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Abstract; Antibiotics were widely used in aquaculture as a drug for disease prevention, growth promotion, which
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inevitably lead to antibiotic residues in the surrounding environment, resulting in a variety of potential risks. The
antibiotic extracts for sediment samples, the HLB cartridge activation solvents and the elution solvent were
screened, and 15 antibiotics were detected by high- performance liquid chromatography-tandem mass spectrometry.
The method was employed for the detection of residual levels of antibiotics in 7 kinds of aquaculture ponds of a
certain aquaculture area in Shanghai in September and December, 2018. The results turned out that employing ace-
tonitrile/phosphate buffer solution (V:V=1:1) as the extract, methyl tert-butyl ether, methanol and ultrapure water
as the activation solvent, and methanol as the elution solvent, the target antibiotics showed the highest recovery
rate. A total of 10 antibiotics were detected in the water. The order of the intermediate concentrations of antibiotics
was: sulfonamides > trimethoprim > amoxicillin > fluoroquinolones > quinoethanol > tetracyclines and furazoli-
done. A total of 13 antibiotics were detected in the sediments. The order of the intermediate concentrations of anti-
biotics was: fluoroquinolones > tetracyclines > sulfonamides > trimethoprim > quinoethanol > amoxicillin and fura-
zolidone. The types and concentrations of antibiotics in different cultured ponds were different. 10 kinds of antibiot-
ics were detected in Mylopharyngodon piceus ponds and Erythroculter ilishacformis ponds, 9 antibiotics were de-
tected in Penaeus vannamei ponds, and only 5 antibiotics were detected in Eriocheir sinensis H. Milne-Edwards
ponds. The highest concentration of fluoroquinolones was detected in fishponds. Sulfamethoxazole was only detec-
ted in Eriocheir sinensis H. Milne-Edwards ponds. The concentration of olaquindox in Penaeus vannamei ponds
was 3 612.85 ng-L™". There was also a difference in the concentration of antibiotics detected between September
and December, and the average level of antibiotics in September was higher than in December.

Keywords: antibiotics; aquaculture; detection methods; residual levels
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A B 52% 7,

KRG AP R AU 20% ~30%
HEAEIK T TR, R LA 2 TR CHE A AR
T TR A X K K K HERIOK SRt AE 2 AR B, ol ok
W B 2 R SR L OB P v 1 R B B AE R AT g
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Tiif 2450 PR Ak i A IR A 1

H AT, % T = M 1 X K= 3258 TP b R iis
YURREFSEARNT B S bk, #E ST — g g X K ™
TP ST T Z FR AR A R0 B A Y
T FERFGE K P SR A IX P A R AR B RRAE X b
X AR BB R RGP A H B E L, A
XS KSR BEK DU 15 Fh g AR 2 0 i
SFETTEAT T A, AR DR AR S B IR 7 1
VERE TE AL R 0 5 B R VA SR B e B L T
15 i A 22 1Y e RCURE €3 £ 3K BT 5 X (HPLC-

MS/MS)IN 75 % , £ 458 €0 3% 2% 11 0I5 13 2% 11 1) 1
SE o R ITESL I ST T5 15 , Xk LT AN TR 7K™
FeFE DK ST 15 Fb i R4 A 2R A 5% B R AR
PEAT THESE

1 ##l57i% (Materials and methods)
1.1 FESSREE S0

BRI T K ™ 25 8 XA R AT X8, 43 )
T 2018 4F 9 F (FkZE)F1 2018 4F 12 [ (& Z)Xf %X
BN BRI AT R AL . RAE TSR IX
H(QY1.QY2) ., H/K I (BSY) A (CY) , hii i
PE(CX) ANEESE(KX) AR HE(BDX), 3 7 A FRFE I 1Y
IKFE BT o KA FHAR G B R R AR I AT 1
LRIV G G PE 4 C VR S TR fif
T A 0D R Ve A5 SR 4R S5 A B B 48, 20 C ¥R
L,
1.2 FEUE SR

TROAH (0 33 53 R J5 3% 1% (Waters Acquity HPLC®
Hclass-Waters Xevo TQ-S micro, 32 [ Waters 23 ).
4 A EAWRIL(AUTO-EVA, H I TERHE BRA R 4
1 31 [ A0 2 BU Y (Fotector Plus, JE [ 125 RHG FR A7)
RIR 2SR T 88 (LDG-0.3C, i 1A BR A
) M A B (CEM MARS CLASSIC, 3 [§ CEM
/v ), Oasis HLB [#AHZEHU/ME (S [ Waters 23 7))
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0.7 wm I B 2T 4k € I (GF/F , % [E Whatman 2\ )
022 pm RIUF M E U8 (23S RA A,

15 FhpoAE RARUE S . 465 99.22% 1 ik i s
WE(SD) 4l A 99.72% [ i i HY SLmE g (SMIL ) | 4l &
R 99 47 % [ e — H LR E (SM2) (4l R 99.47%
(Rt frig 1] — FR A LM I (SDM) L 46 3 ok 99.58% A it
e F s (SMIX) 40 4 99.1% B Y 480 BE (TMP)
4li 0 99.9% Y B VD B2 (ENR) 210 92.31% 1Y
NP R R LR (CIP) 4l B N 97.29% Wit fi Vb A&
(NOR) 4l £y 98.89% [ Wk Weg W [l (AOZ) , 48i & oy
94.6% LR 4 %5 R (CTC) ALy 95.6% R +
A FE(OTC) 45 98.7% ML R 2 Vi % (DOX)
AlE N 98 % 1A BT B P AR (AMX) A4 97.89% Y
M £ [ (OLA)I H 7% & Dr. Ehrenstorfer 2y, FHF
SE AR R B O H R RE-D, A
I E-D, I H 7% [E Dr. Ehrenstorfer 23 Al , i V0 £ -
D, MKIRMERR-D, W [ 78 Witega 23], W L BE-D, |
FAI B PG K- C, 4 | € [E Cambridge Isotope Labora-
tories 23 Al , TGS H I | £ TR A A R D [
[ Merck A A, 52 H LU T Sk [ [ 24 4 1A
A RAF . BEIR IR AT oK B R
TR O T LR TR KBRS AR
il W B _E A E AR TR A,

pH =5.0 Fri5 R 2% WA TR I TC il . L 8 .88 g 75
FR 1 16.89 g Fr iR IREN, FEBAIK EARE 1 L,

IR R 2 M R I TC ] - HL 23.90 g To/K Wi —
BN 135 mL W52, HIEBAIK ERE 1 L,

EDTA-Mcllvaine 2% %5 W ) Bic il : B 37.20 ¢
RV 1R — 4 27.50 g IR A 4NN 12.90 g
FrIEmR , Ak B4 2 1 L, ECELA .
1.3 PRSP B O A

PUAE Z TG YA S A TC TR . DTRR AR 2 R T
J& B IR 100 H M, FREL 2.00 g BUTTERHE
T 100 mL YRR R AN 2 mL ¥R EZE R 100 pg -
L' WHiAE IR SR, O rh i A R vk
JE 4100 ng-g™' . HIA 100 ng A6 i SEme-2 C,
WD E-D, WK PAER-D, DU K-D, % L BE-D, |
BT SEPGRR-1 C FI SR E-D, AR T, 5 DT
FEFEATIR AT G O 8 XU P T 44 30 min, /KA
AERRREEC 1 L TR U hn 1 mL W2 R 100 pg-
L™ B E IR AR, KR R A R vk
100 ng-L™", WS bR 8 FAbRY T, 9555 pH =
3.0, R PRIESUA RAERE S TR S i kAR

B HERPE

DR h A 24 B B B v B AR A
AL BRI A BUE A 50 mL (4R EUR (PR P
H AR RN 5T 4 e 15 ), AT 008 2 B, 26 IO E
65 °C , ZE BN E] 30 min, ZEHINE 1 200 W, ZEHLLE
Fm g HZR KRR 500 mL, 35 pH=3 0,

i ] HLB A A B X B Ardid: 2w Hig ik,
L RET, ST A R AR AR O G AR S R AR B8 AR A
FE T2 R s SR )5 L S mL - min " A4 3 (s RE Sl
A RERE; FREEE RS KK 6 mL 4K 6 mL
5% F HH -7V Wb VO A BURE 5 e Je T 10 mL YR
TR (FR A B AR RN o 4 e ) VR

VRME TRV TAE 35 C T RS T, HIRRIK
JEH 70% B9 EE- K IREZAR 2 1 mL, 4 0.22 pm
RIUF £ A5 (PTFE) £ =X g a4 2k U8 2= 4% 8 o AR
(SRIN

DL EAR BRI 3 YAAT (R IN BCE AN A b Az
RINAKFE R UGTRIIE 2
1.4 ARIEES B

WERAFREL 10.00 mg HTA ZbrvE S, B
BCil A 100 mg- L™ AHT Az ZAR T ; 15 900D AL 1 i
% 08% 0.5 mol - L™ EhERAYH EErf , -20 C 36
P IARAE o
1.5 R Aneie

FH R RCRAR €815 53 15 B A 4 B B ARBiZE &R
%4 BEH-C18 (1.7 wm,2.1 mmx100 mm); {5,
TEAEFEIR 35 °C #FRER 2 WL VB 025 mL -
min~' ;AN A ZIRF A ECR 0.5% 1 H ER-/K ¥
W Ush Al B A SN BREE VR FR )P .0 ~ 2.2 min,
16% B;2.2 ~2.5 min, 16% B ~95% B;2.5 ~5.5
min,95% B;5.5 ~6.0 min,95% B ~16% B;6.0 ~
10.0 min,16% B,

Jo R FH RS 557 2 - TR UE B T X (EST+), =
T PUAT T A3 b R AT RO, 54 O =0k 2 O
WEDUASE L (MRM) 5 ilf 48 A o 20 < B v 7 A< TR
JE 500 C, B FI A EE S 1000 L-h" #EAL
L 30 V, B HLE N 3.5 kV, 1R 0.1
so 15 MLA R BTE I S8R 1 R,
1.6 iS5 P (R b

Hbrbi A 2R AR &, Bl — RN S
FITE 137 ~500.00 pg- L™ TR A AR TAE BRI T4
W53 HT, 15 2] 255 U A= R B br e fh 4, A O RBOKT
0.993 , K61 FRYE FEI7E 0.003 ~1230 ng-L™'(8 ng-g ™),
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Table 1 Mass spectrometric detection conditions for 15 antibiotics
PUER ERE T (m-z") BT X (mez™") HEFLH RV MiAEAE AV
Antibiotic Quantitative ion/(m-z'l) Qualitative ion/(m~z'1) Cone voltage/V Collision energy/V

SD 251/155.94 251/64.98 20 15135

SMI 265.06/110.06 256.06/155.99 25 20/15

SM2 279.15/124 279.115/156 20 15/18

SDM 311.11/156.03 311.1191.96 25 25120

SMX 254.12/91.98 254.12/155.96 10 30/16

TMP 291.2/123 291.1/230.29 25 25120

ENR 3604/316.20 36042453 20 18/25

CIP 3322028824 332.3/245.16 30 20128

NOR 32022/302.28 32022127626 20 20/15

AOZ 226.25/67.1 226.25/12197 15 2021
AMX 366.2/114 34921/160 .47 25 25/6

CTC 479.16/154.1 479.65/444.14 20 30/20

OTC 46122/425 81 46125/201.14 25 20/35

DOX 445.18/428 24 445.18/154.18 25 18/30

OLA 264.2/90.06 264.2/143 .08 25 2530

. SD RN NE , SM1 K7 fitk e FF JEmE B | SM2 SR it il — W LMz gt | SDM . 27 i Jig 1) — P 4R BE W g, SMIX 37 il e FHY Dk, TMP 67
FERIE  ENR R BT, CIP FR N T LR R 5h , NOR F/R i b | , AOZ /R kMg s i) , AMIX i B B P MK, CTC s 2h 18 4 55

#,0TC FRibR TR, DOX FREMREZPGIR K, OLA TR LI,

Note: SD stands for sulfadiazine; SM1 stands for sulfamerazine; SM2 stands for sulfamethazine; SDM stands for sulfadimethoxine; SMX stands for sulfa-

methoxazole; TMP stands for trimethoprim; ENR stands for enrofloxacin; CIP stands for ciprofloxacin; NOR stands for norfloxacin; AOZ stands for fura-

zolidone; AMX stands for amoxicillin ; CTC stands for chlortetracycline; OTC stands for oxytetracycline; DOX stands for doxycycline; OLA stands for

olaquindox.

AFEGE DX AR F TR Ry B C A s [l iR 512
Hoefr JKREANFR KR 100 200 ng- L™, BRG]
H694% ~118.5% ; ULARH A 7K~k 50,100 ng -
g™ ISR N 69.7% ~ 109.4% ; FH Rt bk v fi 22
PUEF 10% .,

2 #5254+t ( Results and discussion )
2.1 Stdmtiie
2.1.1 $RBORMIESE

SR O 2 BOE SR BT BT 2 fH E
T E R AR R A O A 2R U — A
BRI R SR T A R P T R R —
FE R SR AR BUSOR M BRIOR P B AR H
BRI o 4 B I N 5 Sl 2 R e . 5 2% A O Sk
[15-18], 8% T 5 FUTEU) h i A R 1 HEBOR 4351
N B BERRER G W (Vs V=1:1), CHE/MERER
G (Ve V=111) N ER/BERR AR MR R (Ve vV
=1:1), LIEHTERRGE th (Vs V=1:1), LIIE/ED-
TA-Mcllvaine Z& A H(V: V=1:1), & TR b

15 Fho AR AR R sl 1 R, SRk E
FRGE AV : V=1 D) AE A $2 BUR I, 9600 32 i
2 DU R AP A R s £ B 0 [EDCR BT 7E 5% LA
T ; ZME/EDTA-Mcllvaine 28 (V' V=1:1)1E R
SRR INT , AN REAG R4 4 I s 145 T S e A 3 A &
B, AN[FEA DL S BERR R 22 AR R 1:1 1BA
B, F B/ IR Eh 28 M WLV V=1 1% G T T 2
B A 22 K g A ) [RDSCR /N T 50% , X PO R 2R A
BRI R N 108% ~ 118.9% ; 2 /B HR £k 2%
ARV : V=1 1) N B/ TR 5L 28 vP iAW (V : V=
1 )X 15 FpPiA: R BIBCRIFE 60% DL I, 256
BT ISOK T | 8, G /I £ 27 vh s W
(V: V=10 TR i d: E B $E 80K
2.1.2  HLB JEILIEFI A £E

TEALIR B 2 22 B AR AL B b i 24 BB i
—EMIERIIAEE, AR RIIARE R A G
TE AL E AR A HURE % B AR 5T A [l SR A 5 a0
TERRMRUH it M 4Lk 6 4k HLB [ AH 25 R R4
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Fig. 1

YO R AU T Rk | PP R 4lK 05 {6 HLB [ AH %5
HUHE A5 15 Fhpi AR R Wb mhiics, g 2 iR,
H FF 2 8 200 7K 376 Ak 1) [ A 6 UK TSR 62.3%
~142.8% 5 FHLRUT Jk ik | FFY st A0 4l 7K 3 Ak 1 i
AHZEHURE MR N 68.7% ~116.4% , J5 3 F 14 [
WOR T & H AR HUCRRRE . A8 BERRAK U F L
THLE | H SRR 4lK T AL HLB [EAR AR OH:
2.1.3  VEBIR e

HLB [ AH A B & —Fh R K- R IR TR & P
REFE, 25 50 W R DUR W P B S AR AR ST e 4
3 PN R BR BE v ) (TP B S G N C TR S TR
L3 PRI T HARbr Az iy LR A 15
FhyTAE A INFR EDSCR, I E 3 B, B BEVE Mk
JR I I RT3 Ry 62.1% ~ 118.5% 5 Z I HVE R vk it
T RN 40.6% ~167.8% ; LR L BETE vk
T TR, JLAF- X BT B ARk g s ] | Y 4R B | e
S AT BRI 2 ICUERRE S HiAb b A R
B N 63.0% ~240.0% , I R AT E, 4
e B P B A I AR A
2.2 BLRUK IR KK AR AR Y AR E ik
B K-

ST b A By ik A T T 7
AIKFEFRFEIX 2018 4 9 H 12018 4F 12 AR
FIFRRIKF, K2 R T 15 R B4E ik

Recovery rates of 15 antibiotics with 5 different extraction solvents

FEFRBE R FIPLRR Y Hh 8 5 K P, A5 R R 2
A A 1S T AR SR BRI T S e S A G
B 4 TR IS (R M 1 e i Y — PP R A O i 1
[F1] . P 4 e MR P i) 3 ol 9 o 2 (B IN
W R R BRI 2) 3 MR RE(EER .
TRERMBVUIRE)  HAECRIE | BT 5L PU AR 1ok i e i
g T, Ul 2 DX Sk 7 97 58 A R AR R AT
Mo K IAGINE] 10 FTAE R PR R
(F{EL RO A - i g IS > P 47 W > o] 5 G > S
WERE > W 5 > DU PR 22 A TR IR I ] 73 7 45 2R
5 IRV FRAE XA 2R

DU ARG 1 13 FRLAE R PR R A5 B
A v [V AR NPTP Ay FRNE 5 1D 288 > DU 3R 3R 26 > s g
> HAERIE > e £ T > ] B PU AR R DR I W T, A
ep ESPIT LR iV E NI AL 7 e NEIE /I RE SN ]
AR BLRM ARRRETA R A R A A
25 XS ENTR R I R AT A 5P ok
MR PR B A A e 22 5% W e S
BN T 73 BT A K

RIS 245 0 72 T e B - N B A XS R R 30 7Y i 26
2T B B T A AR BRI SR T T & & Ak
FEFRIE R, W5 ARG AR E [ I T
b BRI SR AL S, WM R BN HAS 5
fiff X A BEE K FR I ST A 2K R I B
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Fig. 2 Recovery rates of 15 antibiotics with 2 activation methods
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Fig. 4 Distribution characteristics of antibiotics in water and sediments in different aquaculture areas in different months

Note: QY1, QY2 are the sampling points of Mylopharyngodon piceus ponds; BSY is the sampling point of Erythroculter ilishaeformis pond,

CY is the sampling point of Ctenopharyngodon idellus pond; CX is the sampling point of Eriocheir sinensis H. Milne-Edwards pond;

KX is the sampling point of Eriocheir sinensis H. Milne-Edwards pond; BDX is the sampling point of Penaeus vannamei pond.
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