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UPLC-MS/MS 1M JLHE FR5EK T mpindE a5k 8

wER', # B, HmR’, BIE, HERF
(1. AT N 2B 2B 5 A5 TRE 2B, WivT BiJH 310015;
2. GEWURBMS M AR B RA R, WivL M 3100525
3. WHT TR K= & S FE BT, W 7K doin T4 AR Fe A 3 S sl i =,
TEEVE B SR RN OGS B R A S AL @ b [m G by, WRVL BUJM 310012)

RE: Y REREAAFTEFRAEZNRNRE, RARUFE D BH/RHNKE L M8
M, & QUEChERS 71 4t 3, Bt & UPLC-MS/MS # A SEH T [ #x 78 A 7= & o 28
FPAZHREHE RSN, B FEREAR T FRREBGEM. T B A KR A BA e
ERFRAKTEFRAEZTRMNKEN R w, 7€ T &EHW QUEChERS #1 5 %. A&,
WA R &L I H (CAC/GL-T1) /7 sk ¥ ik, MR afE L. RUR. 2 ER.
HEERAE BRE. OARTEMORETES. £2REF, SULHKE: FE (75
25, AR AR, R AR EAR 10mg i, & EWK/BRAKE LG4 KB NR
R . B, PTEE S HOR F A B &M R (R>0.99), iR Y 0.06~1.42 ngkg, =
IR N 020~4.72 ng/kg, % Hyiex [#H = F 7S (SIA). # e Lok (SQX). Ai#E
E (DAN). % %7 E (LOM) [ 4h ] 2 Ji 2 R 3% 1K (<10%). 72 5~100 pg/kg B9 W& K F T,
T E K E K 80.1%~100.4%, H R4 F E<103%, B 8K % E<134%., ¥z mHT
B, KOBE . UMEMSE. PEREEMET BN P28 AL ZHAN, R ET
LW EEANET, REm, EATEARN. ARXEA, 6 E2HBRAIRELE
A KA BT LB R SRAE K R PRI AR, RE A AN P4 F o 0%
R, FEAFERERLESR @ E A BT
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W B E PG NI, aF A EH. H
I, XPFRFEK =P E R R R E
nn W EE N ED,

X FRFEAK T BUAE R R, W A
Gk 237 N 3! AR e P RN = T RN 2L 2P N D
KOR BT A o b, BT v B A A
. EIEAF AL, W . SR, %07
PR AT AL PR SR B, BB AR ICH bR
Yy, JFJS AT RE M 25 BR B BT T R DR B A T R 1
KHEC, 2003 4F, Anastassiades 257 $EH T — B
A KR AT AL PR 5 5 -QuEChERS (quick, easy,
cheap, effective, rugged, and safe), %5 fijfk T %
B BCL TR, §7 K T AW YNEE, 465 T
HALER AR, 4z - 2 A I ) i Ak 2
Shen %" 5% 1] QUEChERS 454 96 £L A % #H 2% HL
i AR X SR 58 W A (Crenopharyngodon idella) [ #E17
THIALFE, FF%H UPLC-MS/MS ARS8l T #ifa
T &R B E P E A . Campanharo 45"
TR T 2T ORI AR B R ) QuEChERS HifAb
5k, IR LC-MS/MS Hi AR SCEL T fa 4L
HRRAENE R, XS FN T R0
A REINEA —E WS EMmE. A, B
I 22 B0 5% 05 vk SRR X AR K ™ i v i B S0 AR
ROR, (HAK AR E L, SRR A AR
WREZMPAEERNMER . Wik, & —FhnT s
SRR = Z R AR 2R R A 9 7 AR B

A GE LA R W B 70 - £ 55 0 /22 BE ik 40 K A
MR Y QUEChERS H AR A HE St B Hi b FRAR 7, 45
4 UPLC-MS/MS ¢ AR, #5717 [A B S0 5 28 (il
WS . WETRIERZE . KINNERZS . ARAT 28 A
W) 28 Pl A: R I Mg AN J7 v, I iE
I TR N B AR e R R AT E RERR L B
FRON; . H RS R . H DR % B R4 T 7 24T
flfic ZJa, $FZ o7k B K R
(Micropterus salmoides). JFLA9EXTEF (Litopenaeus
vannamei) . WAEGESE (Eriocheir sinensis) FlJE5¢
& U1 (Mytilus coruscus) 55 JLFH ML A FEFE K 7= 5
PUrAZE ORI, FH DL S5 K i o R
B 2 AR

1 MRS TT

1.1 #R5R5

T RV LNEEXTER AR gl A
HREFENG DU FHUNFAK Y . s iR . £
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B2 . WAL (> 98%). WHIRHN . 30 wt% i S fL A |
KEME. TOKBRIREE . EALE (Griral), HuHil
WA TAUZRARAR, FEE, O, BRI
(i al), MEERFEA R A8 LR/ T30
pm, FhRiE>98%), FEI CHI/REHEL (P E) AR
ANHl. ZRERRYOKAE (BIFE 98%, ELfE 40~60 nm,
K 5~15 pm, AL 98%), RINGK A FRA
Al o N34 " (primary secondary amine, PSA )
(kif% 40~60 pm), Agela BIHEABRAF]; Cig(10 um),
KB SRR A R AR . R B
WkIBZ (sulfachloropyridazine, SPDZ) . FfizEmL (sulfa-
thiazole, ST). fifi iz 4B — H 4 W& I (sulfadimoxine,
SDM). fifi iz H' % mk & (sulfamethoxypyridazine,
SMP) . fififli — F 53 %k (sulfisoxazole, STA). fifi iz
M IE (sulfadimidine, SM2)., fiff it — FF S5 g i
(sulfisomidine, SIM2). fi#§ f% Mt BE (sulfapyridine,
SPD). fiffi i ¥ WMk (sulfaquinoxaline, SQX). M7
B2 . AV A (ciprofloxacin, CIP), J}ifi b &2
(danofloxacim, DAN), X3 > & (difloxacin, DIF),
W Vb B (orbifloxacin, ORB). & % ¥ & (enro-
floxacin, ENR), #i ¥V & (norfloxacin, NOR), %A
g V0 & (ofloxacin, OFL), > $i b & (sarafloxacin,
SAR). # % 7» A& (fleroxacin, FLE), & i ) &
(enoxacin, ENO), ®] fj ¥ & (sparfloxacin, SPA).,
1%LV AL (lomefloxacin, LOM), 1550 A (pefloxa-
cin, PEF), KIFNEEZE . B4 % &K (azithromycin,
AZI). 4L % % (erythromycin, ERY)., % 41 % %
(roxithromycin, ROM), K% & (tilmicosin, TIL).
U ZEZ. L% & (oxytetracycline, OTC), HRT] ik
WS MATEE R (lincomycin, LIN), $i4: K4l
KT 98%, F[E Sigma A7,
12 FEEE

v OB AH 435 4%, ACQUITYTM UPLC,
Waters /A Al o BB PU AT B354, 4000 Q-Trap,
Applied Biosystems 23 F) o i 3 2 R 25O HLLYNX
4000), Thermo 2~ F] . fHE /K54 (DK-8D), I
g —TERLA A A R A A JEHK X2 (SHB-
D), AR THARAF . BB TR TR
(CN-03336-17), [ LABCONCO /A A] . Hi A&,
KT 1A (DZF-6050), [ — 1R} 3 A BRA
Al o A 5% (Hitachi Regulus8100), H.4EH,
% 5t H 4% (FEI Tecnai F20), 5[H FEI A+ .

1.3 LIk
A R B ) FRBGE T bR e, LA
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CNEREER, SelcE— BB, PRl
BTk mIAEE R 1, 3. 5, 10, 25, 50, 100,
150 1 200 pg/kg FIPRUER , BT 4 °C B & H

FAE EHHE RO BRENTSS
% Hummers %" {535 . K6 5B8 (2 g) FASTR
(1 g) TE RN TP H#EATIR A, WRINER AR (98 mL)
Je 37 BIVE T ORI R R K (0 °C) AT IR IR K
W, PRI T IS SRR 12 g), [ 30
min J5 2 kKW, dREEREFE 60 min J5, M2 MA
FBFK, dREEAERE 20 min I AGE A9 BUE K
BB NS, RIFKIRA YT B O AL B
(10 000 r/min, 15 min), Jf R EEIR (5%) Flk:
BT TORG, BOoEKEWE, KET
80 °C HEF Bt T 45 H .

% EWi) % BB RE T A& AR
fE e, ZREmRAKEE T Syt
(500°C, 3h)&H. R, KEMASER (300 mg)
I8 7K (400 mL) IR G )5 & Fhetrr, A
60 min, ZJ& A ZEEM KA (30 mg),
30 min, FREHIRGYE TFIRESR T, WK G
k(2 mL), 80°C /KA 24 h, E=55tE (0.22 um),
JUT AR UL 28 W B A 25 B8 K VR e R T . R
FHAH B A5 035 ) L B AR 02 A MR SR T 5
PO FY . PN EBZEF B A oK RO Sy, SR &
AR O ZE AR R4 T RAE

QuEChERS #2 5 #9414t (DQUEChERS i
B ACFRRRFPANIE 1R . KB R R
b (2.0 g) B F 50 mL B0 . I 2 mL /K I
10 mL 42 0K, HER R S min, FINA B R BE
(4.0 g) IS ALEN (1.0 ), ZkZEHET% 5 min, 5 000
r/min B0 5 min, B 1 mL FVEWINA 5 mL BB
LT, FIABEREE (150 mg) F1— & 2 iYW b
I, BEHPR 1 min, 5000 r/min .0 5 min, I
2022 pm MRS UR G, frke . QPRI
PR BEHCA B B AR 20 B ) i B A R A A R S
FRESD, 7E28 FARE S O A BAR & P IR G br
HETAEW (50 pg/kg)o RHANFIAR [(A) 20 + W
2 (100 : 0, RFLEL). (B) &G = W B (75 : 25,
ERUL). (C) OHE « HEE (50 = 50, RFLEL)] 5L
FES A &, %8 QUEChERS i ##E 17 Hij b
B, iif UPLC-MS/MS #4754, IFiTH8EAH
o YRR i B R R B R . DI B 571 Y
BORVE . NP A SRR/ 2 RERR GRS B G AR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

I BRI, LABTAE R BN h 50 ng/kg B9 %S
FIRE SR oA XT 4, 4301 R AN [R) 1 IR B 5] (e 380/
ZBERRNIKAE AR, PSA. Cg. ZEERRYIK
B VLS AT B ) KRR i B AR U R Ak
it UPLC-MS/MS #1475 &34, FHi1E AN Ay
ISR A A B0 /22 BE RN K A8 525 WA AR 1) g
BRFSSCR o DR BRF SRS i Ak . e Sl
W BRI, LABT A R E K-8 50 pg/kg 1)
25 FRRS ARG, USRS [R50 5 (R W B3] (5. 10,
20 Fl 40 mg), %M QuEChERS i FE#EAT Hij AL 34,
il i UPLC-MS/MS #4750, FF 33 AH R 1
[T, iff 5 2 14 WO BT S0 I i
UPLC-MS/MS 4~ #7 3% 53 BT 7E Waters
AcquityTM UPLC % 4t (Waters) 1 it 17, 4 PDA
K, i h Cg A (2.1 mmx50 mm, 1.7 pm).
TN A (0.1% H FR/KEE ) F1 B (100% ZAF),
UK 0.4 mL/min, YEBEIACHBE RN, Ui
BB ESTIR, 1E & FHEHE; Ak =,
MRM, BFJRIEE. 500 °C, WiZ%HLE: 5.0kV,
AT 25 psi, ZFAEA: 45 psi, HHBI: 55 psi;
Hirfb W ET. €281, eETUAE
LK (DP). A HLJE (EP), fiff# HiJE (CE). H
HHLE (CXP) 525 S H Rk 77k,
FiEFEiE Obpfith4. fEas AR
IR EE (1. 3. 5. 10, 25 1 50 pg/kg) HIPL
A ZBRAE AT, e RO IR T AR 0 R
Pt 4= & #F 47 QuEChERS Hij 4 3 , J5 %4 UPLC-
MS/MS Kl , DhREE NG bR, WEm B HALFR,
o2l 28 LA R bR SR, FoRIFAXERE R,
QIETRIN N PFA B o AL s 6 o BT 0 15
SR, 4y 4 R BR HE R £ (al) FN3E BT DL
Fic A o 48 (a2) HEAT L4 . ) a2 Al al LR
Fb A S e 5 g0 Y (DR I R RN S B 7
Z AP EIMARRREE (1. 3. 5. 10, 25 F1 50
ng/kg) MIPTA: RARUES, , 34 BE A T T 5 A 10 7 15
X FE S B AR FET QUEChERS FiiAbHE, J548
UPLC-MS/MS Kl , 53 A DU B A f R, 1]
W A FRE S TP IR TRNR B (5. 50 1100
ng/kg) WP A ZARUE S, i BRI T T 3 19 5 vk
XL & AR R AR R BT QUECHhERS RijAbHE, 54
UPLC-MS/MS #ill, 5 AEAS RIS oK T # [al
W, H N/ H RSB . 7625 RS TP InAS ]
WeBEFY (5. 50 Fl 100 pg/kg) BBLAE RhruEd, %
HE T AT 3 5 i xR A B R R AT
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graphene oxide
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2 mL #lii7K  purified water
10 mL #2HUF  extractant

¥
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1.0 g NaCl

A PR oscillation
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-

A | N,H-H,0
ultrasound | 80 °C, 24 h

LA

composite nanomaterial

-
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150 mg MgSO,
& A PPRR TR appropriate
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Y%  oscillation

Bl centrifugation W

/¢

TR - <

multiwalled carbon nanotube %

o BRI EREREREER

Pa—

© filtration

hHT  salting out

#1k  purltication

Kol detection

Bl 1 QuEChERS HiiZE
Fig.1 The overview of the QuEChERS

QuEChERS FiAb#, & )5 UPLC-MS/MS Fa il
AT ST, BB AT 7T R TR, it
SRR R O 22

7 ik 0 LR ST Y A R 1 A 2
kK. KR B ERNEE, BOETILA, £
LRHSTHRABES, BT 4 °CUKF T &H. L
EXAR Lk . KR, Kot BIFREHRAER,
BWALAH ST, L RPIFTRIRES, BT 4°C K
M. ez mIER IR N & d5e, AN
WS, BOHENLAR Y, 2L RNETRAEE R, B
F4°CrkF P H. B 20 gk, 4 QuECh-
ERS FRJFALFR)S , #F UPLC-MS/MS il , 52861t
TR PR E N D1 T Y S S W A B

A BRSO VB bR 2
BRI, WEPEATR SPSS 21.0 #ii#1T,
P& F % FHl Origin 9.0 I Photoshop CC 2015.5 %
AT

2 4R

21 AER/ZERARESESMHRIE
A 8805/ 22 BERRANRAE S5 PRI 1 i B 4
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RANE 2-a~b Fi7n, Horbof 8805 R & Bk g,
BRIP4 2 nm, ZREIRAK S C 4
DI A G SBIE, BT 22 RN M40, [
8T A S R AN, WRTAHERRZ
V) P (R B (&1 2-a)o Aoy S Ak DO PR 235 4 1) T i L
R EAR . BEAh, ZEERRGNKAS I S 43 ] B b
A 88 R T (B 2-c~d).

2.2 QuEChERS f2FHtL

WA ek F  AFREBUAR (A, B
C) M iy PR R IR AYSE M AN AT 3 firs s L
T B AR ORI, 12055 T m AR A 28 Rl
AR o TS R AR AR ORI, v
FMPUIR R TCEFLI, X AT REE th T E TR
B HAT AL AR Al 27 BE AT, AR AR DA A DI, i
PRI o0 B AT i 35 1 PP P R VR AR A ]
DASR g [T, (EL e g YRR A0 T AR O
] 2 AR 7 Ha S D L S R I v €
# CAF 3 T AR IO )

B BORAFRN AS[RIRR IR 5 A BT
YA R MR A AN 4 s o R AT,
G R0 DA A1 S M/ 22 BERR IR AE S B A BHE T

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries
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2 EEMBBRMYEAE

(a) (b) NHFEEERE, (o) (d) NEHEEEL

Fig. 2 Microstructure diagram of the composite

(a) (b) SEM diagram, (c) (d) TEM diagram.

ACN : MeOH=100:0
Bl ACN : MeOH=75:25
ACN : MeOH=50:50

100

AR /%
recovery

B N o]

o (e} ()

[\
(e

O 4 Ml M G gl i i} 7 17 k
1357 9111315171921232527

AR
antibiotic
B3 AREZBGATIX B F0E

LR I GmA e, 2B A0 — P SR e, 3B MM, 4 I SR A
BE, SERG R SR, e M H g, 70 REIbE, 8.AEAL
TRmERE, 9RENGMEGME, 10N E, 1LFHEYE, 1230
B, BRIEVDE, WREDE, 1SHERDE, 16ERTPAE,
1705008, 18P WE, 19KEWE, 20F7MPE, 21.3&%
WE, 28R E, BHRATER, 4MEHER, 545K,
26,8 KFE, 27.BAHER, 28.+HK, N

Fig. 3 The influences of different extraction solvents on

recovery rate

1. SPDZ, 2. SDM, 3. ST, 4. SMP, 5. SIA, 6. SIM2, 7. SPD, 8. SM2, 9.
SQX, 10. CIP, 11. DAN, 12. DIF, 13. ORB, 14. ENR, 15. NOR, 16.
OFL, 17. SAR, 18. FLE, 19. ENO, 20. SPA, 21. LOM, 22. PEF, 23. LIN,
24. AZI, 25. ERY, 26. TIL, 27. ROM, 28. OTC, the same below.

WS . WETEIZE . MRATEERGSS, REFIEEZE AT
RS RAE Y RISCR 50 83.0% ., 84.1%.

HHE K752 ) sponsored by China Society of Fisheries

mm 55 R _composite material
WL "% primary secondary amine

B Cy
= LEERYNIKEE  multiwalled carbon nanotube
100 | T F5 5% graphene

R /%
recovery

B N o0
() [} ()

[N}
(=}

1357 9111315171921232527
PUER
antibiotic
4 A[EIIR B 7 3 B R A 2
Fig. 4 The influences of different kinds of

adsorbent on recovery rate

80.2%. 85.7% il 71.3%. “HWZRH5Hh PSA B, i
ek AT . MRS, RIS ER SR Y
WE AP R IBCR 70 78.0% . 54.3%
71.2%. 78.0% F1 68.4%. MW FHIh Cg. ZHE
WRANKAE . A BRI, X BB 4 B R 66.9% .
60.4%. 70.4%. 66.0%. 51.2%, 72.7%. 66.5%.
86.2%. 74.1%. 70.3% fl 77.6%. 72.0%. 87.3%.
76.9%. 62.3%. NTLIEH, 188/ 2 BEmANKE
SRR B B 1 AL O B, BB R
ISR B PRI, PERE A BRI/ 2 B 4 K
A MRME R A 38 1 W B 7
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B B % BEBR MR G BRI AnE 0
2 [#51 A A% HRC B 590 FH 2 B2 QUEChERS 2%
ISR E B 2R o N 1 A5 IR 51 X Tl
R, DAPTAEZ IRk 50 pg/kg 145 H
FEM XS, LLONE « WEE (75 : 25, WRFRLEL) A
FGH, SRS AP A BRI IRI, AR
T3 “QuEChERS T2 AILAL” B 7 Bailb A A
Hi 2 GBI E &3 51k H 5. 10, 20 1 40
mg. AN [7] W R 551 8 0 X R i AR 2R IR A
SN 5 R . YN 5 mg B, [k SDM,
OFL Al OTC #b, HAxdiA: R i BICR ¥>70%.
1% B B N3] 10 mg 1), [ SDM 4k, H4di
T 25 0 LR 34 >70% >4 W8 2 40k 25 134 n )
20 I 40 mg B, FrA 25 BDBCR R RE, JLH
JEVEERN BT AE R, ZERCRRE ] 50% LT .
MR ZE R E YIRS N A (5 mg) B,
AR B AN BB B A ROW B, o R A i
W, REMA TSI AL R o T W RS S n (20
mg. 40 mg) B, BRI AE IR B A o TR B, A
oA R, SRAETREMTHIERSET
W, &Pt R RICRIB N 25 Bk, AR
R AMT, WHSRAE IR 10 mg i, Hix
PR R BICR s . L, %8 10 mg fEAS
T 114 A B0 590 FH
23 FEFWIE

K. BN R IR DL J3 e
(ngrkg) MHEALRR (X), LABTREIE R AR (Y),
Ml 75 FE (Y=aX+b) MO RENE | s, 4580
R, 5228 P AR EAE 1.00~50.00 pg/kg I F 4

5 mg
XYY 10 mg
20
100 f . =40mg
80 |
© §
o ? 60 |
= 3
E 2 40
20
0
1 357 9111315171921232527
PUrE#E
antibiotic

5 AS[E1RR B3 2 3 U R Y S0
Fig. 5 Influences of different amounts of adsorbent on
recovery

https://www.china-fishery.cn

ERIFMEIERER, HXRE R KT 09970,
it B (LOD) 4% it e 3 %15 M bbb H 450, o & PR
(LOQ) #2118 10 f5 I M Lb AT H5R, 28 P ra 24
Y1 i) LOD 4 0.06~1.42 pg/kg, LOQ 4 0.20~4.72
ng/kg, ZEREM, Frasr i)y Bl T s
ZI, {2 LOD Ml LOQAH] .

®1 EMEXRY, KNRMEER

Tab.1 Correlation coefficients, limit of detection and

quantitation
\ PRI Koy s R
bR standard curve equation 2
antibiotic R (ng’kg)  (ug/kg)
a b LOD  LOQ
SPDZ 3.61E+04 3750 0.999 8 0.17 0.57

SDM 1.17E+05 12 990 0.997 0 0.06 0.20

ST 3.13E+04 1940 0.999 6 0.18 0.60

SMP 5.82E+04 12 400 0.998 4 0.08 0.27

SIA 1.17E+04 230 0.999 6 0.50 1.70
SIM2 6.86E+03 —603 0.999 2 0.65 2.17
SPD 1.52E+04 -17 0.999 8 0.35 1.17
SM2 1.88E+04 2330 0.999 2 0.64 2.13
SQX 3.53E+03 784 0.9990 1.19 3.97
CIP 2.62E+03 —305 0.9990 1.42 4.72
DAN 4.50E+03 168 0.999 6 1.06 3.52
DIF 7.36E+03 —1390 0.9990 1.00 3.33
ORB 1.66E+04 —1550 0.999 6 0.45 1.50
ENR 1.25E+04 —2420 0.999 2 0.70 2.33
NOR 4.48E+03 —91 0.999 6 1.23 4.10
OFL 2.18E+04 -916 0.998 6 0.34 1.13
SAR 1.02E+04 =5190 0.999 6 1.22 4.07
FLE 1.27E+04 -1910 0.999 0 0.55 1.83
ENO 9.18E+03 193 0.999 6 0.52 1.73
SPA 2.29E+04 -3290 0.999 0 0.54 1.80
LOM 1.93E+04 -1570 0.999 6 0.41 1.37
PEF 4.67E+03 266 0.999 0 1.39 4.63
LIN 3.60E+04 3060 0.999 6 0.10 0.33
AZI 1.59E+04 17 100 0.999 8 0.07 0.23
ERY 1.20E+04 =778 0.998 0 0.34 1.13
TIL 7.61E+03 3060 0.999 0 0.31 1.03

ROM 1.85E+04 18 400 0.998 4 0.09 0.30

OTC 6.18E+03 1620 0.999 8 0.79 2.63

E-Vig Y FE TN X £ IR T AR FR A
DRI 6 FTn . 28 R AR LA 2 0.79
(SLA)~1.19(LOM)., HH1, SDM, ST, SIA. SIM2,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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SPD, SM2. SQX. CIP. ENR, OFL. SAR,
REF, LIN, ERY. ROM Al OTC % 16 Fl 5 24 4
JL B4 5%, SPDZ. SMP. DAN, ORB., NOR,
FLE. ENO. SPA, LOM. AZI Ml TIL & 12 f &
SE TG . — AR, 7E 0.90~1.10 1Y LL(EYE
FEL P (181 6 rh i it e 2z () 1) DXk ), 6 o 4880 g ok A
MZE RN, R ZbE, REECE 2] (SIA.
SQX. DAN F1 LOM B4l AS 32 5 5400 1) 5% 1 o

1.2+ - _
ot 1 N N0
28 ost 1 H T
=
B % 0.6
g
£ 04t
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antibiotic
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Fig. 6 The influences of different kinds of

adsorbent on the recovery

AR AREBCR TR BRI A
TIN5, 50 #1100 pg/kg B &4 F k4T, 53
28 P A 2R A MISCR YT 80% HNE T 110%,
Ul IS BRI i T e g b AR &R (% 2).
AN, BrAE RN E R, AH A RSCR R
MR S pg/kg N, 28 Rl AR 2 I G
FEl 4 80.1% (ROM)~94.7% (SIM2), “F-24 [l i % Jy
86.7%. 4 NNbrE A 50 pg/kg KR, 28 R
21 [ e AT LR 80.1% (LIN)~97.5% (SIM2), -
BRI 87.9%, 2 mAn R 100 pg/kg i, 28
Fh 4T A R Y R R A 80.5% (SAR)~100.4%
(LOM), FHEISCR A 88.6%, THEBIKAE, XN
FRigh 5 pg/kg KRS, BERESS . MEIRRZE . K3
PIEEZE . AR AT R A2 0 DU 2R 25 28 14 7 27 [l i R 4
Wk 87.7%. 86.8%. 83.9%. 89.3% Fil 84.3%; 1l
Frie ol 50 pe/kg B, HOAFH IR 4351k 88.6% .
88.2%. 88.9%. 80.1% Hl 81.1%; Ml #x = A 100
ng/kg B, HOF X 3 43 51 R 88.7% . 88.6%.
90.8%. 82.2% F1 84.4%, FILIAE W, 7ERTA ks
HKOETS, G S R0 s 3 R 2 28 W 1 (] iR it
FEER R KT, HASEE IKSE T i iR 45 4k
AR, BT Bl e R v i B 25 25 4 1Y
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#R2 AREIMEREREWERE
Tab.2 Recovery test at at different spiking levels

5 ug/kg 50 pg/kg 100 png/kg
PUER g xR B OHIRHE B MR
antibiotic /0 Wz /% ez 2 /%, W
recovery RSD  recovery RSD  recovery RSD

SPDZ 86.8 9.7 86.0 8.7 88.2 6.8
SDM 80.2 104 87.1 11.9 88.5 9.5
ST 84.5 4.8 85.4 3.6 81.0 4.1
SMP 914 4.4 94.3 3.5 92.8 3.7
SIA 80.3 4.2 81.6 3.0 82.5 3.1
SIM2 94.7 3.3 97.5 3.1 96.1 42
SPD 90.8 5.1 90.9 4.5 89.6 5.7
SM2 88.5 7.7 80.9 73 854 8.3
SQX 92.1 33 934 3.1 94.0 3.6
CIP 89.9 9.6 83.8 8.6 84.5 9.3
DAN 83.1 9.2 82.8 9.3 85.7 9.6
DIF 86.4 8.8 83.8 79 84.6 7.8
ORB 81.1 8.7 82.6 7.4 83.7 7.6
ENR 90.3 4.4 93.5 3.8 95.4 4.0
NOR 87.2 7.5 85.4 53 87.5 4.0
OFL 80.6 8.7 89.6 6.8 834 5.4
SAR 86.5 7.1 88.4 6.5 80.5 6.0
FLE 87.3 5.5 86.5 49 89.1 43
ENO 86.7 6.5 90.3 6.9 932 7.3
SPA 86.4 8.3 89.5 7.7 93.2 7.1
LOM 94.5 5.1 99.2 2.5 100.4 4.6
PEF 88.4 6.6 91.3 5.7 90.5 6.1
LIN 89.3 9.2 80.1 8.0 82.2 8.5
AZ1 85.3 8.3 89.3 55 90.3 49
ERY 83.1 8.2 87.8 7.5 92.6 7.1
TIL 87.4 9.9 90.3 6.9 89.8 7.1
ROM 80.1 9.8 88.2 7.3 90.5 6.9
OTC 84.3 12.7 81.1 9.6 84.4 9.1
R R

B A A= B A H P9 A H ()RS 25 3
(RSD, %, n=6) BT B AEFRIE M IR E A 5. 50 F1
100 pg/kg W25 F #E4T, 28 FhpiAE R H K
BN 3.5%~10.3%, H [A1FE % B R 3.9%~13.4%
(3% 3). HMWORE, 7F 5 ngkg K L, BEAEZS .
MEREIZE . RERNERZE . MRT B ZS FUIF 2K
1934 H K % B2 50 0 R 5.9%. 6.6%. 8.8%.
9.2% F 10.3%; 7E 50 pug/kg 7K F 43514 5.7%.
6.2%. 7.8%. 8.7% F19.9%; 7F 100 pg/keg/K ¥ I
AR 5.1%. 6.0%. 7.2%. 8.5% Fl 9.2%, Xf T
HIEPRE 3R, 2 bni NS ug/kg /KR, S
MERIRZE . RERNERZE . AT B ZS FIDU IR 2K
1) YRS % BE AR 9 6.9% . 7.7%. 9.5%. 11.7%
F13.4%; Shnbr ol 50 ug/kg B, HoKE 55 ) 4
MM 6.5%. 7.3%. 8.7%. 10.5%. 11.0%, A,
WEVHEZE . RIRNERIS . BROT BERZE FIDY PR 28 28
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2517 100 pg/kg 7K - E 592 B TRDRS % 1 43 51
H62%. 7.1%. 7.9%. 9.9% F110.8%., EUAKIN =,
H RS 2 BT H DR 25 8, B P2k R n 2
FosE o, HER TRt 2 e . A, R
WS T R S 24 ) RS 2 FE /N, R A T ST ) ik
AT REXT 1 P 2 B0 A 2 ARG o R A

*3 HAMBERZEE

Tab. 3 Intra-day and inter-day precision %
X H RS )k % 2
AR intra-day precision inter-day precision
antibiotic

5 pg/kg 50 pg/kg 100 pg/kg S pg/kg 50 pg/kg 100 pg/kg

SPDZ 6.9 6.7 5.1 7.2 6.1 5.9
SDM 9.5 10.1 8.7 12.1 11.8 9.0
ST 3.9 3.7 3.7 4.5 39 4.1
SMP 5.1 4.7 4.2 6.4 6.2 5.4
SIA 4.8 49 42 5.8 5.1 6.0
SIM2 4.6 4.5 3.7 5.0 4.7 4.1
SPD 59 4.7 52 6.3 6.0 5.6
SM2 7.8 73 6.6 10.3 9.8 9.9
SQX 4.8 49 42 4.8 52 5.9
CIP 8.8 83 8.6 9.3 9.7 8.9
DAN 8.6 7.9 7.6 10.2 9.6 9.1
DIF 6.8 6.5 6.9 7.5 6.9 6.5
ORB 6.4 6.7 6.1 8.2 7.9 79
ENR 4.7 4.8 39 52 4.8 4.2
NOR 53 52 4.9 7.1 6.9 7.5
OFL 7.7 7.8 6.4 8.0 7.5 8.1
SAR 5.3 4.5 4.0 6.2 6.0 5.6
FLE 5.0 4.7 52 6.3 6.1 5.9
ENO 7.7 7.3 6.5 9.9 8.4 8.0
SPA 8.3 7.1 7.7 10.7 9.9 9.7
LOM 4.1 3.5 4.0 49 5.0 43
PEF 6.5 6.2 6.6 7.4 6.8 6.5
LIN 9.2 8.7 8.5 11.7 10.5 9.9
AZI 8.8 73 7.6 9.3 8.8 8.3
ERY 7.9 7.7 6.9 8.3 8.5 7.5
TIL 8.6 7.5 7.1 10.8 9.3 7.9
ROM 9.9 8.6 7.3 9.7 8.1 8.0
OTC 10.3 9.9 9.2 13.4 11.0 10.8

24 FHEMINA

AT K ST TR SE PR R, AR T
BEMLRSE G (847 ) o KRERET (847 ) . N
BEXTER (843 ) | ARG (8 1)) MRk
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(843 ) FERMBEATRLIN . >R FHI I B £ BURE i
PR R, IR R BORE T IS 5 0 5806 /2 BE K
YUK E G M BT IRIEIR &, BiAK)E, FIH
UPLC-MS/MS #4745 i th i A= R A% B w A,
SRR B RE PR E A R, SR BN, wAh
JUGATERTEE | rh AR SR B RN JRE 7 Tk DU it b 28R
LA E7IRE S NI R B Y o = T SR SR T [ T IR S 17
L X PHAE bR AR AT B LR U I i, 45
SRE IR SM2 B3 'L FLY 2.5~9.2 pg/kg,
T H R R =R

3 Wi

K7 e SR R T R v i A R Al
o $iE RN ST Yem s, H g A st
B DL, dnfarxd FRAE K 7 b b AR R EA T PR
TR b A DU 5 W A8 — L DO AR 2 B T & A S
FIF 5T 3RS o ASBEGEEE ST T — B nl [R) s 52 i 2 Fh
FEF K i S TR R S e AR 2% B A (9 B R 5
e, HAR R DU 8506 /i 40 oK S B2 A b R R 1)
QuEChERS A4 #7750, i@k UPLC-MS/MS £
ARGERA R . Jr i F iR, e
K25 F [ VAR - WEE (75 2 25, (RFLEL) B
PEWGR, A S0 A AR A MR TS N4 10
mg], BEASSTEIXT B UL 5 2 28 Fhhi AR K 0 [l 4G
W, RSB AR T L M B 1 (R>0.99), A
FR A 0.06~1.42 pg/kg, € &R~ 0.20~4.72 pg/kg,
Jii A B4 £ (SIA, SQX. DAN Fl LOM Bf 4b) %
TR B BEAIG (<10%), 7E 5~100 pg/kg 78 7K -
T, FER RPN 80.1%~100.4%, H PR % <
10.3%, H [H)45 25 BE <13.4%. 1% )7 i JH T2
o, KERE | FLANEEXTER | A g R AR
Tt DL 257K ™ v 28 Ao Az 28 5% B it 1 (W) B A U
SERRW], AL EEE L, REUE S,
T8 TR I

K= ER R A KKy . EATME
RSP, R, ey s DRI
R IE XA, AL RN, 5 UPLC-
MS/MS F il (R AERRPED, R, XTRES T A8
P ET AL FEAR A 2, QUEChERS 1E R —Fi P iy
AL EE 7, AR L T b8, SR, ik
Iob R A T A ol 5 ST AN B Oy R 25 1) R R YR
PRI, PRGOS MW B R EH 2, 9K BHE
hy—FRARA 1T SRR, HA RN R
BUR . WeRfTRE T 5 A %¢ 58, 7E QUEChERS ¥kt

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

48

A

‘\_‘&

I A

JK 7724, 2024, 48(7): 079810

P A B BRI IS 77 o Fu 881 SR H 2 2k o
e 40 K 45 S W B 39 2 L 1Y) QUEChERS %5 & LC-
HRMS $ AR, X 2R W 5 v 1 B e e b A R it A7
R, 45 SR R WIZ B B B R Sk
Fernandes 5" F+ & T — MG I KSR oG HLT5 Yy
BRI, %7 S VR G B AR 40 K R
W% B 500 25 BL (9 QUEChERS $% A 45 4 GC/MS K
RFBro BB FE I R 40K 4 AL B 570 7F QUECh-
ERS b HAE i n AL T 2%, SR, AEXF
TACRFZL S G, oK™ i R A A, H Ak
MEBE AR5 15 o A A 2 Pl i R R )2
SERIR MR, B REAK . ATEA L AT
VA KORE R APAELes, TEvE 25 TR A N
SR A B8 I 72 W B 2ok A v 5 e A= R, s
LI A% A2

ABFFE R Z BER A KA T SR, A 4
(A BRI EE R, ARG I T SR 0 B s
il & 15 2 B AT 2 )2 Z AL 850 1) = dE S5 F b kL,
AL R 2 W BER R i) B i AL, I R FH T
FEAE/K 7 i QUEChERS HHbiRfE I, HA —EM
BIHTPE . Huang &PV FEARGE AR, ZBERRIK
I8 ST AR RENE L LE A BB A A T R T
FEOR R H AR Fe e R, Lk PR 4 2 3 1ot
LA J ARG . DL IT 4 SRR, Bk
ATDARH IR A7 S8 i SR 4, JRY Ko 80 )2 2 1]
B, DA Bl AR A B0 I B3 o Niu 5552 Y
TR E A B Z A EAER, 48 ikl
KA IERE T MM BEAE I iAS & 7E—d2 . X Fh
SERFR A SN AN T R IR, $R T Wk RE
73, i HAT R TS R e A AR G . A
R EE R, o SBIG/ 2 RERR N K AT B A A RHE
Shy— T iR AR R B R, T A AR AR R B AR % K
PR AR Z R B A I S, B s AR 2 A A
B, RN, ZIRTEWEE, A iz
T T8 UL S FhIRAEK =i (i, R PR
JUENTEXTHE | R HE G5 B TR 52 IR DL ) o) 28 Fif
PrA R IR BRI, 5 S0P SOR AR I iy kg
— Y K25 5% B RGN 3 Rl LA B 2 R A R i R
U8, HRATT IR B TS

(TEHF AR R LR AE Al sz R )
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Novel modified QuEChERS combined with UPLC-MS/MS technology for
the detection of antibiotic residues in
several common kinds of aquaculture products

XU Xuejiao !, HUANG Cheng’, YANG Jiacheng®, DAI Zhiyuan®, ZHENG Zhenxiao *"

(1. College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China;
2. Greentown Agricultural Testing Technology Co., Ltd., Hangzhou 310052, China;
3. Collaborative Innovation Center of Seafood Deep Processing,
Zhejiang Province Joint Key Laboratory of Aquatic Products Processing,
Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: Aquatic products play an important role in human diet. Compared with other livestock and poultry
products, aquatic products are featured with low fat content, high protein content, and easy digestion. Therefore,
aquatic products are deeply loved by consumers. Generally speaking, aquatic products can be divided into two cat-
egories: naturally caught aquatic products and aquaculture aquatic products. In recent years, with the decline of
marine resources and the increase of marine pollution, aquaculture is booming. In order to improve the efficiency
of aquaculture, antibiotics are usually used, which brings risk to human health. Therefore, the monitoring of antibi-
otic residues in aquaculture products has been an important part in the field of food safety. To supervise antibiotic
residues in aquaculture products, a modified quick, easy, cheap, effective, rugged, and safe (QuUEChERS) com-
bined with UPLC-MS/MS for the simultaneous determination of 28 antibiotic residues in aquaculture products was
established, with nano grapheme oxide/multi walled carbon nanotubes (n-GO/MWCNTSs) composite as the adsorb-
ent. Moreover, parameters such as the ratio of acetonitrile and methanol in extractant, the amount of the
n-GO/MWCNTs, were optimized through the recovery of 28 antibiotics. Besides, the adsorbent action of
n-GO/MWCNTs was also compared with PSA, C18, MWCNTs, and graphene. Finally, method validation was
accomplished according to Codex guideline (CAC/GL-71) with the following performance characteristics: the lin-
earity, limit of detection and quantification, matrix effects, recovery, intra-day and inter-day precision. The results
showed that the absorption effect of n-GO/MWCNTSs was the best with acetonitrile: methanol (75 © 25, V/V) and
10 mg of n-GO/MWCNTSs. Good linearity (R*>>0.99) was observed for all tested antibiotics with the limit of detec-
tion and quantification were 0.06-1.42 pg/kg and 0.20-4.72 pg/kg. Low matrix effects (<10%) was observed for
most tested drugs (except for SIA, SQX, DAN and LOM). The average recovery of this protocol was 80.1%-
100.4% in the spiked levels of 5-100 pg/kg. The intra-day precision was lower than 10.3%, while the inter-day pre-
cision below 13.4%. Method applications authenticated that the established method had favorable repeatability and
high sensitivity, which could be applied to the regulatory routine analysis. We hope this work could provide tech-
nical support for the monitoring of antibiotic residues in aquaculture products and be helpful to the quality and

safety control of aquaculture products.
Key words: aquaculture products; graphene; carbon nanotube; QuEChERs; UPLC-MS/MS; antibiotics
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