 £0.02 590 14 54+7
5 Disperse Blue 79:1 625 565 479 11.46 £ 0.01 565 11 39+4
6 Disperse Blue 148 414 206 134 13.90 £ 0.02 590 17 39+3
7 Disperse Blue 149 445 237 207 7.08 £0.03 625 3 17+3
8 Disperse Blue 165 406 191 163 11.25+0.01 610 11 21+4
9 Disperse Blue 214 391 345 317 14.83+0.01 630 20 38+5
10 Disperse Blue 257 519 221 163 13.97 £0.03 565 17 68+3
11 Disperse Blue 266 503 429 329 14.99 £ 0.01 570 20 144 +13
12 Disperse Blue 281 534 492 451 11.37 £0.02 565 11 28+4
13 Disperse Blue 291 509 480 207 15.28 +0.01 605 21 49+3
14 Disperse Blue 301 569 251 192 13.26 £0.02 590 15 156 + 8
15 Disperse Blue 354 516 432 348 17.46 +0.01 610 24 136 £ 16
16 Disperse Blue 359 292 263 263 10.52 £0.01 655 9 33+2
17 Disperse Blue 366 363 176 147 11.00 £ 0.01 605 10 35+2
18 Disperse Blue 367 473 265 201 12.42 +0.02 610 13 65+ 3
19 Disperse Brown 9 464 404 363 12.03+0.02 425 13 51+9
20 Disperse Orange 25 324 283 255 9.11+0.04 470 7 15+1
21 Disperse Orange 29 378 269 119 12.10 £ 0.02 415 13 18+2
22 Disperse Orange 30 450 390 349 9.86 + 0.01 415 8 56 + 10
23 Disperse Orange 61 480 441 413 11.74 £ 0.03 425 12 34+5
24 Disperse Orange 62 512 390 349 13.15+0.02 415 15 44+ 6
25 Disperse Orange 73 444 322 281 11.28 +£0.01 455 11 49+8
26 Disperse Red 50 358 317 289 11.46 +£0.02 485 1 25+5
27 Disperse Red 60 332 239 210 13.67 £ 0.03 515 16 65+ 14
28 Disperse Red 73 349 308 280 7.48 +0.03 515 4 29+7
29 Disperse Red 92 497 451 330 10.97 £0.02 520 10 48+5
30 Disperse Red 143 492 370 329 14.37 £ 0.02 470 18 49+8
31 Disperse Red 145 381 173 133 9.04 £0.02 540 7 14+3
32 Disperse Red 146 362 254 226 13.77 £0.02 515 17 58+ 15
33 Disperse Red 152 418 187 146 15.30 £ 0.01 530 21 19+2
418 187 146 15.60 £ 0.02 530 22 24+4
34 Disperse Red 153 404 173 133 13.96 £ 0.02 515 17 23+4
404 173 133 14.62 £ 0.01 515 18 24+3
35 Disperse Red 154 469 217 176 9.25+0.03 520 7 39+8
36 Disperse Red 167:1 506 446 360 12.06 +0.02 505 13 81+12
37 Disperse Red 179 395 187 146 10.66 +0.02 550 9 16+3
38 Disperse Red 184 425 384 208 11.27+0.01 510 11 337
39 Disperse Red 258 503 461 174 12.24 +0.00 505 13 75+2
40 Disperse Red 323 534 444 354 12.12 £0.01 495 13 79+8
41 Disperse Red 343 411 332 163 8.02+£0.01 525 5 99+4
42 Disperse Red 356 399 357 301 16.17 £ 0.01 490 23 11+1
43 Disperse Red 364 297 253 175 13.94 +£0.03 545 17 36+6
44 Disperse Violet 26 423 330 285 13.20+0.04 545 15 97 £17
45 Disperse Violet 28 307 272 243 11.19 £ 0.02 560 10 91
46 Disperse Violet 93:1 435 191 163 13.92 +0.03 560 17 5+1
47 Disperse Yellow 42 370 277 213 6.93 £0.02 415 2 11+1
48 Disperse Yellow 54 290 244 217 12.30 £ 0.01 435 13 22+3
49 Disperse Yellow 64 368 289 245 16.11 £ 0.02 445 23 276
50 Disperse Yellow 71 301 258 258 11.77+£0.10 410 12 1307
51 Disperse Yellow 82 334 290 290 8.74+0.01 440 6 173+9
52 Disperse Yellow 114 425 267 239 6.22 £0.02 425 1 19+2
53 Disperse Yellow 163 417 376 323 8.11+0.02 405 5 26 +4

a. Retention times were calculated from peaks in selected ion chromatogram of [M+H]+, Mean+SD (n=3) .
b. Peak Nos. are shown in Fig. 2.2 (a) top.

c. Relative sensitivities were calculated from peak area ratios, where the area of peaks of the selected ion
chromatogram was divided by corresponding peak area obtained by DAD, Mean=SD (n=3) .
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Fig. 2.2 LC/LIT-MS" data for 53 disperse dyes dissolved in a methanol-DMF. UV-Visible signal
monitored by diode array detector [(a) top], total ion chromatogram [(a) bottom]. Visible
spectrophotometer corresponding to the peak No.15 [(b) top], ESI mass spectrum corresponding
to the peak in the 13.2 min of total ion chromatogram [(b) bottom].
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232  BIAERM) Z RIS Lo Bepha|

KWFFEOMBR T DTV Ry WGENE, FERT I 2l T 7 b L T J
BRIEEC T v T ) T SETHEKT D, TORR, O, Getatk, ReaBREL 2 b
SHEDTD, AR FHITH SR EH (F1-NO2, CO, N=N) KUEhH (4], -OH,
-OR. -NR2) DfENME L T2 D 3839, it T, BREEDRELHRIN G2 ETHELT
BIEEMDNRAE L C, BIEM DN RZ i 5 2 & TEMD A F TGkt il T %
AIREMED & 5, Table 2.1 (/R4 BgLEl 53 Tl & b RICRIAE R & A DA 2 fgd L

72& Z A, Table 2.3 (2779 11 FRICEIERSM D& H DHER S,

IS DOYED TIC (ZIXTFAGT DRBHLISMORFFRF [ D S 72 2 A ekt ko v —
7 BB ST, ERGOYRI O THEE L Z DT A T L DEREND, BiekkE
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(Z R0 AE U TR DHEE SdL, BHER R LV BRKRIINR S 7 b9 5 6 0 bAFTE
LTz, Bz i, Disperse Brown9 (X, DAD T 425 nm (M KWINZ A7 5 EHE L
— 7 DIEh, WBREIEE (470, 420, 440 nm) OFR/e% 3 5O —7 M Sz,
K= HRD~Y AZT v, TEE—7 (m/z464 M+ HIDDIE), TNEN m/z
430, 450,422 #XR— A — 7 LT H RAAXT MR ELNT, FEA A4 L D Da %
MOEZHEE L2 L 24, Fig 23 I RTRIERDOENHEE Sz, Thb ok
BT MS2 T — & R OEBRIZN TS L DMK ROy 7 R EEE L THFEN
ROVFERTH o7, AIEIUE L7-EE#EY Rl 9 5 No.1 @ Disperse blue 60 Tidikt
DRt A% T 72 2 A= — O THHR R OFEIHER S L7z, —J71T1% Disperse
Blue 60 DA &R I TW=DIZxf L, i f5i2i%, Disperse Blue 60 & @IS M 3, 1F
FHEEEH SN TV (Table 2.3 Z2/2), Z D X 912, ERRZ DR YR CTH A —H—
EICRIFEM N R DHEENEET D2 D, A= —HEOBENG Y, AEYk

(ZINA TRIEER S 0T L O D5 R & T RETH D,
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Table 2.3  Disperse dyes containing by-products

Relative
. : Expected content
No. C.1.Generic name [M(;:;'Z]) MS?2  MS®  rt/min? maﬁ iﬁlgﬁr%‘;ﬁ Functional rate
group (%)

1 Disperse Blue 60 380 348 320 13.0 665 49
424 348 320 12.2 665 (+44) (+OC,Hs) 51

3 Disperse Blue 73 363 334 289 8.8 625 25
377 345 317 13.5 625 (+14) (+CHa) 29

377 348 317 11.0 625 (+14) (+CHs) 19

391 345 317 14.8 625 (+28) (+C2Hs) 27

5 Disperse Blue 79:1 625 565 479 115 565 83
541 237 192 9.1 590 (-84) (-COCHz)x2 14

583 523 235 10.2 570 (-42) (-COCHy) 3

11 Disperse Blue 266 503 429 329 15.0 570 43
531 385 343 16.3 570 (+28) (+C2Hs) 57

19 Disperse Brown 9 464 404 363 12.0 425 89
430 370 329 11.6 470 (-34) (-Ch 3

450 390 349 9.9 420 (-14) (-CHs) 4

422 381 308 10.6 435 (-42) (-COCHy) 4

23 Disperse Orange 61 480 441 413 11.7 425 96
358 317 289 11.5 490 (-122) (-2Br) (+CI) 4

30 Disperse Red 143 492 370 329 14.4 470 87
388 347 303 10.0 485 (-104) (-COCsHs) 9

395 187 146 10.8 545 (-97) (-NO,) (-C,H4CN) 4

35 Disperse Red 154 469 217 176 9.3 520 91
395 187 146 10.8 550 (-74) (-OOCOC;Hs)(+CHz) 9

36 Disperse Red 167:1 506 446 360 12.1 505 84
464 404 189 10.7 515 (-42) (-COCHb) 6

420 176 117 10.9 515 (-86) (-C,H,OCOCHG) 6

550 490 189 12.5 515 (+44) (+OC,Hs) 4

39 Disperse Red 258 503 461 174 12.2 505 70
387 345 304 9.9 500 (-116) (-C,H,0C,H,0C;Hs) 10

415 373 332 11.7 510 (-88) (-OC,H40OC;Hs) 20

41 Disperse Red 343 411 332 163 8.0 525 80
439 360 331 10.9 525 (+28) (+C,Hs) 20

Retention times were calculated from peaks in selected ion chromatogram of [M+H]* .
Content rates were calculated from the peak area obtained by DAD.
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Fig. 2.3 By-products for Disperse Brown 9.
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H3W RN AT VHMME T IC e S B0 L ikiks a~ N ST T 40—/

V=T A Ay kT oy PR RN & N AR Sy AT

31 W=

BRI, JLIRBIG ICERE S D 2 L OB WERY L& b TERERMEMIED—>
TH Y | RHEENTH 2 AHADRERGIHE & DI HTIZ LV BEEH & e OB O
AR E S 1Y,

2 AT D MHETIE. BBt RO EHR DTN R E S EBRT 2720, B L
£ (MSP) (X 2 ML 310D1T 0 #IH LI UeBi O 7 v~ 75 7 4
— (TLC) "9, @ik n~ b7 77 4— (HPLC) 2B L WEIK7 u~ h77

7 4 —HEHE&GH (LC/MS) 239D FHEICHONTE S OWMERRENTND,

RY Z AT (R =F L7721 —8) 1F, &KL, I—Xy b, V77
R EERMHEOFR TH RV EMHEHINTED 3V | St st 202 en
R SHhD, £z, RN 2T UHET, Ot en e i < HEIE DR T D 7o Y
BLIZKWHBHETH DD, Lo T, ZOMMEOREIZHOWTIR, NI = X7 )LD 7
T AR RIZIREL B, 27 e 7 Ty CEEB A TER(E L TR OB 2B <
ZEICRY BT EAVIAERDMLERH DL Z LD, @E 130 COEIRE/E T
Yo | 34T D 2, fE-o T, R T AT YA S5 BGE ORI T EIC >V T
X, AHALE A T INEIC X D EAR B IR STV, Golding Hik, #'7
AREHRICHMEE 7o X B e BIZE U TINET 2 Z LI X 0 GuBtofh 2170,
TLC ZFEHLLTWD 9, UL, #ALIZ, Z7raXerEr Lo bitghRo vy
AFNHBENLT I K (DMF) ZHWT TLC 217V, RAFRfER 2B Tn5 19, LC/MS
AW B T OIS IZB W, Huang Hix, H T RAEHIZA X /) —)L EHUKIRE

R (1:1, viv) &k (RS :bmm) 207 ZEITEALUMET D 2 &12 L0 Yubhhliit
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ETo T D 2829, Fiz Petrick HiE, SWOGMAT A K7 A > 3¢ 23U THERES
LIRS CH D ) Y LKDREETRIR (4:3, viv) OO VIZ, FIL pH 2H7 2
T b= UVERUKIEGH (413, viv) LHEHE (RS :5mm) 27T A1 T
TR 5 2 LI K0 BB 21T > TE Y . LC/MS (2 X DU OB E ST & 1K
L T2 %0, BB OYEHlHIAIL, KENTUTO 2IEICE LD OND, —DiF, A
T OVHRD HI A &R HTA A ATUINBR LTt Wi E A T VRO B ED H L
B IR E AT 2 75 Th D0 b 9 —2ld, il & HWALLE 7 7 2 RIS O
FUICELA LINEV L 7248 Shitva B2 B Lt § 2 55 CH 5, —J7 T A SUHE
HEFOHIRT N —TNE LRI 7 ZARGE IR & A Z ) — VIR Z AN, N
% 2 LT LV MRS S D FETE A 2 Al L7218, s OIS & 0 A5 (i & il
R Z 57 #fE L C LC/MS OREHE 15 2 FHEIZ DWW T LTV 5 39,

AT TIL, N Y 2 2T VEHED & O 5y BBt Ofili ik (2 0IgiEIE) & O LC/LIT-MS»

Z T BB O 3T IS DD TG 21T o 7,

32 FEhr
321 ¥

AL = E, FOLMEER O LC/MS Mz, A FARALT I RIFFEHisER o
HPLC A%, 1M g7 > €= 7 LK ITFEHEER O HPLC A% vz, K
1T HA S U R 7 T Millipore Q & A7 5% FIWVTHML L7, 4yikdekt 9 R T
O TYA IR Y = 27 /U HEAR X A AR TEMRA St L 0 Rt 22 T 72, 42
252372 9 DYk A X /) —/ 2 DMF O 1 : 1 (viv) IREIRICIAG S8,
50 W/ml OFHRICHHE L, A% 7 — VT EAR L THOWIZHW o, RFFRICER L

SYBBLOFEM e T — 2 12OV T, Table 3.1 12737 LBY ThD,
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Table 3.1 Standard colored textiles and disperse dyes used in this study

Disperse dyes

Dyeing
Fibers (100%) depth
Mono
(% owf)" " commercial name of
C.1.Generic name Formura isotopic
dye
mass
Turquoise Blue GL-S
Blue polyester 1.0 Disperse Blue 60 C20H17N30s 379
200
Blue polyester 1.0 Blue E-5G Disperse Blue 291 2 Ci19H21BrNsOs 508
Blue polyester 1.0 Blue CR-E 200 Disperse Blue 366 C19H18NsO2 362
Red polyester 1.0 Rubine GL-SE 200  Disperse Red 73 CisH16NsO2 348
Red polyester 1.0 Red 3BL-S 200 Disperse Red 145 C1sH16NsO2S 380
Red polyester 2.0 Red TL-SF Disperse Red 323 C23H24CINsOs 533
Orange polyester 2.0 Yellow Brown 2RL-S  Disperse Orange 30 C19H17C2N504 449
Yellow polyester 1.0 Brill.Flavine FG-S Disperse Yellow 82 C20H19N302 333
Yellow polyester 1.0 Yellow E-BRL conc  Disperse Yellow 1633 C1gH14C2N6Oz 416

1 o.w.f (on the weight of fiber) meaning the weight percentage of dye relative to cloth.

2 C.l.number ; 113395. 3 C.l.number : 111235.

3.2.2 IEE N OV &M

LC/LIT-MSr %, Bt gifiiik 7 v~ k77 7 (Prominence UFLC) % #£fi L 7=
=T 4w —P AT 4T 4 v 7 ILXQ ZHWTITo T2, 77 A EFEY
BTG 7EREAE B L-column 2 ODS (N2 1.5 mm X £ & 150 mm, R 5 um) %
Wiz, BEFBIZIZA : 5% A %/ — VIR (10 mM Fffg7 > E=0 A5H) L B: 95%
A B 7 —NVEHR (10mM FEET =T L5H) O A:B (40:60) 7H A:B (0:
100) ~ 15 43 TEMANCEL SH 10 R S ® 5 77 Vv Mot a vz, il
1% 0.2 ml/min TH 7 AR 40°CIZE%E L7, DAD I L 2 @i RaEikix, 26547
FGERL (380-760 nm) & L7=, &AEHE. 045 ym D7 4 L F—%@LIZH D 2l &%

AL, BEOSWNOAL A AbEITZZ L7 ha AT L—A 41t (ESD) ORYT 47+
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—RELT, =7 bR L—EEFX 5kV, a2V TarTRAEI~NY T AEHNT,
FExt ) ¥ a XX =T 46% L LTc, F¥ BT U —IREIL275CE L, v —AH R
Pl 25 units & L7z, MSPBUSOT 77 4 X— 3 ¥ A LE 30 ms TEDFEDT
AV b—va sy AAE 4Da ITRELE, HESHIL data-dependent MS3

method3d % AW TITo 72,

ABFZEC VT2 Table 3.1 TR 0GR 9 FRIZ DWW T, Gubh I 4 B2 YRk E
ZHRMEHD72DIZ, DAD 2L ol r v~ 7T A ROFYRIOT Y T —H—A
Fv (IM+HIY) ROTwZ 7 A A OBREISHHE (SRM) 2LV FEbhize—
7 SIS SRHRA ZH~TZ, B =7 mSicES<mERNL, v 7 P-4 X

ey 8 LA & 72 D/ N DYBHREE & EFR LT,

323 RV ATILARMN D OFHGEE OS5 HT

Table 3.1 TR YEIA =TI —InORMIEZZ T RER Y 22T LW 4R (RS
7mm) % 5| EHREGERHMHIC W -, BENSEM Lol BB o snier
T b= UL EHUKOREEIE (4/3,vlv) . A 2 ) —)v ERUKOIREGERHE (U1, viv),
VAFNEINVET I RThD, kL, Fig. 3.1@) TRT XMz E U T A
& [100 microliters i~A 7 ¥ v v 72 (EX 4 70mm, NEM 1mm), R7E
MRS R A LT, 2007 ZEITHEEE 30 pl ZIEAL T, U7 AEOL 9 —
A BRI L 0 B8 L7k, E— b7 v v 791 100°C T 30 /N5 Z &2 &
D Qe 21T o 72, fliHE Fig. 3.1(b) TRT R D IT, —ImABHE Lo T R BRKL
THY VYT g ¥ —a2=y hGLZ v~ 7 ¢ 27 (4P 4L£ :0.45 pm, KURABO
INDUSTRIES LTD.), D &7 7 AA % — MEEIRA A TV (Snap vial, fixed
insert, Agilent Technologies) ZBRE (E X : 4 85 mm, WK 183 mm) N CHElfs

SH, CORBREEZELODHET A EICKVMERE T T AL Y — MTARLT,
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LC/LIT-MS» F D oy Hradih 2 1572,

(a) Extraction in a sealed tube

Sealed glass tube
- (length:70 mm, i.d.:1 mm)

(] * Heating at 100°C, 30 minutes

| Solvent (30 pL)

g/ Fiber or Thread

(b) Filtration of sample solution

Cutting off one side tip of the glass tube of glass tube

S

ﬁ

Centrifuge
(5,000 rpm for 5 min)

%;

Fiber

Conecting to vial — ~ Filter
Vial —
Extract — | Covered with acap
for automation analysis
— of LC/MS" 4

Fig. 3.1 (a) Extraction procedure of dyes from a colored polyester fiber.
(b) Sample preparation for LC/LIT-MS".
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AWFFEIZ Tz Table 3.1 T3 40wkl 9 fli TYuta U 7R M (B A LIE T e
At L V) 2268700 (RS 0 7Tmm) ZHW Y 21T, 5 oauz il
WRIZNEE YR [ Disperse red 146 @ 50 pg/ml ® DMF #* % / — VIR &R (1:1,
viv) 130 pl 23RN, B L7726 0% LC/LIT-MS» D4kt & Ui, HhiH S 7= gukt
Hikd DAD I X o/ — 2 mfE% 1.S @ DAD IZ XV &6/ v — 7 mfd Chy
L7253 5 Z Lk 0 RIS K D2 YB3 D b 217 > 72 (# 0 K

L#fEn=3),

324 RV AT VHERHED I S ekt o 5

FEAEAT IS D5 B 9 FlRYukl Cet SR ) = X7 VEEHE (RS 5mm) 28
W, RERSCTE R LYkl EIC K 0 5 5 = ek ik iz oW T LC/LIT-MS: %
1To 7z, BOMIEMEHED D OIHE SO ERN S, BER CR L2l —# _X— 2 %

FIF L7-A8RH Y 7 & (ToxID) 30~ouHAMIC >\ THRET 1T - 72,

33  FERLUEL
331 LRt ORR RS

HPLC Z W= e BV T EE 2-10 mm O B#RHEIC Qe STV DYkl o BT,
2-200 ng TH Y . HEGEO LOD X, 5ul A > ¥ =2 a2 T80-1280 pg Th o7z
LW o EEORE 2420 &3 L2, Petrick 5%, LC/MS % 7= e (K X 5 mm)
D DYERHIHTIZ DWW THRE L TU 5 30,

Table 3.2 TR L HIZ, SRIEEH L7-owdest 9 o v — 7 @ X125 < DAD |
EAHLODIE, 5pl A > ¥ =7 2 a v T500~1750pg THh-o7-2, SRM 7 u~ 75

LIZE D LOD L, 1~15g ThoTo, LLEOFEEN G LC/LIT-MS» /X, HufilialETdh
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HHHE (RS bmm) (CRESHIZRRIOITIC T O RREZ A LTS Z ERREN

76

Table 3.2 Limit of detection (LOD) of disperse dyes

_ Monitor ions LOD /pg

C.1.Generic name

(m/2) SRM DAD
Disperse Blue 60 380>348 10 1750
Disperse Blue 291 509>480 5 750
Disperse Blue 366 363>176 5 750
Disperse Red 73 349>308 1 750
Disperse Red 145 381>173 5 500
Disperse Red 323 534>444 5 1000
Disperse Orange 30 450>390 15 1750
Disperse Yellow 82 334>290 10 1750
Disperse Yellow 163 417>376 5 1000

332 ARV ZATILARN D ORI YEE OS5 HT

At B YL I W DB SOV TG 2T 72 & 2 A, Fig. 3.2 TRT L9
(2. DMF GBI AR R Co 5 2 L 3l o 72, itz O 2 Bl 5 & |
DMF % H\W =56, O AL & 13572 0 58 ENIR CYRt OB B R ST, K
FHIAW A TOYER Y = 27 VR IL, RAFICYBHhE 23 72 STz, DMF
L BPER EVIET 1 b oM S LTI S, AR EEITRE S DR E O E DR
BETHY | RY AT IUHEOTE & 24 LW D o kdekt 2 58S 2 012 L 7= iR

EEBEZONIZ, Ko T, AWZEOYLEHIHIALIE, DMF 215 Z &ic L,
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Disperse Blue 60

.
b )

Disperse Blue 291
Disperse Blue 366

Disperse Red 73

D D

Disperse Red 145

R )

Disperse Red 323

D D D D AT R DR

Disperse Orange 30

AN B methanol:water (1:1)

Disperse Yellow 82 acetonitril:water (4:3)

D

B dimethylformamide
Disperse Yellow 163

"l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Il J

0 5 10 15
Peak area ratio (/ 1.S.)

Fig. 3.2  Comparison of solvents in the extraction efficiency of disperse dyes from a polyester
thread. Each value is the mean + SD of peak area ratio obtained from DAD (n=3). Disperse Red
146 was used for internal standard (1.S.).

AFHHEIZ L VB O NTARHER Y = 27 0 k0 b O getagubthh i 2 LC/LIT-MS»
ERWTHON AT o 1R, 9 EOGLEHhHMITWFH bR Y = 27 L DBz v
St oM+H] A A & LTRSS, S A 4> 7 n< F 7T L& TDDAD (2
K57 v= b7T ApDIE, FHERE L FROT — 2 (GRFFERFH, MS2, MS?, DAD (2
FDVISZu~ b7 7 4) 3G, ZORRNG, RN =27 )Vili#En Shli L7z
SO IAR YR L R O A A TR SN D T LS GhE 00 KETERL
7o Y R IE, BE RO FIETH 5 LC/LIT-MS» & -\ 7243 Bk O 43 b & HEEE L 724y

OBt DT — Z =2 B ARETH D Z L AVR ST,

AR U2 E D b O QeI T, 77 2l F v T U —F 2 —T NIz T

IR UNERIEECRkHE D D e gl 2 Bl U 71 L 13000 BIES 0 i EE Hoo2hsR I < idlft
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& YBt 2 o BE L Tak Bl 2 15 o it T iE Th o 72, T ofhit 7T, MR ED ()
OFREZRIR Y (G2 PEBR L7 7IETH H Y A S ITEIL T & 7o Qe bl 1% o Billie k)
(. BEREE & O T2 BeBk R OfME O T REBLZR 2 E SR AICRI A WRE T H o 72,

333 AU =T VEHE) bRl S 7o L O o3 i

SEEROEE, BRA T 3 O ol EHE (5 mm) 72D ORI 2 AR FETITV,
LC/LITMS» 24T~ 72 24, WO L b, B Y 7 b (ToxID) (Z2& V. MS,

MS2, MSPDHET —FZ —BUZ S BHAFTRE TH - 7,

Disperse Red 145 |22\ T, AGIETYRHEM Lot LR % Fig. 3.3 IZR-7,
A F =2 L b DAD ICX 2 E— 7 RIEAHIFFS D Z OYBHE, MR
540 nm OIS HAv, BIZ DAD I L 5 B — 7 (fRF#IFH 9.07 43) & M + H]* o
it A A7 v~ 7T MK D E— 7 (REFIFR 9.13 23) OPRFFREH O B4R (DAD #%
HERN D~ ARHERITEAT 5 TIE0DKH]) H, ZOA 3 B—27 03, Ykl
KTHDHZ L AR TEZ[Fig. 3.3(@)], 2O —Z IRt HD~ A AT hL H

12 MS2, MS3 75 Disperse Red 145 D& A #MEF/2HDIZ LTV 5,

Disperse Red 145 & 13%FBEH9IC, DAD 12 L % v — 7 B HUERE D4 % Disperse Blue
60 |2V T, A TYEHbH Lokt L7# % Fig. 3.4 I277%, Disperse Blue 60
DS+ AT A2 hUiE, Fig. 3.4 () TRT LI IR R L OBRHELNT, MK
N AVHIZR & LRV, & HIZ LC/MS O, FRNCYEHSR DM + HI* O # (m/z
334) WdoTzb LTH m/z334 Oty v~ ~ 77 A TH LD RFEFRERH 12.89 430
v — 7 O~ A A7 kLS Disperse Blue 60 D& H % BAf 1T AME— DT —Z TH Y |
EMEREINCIIER 5, Z D K 9 ICYBHFE D 7= D B2 1FHIR CTd 2 DAD 1HHH
BoNLWTr—2ARNL N ERFHENDLDOT, DAD Bz Med 5 b0 L L TR

(R E D MS» OfF# [ Fig. 3.4 (o) 1 13, WG HGHE A (T s S 7z Yubh &2 RFE
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5 ETEETHD,

F DA D Y BHRHE D & DY HTIZ DWW T % | Fig. 8.5 ~Fig. 3.11 Trd Lk 512,
DAD [EHROEEIZ DD BT, A A & LTTF — & _N— 254k L= MS §#H 4 BUG T
i, ZOX DT, PR U = AT UAE T IC G ST YR O SR E 8T, € L CE

PERE S ORI 2210 B3R S v, LC/LIT-MS» DA IR Sz,
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Fig. 3.3  LC/LIT-MS" data for Disperse Red 145 extracted from a polyester fiber (5mm in
length). DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]" at m/z 381 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 9.07 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 381 [(c) top], MS? spectrum obtained from
precursor ion at m/z 381 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 173
[(c) bottom].
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Fig. 3.4  LC/LIT-MS" data for Disperse Blue 60 extracted from a polyester fiber (5mm in
length). DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 380 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 12.81 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 380 [(c) top], MS? spectrum obtained from
precursor ion at m/z 380 [(c) middle], and MS3 spectrum obtained from precursor ion at m/z 348

[(c) bottom].
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Fig. 3.5

DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 509 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 15.10 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 509 [(c) top], MS? spectrum obtained from
precursor ion at m/z 509 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 480

[(c) bottom].
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Fig. 3.6 LC/LIT-MS" data for Disperse Blue 366 extracted from a polyester fiber (5 mm in length).
DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 363 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 10.95 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 363 [(c) top], MS? spectrum obtained from
precursor ion at m/z 363 [(c) middle], and MS2 spectrum obtained from precursor ion at m/z 176
[(c) bottom].
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Fig. 3.7

DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]" at m/z 349 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 7.45 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 349 [(c) top], MS? spectrum obtained from
precursor ion at m/z 349 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 308

[(c) bottom].
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Fig. 3.8

DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 534 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 12.02 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 534 [(c) top], MS? spectrum obtained from
precursor ion at m/z 534 [(c) middle], and MS2 spectrum obtained from precursor ion at m/z 444

[(c) bottom].
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LC/LIT-MS" data for Disperse Red 323 extracted from a polyester fiber (5 mm in length).
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Fig. 3.9

DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 450 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 9.83 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 450 [(c) top], MS? spectrum obtained from
precursor ion at m/z 450 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 390

[(c) bottom].
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LC/LIT-MS"data for Disperse Orange 30 extracted from a polyester fiber (5 mm in length).
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Fig. 3.10  LC/LIT-MS" data for Disperse Yellow 82 extracted from a polyester fiber (5 mm in
length). DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion
chromatogram for [M + H]* at m/z 334 [(a) bottom]. Visible spectrum obtained from the peak by
DAD (retention time = 8.76 min) (b). Mass spectrum obtained from the peak observed in the
extracted ion chromatogram for [M + H]* at m/z 334 [(c) top], MS? spectrum obtained from
precursor ion at m/z 334 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 290
[(c) bottom].
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Fig. 3.11 LC/LIT-MS" data for Disperse Yellow 163 extracted from a polyester fiber (5 mm in

length). DAD-monitored signal [(a) top], total ion chromatogram [(a) middle], and extracted ion

chromatogram for [M + H]* at m/z 417 [(a) bottom]. Visible spectrum obtained from the peak by

DAD (retention time = 8.10 min) (b). Mass spectrum obtained from the peak observed in the

extracted ion chromatogram for [M + H]* at m/z 417 [(c) top], MS? spectrum obtained from

precursor ion at m/z 417 [(c) middle], and MS? spectrum obtained from precursor ion at m/z 376

[(c) bottom].
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Table 4.1 Black gloves used in this study

No. Same Manufacture Country of Type of Collection year
Products manufactures polyesterfibers
1 a China staple” 2014
2 a China staple 2014
3 a China staple 2013
4 a China filament? 2014
5 a China staple 2013
6 a China filament 2014
7 a China staple 2014
8 A a China staple 2014
9 A a China staple 2014
10 B a China filament 2010
11 B a China filament 2013
12 C a China staple 2014
13 C a China staple 2014
14 D a China staple 2014
15 D a China staple 2014
16 b Cambodia filament 2014
17 b China filament 2013
18 b China staple 2005
19 b China filament 2013
20 b China staple 2013
21 E b China staple 2010
22 E b China staple 2014
23 c China filament 2010
24 c China filament 2010
25 c China filament 2010
26 c China filament 2010
27 c China filament 2010
28 d China staple 2005
29 d China staple 2005
30 d China staple 2005
31 d China staple 2013
32 e Japan staple 2005
33 e Japan staple 2005
34 e Japan staple 2005
35 e Japan staple 2005
36 f China filament 2014
37 f China staple 2010
38 f China staple 2010
39 g China filament 2014
40 g China filament 2014
41 h China staple 2005
42 h China staple 2005
43 j China staple 2013
44 k China staple 2014
45 | China filament 2013
46 m China staple 2014
47 n China staple 2014
48 o China staple 2014
49 p China staple 2014
50 q China filament 2013

1) Products composed of short fibers

2) Products composed of long fibers
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(a)

Sealed glass capillary tube
— (length: 70 mm, i.d.: 1 mm)

(] * Heating at 100°C, 30 minutes

| DMF(30uL)

g_/ Thread

(b)

Cutting off one side tip of the glass capillary tube

% Test tube

®

Centrifuging
(3,000 rpm for 5 min)

<

~ Filter

Thread

Extract —

Covered with a cap
for analysis of LC/MS"

Fig. 4.1 (a) Extraction procedure of dyes from a colored polyester fiber.

(b) Sample preparation for LC/LIT-MS".
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DOIE) DZENE5nm LN 1 LTEY, 2O AT MVOBEEFFHNER D,
(2) EENBDLND,

ABHE TANT FATRIRDN R 72 % SUTTEIRDEEEL L TWTH A7 b L OB
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43 FEREEBL
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Table 4.1 T/r9 50 FEOFRD 5 5 33 MO FRNEMHMER Y = 27 LFEH (staple
type) Tdb 0 | B2 P12 L W B Lo WA ) m 2T VM T d o 72, A5 (ki)
O ST YLk 4 Table 4.2 1R 3, IE L2 BAKR ) =27 VRFEOYE
I 30 TR DY BRYLREAY (9 FlilE C.Lname RH) i STz, B—0 10 Ba ekt
IERR ST, B DI TR 5 O BUER S S v, D70 b O T 2
¥, 2\ b 0T 8O BYLEI AR &7, F7-. Disperse Violet 93:1, Disperse
Orange 288, Disperse Blue 291:1 } ' Unknown ( basepeak ion (11/2) =489, A max:
590 nm) ( Disperse Blue 291:1 @ Br % ClLIZ{&EH# L 7= 6 D & HEE) D 4 FED Sy HGek A
EWHETHER SN TEY . 39~42 RoOFRIMEH I TWe, DLEDOFERNS, 4
EUNAE L7 iR BAR U = 27 VR, a0 ekt 2 2 RS S5 2 & T

BaZBRE3E, R AT BHEICRE SETWAL Z R b e ot

Table 4.2 (2" F K 912, ARUE L72F4E 50 iodicid, RS (Fl—x—7h—
TR —PHERORLE) OMAEHED 5AFEL T e, T0 9 BIA UYLBHENMEH S 4
TWzbDid, 2HMFE (A& C) LTEY, WINBIERAFR LD TH o7,
KRR, ERYUEI RN 7 D AG D2 34 (B, D, E) FEL TV, Wihb
RUERFH], g v OBV D b D LEZ B, SHREEEE L CIET BRI
BENRMETHD, Flo, FRISTRT R OITEWEE CHEH STV 4 FEO5Hgekt
% ENELED F4E (No.32-35) (ZIFEH SARWEAIZH 0 | B GeRiEic L 2 5

A= —DHEE D e 2 /RE T L 5 R MG b IvTz,

FAE 50 B S 2 FFHAZ B A CHE T 2 A8 EOIE, 50C=1225 8 Y F1E 7
Do YR OB OE ZFREIC LTI L7285 E . 1195 MBI THETH U . 30 #H

AHBIREE GERBIE : 97.6%) Tho7z,
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Table 4.2  Analytical results of Disperse dyes in black gloves by LC/LIT-MS"

Disperse Dyes / Clname®, m/z% A ,..°
Same Or v B R Or v Or R R Or Or B Or
No- |roducts| | 2887 | 931 | 201:1 | 1671 | 30 93 76 - 145 73 29 61 291 25
489” | 386 | 435 | 533 | 506 | 450 | 479 | 392 | 581 | 381 | 349 | 378 | 480 | 509 | 324
590 | 450 | 560 | 590 { 505 | 415 | 560 | 430 | 565 | 540 | 515 | 415 | 430 | 605 | 470
1 O O O ©) @) O
2 O @) @) O @) @)
3 O O O O [©)
4 O O (@) @)
5 O O O O [©) O
6 O O O O ©) O ©) @)
7 O O O ©) O [©)
8 A O O [©)
9 A O O [®)
10 B O O [®) O O
1 B O O O O O O
12 [ O ®) O O
13 [¢] O O @] O
14 D O ©) O O
15 D O O @] O
16 (@) ©) O
17 O O O O O
18 O O (@] (@] o] (@] o]
19 O ©) [©) (@) ©)
20 O O O O @) O O
21 E O O O O ©) ®) [®)
22 E O O O O O O
23 O O O [®) ©)
24 O O O O
25 O O (@) [®)
26 O O O O O
27 O O o O O
28 @) O O [®)
29 O ©) @) O O (@)
30 O @) ©) O
31 (@) O O ©) [©) @) (@)
32 @) O O
33 @) O @)
34
35 @)
36 O O @] O o] O
37 (@) O O @) ©) @)
38 (@) O (@) O ©) @)
39 O O [e] O o O
40 O O (@] O o O
41 O O (@] O o O
42 O O @] O o O
43 O O @] O o [®)
44 O O @] O @]
45 O ©) (@) O [®) ®)
46 O ©) O O ®)
47 O ©) (@) ©) O ®)
48 O ©) @) [®)
49 O ©) (@) [®) [®)
50 (@) O @)
Total 42 41 39 39 18 17 15 8 6 5 4 4 4 3 2

a) Chemical index name, V:Violet, Or:Orange. B:Blue, R:Red, -:Unknown
b) Basepeak ion (m/2) corresponding to the peak for dye

¢) A maxin the Visible signal monitored by DAD
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Table 4.2 Continued

W | Sme [ B LR Torl Yy vy IR o [ R _ | _ | _ L total/
© Iproducts | 79:1 | 54 73 | 54 | 126 | 343 | 31 60 used

625 | 416 : 444 | 290 { 429 | 411 { 382 | 332 | 347 | 329 | 383 | 390 | 405 | 415 | 529 dyes
565 | 465 { 455 | 440 { 440 | 525 | 450 | 515 | 600 | 625 | 455 | 470 | 450 | 435 | 425
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Total 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1
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432 WERGT YT R OV BRGSO & R & D B FIR#

ARAFSECULEE L7z 50 FED RO REME CTH D BaR Y = 27 /L B O I A
A7 MLZEMSP CHIE LT E ZA T E ARG EZ 2 25T 5% 4 7 (48 3
B ThHv., 25k (No. 34, 47) DBNWURK % 3 DH T HWINALT MDD X A

ThHo77,

24 2IHTRTHEEELZS LT, WEHHORINARY MLzl L7z & Z A, Table
4317 T X 91212254 (50C2) DIAEDED 5 H 1175 BN AT FIVIZERD)
PO LI Z & BRI TTRE & S v, 50 ASERBIINEE GBI : 95.9%) Th -
7o
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Z ® MSP 2 X 275N LC/LIT-MS» |2 X 25l A filAG o 2 Z LT X 0 il
A S DEOEIT 50 M6 10 M~ L L. @pl=orm B (99.2%) 23589 5
N, Zhud, BOEGEEO L) ICKEARHOREZIES ST bODHEE, a2
max AT DYBIOIRE LN AT VIS D MSP %, IRE S Bid
FBHE 2 E RN & 2229 % LC/LIT-MS» THiiSE T 5 Z L2 K 0 WBIRE S D 1A A3

RENTZHDEEZ B,

MSP TREEDWIL A F Lz R LTZatEks, LC/LIT-MS» % Tl FTRE & 72 -
7z 2B LU RIRT, e oBliE, Gebto sy 1) 2 EHEL 0@ )Y LC/LIT-
MS: TH LN SN HEDTH S, B 7L Nol & No.40 2251, 1FIFER D WL A
R MAPESNTWA([Fig. 4.2 @], b AT bz 1 RS MR Ic 25 # L <
IS &R MRS L C B AEITRRD e o 72 [Fig. 4.2 (b)], 245 No.1 & No.40
ORERHR D 5 Ykt 2t L C LC/LIT-MS» Tl L7558 % Fig. 4.3 (o d, Falkh
&b 6 OGHEEAEHINTEBY, 20550 1EOLBHLNTHEL > T
7o B72 H5YekHT Violet 93 & Violet 93:1 Th v | EHEL (HEHE L RF) OHEILH
Db DDOYR T OIEREHKIIFA L TH D, Lo T MARBRIERIL L bICFRRH
(560 nm) %Z/~ L, MSP\ZFLENRBN -T2 bD EEZ Bz, £7-. Fig. 4.3
(al.a2) ®DAD 7 n~ h 77 LA TxRT X912, Blue 291:1 & Unknown (m/z489,
A max * 590 nm) & DFEEE LA No.1 & No.40 TIEZH & 2Tl LT =28, Wi
R B lE R U 590 nm ThHAH Z &H MSP I E N2 o7 b D EB XD

iz,
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Fig.4.2  (a) Absorbance spectra of black single polyester fibers measured on MSP, sample No.1

(Solid line) and No.40 (Dotted line). (b) First derivative spectra associated with (a).
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Fig. 4.3 LC/LIT-MS" data for Disperse Dyes extracted from a polyester thread in the sample

No.1 (al~h1), in the sample No.40 (a2~h2). Visible signal monitored by DAD (al, a2), total

ion chromatogram (h1, h2), and extracted ion chromatogram for m/z 450 (b1, b2), m/z 386 (c1,

€2), m/z 506 (d1, d2), m/z 479 (el), m/z 435 (e2), m/z 489 (f1, f2), m/z 533 (g1, g2).
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WOFNE, MSP 12K S AU < WA REH S5 Ykt fHiE LC/LIT-MS» TH
ONEINTZbDTH D, 7 No.37 & No.d6 7 HITIFIFE L DN AT kL
PFHITWAIFig. 4.4 (@], v AT bvZ 1 IR MRS 25 L T4 dh A7
EEMER L TCOHEBERATRD bz o7 [Fig. 4.4 0], SEIORERR S DY
BH ) 2 LC/LIT-MS» Tt L7-#E R % Fig. 4.5 1T T, &alkl & & 4 D5
EHOrange 288, Violet 93:1, Blue 291:1, Unknown (112/2489, Amax: 590 nm)]
NIET 5 ER Yk LT [Fig. 4.5 (b1~el, b2~e2)] SN TEY 450, 560,
590 nm DOARWINZHT LGB TERTZR L TND Z &b MSP XA A~
7 MVERTZEN TSNS, Ll Fig 45 (fl~hl, f2~h2ITRT X9
HEHZ D BER S Dy & LT, No.37 23 Orange 30 & Red 167:1 %, No.46 73
Orange 61 ZZNENEALTEYD . TIDDOREROMEIZL Y 2 SDOFEN

RIp D BAGER ) T AT VRHETH 5 ERRICHIBT SN D,

YRAMEI T YR e EIC R T DB BIN D RN AN AR TH Y | T DEE
PEIZOWTHESNTWD 9, £72, IO T A BT A4 2BV T MSP D44+
ARSI E 2 R LTV D 10, LinL, BEARY = 27 Uik ClE, FRi Tk
RV 240-310 nm ([ZHNDT L7 F VL — N OFHFFERITH T DRI XV i 5
(AR SRR DIERDE DL RIS, BENZHEERORAM THH L, E

ICERAITERBOBEWRATH D Z &2 MSP 12 L H5kAl 2 KEHIZ L CWAHEK &
z b,

o BORY = 2T VEHER ORI & 2 BB ORE X <ATH 7201 h #IDIC
MSP Tkl & 3, kD 27 M ME Bz 84121F, LO/LIT-MS Tt S
7o BB &2 PR ICHERR 35 2 LI L BAKR Y = X7 UARHER O 7RI EE
M EL., SERRERRBINFEICRD D EEZ b,
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Fig. 4.4 (a) Absorbance spectra of black single polyester fibers measured on MSP, sample

No.37 (Solid line) and No.46 (Dotted line). (b) First derivative spectra associated with (a).
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Fig. 4.5 LC/LIT-MS" data for Disperse Dyes extracted from a polyester thread in the sample
No0.37 (al~h1), in the sample N0.46 (a2~h2). Visible signal monitored by DAD (al, a2), total
ion chromatogram (i1, i2), and extracted ion chromatogram for m/z 386 (b1, b2), m/z 435 (c1,

c2), m/z 489 (d1, d2), m/z 533 (el, e2), m/z 450 (f1, f2), m/z 480 (g1, g2), m/z 506 (h1, h2).
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