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T WA & RORAE &% — 1 FAT— C AT B % (HPLC-Q-TOF-MS) 4% A # < & # % Fl
WA EFRGHRERE . RABHNERETESF MO F AR TR TLE, B
WM R RAE B NC g RAEAES T, 1%F B 8% A% R —F B RN 7% 3048 4% ok
B, AIAEBFRA2EFEXFTRN, AR EIW T LA THITIA KN ZEE L FE
KR EZRENIFE T BV KBIRE P28 54 £ 2 8 ROLOQ, S/N=10)%
0.010~0.120 pg/Lo 3/ K F A AR 6y 5 24 B 4k & 4 60.7%~97.1%, # %t 4% % % (RSD) %
0.58%~8.01%. Z kP G1E, REE"/, W HAOOM A& HAATHN, HA T
e ookl mERE D F R e, s, KA E. BBV ESHAY, BN
25.6~106.7 ng/Lo 7 5¢ 3 2 S By i b K BT 4 A8 5 25 A 8 BORAR B 3 — 0 AT B ER R
TREM T E, R EH. ThEHE, TURIEATEVFEAREERE SR

H A AR

REW: MEFARYE,; BRRM G0 R ATHEREE; BV ARITRE; HTg

FEISES: X171.5

A 2 T B FAR YT K AR SR
Wi o FEME AR A, T K AR Sh IR YA Al
RIGARE, BB arbod oo, Kk
Bl 2E WSO S A Bl ) i S AR R DA R 2y
T HEATKARDY, 3k 8 25 5% B Bk T 4 /K A sh
HA 2B MWREEHINY, ¥ 5] A% it 24
B LA Y AR T R T R 2 9 A
EM . HAET, SHMEHEBEESKBEZS
A AN TIZ e . T AR O X AR T T TR A
KA R S 1AFP BT A 2R AR B ARG I R R T i
Wi, ABRBMBERIMTFPAER, WEN
3.54~40.2 ng/L. BUBLAESFE 00 T R BLE AR 77 51
TRAR B 22 2 K A s i I 2 LD PR 2R S T e
IRILISFPLAE R AR, SO0k AR S, FEIR/K

kS BHEA: 2015-11-17 &R BHI: 2016-02-02

MHEFRER: A

FIKERFEZ KPP AR R BinEm+
TR GR R, WRIEIE I 10.5~26.8 pg/L.

H AR A s A 2 J s ke
A — B dRiE . Kumar®:"R A T BRI S e i 4G
WK IR BE 2 SR H R FIUIR 2, 28 P Z
Kt BR 23 31 90.10F10.50 pg/L, 2% 77 145 4 fi i
IEI L VT SV (5 7 N U Brivk e 2 ok =1 A DA il
SINTZ R, X T SR AR A W o AT 2
Sy B B o 2R SCAE TR T WROR £ 1k X
KR PUAE R AT TR BRI, SFhPLERTE
TN -3 P A HE BR 90.94~13.2 ng/L, A HA 450
KT [ A A EU(SPE) B Y AH €233 - A 1% 257 £ B
W% (LC-ESI MS/MS)HE AR, @57 T 7K 44 o fif it e
M. RIFNEREPLA TR . W RN Bems g M a &

BENTE : WivC A R Ar AR B S0 H (2013); [ 5B} S ## 1FRI (2015BAD29B06)

BEEE: BEE, E-mail: dzy@mail.zjgsu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20151110161

4 AT R, AF e R RO (A5 — DU RO — AT I ] BT

TR G Al K BRERSE A R AR B Rl SR 653

EWE RN . WK M5 K Rl &
RO E = T BRI 1.1~34.7 ng/LA12.5~57.2 ng/L.
VRORH €273 5 0 YRR €033 - H 5 55 £ B BT R L
A 7 N R B AR, AR
REEr X — R HARL G, 60 2 2 S 5R af
I 5 SR AT R B

AR S0 3 ax A AR O B A Il K S AR B
42808 WA F, SR AT/ AT I E] B % Q-
TOF/MS) 1 & 43 B R BTk Fe A, Al H H & e 5
PR R R A R R TR A R A Y,
7T TR R 0 A Y B 8 K R [R) R R T AR R
%) 1 200V 2 15 — DO T — AT R () S5 33 A T
T IR U SV NIk IS e g 7/ k3 €/ S UN TR a8
Ji P X H bR A A PR R A Wik AT
i Ay 5 Mg o FE T K R BE b A vk
o fE R R A S BV LR AU, R 0T AR T J il
TRIRIABE YA 205 Yo o e i TAl S A5 b 2

1 MRS TTE

1.1 X5
S T B Agilent 1290-65409% A (4,33

(EE Agilent/A Al . A WL R HE NG (B4l
X ETEDIAAF]); HEE(E4Al, 3L ETEDIAA F);
PR (HPLC /{5 i% 4, 3% ROE scientific INC.);
He RO Hral, 3 Sigma/s Fl). Oasis HLBIH
AHAEHUFE (500 mg/6 mL, 3€ [E Waters/A 7).

A2Fh g A FE AR 5L 0 H 1% E Dr. Ehrenstorfer
N, AR T 5% D). 4 BIFRELI0 mg |-
WPRES, B T10 mLER AR T, HP R
fiff It 7B ZEBC ] AL 100 pg/mLIARTERE &, F-20 °C
PRAE# o S2 00 b i WY AR R b 3 A o i &
W&, TC I RS [V B TR A A A R AR
1.2 JK#EERE

201547 H 8 H fE Wi V148 2L /= B K 1 i
CER 3BT L s L R Ak BE A0 28 7= 0 R AH K R |
K7 e I B YRR AP X (AR P 2 38 K B R AR
PPIX) A O 2K B CHR P PR L G B O
DX A8l DA e o 55 B K S [ S T T 5 8 OBk
JE)FRAE X, N VLl R A K R T K A K
B OFE MR IX . AMEBIAREIX . 4
46 4 ZR K TR (LU 3 ) 37 50 DX LA B T8 10 22 090 s 1 3

—VURAF RATHS [ A, FLA Dual AJS ESIR 3% 4 IX 145 DU K 2 AU /K 38 104 DX 3R 46 /K i F
#z1 QMERULEYNERERBIIRFRIEES
Tab.1 Retention times and MS parameters for the analysis of 42 target compounds

i’ WwEY TR BEESTF/(m/z) LR B B 7] /min FET/(m/z)

no. compound formula parent ion retetion time fragmentation

1 T#M% A sulfaguanidine C;H,(N,0,8 215.0600 0.982 156.0116, 108.0449, 92.0496
2 TffLE sulfapyridine Cy,H; N;0,8 250.0642 3.527 184.0862, 156.0117, 92.0495
3 T lE e sulfadiazine C1oH oN4O,S 251.0598 2.957 156.0114, 108.0442, 92.0494
4 Tt i FEEME - sulfamethoxazole CioHIN;058 254.0595 5.270 156.0116, 108.0442, 92.0495
5 T [l EME sulfathiazole CoHoN30,8, 256.0210 3.352 156.0117, 108.0442, 92.0495
6 TEIERR oxolinic acid Cy3HNOs 262.0708 5.717 244.0611, 216.0293, 160.0394
7 Tl FHEE  sulfamerazine C HoN,O,8 265.0753 3.598 156.0115, 108.0443, 92.0496
8 Tl — M sulfisoxazole Cy1Hi3N;058 268.0750 5.511 156.0117, 113.0710, 92.0496
9 Tt ' M sulfamethizole CoH oN4O,S, 271.0316 4.079 156.0117, 108.0443, 92.0495
10 i — HIHEBELE sulfamethazine CoH42N40,8 279.0911 4.188 186.0337, 156.0116, 124.0873
11 Wi F R MENE sulfisomidine C1oH43N4O,8 279.0910 2.710 186.033 4, 156.0116, 124.0871
12 J FAESEME sulfameter CiiH2N4O58 281.0712 4319 215.0934, 156.0117, 108.0446
13 fiffi a AR JEMENE sulfamonomethoxine CiiH2N4O5S 281.0712 4.801 215.0933, 156.0117, 108.0446
14 & sulfachloropyride C1oHoCIN4O,S 285.0201 4.904 156.0116, 108.0444, 92.0494
15 BHEPEEIE sulfachinoxalin Ci4HpN,O,8 301.0759 6.233 156.0116, 108.0443, 92.0496
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k1
' wE T BERTF/(m/z) R B B 1] /min FET/(m/z)
no. compound formula parent ion retetion time fragmentation
16 T4 — H4%MENE sulfadoxine CH1N4O,8 311.0807 5.209 156.0117, 108.0447, 92.0498
17 i —F LA sulfadimethoxine Ci,H14sN4O,S 311.0810 6.098 156.0118, 108.0443, 92.0497
18 #HWPA norfloxacin C16HigFN;05 320.1405 3.977 302.1404, 276.1504, 233.1083
19 fKi&VE enoxacin CysH17FN4O; 321.1360 3.818 303.1254, 277.1451, 232.0511
20 WA ciprofloxacin C,7H,sFN;05 332.1407 4.103 314.1302, 288.1505, 231.0565
21 RV pefloxacin C17H50FN;05 334.1566 3.997 316.1464, 290.1665, 233.1083
22 KFEIA lomefloxacin Cy7H,9F,N30;3 352.1474 4.251 334.1369, 308.1576, 265.1152
23 JFEVE danofloxacin C19Hy0FN;05 358.1657 4218 340.1463, 314.1669, 283.1240
24 RAiEVWE enrofloxacin C19H2FN;0; 360.1721 4336 342.1617, 316.1824, 245.1088
25 HHEA ofloxacin C1sH0FN;0,4 362.1520 3.961 318.1623, 261.1044
26 WPVA fleroxacin Cy7H,5F3N;0;4 370.1372 3.802 332.1283, 326.1386
27 Wiy AL sarafloxacin CyoH7F,N50;4 386.1312 4.724 368.1211, 342.1413, 299.0990
28  #AHYE sparfolxacin C19H2FaN4O; 393.1741 4.829 375.1634, 349.1844, 292.1265
29 HWLIKPE orbifloxacin C1oHy0F3N;0;4 396.1538 4.460 378.1435, 352.1641, 295.1061
30 XUEW A difloxacin Cy H,oF,N;0;4 400.1473 4.802 382.1364, 356.1582, 299.0995
31 HEZHG penicilline G Ci6H1sN2048 335.1060 6.267 176.0254, 160.0155
32 ZRPEAR ampicillin Ci6H1oN3048 350.1174 3.432 160.1544, 106.1548
33 BZPERR amoxicillin C16HpsN304S 366.1123 1.414 207.8113, 113.5746
34 ZEMFERR oxacillin C1oH 9N;05S 402.1125 7.078 277.0114, 159.7858
35 ZERVUM nafeilin C,HN,058 415.1327 7.841 198.8782, 170.7859
36 KfEF cefalexin Ci6H17N3048 348.1015 3.529 174.0543, 158.0272, 106.0653
37 SKAUTHR cefapirin Ci7H7N3048, 424.0637 2.885 364.0422, 320.0523, 292.0579
38 SLftUMEAR cefazolin C14H14NgO,S; 4550371 3.990 323.0561, 295.0611, 156.0112
39 Skfli¥&T* cephalonium CaoHigN4OsS, 459.0792 3.587 337.0320, 152.0161, 123.0556
40 SLFEPCE cefpirome CyHpN6OsS, 515.1241 3.149 396.0490, 324.0629, 120.0822
41 LFEERT cefquinome C23H24N6OsS, 529.1321 3.589 396.0436, 324.0584, 134.0965
42 5% erthromycin C37HgNO 3 734.4716 6.601 567.3729, 558.3648, 158.1193

mi o IKFERAESL I CRBURFE R AR AF R4S
PREEARBUE (HT 493-2009) ) BoR AT, HkER<
10m, HRFEZ; KE>10m, RERMER
iho FTAFERE T LERGBERIR AN, F s i
F LI E N4 CCREDG EIRAE , TRNIIE 25
BEAHEUCR AR5 1B 28 FARRS o SRS ]
HIJ)IZ7K T 17.8~22.7 °C, FKJZ/KIE23.8~31.1 °C,
1.3 HAETE

WER PRI Z 3 0.45 um Bl 58 21 4 8 B 0k O
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H: 5~10 mL/min)A /K250 mL, MIA0.125 giy
PR G AE RO R, 4 T5%E FH 3 mLH B A1
3 mLK 75 1k [ Oasis HLBIEI AH#E BUH: & S f5 , 4 [
AR E 2 B2 TS, He mLAME—
HEEVV=1 s DGR, Y 23R PE B T 10mL
BOET, 40 ORI HAARRER T, H
200 uLZHE B %, €10 s, FEHIA800 pLzE i
K, WHEL0s, 2853022 pmA HLIERR I8, 5 1
Blo [RIHE KA 43 B B 243 0 i3k ) 25 11 R A [
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Wk AT o A
14 GiERERG

{0 3% K % FH Agilent ZORBAX Eclipse Plus
Cig>» 100 mmx2.1 mm, 3.5 um, ¥i#0.250 mL/min,
FEHR30°C, FEREE2 uL, FEhAHA . @00 R )
5 mmol & FREZ /K IEWR , W RIS ARl £ R & K
VEWN0.1%; FBhAIB: Wl B VER R i
fE: 0~1min, 5% B; 1~5min, 5%~30% B; 5~8
min, 30%~50% B; 8~15 min, 50%~98% B;
15~18 min, 98% B,

JE i 254 Ay B IS 55 B T U (Dual AJS ESDJR,
IEB AL, MS H#EFH50~1000 m/z, E4f
LR E 4000 V., 8 AR BRI EE 43 1 R
320 °CHIT1.0 L/min; 8 <R B R I 3853 51 ok
320 °CH110.0 L/min, 5 S & E 130 V, i
FACSH, N, Z W (B T8 o A X & ok
121.050873) 3 s Joi 1 A5

2 4R

2.1 RHEFEML

S 5 3 BRI 3 AN [7) B 3L 3 A A R 430 ki
A0.1%H R 5 mmol/L Z R &% ¥ W — W I
0.1% R A I W — HY B ALK I W — TPl 451 3R
W, 0.1%F FR 95 mmol/L 2, R £ 145 W — ' B 3 o
FAAR R BA B VeI ACR o O 73R T R
JeE, HEHE T A RS . VRN [R] 7 B vk
JRERERE, AFEHFE N 18 min, 42Fh{k& ¥I7E 10 min
WS BLEE AT S
22 THREHEENRIMSHR

W Agilent MassHunter Workstation Software
(Version B 5.00)8 {2k 4 5 b BRAL & Wy s, B
FH Agilent MassHunter PCDL Manager(B 4.00)%k {4:
TS WA B . FF 42810 pg/mLid a2y
o Y 0 JB 35 R 3 o R L 5 — HR IR D AT — T
A I T J5T 335 i DA AL & 9 1 DR B B TE) 583 — 2R
i A 1%, JF BT X R AR AR S W o Bl R AR TR 4
fit & (collision energy, CE)A10. 20140 eVH} Y
TG R R, A5 R o RO R 7
RIEREVURS . —9URME B T IL AR5 B GR 1),

A2FP A R B A 3R A A R A, e
FH 5 s I — it e — P S MR E | i i o Y A
W W — i [ Y 40 B | i g 48 T A I
— it Jile — PP ek 0 1Y) £ B O[] 3 00 Dl 4,18 8FN

2.710. 4.319F14.801. 5.209716.098 min, 43 E5%L
R, BB 2002/657/ECYR I Hh 315 1445 1 7
ool DUARAG 2 S ) o0 B, B b i AT
BRI, N E VML IR E R
ISR E, BT LAAS ELA R o ) B S
AN FRAE A 188 F RO A] 3545 4,550 1) %5 52 4
B, WEEEWER, AP EMAEDE
ZERAUE 22 /0 1K 10 o 2 B0 B B RN L2 AN R AR
TET, R ER,
23 RIALIBEMHEEF

S R I SPE/IN A [ AH 25 B 42 i A K BE
REAE — TR b gD 3L R AN T, R C o M
Oasis HLBH: ¥ fL AR, ¥E#EOasis HLBAEAE N
AR S 4 [ A 2E BUSPE/INRE o S 3R 15 A i
R A VR R S e AR R, R
T 3FPAS R (43 0 o, LGRS0 %L —
FH 7R 28 0t 3 350 ) RIS ) 0k AR B (0 SR 4L 5
6. 7. 8. 9OFIT0 mLIEATPEM)XTS pg/Limbr ik
FKAF T AN [ A 26 245 8- 24 [l W R A 52, 45
WoR, 4255 50% 05— W BEX T X 42R b A
EEBAE e B EE 25, 6 mLEI DK r
A BT AR VR R Ok o Al R A
AE 885, 8 mLJy vl ¥ T A3 WL B 1 bt A= 25 Uk
Tk, I BTk A2 h AR A ORI,
L 50% & — P44 2R 4l Y R AR 2R O
fF, Sk 6 20 B 3 43 00 SR 70.8%~73.1%Fil
62.8%~69.4%, % &3 215 7 K 4l 20 i 5
PR BE 17k e W A% 5, BOR FH50% & il —H
R RZAE VR, VEMART A6 mL.
24 ZMHEEMEER

W A2 245 1) 45 W JE 55 2R B Bk v s TR A FR €
AT S, DA BUES 7 €5 3 T A e T AR
(N RYP AR, AP iR B (X, pg/L) Ak
Prgs il e ih 2, A LR (B KTF0.99, *
A6 A W A6 FH I A VA R 9 T D A R 0 1)
KFR o RMPRWERIME AT, L HKEE
i TR A s oA B R ) B AR B, LAS/N =10 B
KA AT A AR B S £ FR(LOQ)(22)
2.5 FHIEFWIE

Buas FOKRE, W34S AS TR e BE K TR &
PRAER IR, BB AT, R
] Wi 2R A XA o i 22 (RSD) o ¥l R 455 7K 33 v
427 i 25 ) 2 [T R R 60.7%~97.1%, RSDYE
Rl 1 0.58%~8.01%, it /& K6 M BoR (#3)
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FE
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St

40 %

26 FHENMHAE

Joj FH AR T3 6 S 56 % R 4R I T VLA Yl K 5
B 60HL YK T FE S HEA TR, &5 SR LA Y s e
FH R |l g ) P AR SR M E | R . A
mEWE . RS R AE OSSR Y, Hirh 204tk

F2 BIKERERRMITEZRNEETEE. EERCOQMBXAKWD

o LR e Y W Sy R22.3~53.6 ng/L; 1441 IR
K+ ik g B AR M e, B B DR 32.3~76.3 ng/L;
1OHE R A H s B ML WE , % £ 7 18.9~41.9 ng/L;
O Y K Hh B e S kR, it 18.8~30.6 ng/L;

AR KA B

WP R, &1 894.2~113.2 ng/L, LA

Tab.2 Linear ranges, limits of quantification(LOQ), and correlation coefficients (r) of the 42 antibiotics in fishery water

- wE AMEVE FEl/(ng/L) A€ IR /(pg/L) LB
compound linear ranges LOQ r
1 TN sulfaguanidine 0.020~50 0.020 0.9946
2 TN sulfapyridine 0.010~20 0.010 0.9952
3 T NE sulfadiazine 0.020~50 0.020 0.9990
4 T % M sulfamethoxazole 0.020~50 0.020 0.9984
5 T HEM: sulfathiazole 0.020~50 0.020 0.9995
6 SEIWER oxolinic acid 0.050~50 0.050 0.9993
7 T & FEIE - sulfamerazine 0.010~20 0.010 0.9988
8 Tl fié — F e sulfisoxazole 0.050~50 0.050 0.9966
9 T M sulfamethizole 0.050~50 0.050 0.9975
10 Tl Jiée — FA JE 0 sulfamethazine 0.010~20 0.010 0.9984
11 Tl i — FA J S 150 sulfisomidine 0.020~50 0.020 0.9953
12 T fiin] F AR BEENE  sulfameter 0.010~20 0.010 0.9993
13 Tt iz 1A F 48 2E M5 0 sulfamonomethoxine 0.020~50 0.020 0.998 2
14 T Sk sulfachloropyride 0.050~50 0.050 0.9994
15 Tifi iz Bk sulfachinoxalin 0.025~50 0.025 0.9959
16 Tl fiiz 4% — FA4AUBENE sulfadoxine 0.010~20 0.010 0.9990
17 Tl i — FA ZE WA sulfadimethoxine 0.010~20 0.010 0.9984
18 WiHIP I norfloxacin 0.025~50 0.025 0.9955
19 VP enoxacin 0.040~50 0.040 0.9974
20 WYL A ciprofloxacin 0.060~50 0.060 0.9960
21 RSP A pefloxacin 0.025~50 0.025 0.9952
22 BFEIP A lomefloxacin 0.025~50 0.025 0.9981
23 FH#&V A danofloxacin 0.040~50 0.040 0.9992
24 Bitvb A enrofloxacin 0.020~50 0.020 0.9945
25 AR A ofloxacin 0.020~50 0.020 0.9927
26 BMP VA fleroxacin 0.020~50 0.020 0.9954
27 VWHiyP A sarafloxacin 0.040~50 0.040 0.9963
28 AL sparfolxacin 0.020~50 0.020 0.9939
29 WILYP A orbifloxacin 0.020~50 0.020 0.9914
30 MHEIPE difloxacin 0.020~50 0.020 0.9971
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- gR2 -
i o wEY L 15 A(ng/L) X 25 7€ TR A(ug/L) AHOG BB
N compound linear ranges r
31 B ZG penicilline G 0.050~50 0.050 0.9946
32 ZRPEA ampicillin 0.110~100 0.110 0.9983
33 FSLFEAR amoxicillin 0.120~100 0.120 0.9975
34 RIEFEAR oxacillin 0.050~50 0.050 0.9988
35 RV nafeilin 0.050~50 0.050 0.9990
36 SfIEE cefalexin 0.060~50 0.060 0.9955
37 SKFAPTAK cefapirin 0.050~50 0.050 0.9924
38 SkAMbK cefazolin 0.120~100 0.120 0.9953
39 SLE9% T cephalonium 0.120~100 0.120 0.9962
40 SLTEVEE cefpirome 0.100~100 0.100 0.9947
41 S HAMENT cefquinome 0.060~50 0.060 0.9963
42 %% erthromycin 0.050~50 0.050 0.9981
Fz3 KED2MREZRHEREMENRERE
Tab.3 Recoverie and relative standard deviation (RSD) of the 42 antibiotics in water n=3
ot mbERGel)  ECE% ey b 5 %%
: RSD/% (pg/L) RSD/%
compound spiked recovery compound . recovery
spiked
T A 0.1 68.5 2.41 KR E 0.1 68.5 2.53
sulfaguanidine lomefloxacin
0.5 76.3 3.98 0.5 85.1 1.92
5 78.9 3.54 5 87.6 3.48
T Ak g 0.1 76.2 5.51 FHEE 0.1 81.5 2.51
sulfapyridine danofloxacin
0.5 81.2 4.14 0.5 85.6 1.31
5 85.5 3.22 5 87.6 4.05
i g s g 0.1 67.8 1.08 B R 0.1 81.5 4.30
sulfadiazine enrofloxacin
0.5 74.5 2.31 0.5 86.6 2.32
5 75.9 2.46 5 88.1 4.58
i i P g 0.1 83.5 1.25 AR E 0.1 82.9 2.87
sulfamethox -azole ofloxacin
0.5 91.5 3.58 0.5 87.6 3.32
5 91.9 5.03 5 89.4 3.31
Tz e e 0.1 72.9 1.52 WEVE 0.1 80.3 2.72
sulfathiazole fleroxacin
0.5 84.1 2.73 0.5 85.4 3.73
5 83.3 4.37 5 86.9 1.94
EERR 0.1 63.8 1.90 Whib 2 0.1 72.5 3.42
oxolinic acid sarafloxacin
0.5 84.5 2.68 0.5 80.6 4.17
5 90.4 2.73 5 81.4 2.58
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" BR3 -
Wam IR Wk % et b B e
A RSD/% /(ng/L) RSD/%
compound spiked recovery compound . recovery
spiked

Tk iz F e g 0.1 79.8 4.72 CillENoy 0.1 78.9 1.33
sulfamerazine sparfolxacin

0.5 85.5 2.16 0.5 78.1 4.20

5 87.5 3.55 5 83.4 1.35
sk e — P e e 0.1 73.4 1.41 By 0.1 78.5 1.24
sulfisoxazole orbifloxacin

0.5 82.7 5.55 0.5 87.2 4.48

5 84.5 3.19 5 89.3 2.14
Tl AR — 0.1 77.8 0.95 BRI 2 0.1 82.3 1.16
sulfamethizole difloxacin

0.5 82.5 4.11 0.5 90.4 1.13

5 83.5 2.82 5 89.4 0.58
T e — R Sk s e 0.1 85.5 3.12 HFHEG 0.2 70.4 3.01
sulfametha -zine penicilline G

0.5 94.2 2.66 1.0 74.3 1.91

5 91.7 4.50 5 76.9 2.77
TG R e 0.1 84.5 1.75 EAR i 0.2 70.1 4.05
sulfisomidine smpicillin

0.5 92.9 4.12 1.0 72.9 5.45

5 94.2 5.57 5 73.4 4.64
T font B4R g 0.1 84.5 3.12 [oi] 2 T A 0.2 61.4 5.66
sulfameter amoxicillin

0.5 88.7 2.91 1.0 69.9 1.85

5 89.6 1.34 5 70.7 433
Tl ) A e 0.1 84.2 5.21 R 0.2 68.8 1.00
sulfamonome -thoxine oxacillin

0.5 89.4 3.92 1.0 78.5 3.01

5 91.5 2.97 5 80.4 3.08
T 2z S Ik T 0.1 78.9 0.95 ZERPGK 0.2 78.4 1.33
sulfachloropy -ride nafcilin

0.5 78.2 2.90 1.0 75.5 2.41

5 81.5 3.53 5 82.3 1.82
i g e SRk 0.1 81.7 321 L 0.2 70.8 2.85
sulfachinoxalin cefalexin

0.5 90.4 1.32 1.0 72.8 2.47

5 89.3 5.10 5 73.1 3.24
T AR — FR A g 0.1 79.8 3.25 SkA T HK 0.2 69.9 1.98
sulfadoxine cefapirin

0.5 88.8 3.44 1.0 71.5 2.03

5 94.3 1.71 5 72.4 348
G kA 0.1 70.4 1.69 DRI 0.2 69.4 1.46
sulfadimetho -xine cefazolin

0.5 81.6 3.44 1.0 70.8 2.72

5 85.4 1.84 5 73.5 2.26
PR R 0.1 79.5 6.25 At T 0.2 68.1 3.38
norfloxacin cephalonium

0.5 95.4 2.10 1.0 68.5 1.42

5 91.5 4.39 5 71.8 2.79
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" 5R3 -
A T 322 /0, PaS AN 22 /0,
& Sk ai/(pg/L) [ 2R /% RSD/% WwE Jnkx E#(pg/L) [ /% RSD/%
compound spiked recovery compound spiked recovery
[l 0.1 68.9 3.99 SS{e 0.2 60.7 1.88
enoxacin cefpirome
0.5 88.5 3.84 1.0 62.1 2.36
5 94.7 8.01 5 68.4 3.59
WY E 0.1 72.8 3.41 kA5 0.2 68.9 443
ciprofloxacin cefquinome
0.5 87.5 2.14 1.0 78.1 2.11
5 89.9 2.39 5 78.4 2.45
b A 0.1 81.5 4.11 RSN 0.2 89.9 3.95
pefloxacin erthromycin
0.5 94.6 2.82 1.0 95.5 4.24
5 95.1 1.55 5 97.1 2.31

SHP 2y R R 45 S 33.3% . 23.3%
16.7%. 10%F16.67%(F4),

3 iR
31 FEESH

AHE 5T Se Xt 420 b A= 2 AR S AT T AR
1k, 0.1%F R 195 mmol/L 2. iR £ 75 T — 5 i 30
FHAR R AT B WU B8R o 32 Ry HHE R mf
DA 3 iR S RO, R B AR A B IR IR
B, E A T AR AT A R R A R
O, PRI AR SZE R 1 0.1% P 2 A9 S mmol/L 4 g
BV W — P AR A T S o 7R ET AL B 5 A B A
b, BB C ¢l Oasis HLBEE [+ fL 3L R,

=4

Hij & B2 BGR r mA E25 A — 2 R R, AR
T oW, I BB R R R T L
AR 2 KA N- 2 A 5 b gt o ) 27 B 3% — 5 [
B3R & W RALIL Y, R TR, Pk
B P A 0 ) 30 P B I R, L B A PR T
T, PR Z N, A T KR 428k i
Az R E AN

AR EE IR R 24 R LA R, R
JHI 11 AR 2 B — 7 g s 8 R 2 3 — o B 335 A )
T3 W ST T A A KR K Y v R Y [
SN IT i ZTTIET, TE1000f5 R BB S 1F T
POFR R ZEHTE KA E RV 10 pg/L, HAR AR
Py AL ARG BR Y5/ F20.5 pg/Lo & RPUERT

AR E MK E P I E RFEER

Tab.4 Results of antibiotic residue in fishery waters

i AT H P AR AN AI & &/ (ng/L)  type and concentration

R 7K IRE Y BRI i
type of fishery waters area number B T PR e Tt T e S s B
sulfameth-oxazole _sulfamonom-ethoxine _sulfapyri-dine_sulfachloro-pyride _enrofloxa-cin

EEEIIAI gy T4 kD KBHND  RKREND  KRIND Ao ND
KRR G R IR R X AR P i 6 AKEth ND FAs H ND FAs HND KAGH ND  AKAHH ND
K R 6  29.446.9 41.2+8.9 KA HND 24.7+5.9 F K H ND
mwpks o IO 10 ki ND KKIHND  RRUND  RRHND R ND
T EFRIHKIR A6 PR L T 7K 6 KKt ND AR ND FAHND KK ND KK ND
T EFRIHKIR 7K A7 Y 7K P 6 KK ND AR ND FAHND KK ND KK ND
TR AR FEPLUNH 6 48.9+4.7 FHrth ND 34.1+7.8 KK ND KA H ND
TR EEPISE 2 | 8 Rixii ND 68.4+7.9 KK HND KK ND KA H ND
T EFRIHKIR ERl Y LA (I ) 4 25653 KK ND FAHND KK ND KK ND
IR IR PN EEWIRT % 4 35949.1 FAs H ND 26.7+7.8 RKHND  103.7£9.5
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L VETE 43 31 o 55 % 220.5~1000.0 pg/L, PO
£2510.0~1000.0 pg/L . M i 25 ARG 22 0.2~
1000.0 pg/L; ZePEAHC R £070.9982~0.9999, %
AL Bk 41 he Hirsch®5 ") I HPLC-
MS/MSH A, AT b [5) B 46 0 1 37 7K Hh 4 3 K
WG . R . DU IR 2RI B- P T B AR Y Y P 2k
1SFhPAE &, TEMRAE 10015 1 4100 F, XA E B
PR 4 10~5000 ng/L, 7 3721 %% FIHPLC-MS/MS
ST IR KRE 22 ML AR R, RS
200f5 A5 T, XA 2 =R 0.05~0.50 pg/L.
AHESE H bR YRR 42Fh, 250f5 Hednmt, X 2%
FERRN0.01~0.12 pg/L, 2FEAfE 418 min, #
45— K FH100f5 W 4i i, 5317 Hirsch%!™,
1R L T A VR AIE 58 19 5 v 2 BR 43 1 Sk /N
5. 0.1~50, 0.5~5F10.1~1.2 ng/L., KA T
AR 0 AR A, B O R K
L R A D A0

32 KEHPIERKESH

TR A PO [ b K R P 25 4 A B
N, i e 2 R s A R 2 AE T AR R K R gy
3 7 33%F130% , L r i e HY mE e iz 0 R B
Xul? VA TE 7 s 24 22 ) S0 3 B 30 96 Sal A 1 2 0 i
B2 PiA: &, W M10~21 ng/L; TEFRTLAS &
BEF . 2FP T BT A R 3F R B i A &R
W BE 439 M 41~266 . 11~250H137~336 ng/L. XIiT
SRR D PR T A 2K R PR SR 2 R SR 3R T
2, WIS M0.2~0.8F10.2~1.4 pg/L, Golet
ZEDIHE B+ 1) Glattle 25 A5 7K A0 BT HE H A 7K
R ) T ¥R A 72 ng/LIY IR TN U0 B F1S7 ng/LIV A7
VDR o TSR U A R U R A K R 52
V4R AR 22558 B iR IR R T 32 7R AE R,
FEUJE 4> 9N 3.54 ng/LIY IR B . 14.8 ng/L
RISV A, 5.36 ng/LAYEEREMENE, 7.35 ng/LHY
Tl e — F S IE | 18.5 ng/LAR i FH R | 5.00 ng/L
() F IR B 22 OR140.2 ng/LIY H AR R & e . B 3
BGOSR BT T ORI XRS5 FE /K AR 1) 38 2 7K e i
25, DUBRE IS RS = I8 pi s sk .
SRR, LS00f5M I, BRI R DA
it i FE e S e G 20K, R A 1A 14.31 pg/Ls
MEIE IR AE R X R, RN E . B
WA E RV EIF H AR R 3L 3.
1R, WP R ik26.80 pg/L, WM REHiER T
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TR FE WA 2K, YK TF10.00 pg/L, BRI
CEURHR BT, AR I i frle YR S e R R e
i£28.62 ng/L, WEFN BT A= T Y v B fe Kk 2]
53.60 ng/L, %5 K MYV K T°20.00 ng/L,
A YR AT TT A8 el K SR 358 v G H 2 4 b 2k
B, orATEE A AR e A s TR 2 e A
F R i EEM2FOK AR ER B U AE RS, R
A 40 R 18.8~76.3F1194.2~113.2 ng/L, %
FRFH KRR, 7 IR 1 S K (R IE L -
i L AR BOFIZK ™ i BT B PR X (AR PE 7
) 10/ W0 A5 7K A 4 S A s A 0 o 215 1) 245 ) 9%
B 5 oA B O A B CHR P < PR 64 M )
IR ARG H % e PR I e | i i [ P 4 35 e i A
AMEER 3R 25 s S IR G K P BN T
WAL NV I A KR L TR K A K R A3 X
WUR T ORAUKE, IR, S ARVFRmEA
TR, I 224 KRR ARG B A AR
B o w2l 2NN . SRS AR KE (L
JEY N ZE T TR AR AN IX e /N I
K, FREEDT ORGSR, B 22 b A S 57
258, 250K 3R BZ KRR S 50%

4 45

A7k S IERAL T ¥l K B SR R A Y
) 1 30U R 0 1 — DO R BRI RAT RS A A
B, Ay FREE K 8 42 i 2 1 S 2 [ R Sy
60.7%~97.1%, RSDyE [ 40.58%~8.01%, & &R
$90.01~0.12 pg/L, 4FERF[E] A 18 min, % kR
B, MERG . EMERE ISR, LI N T LA i
M R BE K BRE BT A 2R AR B R A TR AR
WL Wl K SRS th R th 25 R 2 F, Wl
U T R BT A WA e, EIEE X
202 A ) B B B AT WA
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Determination of antibiotic residues in fishery water environment by high
performance liquid chromatography quadrupole time of flight mass
spectrometry and its application

HE Xin', LI Shiyan’, WANG Yang’, ZHENG Zhongying’, ZHANG Haiqi’,
JIN Renyao', WANG Dingnan’, WANG Linwen’, DAI Zhiyuan'"

(1. College of Food Science and Biotechnology, Gongshang University, Hangzhou 310035, China;
2. Zhejiang Fishery Technology Extension Center, Hangzhou 310012, China)

Abstract: Rapid screening method for 42 kinds of commonly used antibiotics residues in fishery water by High
performance liquid chromatography combined with quadrupole time-of-flight mass spectrometry (HPLC-Q-TOF-
MS) has been developed. Targeted antibiotics was extracted from samples on C;g3 Solid-phase extraction
cartridges. Analytical separation was performed on a C,g reverse phase column by liquid chromatography with 1%
acetic acid, formic acid, ammonium salt aqueous methanol solution as mobile phase. Positive ion source full scan
patterns were used. The result showed that Limit of Quantity (S/N=10, LOQ) of 42 kinds of antibiotics were
0.010 - 0.120 pg/L. The average recovery for antibiotics was 60.7% — 97.1%. The relative standard deviation
(RSDs) was 0.58% - 8.01%. The method is rapid and simple with high sensitivity. 60 fishery water samples were
determined and sulfamethoxazole, sulfamonomethoxine, sulfapyridine, sulfachlorpyridazine, enrofloxacin were
detected with the concentration from 25.6 to 106.7 ng/L. The method is sensitive, accurate and can be applied to
the screening of antibiotic residues in fishery water environment.

Key words: antibiotic residues; high performance liquid chromatography quadrupole time-of-flight mass

spectrometry; fishery water environment; Zhejiang province
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