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Determination of 14 Organic Dyes in Aquatic Products by Modified
QuEChERS Combined with UPLC-MS/MS Method
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Abstract: An analytical method combining modified QuEChERS with UPLC-MS/MS was established
for the determination of 14 organic dyes. The samples were extracted with acetonitrile, and purifica-
tion was completed simultaneously using neutral aluminum oxide. Chromatographic separation was
performed on an BEH C,, column with a gradient elution of 10 mmol/L. ammonium acetate (pH adjust-
ed to 4. 5+0. 1 with formic acid) and 0. 1% formic acid in acetonitrile. All compounds were detected
in positive electrospray ionization mode using multiple reaction monitoring. Except for malachite
green and leucomalachite green, which were quantified using the internal standard method, the re-
maining compounds were quantified by matrix-matched external standard method. The results showed
that the 14 dyes exhibited good linear relationships in the range of 0. 2-10 pg/L(r*>0.995). The de-
tection limits (LODs) and quantification limits (LOQs) for malachite green, leucomalachite green,
crystal violet, and leucocrystal violet were 0. 2 pg/kg and 0.5 pg/kg, respectively, while those for
the other 10 dyes were 0.5 pg/kg and 1.0 pg/kg, respectively. At three spiked levels(1, 5, and
10 pe/kg) , the average recoveries of the 14 dyes ranged from 72. 6% to 118%, with relative standard
deviations (RSDs) not more than 8. 8%. By using this method, 30 batches of aquatic products were
detected. Except for one batch detecting methylene blue (detected content: 1. 10 wg/kg) , none of
the other samples detected the 14 dyes.
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i A LA S B A SEAA O YR 1R . LR (EV) FIZE L RIEHE B(VB) K HATE Y 4E L AT HE R
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1.1 L&, KFE5#H

AB SCIEX QTRAP 6500+ HH 43— H BT ( SCIEX A7) )5 SJ3AX(IKA A T] ) 5 XPE-205 HL ¥
KV (HPFF 2 7)) 5 Waters ACQUITY UPLC BEH C,,(2. 1 mmx100 mm, 1.7 pm, Waters A #]); JEAE
(0.22 pm, FHFZELAE]); Multifugex 1R 58S RS OHLCEEPHLAF])

HEE, (g, Merck 247)); R (FTI%YR, SigmaAw]); LR (SrHT4l, Sigma’Zyn]);
AR (Ol BigEg A w]) s Ak Milli-Q R4E (3£ Millipore ) il 75 .

LEAZMG) . BAaFLELALZE(LMG) . 45 (CV) . BRESGHE(CY) ., LEL(EV), KEB
(AB), WHILWE(MB) . #FLEHIE(NMB), BPHEANBA), 4ELZFIEE R(VR) . 4ELZFT#EB(VB) .
Y2 FI4E BO(VBO) . FFHHB(RB) . FFHH6G(R6G) . FLE A %E-D,(MG-D,) FIFE AL A L%-D,
(LMG-D,) (4iEE>90%) , ) H Sigma 237,

1.2 fRER R E H

439 B LMG I LCV bRiEfl 75 (100 wg/mL) , Y HY ISEBC ) G A el B2 bR B Rl 5k
(100 pg/ml) o FAA BT -18 ‘CREOGORAE . ] CHSFRRAE 850, LR i S 14 Fh o T iR &
PR TAE R 1(0. 1 pg/mL) FER 2(1. 0 pe/mL) o f# FH ZHEELH] S A MG-D, il LMG-D, HiR & AR T
VEVEHE(0. 1 pg/mL) o A TAEIEWT-18 CRfE, i HETRE B,

1.3 HmiE

MR H T R ) 0 (ISR £ KRB fa . B fa) FIAR (R . R SRS AES . BT 2L ZH Y

(fh PR A, HFEBRERSLFIERTE), WAL TG, 7E-18 CTiffE.
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FETHFREL(5. 0£0. 01) g 2JHAE T 50 mL ELOEH . I 100 pL RS AR TAEER (0. 1 pe/mL) i
BEWE2), MIAN6 mLZHEFI 1.0 g h PR bsn, SLRVREPR 15 s, A2 min, A5 LL 8 000 r/min
¥IFi30s, M2 mL ZREMp e mastisk, NG o £ R — 208 b A5 B0 T 4 |CLL6 000
r/min .0 10 min, #55 LIEEE 10 LAY, HOBER220E, 1BURZ0. 22 pm BT IEE ,
FEorHT o
1.4 WRHEBE—BEERIESEG
1.4.1 RHEBELEMH A% Waters ACQUITY UPLC BEH C (2. 1 mmx100 mm, 1.7 pm); FEif:
40 °C; MEHAHA: 10 mmol/L ZTR%% (W ERJH S pH 4. 5+0. 1); HshAHB: 0. 1% FERZHE; k. 0.4
mL/min; PEFEE . 2 pL. BEEEVEMGFEIE: O~1 min, 10% B; 1~2 min, 10%~40% B; 2~7 min, 40%~90%
B; 7~8 min, 90%~100% B; 8~11 min, 100% B; 11~13 min, 100%~10% B,

1.4.2 BUEEH FFE: BwisEs IR, B B R, WA 2RI (MRM)
R, HEHLE NS S500V, B TIEIREES00 °C, ALK 379 kPa, FHEIINF 345 kPa, AT 276 kPa.
14 FhGeR A 2 PN FRIGTAL 2 EL LA 1

F 1 14FEENY 5 2 PRI TS 25

Table 1 ~MS parameters of 14 analytes and two isotope labeled standards

L 5 5 . Declustering Collision
Analyte Retention time/min Precursor ion(m/z) Product ion(m/z) .
potential/V energy/eV
Malachite green(fLAEf14%, MG) 4.89 329.3 313.2", 208.4 80 49, 47
Leucomalachite green(JREAFLAE ALK, LMG) 7.61 331.2 239.27, 315.3 80 39, 37
Crystal violet(Z5 %8, CV) 5.81 372.2 356.2°, 340.5 80 50, 50
Leucocrystal violet(F .45 i 4, LCV) 7.58 374.3 358.47, 238.3 80 39, 44
Ethyl violet( £, %48, EV) 8.25 456.5 412.57, 368.2 80 55, 45
Azure BCK#E B, AB) 3.19 270.2 254.2", 228.0 80 35, 36
Methylene blue (. H ZE %, MB) 3.38 284.2 268.1°, 252.0 80 50, 35
New methylene blue GFF il H #5, NMB) 4.26 312.0 283.3", 254.3 80 35, 30
Nile blue AEZ A, NBA) 4.41 318.0 274.0°, 260.0 80 40, 35
Victoria blue R(IZEZFWH R, VR) 6.18 422.3 406.2", 393.3 80 35, 40
Victoria blue B(4EZF#E B, VB) 6. 47 470.5 454.2", 349.2 80 35, 43
Victoria blue BO(Z4EZF 4 # BO, VBO) 7.61 478.5 433.9%, 390.2 80 60, 40
Rhodamine B(%¥'F}A B, RB) 5.23 443.3 399.2", 355.0 80 60, 40
Rhodamine 6G(F FFH6G, R6G) 5.54 443.3 415.2°, 341.2 80 45, 35
Malachite green—DS(:ﬂ%Eﬁ—Ds) 4.88 334.4 318.2 80 50
Leucomalachite green—Dﬁ( F%{@,?L%F%}—Dﬁ) 7.57 337.4 240.3 80 50

* quantitative ion

2 GRS

2.1 FBE&HmMmw

VEPEH Y Waters ACQUITY UPLC BEH C 45 (2. 1 mmx100 mm, 1.7 wm) X} {8 3% 544 0174k
DISEBIGE 14 R i (i 3 88 . S %I PRERIFESESCR, FLAEG SRS =R e Yk e 5 2
T e v ) B i 7 4 R R K T A, HLBEE S IRER RN, =KW e 2 gkt th gt
BISIE S5, 438 EAs ™ PSR EE T 10 mmol/L LR 4% -0. 1% HEE Z /55 . 10 mmol/L LW %% (&
0. 1% HE /K ) 0. 1% B ZH5H 10 mmol/L L8k (pH 4. 5+0. 1, HWERIHYT)-0. 1% H IR 21 3 Fhif shtH
R RI B RCR . AEREW: LL10 mmol/L ZEREAER/KAHES, MB. AB. NMBHINBA A~ tHld sl i Bilig
iSO ; DL 10 mmol/L ZIR%EE (5 0. 19% HRAOVE A /KAHIS, MB AR &g, (Hm N ACA%; 4
RIS C IRV 2 pH 4. 5+0. 11}, iR 4FMESYMIETEMA 2] B230GE, BRI, Akl
FTREAH T MB, ABEYLRI S HMEIR T, FERRMEs & T S0 iy F H faf 1 BH & 7,
T S 56 {681 FH ) 0 AT P 2 7 38 1 ] RE & AR TR AR B R RS (Si—OH) o 43 sh A pH BT s F
BERFIE ) pKa i) (£ 3. 5~4.5), REREEEAR 25 Rt 1 IR 005 7 (Si—07) o A IEHI ek T2 51
BV SR AR AN IR 5 | (B F2cd ), SRR, RIChERRE™ HEHRE . Y pHEMAE4. 520. 1 4
Fil, RERIT LRI PR e AR (Si—OH) , B> T Si—O BEUE:, Yl E Faciuiis, &
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HAEL . pHATELMMBAFIORGENE, fEpH 4,55 | e
0. 1 MIZFRBE I, MB RILIRI I m L s |
Bk, BRI, W RIS 24 |
[ MBI (LA PR T, fReres 2] A 1o o
TARER™, TS HAE O, b ERRE IR 2 & ]
VT . [ I JE B 10 mmol/L Z T4k (pH 4.5+ " Hﬁ_‘f&‘t{_‘g% b W
0.1, WERTRO. 1% HIRZARIEHN, fde ol

Time/min

FUET, 14FYeRLREIR IR B (B 1),
2.2 BEIRCEFREFMMEL

=R H B R ANE R R Yk 2 ok H SR B
X BT KR O S R = AR B,
MREHAVIEEAMER" . Bk, AR
TOHE. 0. 1% HIRZHEF 0. 1% 2K MG 3FHAEFIMIEBCECR,, KM R 0. 1% 2K ZHEBL0. 1% HITR
CHEMPRBUERIN,, CV. LCV Z M R S s m AR 2, X0 REARSZZE BV 2 5 iR G
RPEBCE RIS, 14 Fh YR [ ZAE 70%~130% 2 0], $REUGSCRE L. Bk, AL m&kfE gk
PR

% 5838 H A £ A0 A6 77 A QuEChERS J7 i A A AR B, AR SO Sl LA 1 55 BH 25 1 28 $a A
(CBX) FH3RFH 25728k (SCX) Hi B . PRIME HLB AERIM B QuEChERS i 3 Fhid ik vk . RESVIRIK
25 CBX FISCXAEJG /0 AIVelt , A FFBeli, RAZIE AR Tt iug, HF RS HETR
BORHR R SR h A T il Ve TR 4a 15 7 vl e, #AEZBikent, HES @M (LMG
LCV) B I R ARH AR (<30%) , X W] REAEHAE SPE A L % A8 1 AT 3 AW sl B g r 3. PRIME HLB
FEOT DL R BRIEAG SR 20T, RMIRAE & S80S A= A R I 00 b R, ARSI 14 B B ARGt (3
S AR PEAL A ) 30k 52 AW R TCIEVERE . GB/T 19857-2005"F1 GB/T 20361-2006'34) 5% H v 4
ALOAEAE A A ZE B, PSR —Fh i g R, RE BRI IE sy, WRBHmAE™, &%
SRR FIREIGIG . A S P A R AR R 2 OB 58], AE C G SRR R IN Hr PSR R
AT DIRIRBOI 1 s, SREfia . P, 4R b Wmme R R iE. Kk, ARSCE6 R
AR ARV FIZET T QuEChERS k..
2.3 FHEFWIE
2.3.1 &MXR. RERSEETR A LA AR A ARV NIRRT, BIRA bRl T/RER
IMNZS FSE R BOR i85 6 MR BRI SE R PE A HEA W . 7E0. 2~10 ne/LYBREIN, B Ykt
FRIHRFEME R R, HRARZ A KRT0.995, 182 HrARH B IbRAE S, LAEMEEL (SIN) 435
k31 10 B} 4 3 BE T A SR (LOD) ALE B FRR (LOQ) . MG, LMG., CVHILCV B4 HFR 47 0. 2 pefke,
E FBRMO.5 pefkg, X 4FpgukeE & PR EICR ML 2; HAl 10 Fh YRR R 45 0. 5 pe/ke,
E PR A0 pe/kg(£2),

B wfiactt 145 Hbnfb & Pih S 5 (TIc)
(5 pe/L)
Fig. 1 TIC chromatogram of 14 target compounds under opti-

mal conditions (5 wg/L)

2 14FPGORHE AP ZNESE R L LOD, LOQ ., ISCEAR R BRI {2 (n=6)
Table 2 Linear relationships, LODs, LOQs, recoveries, and RSDs of 14 dyes in fish and shrimp samples(n=6)
Compound Sample r LOD/,I LOQ/,] Spiked/(pg-kg™) Recovery/% RSD/%
(pg-kg") (pg-kg™)
MG Fish 0.996 0 0.2 0.5 0.5, 1, 5, 10 99.7, 96.3, 112, 104 5.5, 3.3, 4.9, 4.6
Shrimp 0.999 4 0.2 0.5 0.5, 1, 5, 10 88.4, 80.9, 103, 92.6 2.9, 4.0, 5.6, 5.7
LMG Fish 0.999 4 0.2 0.5 0.5, 1, 5, 10 91.9, 93.2, 97.2, 92.5 5.3, 1.3, 3.0, 2.0
Shrimp 0.999 7 0.2 0.5 0.5, 1, 5, 10 91.9, 101, 97.8, 97.5 5.4, 2.9, 3.3, 0.80
CvV Fish 0.998 0 0.2 0.5 0.5, 1, 5, 10 94.4, 89.9, 89.4, 89.3 4.2, 4.9, 5.6, 4.7
Shrimp 0.999 5 0.2 0.5 0.5, 1, 5, 10 101, 103, 94.2, 96.9 2.3, 5.3, 4.1, 6.0
LCcv Fish 0.999 9 0.2 0.5 0.5, 1, 5, 10 93.5, 90.7, 89.8, 87.3 4.4, 6.6, 1.3, 4.1
Shrimp 0.999 9 0.2 0.5 0.5, 1, 5, 10 92.7, 91.4, 89.9, 89.3 2.4, 5.0, 2.1, 2.8
EV Fish 0.9999 0.5 1.0 1, 5, 10 91.2, 87.0, 83.8 5.4, 4.5, 4.8
Shrimp 0.999 3 0.5 1.0 1, 5, 10 91.6, 87.4, 86.1 5.4, 4.6, 6.3
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(8:32)
Compound Sample r LOD/,I LOQ/,] Spiked/( g kg™") Recovery/% RSD/%
(pg-kg") (pg-kg™)
AB Fish 0.9989 0.5 1.0 1, 5,10 84.7, 85.6, 89.0 5.5, 5.4, 4.5
Shrimp 0.998 2 0.5 1.0 1, 5,10 98.0, 85.3, 87.5 5.0, 2.9, 3.4
MB Fish 0.998 1 0.5 1.0 1, 5, 10 78.3, 99.5, 76.0 5.8, 2.3, 3.9
Shrimp 0.999 3 0.5 1.0 1, 5, 10 77.6, 91.1, 72.6 6.4, 4.5, 4.7
NMB Fish 0.9999 0.5 1.0 1, 5,10 90.9, 89.5, 88.1 4.4, 3.3, 4.2
Shrimp 0.999 5 0.5 1.0 1, 5,10 94.2, 88.0, 87.7 3.2, 3.3, 2.0
NBA Fish 0.999 3 0.5 1.0 1, 5, 10 88.9, 91.6, 88.8 4.2, 2.1, 5.2
Shrimp 0.999 8 0.5 1.0 1, 5, 10 90.9, 93.3, 93.3 2.5, 2.6, 1.4
VR Fish 0.999 8 0.5 1.0 1, 5,10 95.2, 94.7, 89.3 5.8, 2.5, 4.0
Shrimp 0.9999 0.5 1.0 1, 5,10 93.9, 101, 100 4.4, 4.8, 4.8
VB Fish 0.999 8 0.5 1.0 1, 5, 10 85.4, 88.2, 81.3 4.8, 3.7, 4.1
Shrimp 0.999 8 0.5 1.0 1, 5, 10 89.2, 89.2, 90.0 2.4, 3.6, 5.1
VBO Fish 0.996 5 0.5 1.0 1, 5, 10 102, 118, 111 4.6, 3.4, 5.0
Shrimp 0.997 1 0.5 1.0 1, 5,10 96.1, 106, 99.5 3.5, 4.8, 6.5
RB Fish 0.999 1 0.5 1.0 1, 5,10 91.7, 92.3, 84.0 4.4, 2.9, 3.5
Shrimp 0.999 3 0.5 1.0 1, 5, 10 104, 95.8, 91.5 4.9, 3.9, 5.6
R6G Fish 0.9972 0.5 1.0 1, 5,10 92.6, 94.9, 88.2 8.8, 4.1, 3.5
Shrimp 0.999 5 0.5 1.0 1, 5,10 98.3, 96.0, 94.4 6.7, 5.8, 5.9

2.3.2 EWHMESKEE IBIRSWERREMAIZ AR, K3 MKEARF(L, 5. 10 pgke),
BT IR S5 (n=6) ,  LLIPAR J7 72 0 HE A (el e ) FORE 2% B (R AR R 22, RSD) . B €21
UL, 3ANINFRAKE T A2 v i 3 [ i A 76. 0%~118%, RSD Ay 1. 3%-~8. 8%; WRHL it v 1434 [ e
Z 572, 6%~106%, RSD 41 0. 80%~6. 7%,

2.4 SERRERNE 24
R IR 30 T Bk (15 e, £
ISHEER) , A7 LRSS Ykt MB (LI 2), £ :2“12
HE M 110 peke, WS B i, P ::o.s—
TEFE I P AR 5 R A B e R KB (1R wB
BROCLSORT ORI UNRAUET, MBRIREN o0 L
BB RIS ARSI R KA, o 1 - A
FLER IR . (5 MB KA B A % 2 KRS 0 MRM ]
Ret, TS A0S 0 35 3t Py A0 gy ok R ¢ Fig. 2 MRM chromatogram of the detected sample

18, SIERERE R Heoh, iEaTERy; . iR Auskd ey, Rk S LR MG K e
MRS, TR P IINMB, WERRIFE . ORI dERrS AR B0, SXREN | IR 9k
IPIE” M, wIHER: MBARIK BEAR B AL A0 28R o B A i v SRR H MG BLMG Bk, 3R]
BRSO 1 ) JE e P T A R

3 & it

ARG T — P P . FAfdi 2 B QUEChERS/UPLC-MS/MS 1%, T K= fLER
SREE AP LYl B I E AT . SR SR P AL R AT A SR BRI AL ) i AL B 7
%, S1EGEH) SPE TR, WU TR A I ) A S AR . TR SRR AR T, 14 R ALY
BHEO. 2~10 pe/LIERN BEA R IFZEER R, fLEASZ . REOFLEALE . 45 SRR ALsG SNk
B4 0.2 pe/kg, ER FHRMO0.5 pgke, HA 10FGEHOR R 0.5 pgke, &8 FHRA 1.0 peke,
KSR 572, 6%~118%, RSD 470. 80~8. 8%, SERRFESFINZEEN , KF= 5 i A ALY RS 4t
BOTEAE XU o AR5 7 0] F /K7 it 14 B ALYk k) H 6 R AR XU s
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