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L EREABE T PR T P T PR S R T B s, A JET] 3610215 2. REBMEBEDIRABE, LT 100049

T KPR IRA ARG & B R OB BB I 2 B0 (2 B e, TSR FREE B b E X E Wi 25 A
AP R YRR, EHE KA S R G LA SN E 0 TR A - o VR % - R R B vk
( SPE-LC-MS/MS ) fFFEARIAEYIFRAAMA (fayl, e, it . W, 83t ) okl Z2RMMT R . S5 R,
FF LC-MS/MS Z0Hr i EFIAE IO X HEHESRAE K AR 5 28 14 Rt Z % B ORI B s AR UECR , 3 AR i [mliic
KIE 63%~124% 2 0] ; FEMRNEEEFRIE R RIFRA RS T 3 28 7 FibiZE R (SR RON AT Mg e ) 788, B
AR B BRI A (3.54 ng' L, W), EIRVPAE (148 ng L', R0 ). WMmEnE (536 ng'L™', Mooy ), Tl — Fmsng
(7.35ng-L", M), BEMCHERE (18.5ng L', FMh), FHNEZ (5.00ng L', #Ft ) AR EMEE (402 ng' L, H83h ),
PIRTF OA AR TR R KT o FRFE/K A R 5% B P RSN I v 5 SR A AT O, s SRt K IR Kok bk

(4 5) fFezb, HREIRIEKRGTAE R BRI I 6 Fh, TG HH BT AR 2R R i P TR VR 2 2 0k B T ARIR K A

KER . PR KTIEIE; IEIEIEIEIX; FEREYE
FESES: X502 XHERFRER: A

R FREE M T N 1999 4219 3073
Tt #Ehn3) 2008 4E 5255 1 t, CisEI4AEkil
PR 37%M . SRR P IR G K 2
T NZEXF K SR B B 75 SR AR SR et H 25
FRE TG . B, LMK FRd P R
fii AR BB A AR K, AR R A2
SR R R ), R FREEA B B Rk
AT 245 1 5 DR s S R TR 25 P i 1)
NoEafhiit, EE 2002 KPP FRBAMEH T
92.5~196.4 t AL O, P E RS . =30t
fil§ £y FI B SRR P R R PTAE R, 0 PSR
FEu vl B AE R UYL A e B 5T R WA
20%~30% N AT A 2Bk a2l , iR A A
KBS FEIEA R IR IR K AT . M
ZT R AR X SR IE AR P RN T R D 80 K R 4
FNWINE Vibrios BAT 2R 2 B 2, jk
KRIBER o EAGE RO SR, (GET
+HR (RFIRITFH ). BPMER . PR A,
CIFER | 2 (RG] - AR 2 W e s 4 L4
Hepk) AT BOREZNT 1997 47
I 25 FHB R % 3R (Avoparcin), FFRLEM 2006 4 1
AFFUR, BRER ACRIZH 2V E Bl oh, A5 -
A B A Z A s gt

XFIRBE A i op o BT AR R RO O v
WP AE KRR . A S BRI (1) T iy

EL2WB: HEBEGE A H SR iig s S 55 (A0815)

XE S
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Fig.1 Sampling ponds in the seafood aquaculture areas

B "k A Pk

N4, B 3 RCREE, ARRIRA I—1K
FEo (RIS AT IBORE , DAEoK 1 ) Y 2RI 7
AR, IFFEHEK AN LR 3 M 3 26
AKEE BRTSIESS, Hog i IR, S5
RSR o ASCRAEMIFEIETERALN 0002 . MR
FIXTHER Penaeus vannamei Boone FIBE 15 HF Penaeus
monodon Fabricius & F, £ 3 5 % Ky v g
Acanthopagrus latus , We S H 21 % Geocarcoides
natalis B8 25 % Scylla serrata, W&t fy 45 W%
Sinonovacula constricat Canarck,

WEKFERE G B T kG i St s, Jf7E
4 CORFEORATE o RAE SR S A B A5 v 21 P 38
T A MLARZE PRV AR R P TR VR PRI . AR IEGE S
BT DAEY 450 ‘CTI LS 4 h G
1.2 WA 5NF

A AP AE VLR R . S0 .
NI (HPLC %%, Tedia, 3£ ); HMR. £ &Y
LR8N Cilk TPt TARRA R ); LMRE: ([
R bR PR A ).

K. H4liK (HEBH%=18.2 MQ-cm, Barnstead,
Thermo scientific, 3£ ),

BIAHAE U . 500 mg/6 mL Oasis HLB SPE
(Waters 2y A1), ZE[H),

IS AFEERORAR %L (LC-20AT, HA
EyE A ], PURAF BT (3200Q Trap, JE[E
ABI 24w ), 12 fLIEAHZEHCE E (3EE Supelco 2
Al AIEERAL (B BB R FR A Al ).

FREdh . 4350 A& E Dr.Ehrenstorfer GmbH
N CREREMERE (w=99.5% ), £I8F % (w=92.2% ),

+HZE (w=96.5%), &EFHHE (w=99.0% ), AHEZX
(w=99.0% ), HARZMENE (1w=99.5% ), fififik —H
BENE (w=99.0% ), il H &M (w=99.0% ), PUIR
R (w=96.0% ), FHIMEZR (w=99.0% ), HMNE
K (w=98.5% ), Wi IPE(w=99.5% ) ) FF[E Sigma
] BRIV R (w=98.0% ) FIF 1L K (w=90% ) ).
BeFRcmmtERE (w=99.0%, %[ Sigma /A fF
R IERI A b R o
1.3 tRERKAIEH

S AFREC10.0 mg ARl , NS ESR
Z 10 mL AZOIEESH T, BRI 1000 mg L Ay
FRIBA, B T-20 CUKAEHRAE .

e TR o) P 7 o e R FEE ) A T ARV . X
B HRME GG, B K (R 1 :9) i
il BT e SO TR B (AR A bR VA T

BRI ARE, NIRE S E R
W3R, BTG RN, AR EER,
IR A K r B R AR P R, Bikar s
FHREAR ( ETM-H,0 ) #:X1 E A%y i h 21 %
K (ETM) ARl 283k A%5
1.4 FFEMBTabE

AR KRB B P A 2 PRI AL BT v 2
FET B ) g, B 500 mL KA
0.45 pm JEPERREETZY), MA 0.5 ¢ EDTANa, fl
50 uL 1mg-L™" f PC-MERE (XA Ak B FE A TR
wEEH (QC)), HFMRIRIL/KAE (pH 3.0), AR5
DL 5 mL-min” fEAhIERE T 500 mg/6mL )
Oasis HLB SPE /M, B84 R 1Y SPE /MESEH
6 mL 7 5 mmol- L™ ZEREAY 0.1% (w ) HIERKIA K
WUk, Pl SPE/MET RS T T2 1h, A5
FH 10 mL B EEEI0E , DEE AR il v, 7635 °C
THASRWT. Ra, APELK (KB 1:9) 2
& 1.0 mL, 4 0.22 pm B9EFL eS8 5 1
Ff A SPE /METIYCZ 6 mL N .6 mL F AT 6 mL
2 5 mmol- L™ ZFRERIY 0.1% (w) /KIS IRIRIK
WRPEE TG AL
1.5 @iE-Rigss

{635 24 . LC {43 H: 2% F Inertsil® ODS-SP Cig
(150 mmx4.6 mm, 5 um) ; 1EE PRI 3
R 0.1%H K (@) (A) FMZHE (B), MithET
AR sh A B Ak (A) FIZKE (B); HEiR
5% 40 °C, ¥ 1.0 mL'min™' .

1E B AR A BE VR P R . 0~3 min,
15%~20% B YA ; 3~6 min, 20%~25% B iKWK ; 6~13
min, 25%~65% B ¥ ; 13~13.1 min, 65%~15% B
WL, - HARHF 15% B A 20 min; 525 7R
R A RR B PRI+ 0~2.5 min, 0%~35% B /5 ;



936

AERIEEAIR 5B 20 BEE S (2011 45 A1)

3~8 min, 35%~50% B A ; 8~9.1 min, 50%~35%
B AW, 3 HARHS 35% B IETRE 15 min, JHEERE N
20 pL,

FTig s M B (ESLIR ); IEE 4
B U5 1 (GS1) A I ( GSI) ARG R 500
50 1 60 mL-min™", HHBHANBVIIREE R 550 C,
BEHLER 5500 Vi B FHEE FIR T (GS1)
I (GSI) ARG R#ARA 60 mL-min™, FBInH
SRR 600 °C, HLEHLER-4 500 V; SRR
R IS ERARE ., MFEREXT 14 Fhbr R
i L, X HAR YR ERE, K 14 Fibids
KPR T 5 3 R oy (B3 1
7 MS/MS #UT, LR e Pk 2% 1 2 X%
M5, L2V A ( multiple reaction
monitoring, MRM ) BEAT4p#r!"”. A R . i
fig S B ArpiAE 2 HAW BTk 25 LK 1
1.6 MEZWEIEFE. HXRE. KHIR

R it ) SR ] v 0RO 2 3 - 3 B o A U 2R
5, FERIPERRANE A, HRNIES
FE, R B G r Rk R 2R
W EgF-xF, ARIEAFRPA RS WA F LR B B[]
AT, B 0L 100 20, 50, 100, 200 pgL’
RINREPUAERPRUEA I, -SSR 25 ik
AT, 15930 pr i ok B - R AR bR e TR Z; 8% 3
EAEMEEL (S/N=3) XTI A% o Tk BE 1 2 R A )
AR PR, RS R WL 2.

1.7  Z=BEMKEINFRE Y ZE L6

A3 A B K RN FRAE S K FE 500 mL, B %
PR POl D8 A A R U IR F] 100
ng L', %8 14 FWOMITE A, Rtk
LC-MS/MS Z4F T, Ids BDSOKAEEAT 3 17

F2 mAEREHKTRENEXRER T EMGHR
Table 2 Detection limit, correlation coefficient, and regression equation

of standard curves for targeting antibiotics

.. e DGR RR

biER ISP AHIE R B 1

ApgLl™)
TEHER ¥=0.002 2 x-4.176 1 R’=0.994 8 1.62
IUIEZN- y=0.0024x+0.0999  R>=0.999 7 2.09
LHE »=0.0051x+3.0634  R’=0.989 6 5.61
BLUHR »=0.0071x+1.0694  R*=0.999 9 2.14
MKLIEE  y=0.0161x+1.2663  R*=0.9966 451
R A y=0.0023x-1.1798  R*><0.9777 1.57
ARV A y=0.0007x-22240  R>=0.9922 0.47
ik g y=0.0021x-3.7219  R>=0.998 6 1.00
TN W EELE 1 =0.0004x-72966  R>=0.9927 0.19
IR »=0.000 5x-2.0093  R>=0.999 6 0.27
AR y=0.0007x-1.6958  R*=0.999 4 0.37
iR y=0.0019x-7.1664  R*=0.9947 0.58
EGlIES S y=0.0012x-3.8991  R*=0.997 8 0.47
HAER y=0.0011x-3.7320  R*=0.9983 0.47

2 #R51e
2.1 FiEEWEZEF QC

I PR RN AR 2] 14 Rt Eadalik
FNEREE K RE ISR A3 3R 55.3%~135.6%F1 63.0%~
124.9% ( % 3 ). il He Aol K AR5 I8 KRR InbR el
e, K14 MRS, (UEEBER, ERDA .
SR AR ENE [RDSCR i 2 X ) Falik, H
ARFNPT A FAE SR I IE KRR A Al K 5 [ TG
BEXER (F 3). HREARIFFHEEYMKR PC-
IAEDR EDBCRE A R R (153t 113.8%+5.7% . fa
P 102.2+3.7%. HFH 93.0%+8.2% ., WEMEM 115%+
10.0% . B 96.7%+8.3% ), FHHAR[RIKFEME: X}
YA R IRBGSCRA W o AT 2520 nl 5E>
F T AT TEA LR . PRdii 0 s sk I 7K Ry 7K

F1 SREENEXT 14 HREENEERIESNTSE
Table I The MS/MS parameters for 14 antibiotics in MRM module

bk
- - PR E3 15[ /min WIS X (m/z) FFEHR RNV il RE/vV
K liieS
+HEHE(OTC) 5.95 461.0/426.0% 461.0 /444.0 45 25
PUIREZ PYFRZE(TC) 7.27 445.0/427.0  445.0/410.0* 45 25
445 2(CTC) 10.88 479.0 / 444.0%  479.0 / 462.0 51 26
SR P UAHERRTM) 12.17 837.0/679.0 837.0/158.0% 60 40
i BKELLEE R (ETM) 12.36 716.0/558.0 716.0/158.0% 40 34
PR WD EL(NFC) 6.55 320.3/233.0% 320.3/302.0 52 35
SR TR IV .
SAFE P FL(OFC) 6.64 362.2/318.0 362.2/261.0 64 35
Ttk iz % 0 (SDZ) 476 251.0/91.9% 51 35
p— fifhi e — F W g (SMZ) 7.37 279.0/186.1% 46 23
S il iz FfY I8 (SMIX) 10.84 253.9/92.1% 41 37
4R W E (TMP) 5.53 291.3 /260.9% 45 35
FH N & (TAP) 2.64 356.1/184.9% 356.1/291.8 35 22
FEER FRHINEE R (FF) 4.15 357.9/184.7* 357.9/338.0 35 22
S04 % (CAP) 4.40 3232/1523% 323.2/175.7 35 22

i R TR
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R 3 HUKFNIREKEETTE R IR E
Table 3 Recoveries of antibiotics in spiked distilled water

and field water samples

bk % LS L R
4lizk IRBE K

oTC 128.4+20.1 92.8+6.7
TC 112.6+20.1 114.8+7.2
CTC 100.9+18.9 86.0+14.0
RTM 69.0+17.8 68.249.4
ETM 55.3£13.9 63.0+2.7
NOR 134.3+28.0 66.1+4.1
OFL 99.9+17.5 78.9+0.8
SDZ 94.9+10.0 78.7+6.4
SMZ 91.7 13.9 77.0+4.6
SMX 79.2+10.0 76.7+5.1
TMP 135.6+25.6 93.8+4.1
TAP 93.8420.2 91.2+1.6
FF 106+20.2 103.6+6.2
CAP 97.3+12.3 124.949.4
BC-mmERE 99.6+6.8 101.0+8.2

FIPTAE R bR R Z R AR, 2518 64%~90%
(HE7K ) F1 61%~85% (7K ), {HIEAN[ER IR /K
FEXT GRS K . FEARRTEH, 5 K38 14 Rt
HZ A BRI BR ( Method detection limit, MDL )
PRIUFFRE TR N 11.2 ng L4, HEdERm
MDL #35%] 10 ng' L' LATF
22 MAZENKHMERREIRE
AFFEEDEAK T . KGN 5 2800 r=FRAE K
FE A A B FME T S (TR D R AR A ).
Tt e 2As (b fe s g | ik il — R s AR i e Y IWgmae ) |
FARE R (FHMNER ) ARG (FATRE
mAnE ) AF 328 7 FhpE R . HR RIS | B
5 o SEL B8 A5G0 H AR A I S A 5T DX U6 7 SR A
KAKI F IR YUER (K 2), 7 i Rt
BRI SR A Y B R A (3.54
ng' L', HFM ), ARIPAE (14.8 ngL”', W ). fif
fizmsnE (536 ngL', WMol ). fERE " HmELE (7.35
ng'L™', WR ). flfe AR &R (18.5 ng L, R ) A
FHIEZE (5.00ng L, #R), 1R @ s
TR b K A s ik 40.2 ng'L'. HULET L, A
FRIXIF TR PR A T Rt 2R &R, X
5 Homstrom 2£171 2003 4E7E 2 R HFUR 37258 b 0
A —2 [FRF, AL R AENS SR A R rp
R TR E R e, I 5 AN eI S
R 758, 7 FpUAE REIK KRR AR,
TR YR 23 B SR AL (0.9 ng L), &
SR (4.1 ng L"), REREMELE (2.7 ngL"), ff%
HmEnE (16.4ng L"), TEREHEM (3.0ng L),
MM ER (43 ngL"), HAETEMWELE (4.3
ng L"), TESEK R LR RS i

40 1 [J Channel
301 River

20 4

40 9 Fish
30

20

40 4 Crab

30 4

20 4

40 4 Shrimp

R AE /(ng L)
]
]
I

30 4

20 4

40 1 Razor Clam
30 1

20 4

L]
0 —_—l o =

40 9 Duck

30 4

20 4

NFC OFC SDZ SMZ SMX FF TMP
bk %
H2 RREFANA TR ERRBRERE

Fig.2 Concentrations of residual antibiotics in water

from various aquacultures

BRI R (3.2 ngL" ), M — HmEnE (0.8
ng'L™")., T &M (0.8 ng L), TG Z (4.9
ng L"), FAEEEMENE (1.5 ng L"), FHXTHEK AR
i, PUERFESOK KB PR R ML, HEEK
FERSR, PIBERN R X & & MoK SR K ik
AR T (HHEK DA K 8 Rk At
HE R R EEHR /N T4 TR KA

T 7 B IR XA FE, ARFEE
AW ) SR B I K BT AR 2R 2 A o vk AR S AH [
(K 2), W bBFmk, iRkl 7 5 bt R G
PR TR T MERE | R R RN R
FTR S 2 ), (H A ik frie — F o i e e
WEMETE 3 A RAE AR A R, Ha(EE R —
AR o FIE RIS S K AR R AR R P AR R
KRR %, #5158 6 Tl sl KRS B HiA: 3R LUK i
TR | S AN R SR s
BER (2 N1 2 ASDLFREESE R ), RStk
PR ER B PTAE W B R UD A | W RE | R
JHig — PRV BEIE | itk e FE AR R AR R, R A
BHERIE | AR (25 1.00 ng L"), 37
Bt K P A S R RER AR, (H AT HH
BRI 4 DR EAR S, REERER
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(1.8120.72) ng-L™' o WM SR A LA ST P8 A5 (W 3Ry
Atk P A ok B RAG HiRA, AL3 Fl, RD
FIRID R . TR R I R BRI R
F 2 ASKRAR ARG Ah, Hw 2 P 1 4RRE
WA, I ET R AR

SFFHUAERMEN S, B NEREATTR
LY AT A JE R SRR IR ER A K, 3 BLAEdE KA AN
FEAK TR U T X T K AR A R (1R 2 ). i
TR BT T AR M HLAE A BIAE Bl £ R Ak
R, IR R AR R 2 T
BEAUKFEFREN . U RS A R (4
WUVPE) PUER . MR MRS RG] H
AR R AR BRI R I A MR G, FEEK IS
FIHEK CUKIAESE TR o BT R [F 3R
IR P AR A SRS 2 R A %, )
A AT BB ST R 2P oK MR | e MR R i
JERAT K, L i F s 2]

55 At R AN N AH ST EL R I, AR
DX I 72 fit F5 K A R A 2R B B O A A R
i, (ERhE . Fom A pls1o22420 s, fE Y
HIF 5 b 8 IR H 0 DU 3R 2 i A RAEABFSEIX
PR, XA RE R P A R KRB EA X ffi
L s0E R R R R AR HRE T, B
VAR 0 W o6 1 R b A Ak o S A o o T ALk PR
W e, mtmEMH K | Wik, &
X U e A 2R 5 vk B AR 28 1 it — 2 56
UEo RIS, XA A T A ™ i ) 11 A i
M, TR T R A R AR B I K
A RESZ A R P AE R R, M YRRk
G PUAE RIEAMIT 75 X N 58 BA o & v
B
3 it

AR I 195 A A - 080 A € 13 - FR BB T 3 ik
( SPE-MS/MS ) Zr#r T HAL gy~ FRE X 5 FlAS[H] 57
FEAI KR 5 28 14 FihiiAE K5 R m ik .
WFFT R,

1) R 0.45 pm ST JE-EDTANa, 4545 -
[ R 2% A7 8 0 1 7 R R KRR R B BT AR 2R AL
G, PC-MIMER Ay 2 R IAF] 93%~115%,
I L% 58 30 ACRE A AR [ e 258 538 4l /K v [l Wi
MY,

2) FEWFRFRFEIX KR BT 3 25 7 e
HF (RSSO A e ) sk, Hop
o BRI G, Rt IS SR K R AG:
WPt £ L1k 6 Fh, Fem R B TR
BEIKAA

3)  ARWFFEA A IR X KRBT A R Ak

B o v R R AP S A, A R AR ZE A
K, AHPUFRRISFRIN A ERIHUA R BAT ERTTE X
Kt , FTRE S AR A Bk BRI LR ) A ki )
W BT 1 7 A O, A T R ORI AR 3Rk B i — 28
WH5E.
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YE Jipeng, ZOU Shichun, ZHANG Gan, et al. Characteristics of

Residual characterization of multi-categorized antibiotics
in five typical aquaculture waters

WANG Min'?, YU Shen', HONG Youwei', SUN Didi'

1. Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China;

2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The environmental problems caused by heavy use of prophylactic antibiotics in aquaculture have been increasingly
receiving public concerns in the world. The induction of resistant microorganisms by antibiotics entering into environment and
food-chains become a emerging problem for aquatic ecosystem health and human health. In this study, a solid-phase extraction-liquid
chromatography-tandem mass spectrometry (SPE-LC-MS/MS) approach was used to determine antibiotics residuals in five
aquaculture waters (fish, crab, razor clam, shrimp, and duck) in Jiulong River estuary of southeastern China. Results showed that the
solid-phase extraction procedures had promised extraction efficiency for 14 residual antibiotics of 5 groups in aquaculture water
samples. The overall recoveries of spiked '*C-labeled caffeine ranged between 63%~124%. In the investigated estuarine area, 7
antibiotics from 3 groups were detected in the series of aquatic animal ponds. The highest concentrations of detected antibiotics were
3.54 ng-L"! of norfloxacin (shrimp ponds), 14.8 ng-L™" of ofloxacin (razor clam ponds), 5.36 ng-L"! of sulfadiazine (duck ponds), 7.35
ng-L"! of sulfamethazine (shrimp ponds), 18.5 ng-L™! of sulfamethoxazole (shrimp ponds), 5.00 ng:L™" of florfenicol (shrimp ponds),
and 40.2 ng-L™" of trimethoprim (duck ponds), respectively. But, the concentrations of residual antibiotics in these aquatic animal
ponds were lower than other studies. The type and concentration of residual antibiotics varied between different aquacuture ponds, 4
types of residual antibiotics were detected in crab ponds while 6 types in fish ponds and duck ponds. The highest concentrations of
antibiotics were detected in shrimp ponds.

Key words: antibiotics; aquaculture; estuarine aquaculture areas; aquaculture ponds
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