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Simultaneous Determination of 12 Kinds of Industrial Dyes in
Condiment by SPE-UPLC-MS/MS Method
ZHAO Rong, LI Bing, ZHAO Hai-yan, XUE Ying, WU Guo-hua, LIU Wei, ZHAO Yao
(Beijing Center for Disease Control and Prevention, Beijing 100013, China)

Abstract; Objective To established a method for simultaneous determination of Sudan Orange, Sudan Yellow, Sudan
1 -1V, Solvent Blue 35, Para Red, Sudan Black B, Sudan Red 7B, Sudan Red G and Sudan Brown in condiment by
solid-phase extraction and ultra performance liquid chromatography electrospray ionization-tandem mass spectrometry ( SPE-
UPLC-MS/MS) method. Method The samples were extracted by acetone containing 10% ethanol and cleaned-up by
OASIS MAX solid phase extraction column (60 mg, 3 ml). The dyes were determined by UPLC-MS/MS. Results The
linear range was 10.0-800. 0 ng/ml for Para Red and 5.0-400.0 ng/ml for the other 11 compounds, the correlation
coefficients were >0.99. The qualitative detection limits of the method were in the range of 0.3-10.4 pg/kg and the
quantitative detection limits of the method were in the range of 0. 8-31. 2 pg/kg. The average recoveries of adding standard
at three levels were 77. 1% -141.9% and the relative standard deviation ( RSD) of the method was 5.5% -26.4%.

Conclusion The method is sensitive, accurate and could be used for detecting 12 kinds of industrial dyes simultaneously

2010 4F58 22 4555 4 1)

in condiments.

Key words: Sudan;Industrial Dye;Condiment ; SPE-UPLC-MS/MS

7 P} #& (Sudan orange ). F F} # ( Sudan
yellow) . F7FF 1T ~ IV (Sudan T ~ IV) ¥ F]#E 35
(Solvent blue 35) . X} 1\ £1. ( para red) . 5 F} B
(Sudan black B) 71341 7B( Sudan red 7B) I FH4L
G(Sudan red G) .7 FH# (Sudan brown) ¥JJ& T 2E 18
PR A T BRE, 78 Tolk b5 T g el 5%
WEAFRI (0 TR PRI R A ARG | 7530 S5 04 4R
FHR AR 7 £ AH L 09 e 26 [ B 98 SGE BF 5 L AS
(TARC) ¥ 55F T o Ft 1T R AR = 2 ,4- — H 3%
AW = 2B s K IR IR AR ™ ) 4-
FARREIE D BIF) R =M —ZEBUB Y K 757 IV 5
=R, AR 40 TR i A AR = A
RSy 2R BUEY . 3R Tl Rk 7e R 1= 9™
g Iy I ST | P I RGeS ES S o g S|
ENGEFSIEN=N T R o N o 7Y S

A1 SCRRAE W] 00 £ i AR B A
PRYLAt i R 77 s A WA (3 kY R
PR LD T R TS 45
TR TR vk 25 REREAR , S A 45
BB , PRI, B rh 2P G i G 224 AR
G B IBH AOH (5 BUS B HBOR . E R Bk
SJRTE 2005 4 3 H 29 H A T GB/T 19681—
2005 € £ iy I PR LT ARSI vk — e A8V AR €01
) T TP QBRI R b 2, Rk & s Al
FHE GRS AR TR, 15 H AR 77 A0Sk 1Y
LRl DR NE SN AP R N i bR | RSP g || B
FHIV 4 Fb Tl YAk B A , 33 590 25 £ vt 4G 00 A T A
TR TR PRI R T AR R IR XE

AR S Ik X S e I B TE A SR A Y B

FEAGUAL L T (R HI E R i P 12 A SR
B TP R T~ IV EGREE 35 AL TR
FHB B NP 7B GRFHEL G 5P Y [ AR AR -
o0 AR {1 HB 4 DU AT T 33% ( SPE-UPLC-MS/MS )
Jike

1 #EE5ERE
L1 XA 5]

R e AR 0, 155 3/ 5 1 K A TS &5 A
ACQUITY #8 & %W #H 2, 13% 1%, Quattro Premier/XE
B AL (Waters A 7)) o Oasis MAX [ A %8 HUAE: (60
mg,3 ml; Waters A A ),

It PR L 206 YRS ARCT Ak (3 26, i
AT s R (3 trali, A st A 22l R A vl ) 5 TP HE
HPFT ~ IV 50 35 JRPHEL TB (4% =95% ,
T SIGMA 5] s 3 P8 XLl IR P 1R B IR HAL
G IV IR R N AR (D6-75 7 IV ) (F5 A T [ 3R
WAR (Ds-75 £+ 1) (4l & = 95%, Wy F
Dr. Ehrenstorfer GmbH ) ; 75 Pl (AR IEIRF , b 5038
BEFEARMAATT )5 15 HIK 5 88 4tk &
aliE

FEM RO : NI + CBE =90 + 10; PRI T :
A + Tmol/L S A AL B /K R = 10 + 905 Tt i i
T T BRCT LMk + HTBE + FIR =90 +8 +2,

Profififi 5 W (1.0 mg/ml) - fERH FRHL 0. 0100 ¢
TPHE P R T ~ IV AR 35 XL T5
B FRSHLL 7B R FHL G AR AL T 10,0
ml FE A, S A e, T e A 2
(LA
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D5-F55F 1. D6-75 F+ IV P A fi# 48 W ¥ W (100
pg/ml) : HEFRFRIEL 0. 00100 g D5-75}F 1\ D6-35 51 IV
PR T 10. 0 ml FRZE S, A G S0 i
FHHVEEE 25 2R

D5-75 £+ 1. D6-75 F+ IV I 45 fif H % W
(1.0 pg/ml) JEEC L. 0 ml D5-757F 1T . D6-7nPFIVIN
Pl £ W S 100 ml 25 50 v, T BEE 5 2
(LN

R I N - P P R R i W Sl |
~ IV I FHE 35 XFALLL 05 PR B IR PHLL TB G5
2L G B FHFIR B AR R 5, XL R 0,
0.50.1.00.2.00.5.00.10. 00 wg/ml, FAth 4% 2H 43 )
W 0.,0.25.0. 50 .1. 00.2. 50 5. 00 pg/ml,D5-35
F 1 .D6-F5FFIV k2 0. 50 pg/ml,

1.2 AU A

3% K Acquity UPLC BEH Cyq (1.7 pm, 2.1
mm x 50 mm), FFEE S pl, HE40 C, i
0.3 ml/min, FahHI: A: 0. 1% H B2 KR B: 2
o BEETEIAE LI 1,

# 1 UPLC BpJEE

Bl (min) B (ml/min) - JEHHT A WiEAH B
0 0.3 60 40
5.0 0.3 10 90
7.0 0.3 10 90
7.5 0.3 60 40
9.5 0.3 60 40

B IR ESL( + ) A4 7 X 2 5 e
MRM, B4 HE 3.5 kV; IR EE110 °C ;B 7
S EEAS0 °C 5 LA R <Uif i 700 L/h 12 FhgeRy
B i S8 2,

1.3 il B hnbs AR 2k (9 il 25

L3.1 FemAghle  FRICL 0 g A4 T 50 ml g0
B, IANARE T SOl A 10. 0 ml # 5 42
WU W 5 X 30 min, 10 000 r/min 5.0 10 min,

B 2.0 ml #ESHREUK S 10.0 ml 1.0 mol/L &
AL AR IR A, i MAX AR AE HUH: (3 ml
i 3 ml 7K .3 ml 1. 0 mol/L S 4L BUK I G AL |
FH 2 ml IRUEW 2 ml KR, S ml GEBERBES , e
VEEH, A AT, I BEE A 2 1.0 ml, i 0.22
o 8 R 7R 1 AR A €35 - ER I 1 DU 7
1.3.2 JEpombs TAEMZ R Hls  REC1.0 g 28
FIRE BT T 50 ml BLOAE Y, FRI6 4y, 20l i A
PRAER L 100 pl, % 1. 3. 1 HEATHRAE , il 48 T
TbRpR e TAE 26 XL 2T B9 ¥ 2 4 0,10, 0,20. 0
40.0.,100. 0.,200. 0 ng/ml, HAh £ 4H 7 M BE R O,
5.0.10.0,20.0,50.0,100.0 ng/ml, N5 D5-75 FF
I .D6-7FFIVIE 10 . 0 ng/ml,

#2 12 ORI BUE it i S8

ey HEFLHLE BT FET il i fi it
= (V) (m/z) (m/z) (eV)

DS agics 30 214.9 92:5 18
197.8 15
S 38 5.9 76.5 20
120. 5 18
piganl 25 249.0 92.4 25
155.5 18
D5-J5 ) 1 30 254.4 97.9 18
155.9 18
L G 30 279.1 155.9 15
248.0 15
PO bEAN 30 294. 1 143.0 30
277.0 18
BiSans 35 299. 1 76.5 70
126.5 25
I 22 277.0 120.6 15
155.6 14
I 35 38 3510 200 20
294.0 28
pigadlll 42 353.1 76.5 20
155.7 28
FhFHLLTB 50 380. 2 168.6 23
182.7 32
IV 35 381. 1 %0.6 25
155.7 25
D6-75 S IV 35 387. 1 %0.8 25
161.9 30
FlhE B 50 457.1 193.6 32
210. 8 25

1.4 EM e

La 1 @M 78 L2 AU 50T D 25 B A
HEVS W SRE S o 45 il H Ak B P LALR B3 15F ]
FURFIE B 7 5 0 1 25 7 T XF B Y LC-MS/MS {4 i
U TR X 2 B A T e . BRI AE P H ARk
BRI ER B ] S AR AES W b B ARE G 0 DR BA )
] —Z(— S SR 2E /N T 20% ) |, R 22K B
DARE T H ARG 9 B R IE B 5 0 i 55 7 X
LC-MS/MS & i i AL S5 AR W BARfb 549
B TR L — 2, AT B > 50% \20% ~50% 10%

~20% . < 10% W}, 25V M 22 53 5 N 20% . 25%
30% F150% .,
1.4.2 E& WhEEg.: hHE T

I FRSHEL G KL TR )R L DS-950F 1T 0 AR
AL SR EE 35 ORI IR TB IV S5
B LA D6-75F IV A NAR . 25 HARE & W LAAR e
RO B R R 15 A e T B L 2 A
2, NAPRIEE R
c X

w
A C—Hedh b B & & 2 (peg/ke) se—E
e (ng/ml) 50— B (ml) s W—FRHER (g) o

C = x5
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2 H#ER WL ] RV T R S A R B () WL 3
2.1 JriREE R ISR LR MEVE SR R AR NEAT T R AR 3 R B K S AR S

TEZS IR A S TN , 3% B D7 E5 A TR L i
oAy 45 BB BUINbR TAEIZE . 12 F H b L&

55, BAIKAE 5 IR BYEA T AE , 75 2 5 vk 1 [RIACR |
W EWEA4,

312 M BRI A W E e B et R S A O R B
asgy] AMEAEF (ng/ml) LT r
I FHE 5.0 ~400.0 y =0.0218x +0. 1094 0.999
PiSas 5.0 ~400.0 y =0.2498x +2. 3499 0.995
ivad| 5.0 ~400.0 y=0.0157x +0. 159 0. 996
pivarANe 5.0 ~400.0 y=0.1638x + 1. 1378 0.999
pORIEAN 10. 0 ~800.0 y =0. 0410x +0. 0473 0.999
TP 5.0 ~400.0 y=0.0518x +0. 156 0. 999
piSadll 5.0 ~400.0 y =0. 0805x +0. 0216 0.998
BRI 35 5.0 ~400.0 y =0. 8734x4. 2349 0.997
pigaalll 5.0 ~400.0 y=0. 1116x-0. 0261 0.999
FPFELTB 5.0 ~400.0 y =0. 0280x +0. 0832 0. 999
TPV 5.0 ~400.0 y =0. 0239x +0. 0482 0.999
HIHE B 5.0 ~400.0 y =0. 1564x-0. 7979 0.994
F4 YRR KB (n=5)
e i SRR - IR LTk FE PR YRR SE A B
(pg/kg) (peg/kg) (%) (%) (pe/kg) (pg/kg)
25.0 5.6 111.7 15.4
IFHE 100. 0 18.5 92.4 17.4 4.0 12.0
500. 0 88.2 88.2 13.2
25.0 5.1 102. 8 16.3
iSan- 100. 0 20. 1 100. 7 11.1 0.3 0.8
500.0 96.7 96.7 10.7
25.0 4.5 89.6 17.4
pivea| 100. 0 22.5 112.6 8.8 0.7 2.0
500. 0 100. 6 100. 6 10.8
25.0 5.0 100. 7 13.0
FHFher G 100. 0 20.7 103. 4 5.5 0.3 0.9
500. 0 9.5 9.5 7.3
50. 0 9.9 99. 1 18.9
pORIEAN 200. 0 46.6 116. 4 13.8 5.6 18.4
1000. 0 214.1 107.0 13.8
25.0 5.0 99.3 21.4
PiSas7s 100. 0 28. 4 141.9 19.3 0.9 2.7
500. 0 130.9 130.9 21.9
25.0 4.8 95.8 24.9
piSaall 100. 0 20.3 101.3 16.3 1.1 3.3
500. 0 88. 4 88. 4 17.7
25.0 5.3 106.2 19.4
W 35 100. 0 15. 4 77.1 25.7 0.6 1.7
500. 0 91.9 91.9 17.1
25.0 5.0 100. 3 22.5
FFHI 100. 0 21.3 106.7 18.1 0.7 2.0
500. 0 93.0 93.0 8.9
25.0 5.2 103.9 22.5
FFFL 7B 100. 0 17.6 88. 1 18.1 8.3 25.0
500. 0 74.7 74.7 16. 8
25.0 4.7 93.3 19.6
TPV 100. 0 20. 4 101.8 .8 10.4 31.2
500. 0 94.7 94.7 .8
25.0 5.7 114.8 23.9
HITEB 100. 0 17.4 86.9 19.4 2.3 6.9
500. 0 91.0 91.0 26.4
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R A 5 S I s v AR o 42 e APRve J32 114 e i
(HFEATHERD YW L S/N =10 Wi i B bRrik &
Ve o n e A B 5 M b S/N =3 B
XTI B B A W i o s R R, L
*4,

2.2 RSN E

i AR 7 g 6 B LA M O | i Ry S5
30 FhERR RS 5P T ~ IV S 35 95t
21 7B I PEE XL TR FHR B UOR PR GO PR
AT TIE , Bk o

3 iFig
3.1 FERMRBGR PR

HPHE TR T ~ IV R 35 5 FHAL 7B 95
FEEE KALLL IR S R B UORSHAL G IR R
JORL, AN TR, G TR 0 THREGE
I ~ IV LA B Ol IE e MR
HI TPV IRPHEL 7B TR H R B SRR T
BERIZ NG , PTG T Bl 2 XA v 12 i
AL S W RIHR I, ] IE O ke AT B, AR 4R
B ey, (A it o B89 DRt 0 D R4 3B, X T A
REUA I e i BN A

BT AT 12 A H s P a9 4R kAT
T, AR LW N REAS R AL P 12 B H AR LS
Wy [ st BB, (L PR A 82 JBC AR 22 S 4 1 M 7K e T
Ja, A PHE B R ARAE UL, IR B Rl
RATE . RIETSHR BT OB TR BT, [N
Wi + ZBE(9 + 1) SRR, F5 P H R B IR E,
REAS [ I SR IBURE i b 12 M HARL S
3.2 R E AL

Mg g I~ IV O 21 R Tk e 5 o
4 AR AE BOREEA T B il v Ak, e T [ AR 26 BO IV A
AR RS LAY . EAR L (GB/T
19681—2005 ) fii A AL B R M AE BRI 4L, #8420
PREBT, ARSCHIZERY 12 B AR S Y7 1Bt
55, $R OB 2K B e T BRH AL 4 [ A0 2% HORE
BATE . R 12 B BAr a8, BRIr o
U 35 FRSHLL TB MR B Ak, HAk &0 1
SRR I R, AR pH {ER T 1L I
TR 2 U A TR, R R B S T S I LB Y
W AHAC L HEA T Al . AR SORR A DL B AL & W1 89 1k
Jit, e 1 IRl HA SR FIBA S 1SS LB Y Oasis
MAX 5 {1 8 5~ [ AH A R A T A o

[ AH A2 BBORE_L AT 708 P A LA 5 U Sk
R EL X BRSSP IR R R . 2 B AR
VA LA B e e, 23 A5 R R R A R

BT FEEE AR 35 IR FHEL 7B FIJRFHE B ok fE
[ AHAE BORE AR B, 18 X 26 H AR A 9 1 iR
Mo Y EA W S A AL B K & S R,
12 Ffr B AR A ol R 555 1 98 PR B U FHIV
INPHEL TB AL B AT 2 il DR R I . AR 3¢
I S Y AR A PSS SR KA TR
MY HBITE 142 1: SEFRDSCR by, PRt AR5 ik
$£T7 2.0 ml B IRIGAW S 10. 0 ml SELETKIA
WARGVER EAEA W, IR DEMC S IR + 1 mol/T. 4,
ALK (10 +90)

WG BFFF MAX [ A0 A5 B A9 12 #b HARL &
Wy, T B TR M A T A 55 A 1 AL ARk
ARSOR ZFPPRIAAR R VR RE 1 EAT T SE R, B
B DL R BT ik ik + B + AR (90 +8 +2) 1E
VRIS
3.3 EESORAH ARSI

12 F BARE A P e PR 5 55 , 78 R AHROH 6 3%
FE AR BE 5, TR SRy T 34 5% BH 8 78 B % 4
N AR SCHERE T 0. 1% W R /K + L IEVE MR 3h
IR R

ANt BEH (1.7 pm, 50 mm 1100 mm ) A [A]
T 1 = RO (o 3 A R AT T kB il 100
mm AR 28 HER A9 TS 22 20 min D) |,
It H IS S 175 7B B R FHIV I8P 7B i T
FEAOTERE R B sk o, T s st v KR B B3]
A, SO 5335 A 00w 07 fR A . 50 mm A 3% A
12 F AL S YIRS AE 7 min Y58 4 g H B 4
() R, AR SC#%E#: T BEH 1.7 pum x 50 mm
T o TR A AT A 0 A
3.4 ERTENER

iz FHROAE €835 - 5 IR T3 B AR A T ot 0 2
A TR S AR 2R e R R TR 4% ARGk
AR BB, 8 H ([0 28 i B AR R A IE 45 ek
FERRFINY B AR o A SC R SE ) D595 T Al
DO-75 P+ IV I [R] A Z A% , I RE T 1Y 25 PHE 95
PR IR PF T P G WAL IR PHE LA DS-35 1)
[ A NAR, IS S B 5 PE T R0 35 2R FHTIL
HFHLTB 5PV SR B DL D6-J5 1 IV AR
[ 1AL IE f T4 B AR A a3 I AN ] i
T B S5 e 25, AR SCR B 3R bR TAE i £ pa b
R,

g5 BRI %75 1 AT A AR R TR R A R
PHE 5P T ~ IV 5 35 RS HEL TB IRk A
(VEARDI PR N NP PR F AN O R ¥ e | ey | D
b Gtk i ] s I K AiiE , H R R
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range -curve-100
20090415 -6 i a
100 = - 299.1>126.5
%
e e e 2. 5566
225 2.50 2.75 3.00 325 3.50 375 4.00 425 4.50 4.75
20090415-6 b
100 ﬂ 294.1>277
%
0‘% 304 322 335 439 4.395
] T L L L e L LU L LU oL [ L [ U [
225 2.50 2.75 3.00 3.25 3.50 3.75 4.00 425 4.50 4.75
20090415-6 c
100 423 279.1 > 248
%% 8.14e5
0 A e e e e
225 2.50 275 3.00 325 350 3.75 4.00 425 4.50 4.75
20090415-6 d
100 4.49 254.4>1559
%g 4,04 4 1.20e6
6 -7t
225 2.50 2.75 3.00 325 3.50 375 4.00 425 4.50 475
20090415-6 e
100 436 249>1 555
%3 7.75¢5
v -———

225 2.50 2.75 3.00 325 3.50 3.75 4.00 425 4.50 4.75
20090415-6 f

100 341 259>76.5
‘@ 1.28¢7

LI L L L N R R R R B R R R B B B L L L L I e
225 2.50 2.75 3.00 325 3.50 3.75 4.00 425 4.50 4.75

20090415 -6 g
100 2.46 2149>925
%é 1.15¢6
0 tr—— S T T T
225 2.50 2.75 3.00 3.25 3.50 3.75 4.00 425 4.50 4.75
20090415-6 h
100 584 457.1>193.6
%é 1.33e6
0 L U (L] [ U [ U] [ LU LU L u T u L) u
525 5.50 575 6.00 6.25 6.50 6.75 7.00 725 7.50 775
20090415 -6 i
100 6.47 91 387.1>90.8
%é 587 < o o jg\g% 6.92e4
0 L L R L L R ) (L (L A L NI L ) L S e A LA S A LI B L
525 5.50 575 6.00 6.25 6.50 6.75 7.00 7.25 7.50 775
20090415-6 i
100 6.5 381.1>90.6
%é 542 650, 1.94e5
oy -
525 5.50 575 6.00 6.25 6.50 6.75 7.00 725 7.50 775
20090415-6 k
100 ﬂ‘ 380.2 > 168.6
%é 2.14e5
0 e 393 28 S LS Fe 20—
5.25 5.50 575 6.00 6.25 6.50 6.75 7.00 725 7.50 775
20090415 -6 1
100 6, 353.1>76.5
%é 8.04e5
O b e
525 5.50 575 6.00 6.25 6.50 6.75 7.00 7.25 7.50 775
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Use of Permanent Chemical Modifier Iridium for the Detection of Lead in Wine by
Electro-Thermal Atomic Absorption Spectrometry
GAO Ge, ZHANG Qin-long, WANG Ling
( Chengdu Municipal Center for Disease Control and Prevention, Sichuan Chengdu 610041, China)

Abstract; Objective To establish a method for the detection of lead in wine by using iridium (Ir) as a permanent
chemical modifier for electro-thermal atomic absorption spectrometry ( ETAAS). Method Using iridium (Ir) as a
permanent chemical modifier coated on the integrated platform of transversely heated graphite atomizer (THGA). Pyrolysis

With the use of Ir, the RSDs
(n=5) were in the range of 0.3% -2. 8% and the recoveries were in the range of 95. 7% -104. 6% . Detection limit for

temperature, atomization temperature and analysis performances were estimated. Results

lead was 0.4 pg/L, the characteristic mass was 30 pg. Conclusion This method was accurate, simple and sensitive,

and met the demands for analyzing trace elements.

Key words: Permanent Chemical Modifier; Iridium ; ETAAS ; Lead ; Wine
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