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Abstract A fast and simple method for simultaneous determination of fifteen antibiotics (sulfadiazine, ciprofloxa-
cin, penicillin, spechromycin and roxithromycin) in mussels using ultrasound extraction, solid phase extraction
purification and ultra performance liquid chromatography-tandem mass spectrometric was established. The mussel
samples were extracted by ultrasonic extraction, followed by solid-phase extraction (SPE) as the cleanup proce-
dure. Ultra performance liquid chromatography-triple quadrupole mass spectrometry (UPLC-MS/MS) was used for
identification and quantification of antibiotics. The performance of two kinds of SPE cartridges, Oasis HLB and Oasis
PRIiME HLB, was compared, with the latter showing better results. Recoveries ranged from 64% to 121% at spiking
levels of 50 ng/g, with RSD being 0.5%—-19%, and from 67% to 117% at spiking levels of 100 ng/g, with RSD
being 1%-9%. Limits of detection (LODs) ranged from 0.004 to 0.5 ng/g (dry weight) and limits of quantifi-
cation (LOQs) ranged from 0.013 to 1.67 ng/g (dry weight). The recoveries were reasonable and the detection limit
was low. Finally, the method was successfully applied to the determination of the target antibiotics in mussel
samples (Hyriopsis cumingii) collected from Poyang Lake. 9 out of 15 selected antibiotics were detected in the
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collected mussel tissues. The concentration and detection frequency of trimethoprim in mussels were the highest.

The concentration of trimethoprim was 78.8 ng/g, followed by spectinmycin (41.2 ng/g) and ciprofloxacin (39.8 ng/g).
Key words antibiotics; mussels; ultrasonication extraction; solid-phase extraction; UPLC-MS/MS; Oasis PRiME

HLB

PLA R R 2 TR 7 NSl 4y i 4
B VRIS, K2R WA A B IR N 1 52 1
80%7c A7 A5 IS SR H 1RO, AN RER AR W 1A e 4
WAL, 5 238 1o DR YR S e i A PR 2,
BeAb, PiA 2k n] RLad i By Bk K R 25 B K HEA
KR HETEAMRIE, £ 2KM r BAsI H A [R] Fl
k. RREVKE P RD, KEIMPTE R B 20
IRA AR A B N7 A T AE I B RN Y, 2
PRK e S P AR R L T YA R A A A R L
PRI, AT LU AR W0 B AR R A 25 1D

DU — b R AT MK IR 58 R 58 A e R '

BB IR, 5 2R R B e A KU

McEneff2 P17 iy D1 v kG 0 1) B 420 i g e £ ok g
J£9.22 ng/go Li%e U OVFE it v (1 D124 ek 00 38 s s
MRS | RS FIR AR G 2R, b s i
KWyl EEIS YY), R A E1.575 ng/g.
VERZ Z R LT, A B s i) D1 44 o8 F) IR AT
BLIE G TRIME

AYIRE SR BT R 0BT R SRR b
TR 3 A~ BB Rk AR EC | i v 7 A
B2 2R FC R A R gl AR B R R 2
BIFEEOT L . Horh, WA AR HUR B T .
i ) Rt FF A ML 00 Bz i . AR B Y
VWb A 22 2 0, DR G I R ) A O
Tk RS AR R 5 A WORE . T A
A& WUFN [ AHAE HC(SPE), v [ 4H A5 U W FH 38 2
1730 R FE Y [ A A BOH: G Oasis HLB, Oasis
WAX, CI8HI5H BH & 1 3¢ #e A Bk 2 U7, Oasis
PRIME HLB /& Waters/A & 4k H i) 5 — £ [ AH %< B
FE i . 5 E #E M BB AY Oasis HLBAE F A [A], Oasis
PRiIME HLBJZ ik M B8 (%) 8 A A6 ke, o T 1k,
1o A AIUAH B A8 B T DA L Sl A, R A A
PEAEBURNR U, B AR B A T, B hE
TP b A BEAE S, AR B R ST
HHj, Oasis PRIME HLBE. FH T 13K . "B MEAI LA
SRR ) A AT O

ARWFFE LA DL SO B, B P A AR 2R
(AR AR O Ak, I B AR A G A v A ) 2

HORE B e A AR, ol T o 00U AH 0 3 — — i DU )
FF I i (UPLC-MS/MS), #EN7 PRI, o A b W] B A6z
W DUERE S Z R A R A7k, JFEEHN T
SR DL i AR

1 SEEEHS

AWFFEIAGI 15 B[R 2R AP R, 2
SET R E | R R NE | R T BENE |
FOMme | AU e e | R R | R NERE . 2R
WP R IR E . SRR, AlNKR, HER
G. kvEfE ., AEHEMh R, FFPUER
M EEA AL TS 3R 1o BT ik FEhrdEh ny 4l
FEAR = T 99%, Y H 7% [E Dr. Ehrenstorfer 2\ 7 ;
] I R A4 7R L4551 1 9 15l LGC 2 A 1) sulfametho-
xazole-d4F1lg T 3% [E TRC/A W] B roxithromycin-d7 .
IR . WA A REAFAJ&K, FE);
Oasis HLB#10asis PRIME HLB (6 mL, 200 mg)l [
FEWaters/s A5 25— PETES 2% 2.5 mL I {1L
PO LR B Y7 2 Al AR A BR A 15 0.22 um A HILJE JEJE
KW RS SRR A TR F

JH PR I M B R 2 mg/LER 1SR AR R RIR S
T o A T B e B A T mg/ LY IR A I ARTE W, AR AT
FE-20°CoKA T FH o I3 S 6 A Jin b ok 3 2 50
F1100 ng/g. XoF FH T2 12 A A o 1 4R 35 8 81 Vi FE 6
FE, 511, 2, 5, 10, 20, 50, 100F1500 ng/g.

2 HmREEES
21 FREREEMHERRE

/6 BH ) b b VU VE 45 AG R, K VLR R R R
(28°22'—29°45'N, 115°47"—116°45'E), LIFAT ]I K
B, b mER sy o TR AYIKGE, 40 km,
F% 3~5 km, RAALZ2.8 km; B R EBIA, K133
km, fFEAbIRT74 kmo B FH I H E S — IR AK T,
S FR E S ORI, 201449 A, MR R RAE A Ry K
SCAAE A = A WL Y A2 9 ST 1, A R0 BH A 5 B3
AN RSB, A3 ARAEK . BTLAERE . fi
FHE AR R 48 TR 4 = AL S, A s ] 522,
I DU B A i, SRS T2 K T 8 4

1061



LR (A SR B2 R

Fs5ak WS

2018 4F 9 H

x1 BRAERHERELER

Table 1 Target antibiotics and their physicochemical properties
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Fig. 1 Location map of sampling sites in Poyang Lake
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Table 2 Chromatographic conditions, LOD and LOQ of target

antibiotics
LAY rmin ERET  EVET LOD/ LOQ/
m/z m/z (ng-g ) (ng'g )
SDZ 3.317 156 251 0.054 0.180
SPD 4.033 156 250 0.005 0.019
STZ 4.149 156 256 0.009 0.030
SMZ 5.625 156 279 0.007 0.024
SMR 4.499 156 265 0.004 0.013
SMX 9.832 156 254 0.013 0.040
TMP 4.464 230 291 0.007 0.024
OFX 6.023 318 362 0.014 0.049
NFX 6.077 244 262 0.500 1.666
CPX 6.546 314 332 0.136 0.454
CLR 16.279 158 748 0.074 0.249
RTM 16.870 158 838 0.027 0.091
PG 13.633 217 335 0.040 0.133
CTX 5.769 396 456 0.088 0.294
STM 6.545 289 333 0.167 0.555

SN BT . R S pH AR DR 2 2 5 [
AHAEEY SR ABH 5T 88 A Bk Oasis HLBYE3
FhAR R pHEAT T B9 2 I F0asis PRIME HLBTE I ff
AR FEBGR 2 IR B, i 255 HL s A5 B
FE AL BUACR
3.1.1 Oasis HLB B9z B3R

351 7 Aol [ A A B/ NS TE AN [F] 25 SR T
XiF USRS R AR R TIROR . S5 5R R, pHIE Y
h2ft, K ZH0H AR A EICRAE 48%~118% 2 1],
A H AU Mg s g ) [l i IR F 25% o AN 18 9 pH
B, R ZH0H bR 0 mi 53 B & 22%~162%, ¥
VD B RN 55 2R 0 IR AR T 10%, 11 4809870 B 1Y
MR K T 120% . pHIE 15 K 1O, F48 0 497 ) [l i
R T 60%, [HRZHW I H DGR E F120% . H
BE AT UL, AP I 1 T3 32 pHI S M AR, X6 T
P S A SURR ) 0 T (LN Jee — FY W B ) PE TR M 45 1
[ g R 58 g, T 4% A ORI (R AR e
W WE ) TE B PE A5 1 T IS 3 L 3 A . Ak, DL
i — AL 15% AR, RAEXEREASE T
B, (HIR A — S 28 g A B SR B, D [T
RPEA N
3.1.2 Oasis PRIME HLB 89z BU3 5

ffiflOasis PRIME HLBAE M B A BOHE R, He

1063



AR E AR (A RBIERR) 546 S5 2018 4F

9 A

R3I MERRE

71 50 ng/g 1 100 ng/g B A [B) 540 5 44 T DL 24 i o 0 4 35 19 7 3 O I 3R (B AR 4R ) (n=3)

Table 3  Average recoveries (+relative standard deviation) of antibiotics in mussels using different clean-up approaches spiked

at 50 ng/g and 100 ng/g (n=3)

CF5 53R +RSD)/%
JObRHeEE =50 ng/g JbRHEEE =100 ng/g
&
HLB PRIME HLB PRIME

pH=2 pH=7 pH=10 & R pH=2 pH=7 pH=10 s PR
SDZ 4543 22420 123+4 12145 81+12 62+10 2342 412 1011 7549
SPD 5745 30420 16143 11749 80+3 7145 4349 1303 98+1 7545
STZ 85+4 34+16 143+1 110+19 10546 9243 5042 132+4 105+4 90+8
SMZ 94+2 33+14 132+12 76+8 1131 12242 53+7 61+1 11746 104+2
SMR 105+6 56+7 14243 114420 10249 102+3 7945 156+7 11445 86+8
SMX 81+18 7545 62+6 95+5 79+5 8146 68+8 15549 85+7 7748
TMP 23+4 93+7 138+0.7 79+7 12442 3945 140+1 63+2 1091 11246
OFX 49+1 16243 149+7 102+8 136+4 4746 161+8 73+1 108+8 41+1
NFX 69+9 83+13 113+16 85+11 8243 3449 60+3 48+7 7146 472
CPX 72415 91+14 152423 76+17 23+2 58+1 6148 12749 68+8 66+4
CLR 71+6 7045 7143 70+8 64+4 76+7 7141 77+7 67+9 65+2
RTM 74+7 79420 78+3 8142 75+11 7845 78+4 8045 77+6 76+6
PG 4746 4746 13242 64+4 59+3 66+4 66+4 346 84+3 67+7
CTX 5643 6+4 68+4 1133 8242 90+2 247 119+5 11643 69+1
STM 57+0.7 540.3 60+2 67+0.5 2146 59+9 13+3 57+7 104+5 2742
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Fig. 2 Concentrations of target antibiotics in mussels from three sampling sites along Poyang Lake
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