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B OE: B &R (deep eutectic solvent, DES)JR IR AL B EE & = AUROR € 1 v 40 I e
e 6 FM YR T k. K BT 8 FIUR[E DES HAT b T IIXSBRYERSIL, BRERS 2. BaERE 21, B
PERE 22, BRMEBEE O, PP B AR, WH5E T HURERE . DES FE/R I DES Wit LUK E CBE s i b %
PRI LER RS L(H)FLRREE/R L 1:3)41508) DES, MEFERN 1 g, %I 1 mL iIE e, DES
JHECH 600 puL AP T 2 BUR R . 6 Fh Tl JYRHE 0.05~2.00 mg/L(Z 7+ B: 0.05~2.00 pg/L )k 2 3 Bl 9 25 1k
KRR, HERHIKT 0.9998, 7 0.05. 0.10, 1.00 mg/kg(FFFHH B: 0.05. 0.10. 1.00 pug/kg) 3 AR E
WK BCER 67.5%~115.8%, FIXTFREM2ZE A 1.5%~11.6%, K BRA 0.02~20.00 pgke, &iFRA
0.05~50.00 pg/kg. L& Z T IERTAMIM T 6 B Tl JUlHE AR IF e Btk FZE IUBUR, SRSt (R {R— 1Y DES £
WHFR, W T AL

KRBT IR ORI RSO G Tl gkl JReRm

Determination of 6 kinds of industrial dyes in flavoured oil by deep eutectic
solvent liquid-liquid microextraction combined with high
performance liquid chromatography

YU Wen-Qin", XIAO Zhao-J ing, RAN Zong-Qin, RUAN Yan, XIE Man-Li

(Inspection on Agricultural Processed Products and Condiments, Chongqing Academy of Metrology and
Quality Inspection, Chongging 401123, China)

ABSTRACT: Objective To establish an analytical method for the determination of 6 kinds of industrial dyes in
flavored oil based on liquid-liquid microextraction with deep eutectic solvent (DES) combined with high performance
liquid chromatography. Methods Eight kinds of DES were synthesized and the extraction efficiency of acidic
orange II, basic orange 2, basic orange 21, basic orange 22, auramine O and rhodamine B were compared. The effects
of sample quality, DES mole ratio, DES addition amount and n-hexane addition ratio on the extraction efficiency
were studied. Results The results showed that the extraction efficiency of DES composed of choline chloride:
L(+) lactic acid (mole ratio 1:3) was the highest when the sample quality was 1 g, the dosage of DES was 600 pL

and the dosage of n-hexane was 1 mL. The linear relationship of 6 kinds of industrial dyes in the concentration
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range of 0.05-2.00 mg/L (thodamine B: 0.05-2.00 pg/L) were good, the correlation coefficients were all greater than
0.9998, the recoveries at 0.05, 0.10, 1.00 mg/kg (thodamine B: 0.05, 0.10, 1.00 pg/kg) were 67.5%—115.8% with
relative standard deviations of 1.5%—11.6%, the limits of detection were 0.02-20.00 pg/kg, and the limits of

quantification were 0.05-50.00 pg/kg, respectively. Conclusion This method has good selectivity and extraction

effect for 6 kinds of industrial dyes in flavored oil, the green environmental protection DES is used to extract target

substances, which greatly reduces the amount of organic reagents.

KEY WORDS: deep eutectic solvent; liquid-liquid microextraction; high performance liquid chromatography;

industrial dyes; flavoured oil
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B R DU A il Sk SRk, DA A K
RE AR L v B B A S R A SO TR VS 1 TR il v ¥y TR
fh, BEEEZRRIM . AEHUM . BREGH . SRRIRAE . TR,
TERTI . AR h kN R, B a2,
AEAETH . SRAT I AR = O AR A 0 AT N B R A
HF Tk B s R, Hadim, —SREmBhT
B, B el ol Rk X & A T R ek R E
TR . Tk Y pHR 2 BA Btk . ik i e = 8054 5]
PERWM, A28 RIS i . 2008 4R LUCKBES &A1 T
6 it (&SR BEEE RSB Y S A &S
W), AR, mtEr 2, PP B,
BT RO A, BRAT (RIS T S v 2R b Gk i vk 3
SR VRN € - R B PR L ) O e T I RE R A
HLAHR, TR RS AR, R, Pl . AR 1
My Rk 4387 ik A B

{45757 (deep eutectic solvent, DES)il # S 1 & ik
Z A4 (hydrogen bond acceptor, HBA)(UNZ=44h 54 8 £h) Al
LA (hydrogen bond donor, HBD)(Ulfl . RIR . B, £
JURES KA PN 25 A R R, 15 R T, HAA M
FEOEED . AR B SREIME . R mRET . AR
KRR E ), DES R A,
AT m-m VR TR ECH AR, BB T R Ak
2305 e RN X773 4 - LN 87 /| L/ B N 7 R
./ INIZ Y 7/ NS 17 K N9 - -1 Sl
FAE I o ST AE R B K DES R T ol JetshH2 ors: i i A1
i, ZHU 2P AR AR B A 2, — B LT U
RS 2 B RS 21 Fnms s 22; X B R ST AL IE
MO W5 Y DES AEBORM I P IR RS 11, iR 21
FRR LR 22; WANG S5V S AL IE A 2 4 L) DES
& SEHEOH P R B B B, LS SR B Ak IR AN
L BEA ) DES XM RS 11, BiEAE 21 Fgeiik
B 22 AR ESERCR, (ARSI IRGEH 2 B2 Al
¥) DES X 2 FHI] B 1 & SRR 4522, WANG 558 ]
[ENSCRAY 56.2%~73.9%

P, AR5 A BT —FhmT LA ] B R B0 ke 3k o iR
PERSIL, GRS 2. BRERE 21, SRR 22, SRR O F1
B PE B 6 ML TR DES, 7 & —Fh3ET DES B
TR AR B AG I R R 6 b b Rk 4 Y €2 T A 0
ek, UMIREZ P B AR, FeFscBiEskilT 6
Pl Ak g [ s 7, 92 A5 WILIS 00 0 o8, A IR il
H R AN (A G D B A AR A B

1 #MR57H%

1.1 #MR5RF

. ZH5EEa, bt e R R A A R); R
Br(faikat, KHTTRFE BRI BRA Al 1E kel
afi, FERTTH KR A BRITAE A ), SALRAmH . fefi , R
. AEEB . L+)-FER . 1,2-N B, 1,3-T G,
AR R i A R RD, N =R OB al, |-
AR A R R, ABE (o bral, EvpR T 4
PRRHE LA R wl); TRA B (orpTal, i 22 sobRistsn)
ONED); BRYERSIIZE S = 97.2%) (R HEF R ES LB A BR A 7)),
BRPERE 2(4HRE =99.7%) . BlIERE 21(4EE =96.5%) ., Bl
F O(LIE =84.5%) . TMERE 224l =96.7%) . &' F+H3H B4l
J¥ =96.9%) b5 & AR AL R A TR A FD).
12 UFE5EF

LC-20A =380t i L [(Bl & — RS 8 k5 (diode
array detector, DAD) . ¢ 5% £ illl £% (fluorescence detector,
FLD)](HA & HA w]); TENSOR 27 HEMHZLAMERL(TE IR
A, QT-2A WHER G #( FIHERE T A PR
Al); IKA-WERKE Jili#uti (T8 E 3 -R4EAD); CF-16RN B0
(H AR 24t HSEHIVERT); Minilab 4 [ sh# BB LT
FARBPHMUBAI A IR A7), QUINTIX3102-1CN 734 K-
(K5 0.01 g) . SECURA225D-1CN 531 KF-(RE EE 0.01 mg)(f
E5E 2 A3 H]); Agilent ZORBAX Eclipse Plus C g ffiif
(250 mmx4.6 mm, 5 pm, FEEZHAEAF]),

1.3 WA

1.3.1 ARBEREH
TERFRIR 6 FIFRUESL 25 10 mg, AP EERE BRI E A2
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10 mL, ACiil AL 1000 mg/L MIARAEGE AR, TP HY EEAs BR Al
100 mg/L FYTRAFRUEH R, —20°CUKFA PR AT o (5 A FH
TR R A [ ¥ B s o 68 RV, B FH B o

1.3.2 DES #4|%

PIGEACIERE . Bilkioh HBA, JRE . L(H)-FLBR. 1,3-T
TR L2-INEE. O NEEE B IRAFD .
A BB/ 348 HBD, ##288 1:2 BEIR Wl HIR A T Bepr
W, TE 80°CAME TGStk 4 h BRI IRV i 15 W A IR R,
1% DES 2 S Be e 3% 1,

# 1 DESHAER
Table 1 Composition of the DES

PS5 HBA HBD
DES-1 Aeinm; Rz
DES-2 Aeinm Va3
DES-3 Aeinm; St
DES-4 Aeinm; L(H)-FLE2
DES-5 FAL AR 1,2-9
DES-6 Aeinm 13- 7T %
DES-7 FAL AR LR H 1y
DES-8 Aeinm; AW
DES-9 HEED R i

133 Hmaa®Erik

HERRARE 1 g WIEFES, A 1 mL IECHE, IWEERA
1 min PISr#GWAR, A 600 pL DES, iWHEIRA 2 min,
8264xg B> 3 min, WHUF)Z DES F 2 mL .08 H, A
400 pL HER A5, 13350xg =3 250 3 min, FIH 014
W TR J2 A St 5 AR AR £33 4T o
1.3.4  ARFEIEH) R G 69 HAk

VLB SRR I g S 0, FRIBOCRE S AL 50 pL
100 mg/L ¥ 6 A YL RHE A FrUE B, 2-7IWF5E T DES fl
X BRI HURER . FEAL S IEC SRS L B & DES A
X ZERCR RS . B A —AE R, HMEE
A 1.3.3, FAHLIEE R 3 RE i F-BE .
13.5 BLEH

Fifk: 35°C; AT 20 pL; DAD Al g i ARtk
FEIL, GRS 21, BB 2 O 485 nm, BRIEIHEE O Jy 436 nm,
MRS 22 S 449 nm; FLD AR50 Bk UK 550 nm,
KEHEK 580 nm; WA A ZIE, B 2 20 mmol/L Z.FR
RS, BBEEVEG 25 0~4 min, 40% A; 4~6 min, 40%
A~100% A; 6~12 min, 100% A; 12~15 min, 100% A~40% A;
15~20 min, 40% A,

1.4 BUEALIE

K % Lab Solution 5.98 FEATEE 1, HREZE:
WHE 3K, KRS R E R S H R Origin Pro 2016 22 &]

2 EREHR

2.1 (UEEHFRMK
2.1.1 AL

RIS AR . VERRE T . R . B EA
RESE, X6 R Ll Gk oy B A R M50 . ASBIF5E X
T 2K HEE-K . FEE-CRREER . OG- O TRV
W4 FORTFIE SAHLLCT B AR S0 5r 8 0 5em, 455 W
B 1. Z5REW, ZRE-K. HEE-KIRR T EMEA Yk E
B, ANEESLHEL 6 PSSy ES, WRE-CIRERIR . OG-
IR AR R ] S2BE 6 P S W4y s, B NE-2 1R
BTSRRI T IR, 2N Ve BE U T R,
W G- R Ay B, HL G R R TIRAR, #ik
B OG- RREAR R AE R TS AH

a

8.0x10*
il Ll ]l
4010 U I\
5 10 15 20
1R B3 i ] /min
1.5x109 O
ﬁlionos— A A
Al
5.0X100 AAI A I/\ A 1 ]
0 5 10 15 20
4 B3 B ] /min
C
(8.0x104
L
N
0 5 10 15 20
{4 54 15} B8] /min
d
%40“04- [\
0 — T =5
0 5 10 15 20
£ E5 Hst 8] /min

TE: a N WS- IR TE W b N LI - IRER I ¢ I IfE-/K:
d A HIEE-K
K1 ARSI GRS

Fig.l Chromatograms of different mobile phase

2.1.2 KR EZEHN A EHEE G

WF5E 2B, DES AT LAVE Ry i AH £ 3 It sl AR 1 e 791,
A DL AR A B U PO g h R B R P T
Jin— & 5 (1) DES X506 A P i AT B B kg, e A
(AU Rt AT F R S . PRLMCR FH B . F S DES (1:1, 137,
TIE). HEE:DES (2:1). HE:DES (5:1)43 HIH0 i Bk ik 2
5 mg/L 1 BARL G PIRAR EAL BT, 45539 DES
PR TINAS ] Eb A5 1 B o] (6 i 0 780 A R 4% €6 T e S A 25 SR T
B S, R YE B EDES (1:D)E R IGLeitiext 4 5
FHEEVEXT L, 45500 2 f% 2. BRI DES BYAEFExT
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PR A T A 50, S5 AN IR B 160% 2547, dSin
T DES (4 BRI 2% H AR A P RASTS BOMZR B, W
MBS, e R 2 ATLIAR Y, 5%Ab g
YoM SERT RN, R BIUSIN—E it DES 2% HARfb a7
FIRCR YT . 5 18 DES Hh F i A9 A4 08 SR 454 5 1 B i
IO7 K G W 1) O3 1 S AR B AT SR, TR DL H B :DES. ¥R
FeBi o 11 AR B A

1.2x10° ral

% 8.0x10* 3 H4 NS
4.0x10* 1 2
0 A AN X A
0 2 4 6 8 10 12
483 B[] /min
2
g 4.0x10° L 6
HE 2.0x104
O 1 1 1 1 1 1
0 2 4 6 8 10 12
{4 £4 Fis} 8] /min
bl 4 5
] el
+H- ’ 0 A&—/\ |
0 2 4 6 8 10 12
4 84 B[] /min
sy 4.0x10° 102 6
HE 2.0x104 -
O 1 1 1 1 1 1
0 2 4 6 8 10 12
4 B8 15t [] /min

T al SHHEE-DAD 1%l a2 I FE-FLD #£; b1 25 DES:HIE:
(1:1)-DAD i 5]; b2 2 DES:H EE(1:1)-FLD 3515 1 R PRI
2 TREEIE O; 3 MBRIERE 21; 4 JBRrERS 2; 5 JyirERs 22;
6 % FHH] B
2 ORIRE T kA

Fig.2 Chromatograms of different constant volume solvent

2.2 REBEFIZEREHM
2.2.1 DES# £ ZFRE4HH

AFFZE DES H1 T A, WL R4
K, HULER IR 25 SR, R E LA A BT
DES-9 $2HU5 Tk 432, Fosx 8 41 DESs 453 3 iR .
L5 LR E AP 2 ZFEA ) DES-2 X Rt 1%
PERS 2. BREERS 21, BREERS 22 FIBMEEGE O AR
BRCR, BXE P B wERCR K, U 40% A
DES-4 .DES-7 .DES-8 & Bt 4%, B T DES-7 # DES-8
PRIV W WORE (% B A 2 4 0, 25 T4 B AR ke,
HL B R B P B4 R Mk 3 ik, A 0 S0k, AR TS
LS, SAALNBTRFN L(+)-FLIR & B DES-4 X %' 7} B
B 195 SRR SRR AR A 2 — 4 i DES-2 B9 2.5 1%
A, BREREGE 100%, AR 551 E £ 50515 DES-2
Y, ¥IRTF 60%, HEPEE AR L(+)-2LIR & B
DES-4 fE R F — W 4 .
2.2.2 DES B R RIRE 44 %o

HBA/HBD FE/RILxt DES (%% | B4 A4 e,
TR B AR A PR BUSCR . BB IR A R i A AL
JRAR-L(H)-FLER AR, 43 HHER 1:1, 1:1.5, 1:2, 1:2.5, 1:3
JEEJR b A i DES Jf-fF 57 Hoxt B AR A BUR G50, 25 1 %
HIBESE L(+)-FLER ELBIE N, 45 PR RABAK, FHiE
L(H)-FLERFE /R LR T A BLAY DES ZHEERK, S HUH
MERERE AR, FHPM TSI AR E R, Buk B AL g
L(+)-FLRREE /R Lol 1:3,
223 HEREHRBRENGIA

R T AR RENMERESEQ, 2, 3. 4. 5 g
X AR S0 . BE A FE O R R WG R, A AL RBCR
HH S R AIG, 5 B8 R R B K IR 358 T H AR Ak A 0 1 T
fEHR Y8, 12 R 59 DES $RECH ok . R gk B
FE R 1 go

®2 ARIEFBFIG 6 LI ERERBEESHII LR

Table 2 Comparative table of liquid chromatogram parameters of 6 kinds of industrial dyes in different constant volume solvents

a4 ERER IEOpA B3 e U4 58 (5%) 2RI TE(5%)
‘ DES: HIE(1:1) 521497 98995 4.907 0.179 0.062
A 22 N
FH 497068 80166 4.583 0.217 0.099
5 DES: HIiE(1:1) 433553 79922 2.108 0.184 0.074
ER PRI N
F 260023 44826 0.371 0.209 0.100
] DES: HIiE(1:1) 553786 131740 3.131 0.149 0.052
TRk 21 -
F 534583 102396 2.644 0.191 0.091
DES: HIiE(1:1) 984031 187815 4.908 0.178 0.062
LA 2 L
F 944805 152348 4.581 0.217 0.099
DES: HIiE(1:1) 733750 78558 8.222 0.313 0.120
BPEHE O L
F 710721 52828 6.287 0.499 0.298
DES: HIEE(1:1 257418 51735 8.604 0.171 0.068
B4 B =(1:)
F 250832 45579 7.914 0.189 0.083
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ZZDES 2
E3DES 3
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3 ANIF] DES R BCR X L E
Fig.3 Comparison of extraction effects of different DESs

224 HEEhHIETRHAIFIRREG YA

THARRE SRR, BB AR RAL B T, W
— B IE O T EO BT BRI AR, BFSE T IR
BEHIECEEMEA1:1, 1:2, 1:3, 14, 15X AEBERY
SO, LSRR, IS IEC A InE AR, BRE A B
BRI WAL, RSB, HBIA—E
HEIE OV AT DARRAIRRE SRR B, BOnfE o, (A2 I Cbe A
— BB, WOERRAE SR SIE ORI LB 11,
2.2.5 DES KRARATIRIRE b 3ok

DES {5 N OB AE B 20, 38 o) U4 T A8
IR A Hbrb &Y, —Eht DES #EUE 4 Bisfk &8
e RABRNY, Kt DES BARFINT 2 BURA S . B
T 100~700 puL DES #MIE IR, FiE DES /RBK
R, FHMIRBCRER G, EhT HMMEEY#E
DES H HA WA gk, B 600 uL FIEEUR T4,
AWT DES A —EMEE, SFEAMRBIER, Witdm
Wt Bz BIRA AT, P RIGECR R, 24 DES Wit
k7 600 L BRI AT, s DES WA 600 pL.

2.3 SEBER. L(+)-FLERFN DES BILIIN I3

DES (g E2AE R T . S AEIRm. L(+)-31
PR SEALEGN S L(+)-FLER ) DES BIZLAMEE I anlAl 4

PRBN S By 3402 em™ FERS 2 3359 em !, W IR R L
Tit%, BEHAIE AR R shsiss, TERL T o F IRl . 25
b, SALIRGEY L(+)-FLRR G B DES fA7E 21 ERT ) .
24 ERBEHBTIEES DES 2 BERXTEE
ABEFE R 6 F Ll Gk A DL TR I, i —
Hfb)a LA, WFSEXTE TR A VLR (R S5

DES 20U, S5 5.6 iR WE 5 h A LIE H, H
o (23 ) 3 BRI B Yl AT BRI 5 €0 B S Lt DES(TF 2)3
BUSTR, U6 H BEE S50 FR Ak A 10 1 T] Bt o At SR A%
BRIk, R8T Gt 5 A b A RE 2Bk A4 0, 1M
DES #2HUR MR (A%, i DES e H Xt A BiF 5%
6 Fh T Yk AR IR . A T HE— 2 RE, AT T
P 500 nm F Y@L E (E 6), DES #EBUR (@i E T
e, T IR EUR A (g B 2 T, R it —2E
VESC 5 HEEAH L, DES XPAWFFEH 6 i Tolk ekl R B 4f
MRt . JE AT RE R A T AR R — R I &
NZEY T, WP B KO, TS 6 Ak
PRI Tl Ykt 25 SR, T HL R RS, ST TR,
1M DES #4143 2Z A1 A 0 1) o F [ SR VE T, bk,
HI R ZHR IR ZETE DES iM%, 28k, A5
A DES SHEBRM R 6 Ff Ll Jebl B Bl i Rk

a

208
ﬁgo.4
| o 3359
4000 3500 3000 2500 2000 1500 1000 500 0
WE/em™!
_12b
< 0.8
M
04
;@ 0 I3402| 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 0
W/ em™!
C
S8
3@04
\.KQ 0 1 3 60| 1 1 Il 1 1 I
4000 3500 3000 2500 2000 1500 1000 500 O
W/ em!

{E: a 4 DES-4; b 2 L(+)-FLER; ¢ N AALH
B4 SALIARE . L(+H)-FLERF DES-4 i) 721511
Fig.4 Fourier infrared spectrum of choline chloride. L(+)-lactic
acid and DES-4

: a o DES-K SR b o FBE- 0 ¢ o DES-HA Rk
d Ay - PR
K5 HEES DES $RBUR

Fig.5 Comparison of extraction effects of methanol and DES
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g
# 40x10°

0 5 1 15 20
LR 88 B[] /min
b
i 4.0x10°F
HE2.0x104F
0 5 10 15 20
. £ 83 i 8] /min
1 8.0x10° |
ﬁ 4.0x10°|
VA‘ 1 1 1 1
0 5 10 15 20
d 4 84 B [ /min
1.2x10°F
210t
H 4 0x106 C
0 5 10 15 20
- B3 5} 8] /min

¥: a >4 DES-HiH1; b g BB K8 ; ¢ 29 DES-i kT
d A - PR
El 6 HELS DES HEBURROAE (i st b

Fig.6 Liquid chromatographic contrast of methanol
extracted with DES

2.5 FHEBMMEEN
251 IAEWE. &k PRAe g IR A
PSS 45 0T, TG R MR VLA 0.05~
2.00 mg/L(Z F+H] B: 0.05~2.00 pg/L)H 6 F Talk Jekbnifs
W VEAT 40T, TS A R e 2 iR L MR, &
HRL 3 M 5 E mBR(LL 10 fFEME (R
3o ATLAFEH, AN EERI A TR R, X
REIYRT 0.9998, J5 A BR 5 5 2t KR e JE b A T
b B A 8 A I T 5K
2,52 AeARECE BN B R
TERAESLIR ST, A4S IR REE (LERH | kR
. BIRRIED R FIINA 0.05, 0.10, 1.00 mg/kg(% S B:

0.05. 0.10, 1.00 pg/kg) 3 MU KT 6 i Tolk Bz,
W22 A ] 2R K AH % AR f 2% (relative  standard
deviations, RSDs), &5H L3 4, 3 FhiEbIh A9 [l
TE 67.5%~115.8%22[A], RSDs 7E 1.5%~11.6%2 7], 18i%
D7 R RO B B, 18 TR 6 R Tl ek
) R 5

F3 6T RERMEERZSRE. RHRMESM
Table 3 Calibration curve equation, limits of detection and limits
of quantification of 6 kinds of industrial dyes

o B E R

EY iy k) -
BAPERS 22 Y=103297X+712 20.00 50.00
[iEieall Y=86424X-52 20.00 50.00
BAPERS 21 Y=110115X-335 20.00 50.00
A 2 Y=33807X-294 20.00 50.00
Bt O Y=148857X-362 20.00 50.00
ZFHH] B Y=52473X+213 0.02 0.05

2,53 SRR e

T O AREAG — S 50 TR 7 v 7R B BGIR v T
RHEFTE, YR AL RS £ B A ki DES 6475 46
$RE, N3k 5 PR, ABFRECR AEALIRGEF L(+)-FLER A al
B DES S &SR0 6 Fh Tolk Yekbifb & 40, 2 FH B
B [l 2 B S s SRR RN 2 —FES B DES, Bl 4%
22, FRMEAEIL, BabERE 21, BdtERE 2 Fmddd s O iy Il
FWHET 80%, FATEILIHEA L(H)-FLEE A &K DES
I BT R
2,54 FEFH AR

N AT 6 ATT IR 28 IR (L0 10 K By
I 10 UL L 3 DXEAIRRIN . 5 Oy AERI) RS A,
o BT A R R L, S iR 34 pg/kg. At SRR
FEAASIN R B AR 5 B0t 6 Fl Tl Yokl HAT Bl Ay e B2 1k,
AT AR F BRI 6 Fh Tl ekl 5 S A

F 4 FTREAKEP 6 FT U FRERMEIWERBEEE
Table 4 Average recoveries and RSDs of 6 kinds of industrial dyes in flavored oils
o el KA A BRI
&Y TR

Ml /% RSDs/% [EISCR /% RSDs/% BN &7 RSDs/%
BAPERS 22 0.05. 0.10, 1.00 mg/kg 81.8~96.6 4.2~10.3 96.2~104.2 2.7~8.6 109.9~115.8 3.8~10.5
PR 0.05. 0.10. 1.00 mg/kg 85.0~104.0 4.3~6.6 87.5~103.4 1.7~2.7 90.0~108.5 2.3~3.8
TRPERS 21 0.05. 0.10, 1.00 mg/kg 77.5~103.6 4.2~5.4 82.5~103.2 1.7~5.3 97.5~107.0 3.3~7.6
RPERE 2 0.05. 0.10, 1.00 mg/kg 90.0~106.6 4.7~10.7 81.0~94.2 2.7~10.2 67.5~75.6 4.3~11.6
TR PEMCET O 0.05, 0.10, 1.00 mg/kg 82.5~103.8 3.9~6.5 90.0~103.0 1.5~3.9 80.0~108.5 1.8~6.7
ZFHH] B 0.05. 0.10, 1.00 pg/kg 85.0~100.7 4.4~9.7 85.0~103.0 1.6~4.3 102.0~111.5 2.9~5.0
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Fz5 TREMRF 6 FIll LRURM BRI ELE (%)
Table 5 Comparison of recoveries of 6 kinds of industrial dyes in different studies (%)
T TR PERE 22 R PR TT TRPERE 21 PR 2 THPEIE O ZFH B ik

BRAH - 90.3~99.6 - - - - X Ep 0T
FACABU - - - - - 56.2~73.9 WANG %1%
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