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Rapid detection of 13 kinds of azo industrial dyes in spices by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 13 kinds of illegally added azo
industrial dyes (Sudan red I, Sudan red II, Sudan red III, Sudan red IV, Sudan red B, rhodamine B, Sudan red G,
Sudan red 7B, para red, Sudan orange G, basic orange 2, basic orange 21, and basic orange 22) in spices using ultra

performance liquid chromatography tandem mass spectrometry. Methods After the sample was soaked with water,
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it was extracted with acidified acetonitrile (containing 1% acetic acid) by ultrasonic extraction, and purified with
anhydrous magnesium sulfate and sodium chloride. After concentration, acetonitrile-0.10% formic acid aqueous
solution was used as mobile phase, gradient elution, C;3 chromatographic column (2.1 mmx150 mm, 1.7 pm)
separation, electrospray multi reaction monitoring and positive ion mode determination were used to qualitatively
determine 13 kinds of azo industrial dyes in spices, and external standard method was used for quantitative
determination. Results The 13 kinds of azo industrial dyes showed good linear relationships within the mass
concentration ranges of 0.5-50.0, 1-50, or 4-100 ng/mL, with correlation coefficients (r?) all greater than 0.99; the
limits of detection could reach 1.0-10.0 pg/kg, and the limits of quantification could reach 3.0-30.0 ug/kg. The
average spiked recovery rates at 1-fold, 2-fold, and 10 fold concentration levels were 75.7% to 102.4%, with relative
standard deviations below 10% (n=6). Conclusion This method has the advantages of simple pretreatment, rapid,
accurate, and sensitive, and is suitable for rapid screening and quantitative detection of 13 kinds of azo industrial dyes
in spices, in order to provide strong technical support for the supervision of illegal addition of azo industrial dyes.
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TRIPLE QUAD™ 4500 74 = 4 0H €233 - 55 1 5k
I (B A fL w25 8 7R &% Analyst Software ¥iEAb¥l &5,
F[E SCIEX /A #); Frontier FC5718R ¥4 5 5 LWL (P B2
[ PRS2 5 Ei A BRA HD); XPE105 Y HL -4 #r 8- (O i
0.01 mg, FEEZELFIHAF]); FA2104 B T34 KO
BE 0.1 mg, bR X R A BRA F]); WIGGENS
Vortex 3000-Elite i3 Jig i 37 i (4E M 5 AR AL 50 A FR2A ),
YTQX-5200DE R 7 35 Pe e (i M-3R A R 2L FD);
CMDS-12 I (WA (b 5% 1 w7 A ol B 42 43 B W );
GWB-1T AU 2l K AL (A6 55 il FH A AT BR 52 AR 23 | );
ACQUITY UPLC BEH C,; (&34 (150 mmx2.1 mm, 1.7 pm,
& [E Waters 23 F]).
1.2 KSR

. ZE(fai%4k, 3¢E Thermo Fisher Scientific 2
Al); LR BEREE . RALEN (I TAl, [EZ AL AU A
R H]); HRR(Gigal, fEEBRTE/RA R, HiREk . LM
(O pgal, FgBRn T A b BHE A BRA Al PR
TRFFELIL, SFHI, P HLIVIR A PR IR R (TR
100 pg/mL, KIFEFTRERARAA); FRFHL B prdEsh
(B 99.8%, i ik SLi Rl ki A RAF); FFH]
B. HFHIL G, S 7B XA, FRFHE G B 2.
B VE R 21 . BRMERE 22(4k BE B KT 98%, 1 E
Dr.Ehrenstorfer 23 7))

e, I\ A S B R R i (A A 5 18
RETALYRD, WAKRAT .
1.3 LWHE
13.1 &i#Eiu

3%k ACQUITY UPLC BEH Cig (150 mm=2.1 mm,
1.7 pm); AR 35 °C; #EFER N 2 pL; WBhAH A h O,
WA B O 0.10% K, BEEEVEML, DEBIRRT I 1.

Fz1 BEERRERF

Table 1 Gradient elution program

MffE)/min + J#/(mL/min)  F3hH A/% s B/%
0 0.3 5 95
2.0 0.3 5 95
5.0 0.3 90 10
7.0 0.3 90 10
7.5 0.3 5 95
10.0 0.3 5 95

132 F#&u0t
BRI EFR(ES TR, AW hE
RN W, B FARE SR 5500 V, BIAFIEE A 550 °C,
SASRIETIH 240 kPa, FHEIMISE TR 380 kPa, 51k
KIS 380 kPa, HILEWEEF. EREETF. M.
L E i R LR 2.
Fz2 BHERXTURNRESH

Table 2 Mass spectrum parameters of 13 kinds of
industrial azo dyes

ey By TR XERE BifERE
(m'2) (m'z) Y /eV
P aTAN 2492 ;28:1* 90 ‘2‘3
pivREantt 277.1 }gé?* 90 %
piSaEANII| 353.2 1;2:?* 90 ;2
piSRFANLY 381.2 12;:3* 90 g;
I B 381.1 lgéf* 90 ;Z
Z I B 4432 gggf* 90 gg
IFHL G 279.2 i ;gf* 90 g;
FHL 7B 380.2 }i;;* 90 g?
KFSLELT. 297.3 ;;g:‘]‘* 90 ﬁ
HIHE G 215.2 }2}):?* 90 ‘3‘3
TR 2 213.1 2‘7‘:1* 90 2(5)
BRPERE 21 315.1 %(5):411* 90 gg
Bl 22 391.3 gggé* 90 gg

TR T
1.3.3  AR/BERIR B

WEFIR IR PILLL . AP, RPN, IR FHALIVIR
G | mL, FHONETRE, BoHl US| pg/mL
HIBRIEVS R o

WERRAREGN AL B, R4 G, J3 4L 7B, 4L,
TFHE G BPERE 20 BRIERE 21, BRIERE 22 & 10 me(R
% 0.01 mg), ANMER, ZEEZ, 1A, H 100 pg/mL
PIFRIERE B, PR CIERREZ 1 pg/mL MFRHER R -

YR WG I — AR R L ARV T, A AL A
TR C T B — 2R 9 B 7K T ) B TS oY T AR VAR
1.3.4 #Honara#

FREGRA YA IRES 2 ¢RI ZE 0.001 g)E T 50 mL
BHREELE D, A 3 mL /K, Y, (B STER,
R 10 min, FRMA 10 mL FRIL LIS (& 1% 4TR), iRiEiR
AJ 1 min, #BAIEE 10 min, FHIA 3 g TKFREE, 1 g &
AN, RHEIRA 1 min, 8000 r/min 2.0 5 min, B2 mL k%
WEARE T, 40 CARMAE 2B T, HEMA 1 mL LJF
KPR, 4 °CF 10000 r/min 2.0 5 min, 5B B S0
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A RA A 150 mm, PAEHN 2.1 mm, KifEH 1.7 pm A€
A R[] 4 5 g 4 5 JE Al 18 RIS Ml bl S IR B2 A
FExF Fab B ) Agilent SB-Cg. Thermo AcclaimTM Cg.
Waters ACQUITY UPLC BEH Cs 3 /&b M A 15 4E 40 5
2.00E+05

221
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Fig.l1 Total ion flow diagram of 13 kinds of industrial azo dyes
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Fig.2 Response of azo industrial dyes in different concentrations of formic acid solutions (n=3)
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13 FMEEZE Tl Yert 3 R Beia b 59, M 1K,
GB/T 19681—2005 , BIS 202204 %5 [ G2 bR 5 30k s>
T IR BUAT A 2 . IEC k. ZIRZHEE . TNl A
FE TR I 5 X R ORI B BRI T T 5% 5
EZEG R US I 72, BRI B BERE i, AR
FRM AL S iR 50 pg/kg MOFRIEVAIR, 7CE BN
S FE R, A IR BB T A TR, R I 7 b o
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ZRE, AR AR BRI 2 gy, 1R B P IR
TMRFRLE A 1% R vT (4R BUHCR A B 5w o [RlB,
b I AR B IR, A —E BEEK, RESRIE S
Vi, T A s i B AR R IR AN AR O K
B R SR, HLZIES5KE %, SERBOA it
FARRUE A AR Ak, KA RN RS, LR bR S R B

FlFZFHK,

FE it i A B FH B9 KRR 3 R K Z RN S G
IKERBREE, 1 mol JC/K B EREE T WL 7 mol ZK %4k hy-H 7K A
gk, B 1 g JO/KBRAREE P WLIK 1.05 g /K, 1 mol Jo/K LR
FATIUR 3 mol AKEL Akl =K R4, BNV 1 g JosK Z sl T
W 0.665 g 7K, BA 5 JC /KB RR BE B W K R F 0K
Zh, E, SEEEITKBRREEE KR, FHXE S K
5I0KGIREE TR T T H5. FECR A AL TUInbR
B, bREh 50 pg/ke, FAHFIER 3K, KRGS
PR, THEINbR g IO, SR ILER 3. 4R %
B, YA K S JOKERRBE R BTt H ol 1:1.5:1.5 B (FE
Fiith 2 g), ZHACE Y IR IE B R .

S 2 FH A AT AL X Yl A — S A W R Y,
HLE 2 TR =w e . RIUE NS RN R
(149022 pum PR 13 Fi (0288 Tl Joteh iy mig B o 16 B
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Fig.3 Optimization of extraction solvent (N=3)
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Table 5 Matrix effects of 13 kinds of azo industrial dyes in
3 kinds of spice matrices

g Ew e I\ HAEH
PR BisaxAn| 0.65 0.70 0.74
F3 A KSTAKREERBH LR (N=3) AL 0.60 0.68 0.70
Table 3 Optimization results of mass ratio of sample, water and piSaxaniil 0.65 0.71 0.76
anhydrous magnesium sulfate (n=3) .
e BV 0.61 0.67 0.69
ey SESIE /% BT B 0.48 0.57 0.46
1:1:1 1:1.5:1.5 1:2:2 %1 B 0.75 0.72 0.71
piSREAN! 523 66.4 63.5 piSRFANE, 0.56 0.65 0.57
SRR 513 487 49.6 LT 0.71 0.77 0.70
PV 425 49.6 48.9 AAHE G 045 0-56 031
~ R 2 0.78 0.81 0.69
I B 65.3 78.2 73.4
PR ERE 21 0.74 0.68 0.72
% 18] B 70.3 72.5 71.2
A 22 0.70 0.66 0.64
piSarANE; 38.9 452 44.8
P 7B 40.1 448 429 L d s b
25 FEFER
74
A s 7 56 250 HHR, RER5 LML
HIHE G 71.2 76.9 75.4 7] A2 BA A 36 o H A — R e AR TR VA R, HR R
T 2 448 59.6 57.2 SR ETAL B TR A BRAR S, DL 13 PR A R TR
TS 21 69.8 754 715 uﬁéHﬁ(S’N)B:S IS AR R, DA P HE(SN)
: =10 W E s E R DAUE & RN B 38 B bR e v B R i
Btk 22 70.3 68.7 66.9 e s At
A, Bl — RPN AR e 2R vk BE A, ALK, DAJST
o . YR R ARER, HARME &Y 5 T I TR I AR,
F 4 RERRMIEITENERE

Table 4 Table of membrane adsorption evaluation results

1B SE S UEET AL S PN L (B

&Y - —
e EJUE RN

piSaEant 0.73 0.69 0.81
piSaEanIl 0.68 0.71 0.65
piSaEARII| 0.66 0.69 0.71
piSEFANNY 0.85 0.78 0.78
I B 0.94 0.96 0.92
Z' 18] B 0.84 0.71 0.83
L G 0.98 0.95 0.97
L 7B 0.95 0.93 0.91

POEIvEAN 0.94 0.92 0.94
HIHE G 0.75 0.71 0.78
A 2 0.95 0.98 0.94
BRPERE 21 0.93 0.92 0.95
BRCPERE 22 0.89 0.93 0.92

bR 5, 13 FMBEZE DI bl E—E IR
FESE I R A, LA REIIRT 0.99, WA .
o HH PR R e RS e 4 SR L% 6, TR SRR
252 wEEMHEE

SR PN (RIS S 96 S A0 Jr ik 0% U AfR B FA 2 1k 43
FIATERL . N HAEN NI, 1 Hrp o Bl m
LR, 2 SRR 10 el 3 KR
PRUEVE IR, BB A B A 6 YR, THEEST- S AR B
ZFA XS AR HE i 22 (relative standard deviation, RSD), H:
IR 7, G5R R, 13 M A T GURAE 3 MUk
KA -2 [ RS Ry 75.7%~102.4%, RSDs #1iKF
10%. UiHIAS Jridideoe, e S5 R uEdf, AT LA R Al 43
B EEsK
253  SEIRAE S A A ]

R AW GT ST W 7, RV A8 A AT 55 R
36 AL BEAF RN ST 24 HEHEEFFREE M IEAT
R, oA 1 AT R AR A B P B, AR
18.7 ng/kg, HARBARKH . FIL, HUOZXE=R RS
R Tl Gerb 7 M, I RIEL i % 4.
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Table 6 Linear ranges, limits of detection and limits of quantitation of 13 kinds of azo industrial dyes
et LML/ (ng/mL) L LRMEAH I (r) i BR/(ng/kg) R EBR/(ng/kg)
piSaEAn! 2~50 Y=2.53152¢*X-4071.5 0.993 5.0 15.0
piSaEAnI| 1~50 Y=5.56781¢*X-3014.2 0.998 2.5 7.5
piSazaniil 1~50 Y=5.17415¢*X-2589.2 0.997 2.5 7.5
i SR EANAY 4~100 Y=1.37415¢"X +1245.7 0.997 10.0 30.0
T B 1~100 Y=4.72214¢"'X-2071.3 0.995 2.5 7.5
ZFHH] B 0.5~50.0 Y=1.1425¢’X-6115.2 0.990 1.0 3.0
FFHLG 1~50 Y=4.91558¢X-3697.2 0.992 2.5 7.5
P SREAN):] 1~50 Y=5.17458¢"X-3247.6 0.993 2.5 7.5
PO AR 4~100 Y=1.13258¢"X-2145.6 0.994 10.0 30.0
TFHE G 4~100 Y=1.72365¢"X-1258.6 0.993 2.5 7.5
PR 2 0.5~50.0 Y=1.3569¢°X-4578.6 0.993 1.0 3.0
BRPERE 21 4~100 Y=9.25745¢’°X-1258.6 0.993 2.5 7.5
kA 22 0.5~50.0 Y=1.3569¢"X-4578.6 0.993 1.0 3.0
F7 13 MBERLTFRFHEESEZRE (n=6)
Table 7 Average recovery and precision of 13 kinds of azo industrial dyes (n=6)
ey VR II B SEH [T R /% (RSDs/%)
KV (uglkg) TEML I\ HAEH
FFHLL 15, 30, 150 83.1(7.9). 87.4(6.1). 91.3(5.7)  81.4(7.5). 83.1(6.8). 88.4(54) 80.6(7.9). 84.1 (3.5). 87.3 (4.4)
piSREAN | 7'5‘7512'0‘ 86.8 (8.5). 89.7 (4.8), 91.6 (5.9)  87.9(5.1), 90.3(3.9), 95.2(5.2) 81.4(8.5). 84.6 (6.4). 89.6 (5.0)
piSaEanI|l 7'5‘7512'0‘ 82.6 (6.5). 85.4(6.2), 88.9 (4.8)  87.2(7.6). 91.2(4.9), 94.2(7.1) 80.6(5.6). 84.9 (5.1). 91.7 (4.2)
TPV 30, 60, 300  80.9(4.7), 83.8(5.9). 88.4(6.6) 85.1(8.1), 89.3(5.6), 92.4(4.7) 78.6(6.9), 82.8(5.5). 86.3 (5.1)
piSAEAN:] 7'5*75120\ 90.1 (7.1), 94.2(5.2), 95.5(4.1)  93.7(4.9), 95.9(3.7), 98.2(2.8) 85.4(6.2). 89.6 (4.6). 93.6 (3.9)
%181 B 3. 6. 30 95.7 (4.8). 98.6 (3.6), 99.5(1.5)  92.5(5.9), 97.8 (4.4), 98.6 (3.1) 88.9(6.5). 92.5(7.5). 94.5(2.8)
IFHL G 7'5‘7512'0‘ 78.5(6.5). 83.6 (3.8). 86.7(2.9)  76.4(5.7). 79.3(5.1), 83.2(7.2) 83.1(4.9). 86.2(3.4). 88.6(4.9)
P 7B 7'5‘7512'0‘ 762 (6.2). 81.4(4.8). 85.6(5.1)  79.3 (6.4). 82.3(5.1). 89.2(2.4) 75.9(6.9). 783 (6.4). 81.2 (2.6)
XFAZZL 30, 60, 300 81.6(8.1). 82.2(5.1), 87.3(6.4)  85.6(7.2). 89.9 (4.7), 96.2 (4.1)  78.1 (3.7). 82.5(3.7). 89.6 (6.9)
7FHE G 7'5‘7512'0‘ 93.5(6.1), 98.7 (2.6), 102.4(7.1)  85.4(3.9), 89.6 (3.7). 92.6 (2.4)  88.7(5.9). 94.4 (1.8). 94.7 (2.6)
TR 2 3. 6. 30 75.7 (6.8). 81.2(4.3), 89.4(22)  79.6 (3.5). 87.2(3.2). 90.3(4.2) 763 (4.7). 80.1(5.6). 90.6 (2.8)
RS 21 7'5‘7512'0‘ 86.4 (3.6), 90.1(5.1). 98.3(2.8)  90.1 (4.3), 95.6 (2.7), 98.4(3.6)  82.5(4.7). 87.5(3.9)94.9 (3.6)
PR 22 3. 6. 30 87.3(3.9). 91.2 (4.8), 99.6 (2.1)  92.5(4.4), 98.7(2.9), 97.8(4.3) 85.6(2.5). 91.3(2.8). 96.7 (1.4)
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