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Determination of 53 kinds of common veterinary drug residues in
animal-derived foods by automatic solid phase extraction-liquid
chromatography-tandem mass spectrometry
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LIANG Qiao-Mei, LIU Hui’

(Maoming Customs Comprehensive Technical Service Center, Maoming 525000, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 6 categories 53 kinds of common
veterinary drug residues by automatic solid phase extraction-liquid chromatography-tandem mass spectrometry.
Methods Automatic solid phase extraction instrument was used, and 22 kinds of solid-phase extraction columns,
such as HLB, ENV and MCX, were selected, and the adsorption capacity, purification capacity and elution capacity
of each column were investigated by mixing standard solution under 3 extraction mechanisms of reverse phase
extraction, ion extraction and forward phase extraction, so as to select the appropriate column and extraction
procedure. Combined with liquid chromatography-tandem mass spectrometry, the residues of 6 categories 53 kinds of
common veterinary drugs were determined. Results Under the reversed-phase extraction mechanism, the ENV solid
phase extraction cartridge met the testing requirements. The rinse was 10% methanol water, and the eluent was mixed

by methanol, acetonitrile and ethyl acetate and eluted by step. The limits of detection for 53 veterinary drugs were
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0.20-5.0 pg/kg, the recoveries were 65%—118% and the relative standard deviations were 1.1%-17.5%. Conclusion

This method has the characteristics of simple pretreatment, accurate detection results, energy saving and

environmental protection. It is suitable for the analysis of veterinary drug residue detection.

KEY WORDS: veterinary residues; automatic solid phase extraction; liquid chromatography-tandem mass

spectrometry; animal-derived foods
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1 MR5RE

1.1 FE5RF
Quattro Premier XE ¥R AH 0 ii% £ 56 i 151X (35 [E Waters
2\ Fl); WINSPE 42 A 8 [ AHAE UL (ALt 242 w); P-12°F

1178 R AL (B BUCHI A R]); V7 iRBENR Far (38 E & ki
AR ), 3-18K i g O HL(TERE Sigma A FRZ F);
SD-30 MR AL (KRR AR &G RAR), HEE. &
&, Wi, CMRE(GrHTaE, 3 Fisher WA A BRAR]); &
FALEN P al, REDEEMAFARAR), =H RGO
afi, bR TR A R ), A ek e £ QPR AT A
RO B A PR A TR FD) o

A AEBO MV (2 [ Agilent): A AR UAR): HLB
#:(60 mg/3 mL), LMS #:(60 mg/3 mL), ENV #:(100 mg/
3 mL), C8 #:(500 mg/6 mL), PPL #(500 mg/6 mL), Focus
FE(60 mg/3 mL); B A (IEAHAE=CAL): CH #:(500 mg/3 mL),
pH (500 mg/3 mL), C;5#:(500 mg/3 mL), CN (500 mg/
3 mL), OH ££(500 mg/3 mL), AL-B ££(500 mg/3 mL), AL-N
#:(500 mg/3 mL), PSA #:(500 mg/6 mL), NH,/Carb {E-&+:
(500 mg/500 mg/6 mL), Prime #:(500 mg/6 mL), NH, ¥
(500 mg/6 mL), Carb #1(500 mg/6 mL), SI #1:(500 mg/3 mL);
C M (B FRRA): MCX (60 mg/3 mL), C8/MCX JRAH:
(500 mg/60 mg/3 mL)CBA #£(60 mg/3 mL), MAX #I
(60 mg/3 mL),

HR i : 4 %Bf E (chloramphenicol, CAP). K JE %
(florfenicol, Flor). %% (thiamphenicol, TAP), kg7
MAR M (semicarbazide hydrochloride, SEM). 1 e B fifi £ L
I ¥ (3-amino-2-oxazolidinone, AOZ) . "k % K 1 4
(1-aminohydantoin hydrochloride, AHD). Wi e {1 iy
(3-amino-5-morpholinylmethyl-2-oxazolidinone, AMOZ) ., fL
4% f1 %% (malachite green, MG) . [ fL & A &
(leucomalachite green, LMG). 455445 (crystal violet , CV),
R4 i 28 (leucocrystal violet, LCV), PUPRZ (tetracycline,
TC). 5% 7155 & (doxycycline, DC)., 1% & (oxytocin, OTC) .,
45 % (chlortetracycline, CTC) ., % 7> & (ofloxacin, OFL),
FHi& ) B (danoxacin, Dano) ., i# 9 £ (norfloxacin, NOR) .,
IR A ¥ & (ciprofloxacin, CIP) . Rl i% b /2 (enrofloxacin,
ENRO). U & (difloxacin, DIF)., VP47 (sarafloxacin,
SARA). LML (oxolinic acid, OA). i H! M (fluoroquine,
FQ). Hi# V) 2 (pefloxacin, PEF), #%3&7) A (lomefloxacin,
Lome) . #Ki# V) £ (enoxacin, Eno). H 7P A (obifloxacin,
Obi) . BRAEY) B (marbofloxacin, Mb) ., T fmEIE (sulfadiazine,
SDZ). fififtie — H W IE (sulfamethazine, SDMD) ., fiffifiic FH 3L 1%
BE (sulfamethyldiazine, SMR) . fiff Jlit 45 — H 4 W% 0E
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(sulfamethoxine, SDM) . fifi % " 3% Wk (sulfaquinoxaline,
SQX) . T#Hz-6-H %A W% hE (sulfonamide-6-methoxypyrimidine,
SMMX) ., fifl Jii %k (sulfamethoxazole, SMZ). H & FnE
(trimethoprim, TMP) . T ik B %& Wk 128 (sulfamethoxazine,
SMOD) . fifiJlit 5. A% (sulfachloropyridazine, SCPD). fiff Jii
&) — FF 48 % 1% (sul fadimethoxine, SDO). fif }z-5- H 4 W5 g
(sulfa-5-methoxypyrimidine, SFM). fi# &Mk (sulfathiazole,
SFZ)(#&[% Dr bRty A BR 2 7).

W #r ¥ (CAP-D5 . SEM-13C15N . AOZ-D4 .
AHD-13C3, AMOZ-D5. MG-D5. LMG-D6, ENRO-DS .
SDZ-13C6. SMZ-13C6. SDM-D3)(f&[¥ Dr #rifEd 5 A fi
NN

1.2 Dh&E

1.2.1 &g&t
3%+ Waters BEH Cjg (2.1 mmx100 mm, 1.7 pm),

FER: 40 CCHEREAAA: 10 pL. F# N 0.25 mL/min, 7 3IHH:

(ORI S8 280 A A4k, B MIFEE, B R 0~
1 min, 30%B~50%B; 1~2.5 min, 50%B~50%B; 2.5~3 min,
50%B~30%B . (2)F I i 5 ok g A 2SR R A A
Smmol/L Z %% (% 0.1%FA), B AHH I, #5%: 0~1 min,
35%B~75%B; 1~2.5 min, 75%B~75%B; 2.5~3 min,
75%B~35%B. ()faMFLEALRIEHTH: AFH 5 mmol/L £
R 4 (& 0.1%FA), B M Z i, #E N : 0~1 min,
50%B~90%B; 1~2.5 min, 90%B~90%B; 2.5~3 min,
90%B~50%B, (4R PUFRZE | MR . BERE2SET A A A
5 mmol/L ZIR% (% 0.1%FA), B M Z i, K H: 0~1 min,
10%B~30%B; 1~2.5 min, 30%B~30%B; 2.5~3 min,
30%B~10%B.
122 JRigEsH

EEHRE: 1.0 kv, IR 120 °C, iR E:
350 °C, Miys I : 800 L/Hr.

FAEFA: AHFERICKANE R, HMSEHIER
FIEE TR, 628 53 MW IR RESEIE 1.

®1 SIMUSHRIERESH

Table 1 Mass acquisition parameters of 53 kinds of compounds

sl 5 F(m/z) FET(m/z) i B i) /s HefLHUE/V AR g/ V
CAP 321.1 151.9",257.1 0.1 33 18, 12
TAP 353.9 184.9",289.9 0.05 30 20, 12

FLOR 355.8 218.97,335.8 0.05 30 12, 10

CAP-D5 325.9 157 0.1 30 18
SEM 208.9 165.9",191.9 0.02 25 10, 10

SEM-13C15N 211.9 167.9 0.02 25 10
AOZ 235.9 133.9,191.9 0.05 30 12,12

AOZ-D4 239.9 133.9 0.05 30 12
AHD 248.9 134°,177.9 0.02 30 12,15

AHD-13C3 251.9 133.9 0.02 30 12
AMOZ 3349 128.17, 291 0.05 30 20, 12

AMOZ-D5 340 296 0.05 30 12
MG 329 208", 313 0.05 60 35,35

MG-D5 334 318 0.05 60 35
cv 372 2517, 356 0.05 60 35,42
LCV 374 238*, 359 0.05 45 30,23
LMG 331 239°,316 0.05 45 30, 21

LMG-D6 337 322 0.05 45 22
DC 444.9 153.9",427.9 0.05 30 30,18
TC 445 409.9", 426.9 0.05 30 20, 15

oTC 460.9 425.9",442.9 0.05 30 20, 15
CTC 478.9 153.9*, 443.9 0.05 30 30, 20
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ER L)
wEY BB T(m/2) FHF(miz) 3EER s a) /s HEFL R/ V I e/ V
OA 262 160", 216.1 0.05 30 40, 30
FQ 262.1 1747, 202.1 0.05 25 40,30
NOF 320 233.1%,276.1 0.02 35 25,18
ENO 3212 232.2%,303.2 0.05 35 35,20
CIP 332 245.17, 288.1 0.02 35 24,18
PeF 334.3 290.3%,316.3 0.02 35 18,20
Lome 352.2 265.3",308.3 0.05 35 20, 15
Dano 357.8 282.9%,339.9 0.05 35 25,22
ENRO 360 245.1%,316.1 0.05 35 24,20
OFL 362 261.1%,318.1 0.05 35 26,20
MB 363 3207, 345 0.05 30 15,20
DIF 400 299.1%,356.1 0.02 35 27,19
SARA 386 299.1%,342.1 0.05 35 26,20
Obi 396.2 295.2%,352.2 0.05 30 25,20
ENRO-D5 365.1 321.2 0.05 35 22
SDZ 251 108.17, 156 0.02 25 25,16
SMZ 254 108.17, 156 0.02 25 25,16
SFZ 256.1 108.3", 156.1 0.05 25 22,12
SMOD 281 108.2", 156 0.05 30 22,17
SMR 265 1567, 172 0.05 30 17,17
SDMD 279 1567, 186.1 0.05 30 18, 17
SMMX 281 108.2", 156 0.05 30 22,17
SCPD 284.8 108.1%,155.9 0.05 20 25,15
TMP 291.1 230.2",261.2 0.05 35 25,25
SQX 301 108.2", 156 0.02 30 25,16
SDM 311 108.2°, 156 0.05 30 25,18
SFM 281 108.2°, 156 0.05 30 22,17
SDO 311 108.2", 156 0.05 30 25,18
SDZ-13C6 257 161.9 0.05 30 16
SMZ-13C6 260 162 0.05 25 15
SDM-D3 314 159.1 0.05 30 20
N ERE T
1.3 HSETIESE B LR AT RS —A> 50 mL #.08 W, H1 S mol/L

BRI 3.0 ¢ FERLT: 50 mL B0A50, A 100 pL vy AATCHEIZRBORTY pH {H2 4.0£0.1, J5 M4 A 2 AHAER
%y 50 ng/mL 19 6 K EZHRA IR, A 10mLsop = PO ENVUMERIGRE, JREY Jy: (DEAE 1, H50
ZRIEW, TEIMA 50 uL BVt i i), g TR PRBUL 3 miL, WO 4 mi/ming () 162, HRY20
HER A, 5 S min, BT 60 “CKRHRE 10 min, g, K WBUI3 mb Gy 4 mL/min; (3) ERF, AL
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M, A 10 mL, #i# R 4 mL/min; (43, B71N
10%H f-7K, PREUA 5 mL, 7R 4 mL/min; (5)/MET4E;
(6)BRI 1, ¥R EE, (KBUN 3 mL, i N 4 mL/min; (7)
VERR 2, R 2R, FUh 3 mL, A 4 mL/min; (8)
VRN 3, RN R CER, RN 3 mL, WEH 4 mL/min.
VeV ZE T 5 W - 206 -5 mmol/L Y 2, R %4 (1:1:8,
VIVIV)ER R 1.0 mL, )55 EHLINE .

HERED

2.1 [EHEZERNERITFIE

fid i e BN 10 ng/mL(H P MR KBERE N
100 ng/mL) 6 2 EZHIRAFRUEAR, BEEX HLB, LMS.
Env % 22 FhEAHAEBUNME, 76 RARZEEC . IEAHAE BN 2+
FE 3 PRGN, 184 A 3 A A BT AR,

2

Horp AR RO A, R 10% F BE-K, Uk
JBE A PR s E MBS EREOR 20, TR 2
BB R 0.1 mol/L HCL, WP MalizK, Befbi
R A A R (P T e R AL B (B S ) AR5 AL
Lol B RPN REBUR MR . S5 R ILEE 2.

BH B 1 A6 BUBE 3 FL Al A FLAE A Bk . WA 5 T 1t fre
Jeix 3 K2y, MIBCRTE 80%A A, TN IE AN AL U =X Ho 4%
S IR TR AU R AW B | @ Sy N B |
T0%/5 A7 . BETH L A RS L ARk 2k . fLE A
SR, DURRERS, MEIRERFIRE S 6 2 [al md G I Y
P RAHZEBE T B9 HLB Fl ENV /ME, 3% 2 F/hE:
X6 ZREZy T A4 BRI B TR 60%LA I, A
R BRI AT I ELOR o WOk 2 5 bR, i — 2 g b
E

2 22 MEEERUMEX 6 X8R SITERRIZENLER

Table 2 Extraction results of 6 classes veterinary drugs mixed standard solution by 22 kinds of solid phase extraction cartridges

Kl 25 4/ (ng/mL)
AR HERUNE — —_ : ‘ —
AERK i vk et £ P 24 LAk PP E RS T e

HLB 9.4 7.8 6.4 69.3 9.4 8.1

LMS 9.3 6.3 0.1 59.6 6.2 7.2

. PPL 8.4 7.3 6.1 108.9 3.1 8.3
JAHAL B

C8 9.5 8.4 6.6 433 6.9 9.0

Focus 6.2 7.9 2.8 48.6 2.1 6.8

ENV 9.1 7.9 6.4 73.7 10.3 8.8

MCX 0.0 0.0 8.19 13.0 8.3 7.7

CBA 0.0 0.0 0.0 5.1 0.0 0.0
BT

C8/MCX 0.0 0.0 8.6 12.3 7.9 7.2

MAX 0.0 0.0 0.0 36.3 0.0 3.1

Prime 3.9 3.8 1.4 0.0 0.0 2.0

NH2 2.6 4.1 3.0 0.0 0.0 1.0

PSA 5.3 3.7 43 0.0 0.0 3.5

NH,/Carb 2.2 3.9 2.5 0.0 0.0 0.0

SI 4.6 4.2 1.2 0.0 0.0 1.4

. Carb 3.9 4.1 1.8 0.0 0.0 2.1
IEAHARHL

CH 8.7 5.0 0.0 27.0 8.7 1.1

CN 9.9 6.9 1.3 0.0 4.2 2.6

OH 10.8 6.2 1.2 0.0 3.8 2.0

AL-N 9.1 7.1 5.9 0.0 2.0 1.0

AL-B 6.8 53 6.3 0.0 1.6 0.7

PH 8.1 7.4 1.1 13.0 2.7 1.1




4166 B i R A R 2

12

2.2 HGERADIERE

43 BIFELH 5% % (methyl alcohol, MET)ZK . 10% H i
K 20%HEEK . 30% FHEEOK . 40% FH BEOK . 5%
(acetonitrile, ACE)-7K . 10%ZJiE-7K . 20%Z.Ji§-7K . 30%Z
E-K . 40%Z 5K ALK 11 Fhikski, SR05 10 ng/mL
TR G VRIERCR 4 B 3 A ZEBUZER, A7i e 24 11
FhbR BRI VRO RS 1 ETIR A 2R, %% HLB Fil ENV 2 Ff/)s
e 2601, M2 1 ket &,

HIIE 1 AT, IR RC IR, 2 Flv Iz dR s HAR N

1200 .
1000 |
80.0 |

60.0 |

[EER /%

400 ©

200 |

00 L

WL
1200 ¢
1100 |
100.0 £
90.0 |
80.0 E
70.0 £
60.0
50.0 £
400 £
30.0 E

ECR/%

Z 5% LA, R SRR, SR T DA A2 30%0 b
], o IR E, ENV /NE H HLB /M 3268 )
R, WURZGERE ENV /ARG, R A R BIRRk
FIFE PR A LRSI IR, ek e 10 % F BEKAVE IR E
2.3 EBRIRADIERE

B, M. CROHE. B, —SEH 5. IELkE
6 MABCATEIE, RJ5 F 10 ng/mL IR & FrUEA RIS ENV /)N
b4 B S EAHZEBYSZERL, 4350E 6 FryeRiiivERiE
W2 R, 1531 6 PR RIVERGR BRI B L 2.,

—e— CAP-HLB
—a— CAP-ENV
—a— NF-HLB
—s<«— NF-ENV
—— MG-HLB
—e— MG-ENV
—+— TC-HLB
—— TC-ENV
—— QN-HLB
—e— QN-ENV
—=— SAS-HLB
—a— SAS-ENV

—— CAP-HLB
—a— CAP-ENV
—— NF-HLB
—<— NF-ENV
—+#— MG-HLB
—e— MG-ENV
—+— TC-HLB
—— TC-ENV
—— QN-HLB
—+— QN-ENV

MR

gliZk  S%MET 10%MET 20%MET 30%MET 40%MET

—=— SAS-HLB
—+— SAS-ENV

T a LIRVEBOMUE; b HBEA O UL
B 1 7ERFIRSEEIRT 6 B2y [l ith £ 141 (n=6)

Fig.1 Cures of 6 veterinary drugs recovery under different rinse solutions (n=6)

SHEE =2 «ZRRZEE =NE « &W ke IEChE

140.0 |
120.0 t
100.0 - |
80.0 -
60.0 |
40.0 3
20.0

0.0

ITHH—

S A
B

EICR /%

LSS Yr—

B2 6 FIAS IR B BB AN TR A2k 86 24 [ S AT R 1] (n=6)
Fig.2 Histogram of different kinds of veterinary drug recovery with
6 different eluents (n=6)

FH L 2 AT, AN [R) TR AS [ 24 R B A e AN ] -
HAIEZLERT 6 2B TRIRVENL; MR O FRXT AR
Fmg R e A 2 BRI RE Ty B hT; HIRE . CIERTLE A
S DUIREZE . WETRENZE . BERMCRUEILRE B, Tk
BEHEE, Ol CRROER 3 FIVERCN VR, 4 3 VR,
PRUE 5 28 B8 2 47 BB 1y Il .

24 {THEBRMERRH0IEEE

ALk mg A Jovk E R, T AT AR
FE b, WARMBERE T8, ARUFR A T Pl A 4%
{47, 10 ng/mL fifg F W m AR S AR ER I TE 0.2 mol/L £
2. 0.1 mol/L #4758 -EDTA 2% bl (MC Z& thif, pH=4.0)
0.2 mol/L ZFRHN . 1%BEMR . 1% =2 MM 5% =22 6
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VAW IR AESOR, R 5% =R TR IR, A
Jo VAT LB, L oy e T AR AR A, 2SR LR 3.
Tk 5% =S LR NATAE TR

Fz 3 TE 6 MR ENTHE R P RS BRI X 151 0 M) 7 1% TE AR
Table 3 Peak area of nitro furan metabolite response in 6
different in derivative solutions

IETAIFR(A)
BRI wengmisk  wemEE R DR AR
R R R R

0'2H%‘£1/L 3180.9 21168.2 2645.8 4377.9
O'II\TSI/L 4388.7 8492.4 668.4 2550.7
0.2mol/L

7 i 3558.5 32432.1 1920.7 5797.4
1% H,PO,  1025.4 3650.1 375.6 849.8
1% TCA 45689 35581.4 920 14217.6
5%TCA 56425 52904.1 5086.7 204485

FOh, AU T R EE-K . ZFE-K . B

-5 mmol/L Z#ig4% . Z -5 mmol/L Z g%k . HEE-ZiE-K .
F -2 1 -5 mmol/L ZRRESF ARl sl AH 20 G 1E Jy v 25U
PR S R, &5 mmol/L Z BREk R LA A 425
Wi B R, [Pl A 2SR A A ek, AR -2
JiE-5 mmol/L ZERE(1:1:8, V:V:V) W ER W -
25 FHAEMERSEERZ

HUzs (AP AR D 6 10y, PR HRER 4 Mol 26 i bRifE &
G053 AN AGE TR G PR VA, SRR 1.3 Tk AR,
FAILARGI, 75 30 5L R v i A H 2. DL SIN> 10 fF
Sy sk HHBRAARAE, B IRk R . 53 R 2k
PRI T 0.20~5.0 pg/kg B, FHICHREL r=0.9954, FrA kil
T H A BRS84S M R A
26 EIRERSHEEE

G S LAZS B 00 25 AR RV IR R SRR B, R R T
FEL BN A 1R R L 2 R R 10 FE R BR 3 A4
WIERIARFE S 25 6 0y, SRJGHE 1.3 AT FE,  EALIL,
GERLER 50 IARIEICR S 65%~118%I0], FXAR (w22
(relative standard deviation, RSD) N 1.1%~17.5% [EISCHRF
WER BE AT 5 3R B AT IR

F4 FERHR. ROfEfLZ%. BEFEMEXRYK

Table 4 Limits of detection, calibration curves, regression equations and correlation coefficients of this method

&Y i B/ (ng/kg) 2 PEVE I/ (ng/mL) [B )77 2 MRRE
CAP 0.2 0.25,0.5,1,2.5,5.0 Y=0.333558X-0.0125452 0.9992
Flor 1.0 1.25,2.5,5.0,12.5,2.5 Y=0.407589X-0.0935457 0.9973
TAP 1.0 1.25,2.5,5.0,12.5,2.5 Y=0.129584X-0.00519947 0.9991
SEM 0.5 0.5, 1.0, 2.0, 5.0, 10 Y=0.71695X+0.0398223 0.9988
AOZ 0.5 0.5,1.0,2.0,5.0, 10 Y=0.659264X-0.0147414 0.9999
AHD 0.5 0.5,1.0,2.0,5.0, 10 Y=0.601715X-0.0157836 0.9977

AMOZ 0.5 0.5,1.0,2.0,5.0, 10 Y=0.571025X-0.0129732 0.9994
MG 0.5 0.5, 1.0, 2.0, 5.0, 10 Y=1.84985X-0.00730604 0.9999
LMG 0.5 0.5, 1.0, 2.0, 5.0, 10 Y=1.25578X-0.00811963 0.9999
(6\Y 0.5 0.5, 1.0, 2.0, 5.0, 10 Y=1.67245X+0.00329754 0.9995
LCV 0.5 0.5,1.0,2.0,5.0, 10 Y=1.30639X-0.0479077 0.9982
TC 5.0 5.0, 10, 20, 50, 100 Y=558.968X-702.785 0.9975
DC 5.0 5.0, 10, 20, 50, 100 Y=673.475X-1062.82 0.9955
CTC 5.0 5.0, 10, 20, 50, 100 Y=285.665X-312.869 0.9982
OTC 5.0 5.0, 10, 20, 50, 100 Y=389.684X—675.851 0.9967
OFL 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.53065X-0.0551277 0.9993
Dano 1.0 1.0,2.0, 4.0, 10, 20 Y=0.269491X-0.137066 0.9982
MB 1.0 1.0,2.0,4.0, 10, 20 Y=0.241835X-0.0234297 0.9983
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wEY) o R /(ng/kg) L NEE /(ng/mL) (EVEPEES LEBE S
NOR 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.15308X-0.0294967 0.9979
CIP 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.220286X-0.0449146 0.9992
ENRO 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.635052X+0.0361649 0.9993
DIF 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.172921X-0.0382565 0.9992
SARA 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.20066X-0.0387504 0.9995
OA 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.286526X-0.0377592 0.9966
FQ 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.574629X-0.0305298 0.9988
PeF 1.0 1.0, 2.0, 4.0, 10, 20 Y¥=0.229149X+0.0193624 0.9998
Lome 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.15337X-0.0265222 0.9988
Obi 1.0 1.0, 2.0, 4.0, 10, 20 Y¥=0.303353X-0.071833 0.9984
ENO 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.188944X-0.0905946 0.9986
SDZ 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.284861X-0.0176347 0.9996
SFZ 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.108703X+0.00127001 0.9999
SDMD 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.653591X-0.0585895 0.9998
SMR 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.159892X-0.00315296 0.9996
SDM 1.0 1.0, 2.0, 4.0, 10, 20 Y=1.53856X-0.144144 0.9974
SQX 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.094235X-0.0202627 0.9954
SMMX 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.221853X-0.0321125 0.9970
SMZz 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.224184X+0.0574488 0.9998
TMP 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.162031X-0.00913006 0.9994
SMOD 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.711098X-0.0591953 0.9999
SCPD 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.177809X+0.00221472 0.9999
SDO 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.812312X-0.0945975 0.9961
SFM 1.0 1.0, 2.0, 4.0, 10, 20 Y=0.707969X-0.0811002 0.9987
x5 GEFFEMBARMERD 3 NRE T MAREEEFEEE (n=6)
Table 5 Recoveries and RSD at 3 concentrations in tilapia and pork substrates (n=6)
Vil WA
& Jinbrvk B /(ng/ke)
Bl /% AR T O 22/ %% B4 /% AR HRAE G /%%
0.25 116.0 8.7 113.3 9.6
CAP 0.50 100.7 4.6 103.0 2.9
2.50 101.9 2.8 99.2 2.7
1.25 116.9 9.8 118.0 5.3
Flor 2.50 110.1 7.6 107.1 8.5
12.5 104.5 4.7 105.8 2.9
1.25 100.4 6.8 99.3 10.1
TAP 2.50 100.6 7.2 102.1 12.8
12.5 98.0 6.8 94.7 7.5
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= 5(8)
Bk A
EW JnARH B /(ng/kg)
B /% A B ARG 22/ % IR /% AET B ARG/ %o
0.5 91.6 142 98.0 145
SEM 1.0 85.7 42 98.0 11.7
5.0 88.0 7.0 92.6 8.6
0.5 86.3 9.3 85.3 7.7
AOZ 1.0 89.8 6.9 87.5 4.7
5.0 92.8 3.8 86.6 2.9
0.5 91.7 9.8 98.3 10.9
AHD 1.0 94.0 8.5 99.3 8.8
5.0 93.7 102 94.7 72
0.5 101.7 7.6 89.0 8.6
AMOZ 1.0 83.7 8.1 87.8 10.9
5.0 82.0 3.0 85.1 9.2
0.5 102.0 12.0 95.7 11.1
MG 1.0 86.5 13.8 95.0 13.1
5.0 90.3 112 88.3 12.8
0.5 94.7 7.2 95.3 6.0
LMG 1.0 91.7 1.1 94.2 2.5
5.0 93.6 2.1 929 2.0
0.5 92.0 4.6 973 49
cv 1.0 718 42 81.8 4.1
5.0 97.6 3.9 101.0 3.0
0.5 95.3 13.0 97.7 10.7
LCV 1.0 92.5 6.7 94.0 7.8
5.0 89.1 8.2 87.5 7.6
10 89.2 9.0 91.2 8.2
TC 20 70.2 10.9 722 12.0
100 75.4 75 73.6 8.5
10 79.4 13.0 778 8.8
DC 20 69.3 14.1 72.0 14.8
100 83.7 9.4 84.3 13.0
10 69.4 26 70.0 2.1
CTC 20 942 3.6 89.8 3.4
100 75.7 9.8 75.7 8.9
10 93.1 9.5 91.4 12.9
OTC 20 777 7.4 77.1 7.9

100 74.8 3.2 73.8 3.5
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®5(8)
Uk 5! A
el TbRuR B /(ng/kg)
B /% ARX 7 T Al 2/ % Ml /% AR A HE AR/ %%
1.0 104.0 14.7 100.7 16.5
OFL 2.0 96.1 4.7 100.3 5.3
10 83.9 7.3 86.5 4.9
1.0 109.7 2.6 106.0 5.7
Dano 2.0 101.7 4.1 105.8 43
10 85.2 34 80.7 7.2
1.0 86.0 12.8 97.8 13.4
MB 2.0 93.7 7.4 91.0 8.0
10 92.1 2.4 93.9 2.6
1.0 106.8 7.6 98.3 14.6
NOR 2.0 80.8 8.5 93.4 6.4
10 90.7 5.0 94.8 7.8
1.0 97.3 15.0 91.7 13.7
CIP 2.0 98.9 10.7 96.5 6.8
10 98.6 8.7 92.9 10.6
1.0 90.8 8.7 94.0 12.1
ENRO 2.0 98.4 5.4 98.5 11.4
10 109.4 5.6 109.3 6.0
1.0 94.5 6.9 91.2 10.3
DIF 2.0 87.7 11.3 89.8 6.3
10 96.1 10.0 101.4 5.3
1.0 103.8 4.5 102.5 8.1
SARA 2.0 98.4 5.6 99.2 5.6
10 105.3 4.4 109.8 2.0
1.0 97.7 12.8 98.5 10.5
OA 2.0 103.5 6.2 99.0 11.0
10 104.5 4.9 109.1 5.7
1.0 95.7 10.2 95.2 8.6
FQ 2.0 97.8 10.4 93.6 8.9
10 105.7 6.5 107.3 4.2
1.0 93.3 9.5 73.3 10.3
PeF 2.0 93.8 11.4 99.4 11.1
10 98.6 11.7 93.8 8.8
1.0 98.8 7.7 109.2 4.4
Lome 2.0 101.8 10.5 100.2 7.4
10 109.4 5.3 111.9 2.6
1.0 101.0 7.0 106.3 4.4
Obi 2.0 108.1 5.9 105.7 5.6

10 106.4 9.0 102.9 53
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= 5(8)
Tt 0|
Ew JnbRk B /(ng/kg) - _
[l /% A XA AR 22 /% (B & 7 AHXF BRI AR/ %o

1.0 104.2 103 108.7 8.3
ENO 2.0 95.8 6.0 99.8 3.3
10 88.7 3.0 84.3 11.8
1.0 103.2 5.6 98.2 5.6
SDZ 2.0 96.0 6.4 98.2 6.1
10 97.0 3.4 98.2 3.6
1.0 96.0 8.0 95.3 8.5
SFZ 2.0 102.4 6.3 100.6 52
10 97.1 7.0 93.5 11.8
1.0 105.2 16.3 101.5 5.0
SDMD 2.0 100.8 8.2 101.0 114
10 95.4 3.5 95.1 3.1
1.0 95.3 15.7 923 7.6
SMR 2.0 97.3 12.0 103.4 8.7
10 82.8 8.6 81.8 133
1.0 96.3 8.2 104.8 5.9
SDM 2.0 100.9 6.6 100.6 7.3
10 942 4.0 92.6 32
1.0 94.0 17.4 76.3 16.0
SQX 2.0 66.1 11.8 68.6 10.8
10 70.8 11.7 725 9.6
1.0 98.3 11.1 100.7 7.6
SMMX 2.0 94.6 10.1 99.0 5.7
10 96.4 6.8 973 45
1.0 72.5 6.7 77.0 10.5
SMZ 2.0 90.3 5.4 92.5 13.7
10 100.3 6.4 98.4 2.6
1.0 98.0 17.5 101.8 15.0
TMP 2.0 98.1 10.5 101.3 10.6
10 87.5 5.1 85.9 5.9
1.0 95.5 10.5 103.8 9.5
SMOD 2.0 104.7 9.5 105.8 7.4
10 81.0 3.0 75.4 6.2
1.0 96.2 10.4 97.7 7.9
SCPD 2.0 104.4 3.9 100.5 9.5
10 102.3 3.8 100.7 7.1
1.0 67.2 11.0 65.0 3.0
SDO 2.0 70.9 10.3 76.2 11.0
10 84.5 7.0 82.5 10.7
1.0 99.3 10.5 102.2 5.1
SFM 2.0 108.4 8.8 105.8 9.9
10 81.7 3.0 75.8 6.6
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