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i E:Ea T B4 EIRAR S AR AN Gt B IR RE AR B e RSP 24 APER M T FH A AT R B AK
Uik (AR ARTEE:R=2:7:1, viv) BB, BIURARKGEE ImL, mA 10mL 5% FERZEEZ, 5534
BT B A E AL (AgelaCleanertPWAX) FHRAN, RKEBEE, Agilent ZORBAX Eclipse RRHD Cg (3.0 mmx
150 mm, 1.8um) &iEin &, At RA CH A 10 mmol/L TR GRETHERN, L RNEHTRAS Tt
&, %R K (MRM) T, SERkRE. SREAW, 24 APERME T Ok 4 A 20~300 ng/mL FEE A,
MK EZE r HKRT 0999; Fik&HIRA 10 pgkg, < EMHRA 25 ugkg; £ 25, 100, 250 pgkg =7 B Aedr K -F
TR E R 91.0%~112.7%, FAIREME (0=6) H 0.42%~4.39%. K M%7 kT & e a4, A%, 7
ooy Al 40 MoREATI R, 2 MR K AK S PABBREEI, 4F 55 A 138+2.8 ug/kg A= 179+3.7 pg/ke;
2 RIS P AR B 4 2G, A E 55N 32048.6 pg/kg A7 230+6.2 pgkg. % kR AL Wik, EH, ERNTRES
W24 APERME T F GG T E M,

KGR B Tk Fe A, B AR E I (SPE) , & #2048 E3%- B KR (UPLC-MS/MS ) , &4
o5, Pk e, K Z S, FH] Tk
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Simultaneous Determination of 24 Acid Industrial Dyes in Food by
Solid Phase Extraction-Ultrahigh Performance Liquid
Chromatography-Tandem Mass Spectrometry

MIN Yuhang"?, LIU Siqi'*, YU Xiaoqin'?, LI Shucai'?, ZHANG Liping*’

(1.Sichuan Institute of Food Inspection, Chengdu 611731, China;
2.Key Laboratory of Baijiu Supervising Technology for State Market Regulation, Chengdu 611731, China;
3.Department of Light Industry and Materials, Chengdu Textile College, Chengdu 611731, China)

Abstract: A method based on solid phase extraction (SPE) combined with ultra-high performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) was established for the determination of 24 acid industrial dyes in food. The
sample was extracted with ammonia-ethanol solution (ammonia: absolute ethyl alcohol:water=2:7:1, v/v), the extracting
solution was condensed to 1 mL under a stream of nitrogen, then dissolved by 10 mL 5% methanol-water solution. The

solution was purified by Agela Cleanert PWAX SPE column. The eluant was dried with nitrogen and dissolved by
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ammonium acetate acetonitrile solution (10 mmol/L ammonium acetate water:acetonitrile =1:1, v/v), the analytes were
separated by the Agilent ZORBAX Eclipse RRHD C,; (3.0 mm*150 mm, 1.8 pm) column using mobile phase gradient
with acetonitrile and 10 mmol/L ammonium acetate. The analytes were ionized with negative electrospray ionization (ESI")

and analyzed by multiple reaction monitoring (MRM) mode, then quantified by external standard method. The linearity of

24 acid industrial dyes displayed good linearities in the range from 20~300 ng/mL, the correlation coefficients higher than
0.999. The limits of detection (LOD) and quantification (LOQ) were 10 pg/kg and 25 pg/kg. The recoveries at three level
spiked levels (25, 100, 250 pg/kg) were 91.0%~112.7% with the relative standard deviations (n=6) between 0.42% and
4.39%. The method was applied to determine 40 batches of bean products, condiments, aquatic products and meat products

each, the acid orange Il was detected in 2 batches of braised meat samples, the content was 138+2.8 pg/kg and 179+
3.7 ng/kg, the red 2G was detected in 2 batches of sausage samples, the content was 320+8.6 pg/kg and 230+6.2 pg/kg. The
method is rapid, sensitive and reliable, it can be applied to determine 24 acid industrial dyes in food.

Key words: acid industrial dyes; solid phase extraction (SPE); ultrahigh performance liquid chromatography-tandem mass

spectrometry (UPLC-MS/MS); bean products; condiments; aquatic products; meat products
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MEZREHAIN RE s, LR Tk Geth it d B as e
PR TR ST
1 #REE%E
1.1 M5

FEIEIV | 41 2G. W BEAE | bl | B PEms IT | R
PERE 3. BRYERE 10, BRYERE 12, BRYERE 20, BRITELL
26, MRVELT 52, MR MERLL GR. BRVELT 87, etk
17, Mtk G, MRPEWE 1. IRt 3. Methws 7. MR
PEEE 83, MRYEME 90, MRPEME 113, MRMELR 16, MR TE
28 43 g5 SE  fE[E Dr. Ehrenstorfer GmbH 2\ ],
4§ B 34 KT 98%; Cleanert PWAX [ AH 25 B /N
(150 mg, 6 mL) REIEH I ERBHEARA A,
Oasis WAX FEIAHAE B /ME(150 mg, 6 mL)  EH
Waters ZyFl; WondaSep WAX [EAHFEHIME (150 mg,
6 mL) HAHEF; 0.25 um DU G L M (Poly
tetra fluoroethylene, PTFE) JEH . 0.25 um W L
7 (Polyvinylidene fluoride, PVDF) 3% . 0.25 um 5
PN ¥4 & B5 ( Polypropylene, PP) JE I . 0.25 um JE 1B
(Nylon, PA)JENE  KEFACHI I Hrias A R w5
ZAE . OWREE (4l 32 Thermo Fisher Scientific
5wl #@oK S B al, IERBHEAL S A BR A D K
FE L PRSP SRS 40 Hibik g Ak
i,

ACQUITY UPLC”BEH C, g (AJi%53#H1:(2.1 mmx
100 mm, 1.7 um) 3£ [E Waters™ /¥ F]; Acclaim™
RSLC 120 C g ta3i%53HE(2.1 mm=100 mm, 2.2 pm) |
Thermo Scientific Heraeus Mlutifuge X3R =7 i# 4 7k
BE.LWL  ZEE Thermo Fisher Scientific 23F]; ZORBAX
Eclipse RRHD C g 3% 43 M1 AE (2.1 mmx=<50 mm,
1.8 um) . ZORBAX Eclipse RRHD C, g i 53 #riE
(3.0 mmx150 mm, 1.8 um) . Agilent 1290 Infinity
T A8 i 2R AR 3% . Agilent 6495C =T PUMZ AT
i SEE Agilent 24 F]; IRM IDH30 7Y £
[E IRM Technology GmbH 2\ 7] ; IKA MS3 & iR
Gy fEE IKA 2\ F]; Biotage TurboVap 4= H 34
WAL Fdll Biotage 2 Fl .
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1.2 WA
1.2.1 HRAEFRATTHIE  HEROFREL 24 FhitE Tk Yy
BHRAET4S 10 mgCHS T ZE 0.01 mg), JH/KESH, 2
SEAZE 10 mL, IRA), #HlA% 1 mg/mL AYPRUERE £5H o
FPAHEU 10 pL PRERERUCE 10 mL &5, &
M5B ZEZIE, R, Ak 1 ng/mL FTR-SHRERH

A 5 W BBOIR A PR R MR 1, SR FH S R BTN
Fr B 15 Rl 45 M B oA 20, 50, 100, 150, 200, 250,
300 ng/mL BfA 7 3L BRI TAES R o
122 fLmiEm nysls RIS AR 2 g
CHSBMZE 0.001 g), & 50 mL &5.0% %, A 10 mL
SR LB (E K TR L K=2:7 1 1, v/v/v), IR
i€ 1 min, PR (B2 500 W) 10 min, 2L 10000 r/min
TE 4 °C M T E L 5 min, FIFREEEE 20 mL 45
A, FRIE N A 5 mL 257K 2L Wi Wk H A HE R
1R, &3 LB, HEUK QR RERZZE, IR
A1, VE IR . KW EL 10 mL $#2HU% = AR A
i, FIRIERIE 229 1 mL, A 10 mL 5% F /KSR
WE), VE e b -

HALET, MU 6 mL B, 6 mL 7K X PWAX
S A ZE B IME ST R . B RRE L LA 1 mL/min
A T o [ AR A BRIV, KR 6 mL 7K, 6 mL FF
BB Ve, P 5% 2K B 10 mL PEf, AR BE
MR, 40 C AR ZEIE T, KA 1| mL LR O
(10 mmol/L ZTREZFVEW 1 ZNE=1:1, v/v) E %,
i PTFE JER, JEMAROAR (3% - R BT RSO o
1.23 S¥r sl WOAHEGE 554 (ig4E: Agilent
ZORBAX Eclipse RRHD C,¢ t4i%1:(3.0 mm<150 mm,
1.8 um); AR 40 °C; #EFE: 2 pL; WshAH: A #H:
10 mmol/L Z.FRE5 R B AH: ZM; i 0.3 mL/min;
TRBIAHESRE LR 1,

F 1 RSBV Y

Table 1 The gradient elution program of mobile phase

B[] (min) MEHAHA(%) TENAB(%)
0.00 85 15
3.00 75 25
8.00 65 35
20.00 52 48
22.00 10 90
24.00 10 90

SRS A B R BmSS B TR (ESD); H 7
e FUES 4 R 2 Z2 A (MRM) 5 SE41
B HER: 3.0 kKV; TR 250 °C; TR R
11 L/min; 254K J1: 25 psi; - IERIE: 250 °C; #
S PiE: 11 L/mine bEWIBRIESEULEE 2.
1.3 HiEALE

KJHZEE Agilent Technologies Inc. ¥ MassHunter
Workstation Software 11.0 % 14 ¥ 17 43 #fr &b F ,
Microsoft Office Excel 2016 #RA\4FHFT5ET1H534T -

2 24 RN T Gerh B 28

Table2 Mass parameters of 24 acid industrial dyes

&Y BETF(m/z) FTET(n/z) BEEENV) fHEREV)
287.7 25
BRIV 352.2 272.1 380 25
156.0° 30
358.9 28
212G 463.9 344.0 380 30
290.8 24
288.0 29
H A 304.1 156.2" 380 25
80.2 57
183.2" 20
I IR 215.6 161.5 380 20
80.1 20
o) 171.0° 29
irezicAll 326.9 156.1 380 37
411.0 45
RS 3 429.0 394.9 380 30
382.3 30
302.1° 30
fRtERE10 407.1 247.1 380 30
238.0 30
/) 234.8" 20
AR 12 327.0 207.0 380 30
247.0° 15
A 20 327.0 1712 380 15
156.1 30
150.5 10
FRIEL126 217.0 136.4 380 10
79.9 10
513.4° 60
fR41.52 557.4 469.1 380 60
4333 40
301.9° 20
figtt: KZLGR 511.1 194.1 380 60
80.1 60
522.7" 35
FR1H:£1.87 646.9 442.6 380 35
81.0 35
201.9 25
a7 251.8 171.2 380 25
107.2 25
. 155.97 33
b4 %G 352.4 20.1 380 65
463.0 40
[z} 5433 418.9 380 60
375.0° 60
4795 50
Rt 3 559.4 435.2" 380 60
391.2 40
561.4" 40
FRPETET 667.0 455.0 380 65
375.2 65
7225 45
83 802.5 602.3 380 55
170.2" 55
644.2 50
P90 830.5 260.0 380 50
169.7° 65
297.0° 29
FRIE#E113 317.5 156.1 380 29
80.1 65
fRIELk16 593.3 4395-.33 380 gg
328.3" 40
FRTE 4843 408.0 310.3 380 40
299.8 40
165.5° 10
#HESE 236.1 158.5 380 15
1515 15

R T
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2.1 BIEFHHILL

2,11 EGERAEREERE  TOBSREGIGE, TS [21-22]
YR T Cg i AEEAT WA (35 0 5, S SE Bl
24 PR TV BB PR R0 5, SRR 025 4%
T Waters ACQUITY UPLC® BEH C,4(2.1 mmx100
mm, 1.7 pum) . Thermo Acclaim™ RSLC 120 C (2.1
mmx100 mm, 2.2 um) . Agilent ZORBAX Eclipse
RRHD C¢(2.1 mmx50 mm, 1.8 um) . Agilent ZOR
BAX Eclipse RRHD C,3(3.0 mmx>150 mm, 1.8 um )4 Fft
ANTE RN ZET C g LI AL . Waters ACQUITY
UPLC® BEH C,4(2.1 mmx100 mm, 1.7 um) . Thermo
Acclaim™ RSLC 120 C¢(2.1 mmx=100 mm, 2.2 um) .
Agilent ZORBAX Eclipse RRHD C ¢(2.1 mmx>50 mm,
1.8 um) i FAERESE, 7T LI4RsE 5 pr et a], {E S Jovk
SCELERPEAE T S ERvE 12 AR 43 S A A ) 8 43
5, SE N E P B I E R SRR ISR Y Agilent
ZORBAX Eclipse RRHD C4( 3.0 mmx150 mm,
1.8 pm) FHATH LIS LS R WoR 24 Fh HiRb &34
AT IS BRI 53 25

2.1.2 WAL O 3 R T 2 R e
VENAPLHLBIAE, AHE T W, LG I5EIRE ST THER,
AT LA SRR, MR S AH KA P I L 8%
A ARG TR AR A RS, B iy 43 29 B, [m]Rs 1 i 5T
AR B AR, ST LE-K
FZNE-10 mmol/L LRSI SRR . %
ELEE IR I K AH I A PR 8 T LAAS RIS h - ni iRk
TP BRI, AH L2 T 2liK A YRR B 22, s
hk BRI % WE SE W TR A 4 2 191 B0 5 1T X & —
10 mmol/L (YL SIARIAR R BEATAL BE S5 25 5%, 45
HRWITESR | IBRRESRIE T, v DASE B ERPERS 1T 512
P 12 WIS [ A AR g S 2k 53 25, [ 24 A F AR
TG A] LIS BB IR 43 55 . 24 Rz
PE TP Gk S s IR E LA 1.

x10*

22 FRIEFHHIIL

P P T el vh AT i I 3, B U T K H 2
A BHES -, 8 ESIAR R A, BF 58—
[M-Na]; &4 2 sk lA B Na*, B BAHHREECR o fis
R LG ST R [(M-xNa+yH) /(x-y) | £ & F
FEAFIPIRES, PN S B M A 0 43 B Ui 1 45
I, ZLA Moy 58 A FE0ER0, Bl 2G| @tk
WE 113, BRTELT 26. %51 SE. i Hirftb & t-es
T, BT ES I, A5 SRR A A BT, R
AR B Tl = X R B TR TS A, R
BB B, BRSSO UL 2.
23 BIRCEERHRMLK
2.3.1 REUSFIMER:  SCgGmaE i BARMe &34
T A A FRENEE ), B TR L B, 255 v
IR, 275 SCRR [27], SR FHAS FSE bR 2
By, BSHNIKF-H 100 pg/kg, BS54 3 4~ F4752
B (n=3), LIS FIARE 213 B ARG o4 Xt 5]
W, SLEGE T & K-S - KW (2:88:10,
VIVIV) L IR - EE-KEE I (10:80: 10, v/v/v) . 2K -
TR R (20:70: 10, v/v/v) 3 P HA 7 Ay L L
BeJ, DAaXt FUSCRIP PR . P HiMEE
Y80 AR TR NG M, 75 5 BRI R PR, S gl
SR, Bt PR B T 2K E TR, HAMES
Yy i) PR RS R A, SR FH 2 K -2 B K T
(2:88:10, v/v/V)VEFFRIBA T, 24 FhERPE TV YAk
PR X [T 3R AE 27%~79%, SR JHE K - L BE- /K TR IR
(10:80: 10, v/v/VOVEREEEGEAF), 24 PR Tk dutet
B e ][] AT 3R AE 31%~89%, R JHEIK -2 BE- 7K 5K
(20:70:10, v/v/VOVEREEEUAT, 24 FhRERE T Gkl
M) 4 of 6] 50 ZRAE 35%~92%; %4, 7K - 1 -7K 15 WK
(20:70: 10, v/v/v) BIFREEE ST 00 T H AT Fh B 2208
7, PRI B LE L LA 2,
2.3.2 [EAIAEHBUMERGERE  SCE0IE RS HARE S
WA TEIEAR, JB TR PER I &9, b B

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

At ] (min)
BT 24 R T R E S FIR I (100 ng/mL)
Fig.1 Total ion current chromatogram of the 24 acid industrial dyes (100 ng/mL)
TE: LMESURED; 2. BRI 105 3.FRMETE 17; 4.2 2G; 5.4% 1K SE; 6.FRMELT 26; 7. IR MEAT 87; 8. R MELT 20; 9.2 K41 GR; 1024k 16;
TLPRVESE 15 12 HVRRE s 13 BRIERS 52; 14.FRMERE 115 15 RRMERE 12; 16. R MK 3; 1708 MEE 51 G 18 IV ; 192158 43; 20. /- M

W 7; 21 R MR 113; 22. TR MERE 3; 23 BRI E 83; 24. @ ME 4 90,
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90 & ZUK-CBE-KIEWE (2:88:10, viv/v) & ZK-CBE-KIEH (10:80:10, vivv) 8 FK-ZEE-/KEHE (20:70: 10, viviv)

80

70

D
S

#a X TR (%)
S

AL

AR
ASSIIIRRIRRIIIRRRRINNNNNNNNY

%
\4&&

AT
AAALIIIALILLLLIIILL AL L LU UUNNNRRNNY
AT LLLLLLL AL L L LU LA LA AL L LR AL AN R

ATIALNLNRL NI NN NN NN AN
() |

SR AR S N
2 RN
FEEFEFE

PEEER

K2 REGHRINE % (n=3)

Fig.2 Investigation of extraction solvents (n=3)

SR XTSRS A AR U e B R 55 B B T 38 e
FEAEFEHCIMERS . BEER S RN BUINARSE5S, W
KR 100 pg/kg, A 3 A FAT IR (n=3),
LI vE 2RI B AR S P a4aXd [mAess, Spos
ZEEL T T _L R UL =R S BA R S H E AR AR U
FE, 43514 Waters Oasis WAX (150 mg, 6 mL) . Agela
Cleanert PWAX( 150 mg, 6 mL) Fll & 7t WondaSep
WAX(150 mg, 6 mL), A%} [l FRPEAM =/
PR . SRR, SR I HE WondaSep WAX
(150 mg, 6 mL)fE i/ N, 24 B H AR & 90109
26 %} AR TE 30%~83%, K ] Waters Oasis WAX

100 z WondaSep WAX
90
80

70

60

50

Z X TR (%)

40 7

AT

AAMAALLIIIA ALY

AR NN NN R
ALY

SN O S o
% F N e
® TR e P&

(150 mg, 6 mL) /g b/, 24 B HARfb G400
ZaXF EIRCRIE 31%~90%, 2K Agela Cleanert PWAX
(150 mg, 6 mL)E b/ ML, 24 B H sk G909
2 Xt [FISCRAE 35%~92%, I H ARSI TE Agela
Cleanert PWAX(150 mg, 6 mL ) (438 i 38 BF 2 T =
(PP AR IME . ZRE 5545 Agela Cleanert
PWAX [ 4 AL F1 4 A 3 BE T Waters Oasis
WAX Fl153 7 WondaSep WAX, [#FHZEHU/IMEFEL
ZER LK 3.

2.3.3 PEMEMSERE  WHAE R BERE S X RR T E YLk
FEAER M E R, SEgS 258 T R ImI )G (PVDF )

g Oasis WAX & Cleanert PWAX

AR TTTTTDDRDDRURRR DD Y

AMAIIIIATIIRTTDIRRR DRI RN
ALY

2
%

AR AUV
K3 AR IMER B 5 (n=3)

Fig.3 Investigation of solid phase extraction colum (n=3)
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Fig.4
VB . TRV B (PP) JEAK . R DUSH 2. 44 (PTFE) 3E
JEE TR (PA)UERE . LR AS HIEETIbRSES:, 3
InZK2h 100 pg/kg, BS54 3 A FAT S50 (n=
3), LA FIARAERT 2358 HAR LG 2 g 4 X0 RN,
ZEIRZRI, PA UEARXT LT YUl 45k B 52 A4 W BRHE
FH, BEAEVENR B DLt gurl sk 4, SR PA JENS
BEFTIEUE, 21 2G. BRIMELT 26, FRPELT 52 FERM: K
21 GR FY48 %) [BIACRAY N 30%~65%, BH AT HoAth
ZAMERR; SR PVDF U8R, 24 FhiERH: Tl Geish it 4
XTI R 34%~88%, K H PP B AR, 24 Fhiig P4 T
b Gkl fié) 245 X5 0] 3R A 35%~92%, K ] PTFE &
Ji5E, 24 FRERTE Tl Yokt Ag 46 X5F B R 36%~95%;
ZEEP5 R PE PTFE UEIE, JENIEE A4 R ULIA 4,
24 FESFINE
241 FLBTRON,  SLEE AL RPRECY SEPE R TRL
)V (matrix effect, ME), % /2 ME = %ﬂiﬁ’?ﬁ“ﬁ,
A RREFIIRIE TR AR, B s FEBibR i il 24t
R, M ME<1, KIHILEXT HAMEE IR =4 T
IIVEF; ME>1, 3RIAILFEXT H ARt &9 60 ma b 7=
AT EETRAE; ME=1, SR BTN . #7 0.8 <
ME < 1.2 B, Sy 55500, 24 0.5<ME<0.8 8f 1.2<
ME<1.5 B, S &8 FE 0T h ; 24 ME < 0.5 it ME =
1.5 B, SBmIETARR P, 20545 T 20~300 ng/mL
HeEETL I PN 24 FhERME Tl Yeb7E 4 Fhafh 3k
P BEBTR N, G5 SR, 8 ShBEBTXT 24 Fifig
PETM GBS = A T I E R, FLrh R 12 etk
P 20, FRTERL GR. BRPELT 87. MRPEWE 113, &%
SE 7F PUFp £ i 3L ot oo A FE B R s 31 | 3 R s 0 198
PEWE 1. FRTESR 16 76 DUFR L DT 27 2 55900 ) 3L BT 2%
R 5 FoAy 16 PR Tl Jutsh A PUFh 5L BT i 22 BAS [H]
5 B Y FL BRI HRION,, 33X 7T RSP A DO R L it h 2

& PTFE

@ PP

= PA

A T U OO NS U OO N OTODy
I
AT I T TN RN NN NN

B
IENREI %54 (n=3)

Investigation of filter membrane (n=3)

JBT . N T A AT A 25 S, TE TR AR B R AR B2 AF R,
P S N G OB 5 v S VAR I IS QAL SIS RS '€/ /N
%% 30

F3 DU LB 24 FhERPE Tl AL Y B BTN
Table 3 Matrix effects of 24 acid industrial dyes
in four food matrices

ezt XN VAR KT PR il
BRIV 0.50 0.33 0.33 0.58
412G 0.59 0.79 0.76 0.69
PR LA 0.30 0.33 0.53 0.57
WEI T 0.59 0.46 0.63 0.62
MR T 0.34 0.58 0.39 0.60
PR3 0.72 0.77 0.78 0.74
FRYERE 10 0.59 0.78 0.71 0.67
FRPERE 12 0.36 0.32 0.41 0.32
FRPERE 20 0.36 0.31 0.38 0.41
k126 0.67 0.61 0.60 0.64
ks 0.83 0.81 0.77 0.84
Rt KLIGR 0.40 0.46 0.48 0.48
2187 0.32 0.35 0.41 0.48
Rtk #5617 0.56 0.59 0.58 0.60
k4G 0.46 0.53 0.40 0.54
[izaeayl 0.83 0.83 0.89 0.86
a3 0.78 0.85 0.84 0.84
a7 0.63 0.61 0.64 0.64
FiR W83 0.44 0.50 0.53 0.56
i #590 0.77 0.63 0.74 0.77
k113 0.25 0.24 0.20 0.22
fRtELk16 0.92 0.92 0.92 0.96
R 2543 0.68 0.73 0.67 0.71
% IESE 0.29 0.22 0.26 0.20

2.4.2 FEFTRUN AMERT G PRARN RV BRI TTRON B

FHTT 1 2 R ER NARIEDY AL oD Behn i
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Fig.5 Research on compensation measures of matrix effects (n=3)

WEPY . T I A G M R 3 AR, ZETR
I A A M it R 3L SR DU PO R RIS TR TR . SEER 2 5%
T BHEAT I AR AR S ROFIC ) S TR U T AR TR
PURMEROR o SRABSIIKSE SR 100 pg/kg 19 ZS P&
JEIMBRSEES (n=3 ), 53 LABEF 73EBARiE TAES A
FC T BT R e TARR O A B S i IaIesR, =%
EREEIRULE 5. SEREPICR T TR TR TR
T 24 FRESME Tl YLRAY EICERR 92.0%~103.2%;
SR FHBC I 2L TR TSR SRR 29.4%~
88.1%, HARPERS 12, MR PEEE 17, MRtk 83. iRtk
WE 113 858 SE ISR T 60%, A5G GB/T
27404 RGN 5B AR BESR, SCYG R BEA T 3L TR
AR E R BTN AR MEAF it

2.4.3 RPEVER . AR ATE R F AR BTy

VRS 24 FRE DY OB BEA TR TR LR TR,
HeE 433>k 20, 50, 100, 150, 200, 250, 300 ng/mL.
DL B Grne bt 251 i A R AR AR, BT Lk
AL BMS BN BIE TR (3R 4), 24 FRERME Tk gL
FRHE DU i L T R 27 Bl 20~300 ng/mL A AH
KRB r YYRT 0,999, i it As P 3T AR S 56 )
RE, 24 PR Talk Ut 2 DU R LT 10 ng/kg IS
IR B IR R 00 28 P S 15 MR LE (S/ND #)2k
T 3, A 24 PRt Tl GAsh i U A L BT b A
HBRI AR E] 10 pg/kgs 24 FPIRTE Tk GLkHE PU
FeFT 25 pg/kg BIESHINZKSY N AR R 2 MBS+
{51 b (S/N) K F 10, H IR 90.4%~112.7%,
2R 24 PP TV G E PO Ah 5L 5T v i 8 S BR 1Y
Tl ikFE] 25 ng/kg.

K4 24 FIRRYE TV YORHE 4 Rl ZEBUH A2t iR

Table 4 Regression equation of 24 acid industrial dyes in four food matrices

EY ol JHIBR S K= PRl
BN y=1416.9x+20717 y=375.5x—1109 y=928.3x+18869 y=2467.8x— 11068
212G y=1.7x+3.1 y=2.3x+21 y=2.2x+7 y=2.0x—15
LR y=461.5x+5404 y=190.9x+73 y=802.4x+15174 y=1011.8x+7350
WA y=138.2x—3433 y=84.0x+694 y=149.5x—1116 y=169.9x—1037
[irgeiAll y=452.0x+5980 y=763.2x+537 y=514.9x+7555 y=915.0x—4291
TR 3 y=247.6x+2135 y=336.5x+7191 y=269.4x+1665 y=323.5x—1657
FRPERE 10 y=5.1x—0.6 y=7.6x+3.7 y=6.1x—75 y=5.8x—75
RIS 12 y=557.7x+9623 y=182.2x+2191 y=792.1x+30338 y=498.1x+1392
FRPERE20 y=66.6x+690 y=46.9x—185 y=330.7x—313 y=216.7x—878
k4126 y=11.6x+41 y=8.2x+52 y=8.0x+18 y=8.6x+18
FRHE£T 52 y=4.8x+16 y=4.7x+7.8 y=5.6x—30 y=4.9x—18
FRMERLIGR y=12.1x—248 y=13.8x—90 y=5.4x—80 y=5.5x—72
k2187 y=25.7x+76 y=123x+57 y=56.6x—333 y=38.2x+159
RbE#17 y=7.2x+47.3 y=112.9x+1076 y=110.6x+622 y=114.4x—814
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k4
sy L LR KT i PR it i
Mtk &G y=486.4x+3080 y=1173.3x—2721 y=383.1x+4887 y=1200.5x—6195
FRTEHE 1 y=22.1x+97 y=24.6x+233 y=23.5x+45 y=22.9x—8.1
fiR 53 y=23.3x+105 y=31.1x+83 y=24.5x—69 y=28.8x—38
R 7 y=4.7x+13 y=3.9x—1.2 y=4.1x—14 y=5.4x—47
TRTEE 83 y=1.4x+8.1 y=1.6x+11 y=1.7x—14 y=2.1x—5
R 590 y=2.7x+8.5 y=2.2x+12 y=2.6x—8 y=3.4x+21
TP 113 y=180.7x+2200 y=172.7x+4211 y=125.2x+1843 y=149.3x+2198
fRtkeR16 y=15.9x+101 y=16.0x+14 y=15.9x—90 y=16.6x—164
Ttk 4243 y=92.2x —224 ¥=99.6x+1310 y=91.9x—662 y=97.1x— 1480
BRIKSE y=4.5x—60 y=5.2x+167 y=6.3x+200 y=9.2x+132

2.4.4 IR RS EMBRENE S HEETPE
Sl 25, 100, 250 pg/kg =K, B K53 Sl
6 U3 FATHE, THE A KT 14 [B1BCEE FAR X rm v s 25
(relative standard deviation, RSD) . & ] &% . V& BR
it KRR B TR 24 RSP Tk Yekl =Rk
SER EPERA RIS 91.0%~112.7%, RSD 24 0.42%~
4.39%, HARILFR 5. R INBREER 554 0. 2. 4.
8.16.24 . 48 h YHF¥, e RS TUEIHAR RSD h 2.69%~
4.41% SREGLEH R Z T BSE PO 2L T T =
JE KT B R IHE GB/T 27404 25 H i Z25 75

N, FRIIZ e H AR o

2.4.5 JEEEIPMERAE T S AP T
ARIFRIATEAIE . BUFgs R R, 24 Fhig bk Tolk gy
BHLE PURP L BT 1 20~300 ng/mL 2% P4 71 FEl P AH G 5
B r YR 0.999; PUFRIL B AS H BR R id b ik
FESOE MBS TR R Lb 3T 3, W R ik i R Y
LR PURP LT BRI B T bR iR i e P
TAREMR LR T 10, B ENCR K 86.1%~115.3%, 1
JEITIEEEIRAESR . 24 FERPE TV YekiZe Py fp
LT, 25, 100, 250 pg/kg = MINFRKE T 59 [l

K524 FRRVE TOLYRHE 4 Fh RGBT IR 5 RSD

Table 5 Spiked recoveries and RSDs of 24 acid industrial dyes in four food matrices

s I (uke) IR (%) (RSD(%) )
il Gl IR i PRIl

25 99.5(2.33) 101.3(2.26) 101.1(2.90) 99.2(3.06)
BV 100 100.9(1.79) 101.5(1.01) 101.2(1.79) 92.5(1.29)
250 100.6(0.87) 101.8(1.58) 101.5(0.86) 93.1(1.85)
25 101.4(4.39) 99.6(1.48) 101.2(3.15) 105.9(3.43)
412G 100 97.2(2.13) 101.2(0.82) 100.8(0.48) 100.0(2.10)
250 99.6(1.72) 100.9(1.07) 100.7(0.61) 101.3(1.45)
25 112.1(3.72) 108.0(2.23) 101.9(1.66) 91.0(2.31)
L 100 110.2(1.11) 100.1(0.70) 110.3(0.57) 94.9(1.22)
250 100.0(1.00) 100.0(0.81) 101.6(0.93) 95.2(1.44)
25 100.6(2.14) 97.7(2.56) 101.8(3.50) 100.4(2.45)
LN 100 100.5(3.68) 99.2(3.95) 101.0(2.51) 93.0(3.09)
250 99.2(0.42) 99.8(2.36) 101.3(0.80) 95.9(2.70)
25 102.2(0.93) 109.9(0.58) 100.2(1.71) 97.8(3.53)
RIS 1T 100 102.8(1.94) 100.1(1.39) 106.8(1.47) 92.7(1.22)
250 100.5(0.77) 101.8(1.40) 102.1(1.00) 93.2(1.91)
25 100.8(1.81) 96.2(2.91) 100.1(2.29) 107.6(3.89)
RS 3 100 101.2(1.15) 100.5(1.12) 104.8(3.06) 93.9(1.76)
250 100.6(0.46) 98.1(1.32) 100.5(2.14) 98.2(1.10)
25 102.5(1.92) 104.8(3.60) 103.4(3.75) 108.5(0.66)
RHERE 10 100 101.5(0.91) 103.5(3.68) 100.6(1.04) 98.1(3.31)
250 101.6(1.07) 100.9(0.95) 101.1(1.05) 99.4(1.07)
25 101.5(1.09) 105.0(2.56) 99.9(2.10) 97.7(3.31)
ER RS 12 100 102.5(1.13) 100.9(1.19) 105.2(3.34) 96.9(3.35)
250 101.4(0.75) 101.5(0.74) 100.9(0.76) 95.0(1.31)
25 101.6(2.54) 109.9(0.91) 99.5(1.77) 93.2(2.18)
R RS20 100 103.3(2.39) 102.7(3.64) 104.3(2.14) 93.3(2.00)
250 101.5(0.44) 101.7(2.91) 99.8(1.10) 94.0(2.08)
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&S
i N (uke) R (%) (RSD(%) )
=X IR IR PRI

25 101.3(2.31) 100.3(2.90) 101.4(2.48) 93.4(1.31)
2126 100 99.8(2.32) 103.9(0.85) 106.4(1.35) 94.7(1.98)
250 100.6(0.50) 100.7(0.60) 101.1(0.64) 91.2(1.01)
25 97.1(3.79) 100.5(0.93) 102.4(1.45) 111.8(1.90)
[ ERARY) 100 100.2(2.10) 101.1(2.69) 100.9(0.99) 103.2(2.27)
250 100.6(0.50) 104.1(1.10) 100.5(0.89) 98.5(1.86)
25 112.7(2.99) 112.2(3.04) 103.8(3.55) 110.8(2.44)
FRPE KGR 100 93.9(1.99) 101.0(2.76) 102.1(2.47) 102.5(3.53)
250 99.7(1.17) 101.2(1.05) 100.8(1.76) 101.6(2.33)
25 102.3(1.36) 105.0(2.03) 106.3(3.89) 93.8(2.77)
i k£187 100 101.6(0.64) 103.0(3.23) 105.8(3.21) 93.9(1.19)
250 101.0(0.27) 102.4(2.04) 100.8(1.16) 91.0(1.04)
25 101.1(1.46) 99.4(1.14) 103.3(2.30) 106.5(0.70)
Rt EE17 100 102.8(2.15) 101.1(3.58) 107.2(3.35) 92.8(2.55)
250 100.7(0.49) 105.5(2.30) 101.6(1.07) 94.9(1.26)
25 101.9(1.90) 101.4(1.01) 100.8(1.19) 98.9(2.77)
b4 HG 100 101.1(1.70) 103.1(3.64) 103.7(2.19) 92.8(2.55)
250 100.8(0.29) 99.4(2.61) 102.2(0.75) 94.9(0.79)
25 100.4(1.87) 98.0(1.65) 102.5(3.26) 99.1(1.73)
il 100 100.7(1.05) 102.2(1.95) 102.0(1.23) 101.7(2.83)
250 100.0(0.46) 103.1(2.37) 100.3(0.40) 99.8(1.04)
25 99.6(2.68) 101.1(2.51) 105.2(3.52) 103.2(1.28)
M3 100 99.7(1.04) 101.5(1.47) 99.4(0.85) 99.7(3.05)
250 100.6(0.34) 102.6(1.17) 101.9(1.29) 96.2(0.68)
25 98.2(1.45) 102.2(2.78) 103.3(2.19) 99.9(3.32)
Rtk E7 100 100.0(1.09) 97.7(1.83) 99.7(1.79) 98.1(0.71)
250 100.1(0.40) 98.7(1.83) 99.5(0.97) 96.5(1.06)
25 91.0(1.72) 99.1(3.38) 111.6(3.37) 99.4(2.68)
R P83 100 94.8(0.63) 102.4(2.28) 103.0(2.01) 93.9(1.32)
250 99.4(0.72) 104.6(2.96) 101.5(1.05) 93.1(1.90)
25 98.4(2.67) 99.6(3.00) 105.1(3.58) 92.3(0.98)
FRPEE90 100 97.7(1.19) 100.2(3.08) 103.4(2.63) 93.5(0.98)
250 96.0(1.44) 103.4(3.13) 98.5(1.44) 91.9(0.92)
25 95.2(2.60) 96.4(2.13) 99.8(2.29) 90.4(1.29)
TRME% 113 100 106.1(3.60) 102.6(1.94) 103.5(2.71) 95.1(1.62)
250 103.6(0.95) 100.8(1.80) 100.8(1.19) 99.9(1.10)
25 99.3(0.96) 103.2(3.95) 106.2(3.95) 109.6(2.94)
fbELk16 100 99.9(2.18) 104.3(3.35) 102.0(1.87) 92.5(2.42)
250 100.9(0.51) 101.8(1.69) 101.4(0.60) 100.1(2.84)
25 100.0(1.84) 96.9(2.93) 109.2(4.02) 110.5(1.57)
2843 100 96.8(1.96) 103.9(2.30) 100.3(0.88) 94.0(2.49)
250 99.8(0.52) 103.1(3.71) 101.3(1.35) 98.5(1.12)
25 103.5(2.70) 99.7(2.28) 110.9(1.73) 101.7(2.96)
#% ¥ SE 100 94.6(0.97) 97.5(3.33) 100.5(2.06) 92.6(1.58)
250 95.1(1.10) 102.0(2.57) 99.0(2.21) 91.7(1.21)

#24 86.1%~116.1% , RSD 4 0.86%~4.96%, 1# /£ J7 TTIRE o S5, 2 HEWR = PIAR S R T BR A
VEUEREE B ELR . 5 AT LA By S UEE s 15 I % I, &35 138+2.8 ng/kg Fil 179+3.7 pg/kg; 2 it

DT A (5256 % 2 [T BLAT DA T LT 2G, T3 32048.6 pg/ke
2.5 ERRERAIRA Al 23046.2 pe/ke; HAREA AN -

SR S5 N7 1 D712 X S = Rl A BT 3 3 4ZHig
A S b DRI L KRS L IR AR A 40 bt ARSI T R 24 FRRTE Tl gk 52
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P8 v SO i R R BT v . SIS A T PR
WL EAEZEE N SEREE R AT AL BSR4, T ik
TGS ARSI R A SEK IR I i A MEE e
KRR . 2 RR . Bl | KSR L R AR TE
PRI T TR, BN T B A 24 PR Tk g
Aek Ay T AH 2 B0 N v A 2 - v SO A (3 5 I B
TSR AR E ORI 778 . SEIGEE L FREH, 24 Fhig
Tl GeRAE 20~300 ng/mL BRI, HHE R B » K
T 0.999; AR PR 10 pg/kg, EHFRA 25 ng/kg;
TE 25, 100, 250 pg/kg =PSRRI B B
R 91.0%~112.7%, FAXTARMEN2E (n=6) "4 0.42%~
4.39%. ZITIEERAVERI PO | RS S L 3@ A
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