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Rapid detection of antibiotics and their metabolite in marine biological samples

by QUEChERS with liquid chromatography-tandem mass spectrometry
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Abstract: In this study, 19 kinds of antibiotics in five categories (tetracyclines, B-lactams, macrolides,
sulfonamides and quinolones) and 5 antibiotic metabolites were included as target analytes. A pretreatment
extraction method for antibiotics and their metabolites residues in typical marine organisms (croaker, shrimp,
clam) was established. The extraction recoveries of the targets under different extraction methods (QUEChERS

method, Ultrasonic extraction-column purification method) were compared, and the salting-out and adsorbents
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in the pretreatment process were optimized. The results showed that the recovery efficiency of the QUEChERS

method was better than that of the Ultrasonic extraction-column purification method. In addition, the

QuEChERS method using sodium chloride and sodium sulfate as salting agents as well as C;g as adsorbents

showed a better extraction efficiency than the QUEChERS method using magnesium sulphate and trisodium

citrate as salting agents. The detection limits of the optimized method for 24 antibiotics and metabolites were
0.04~ 3.31 pg/kg, and the recoveries by the method were 60.23% ~ 119.88% with the relative standard
deviations (RSD) of 0.10% ~ 29.79%. The study provides technical support for the study of the residual

characteristics and environmental behavior of antibiotics and their metabolites in marine organisms.

Key words: QUEChERS method; antibiotics; liquid chromatography-tandem mass spectrometry (LC-MS/MS);

marine organism samples
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Tab.1 The information of target antibiotics and antibiotic metabolites

fi@ K Abbreviation 4FKCompound rh 34 X Chinese name CAS#i*5-CAS
PCV Penicillin V HFHRV 132-98-9
DesATM Descladinose azithromycin K PE R AT R 117693-41-1
RXM Roxithromycin BLURR 80214-83-1
N-dmRXM N-desmethyl roxithromycin N-EHEDLAEHR 118267-18-8
TYL Tylosin EZ N 74610-55-2
CIP Ciprofloxacin EINTSR U= 93107-08-5
ERF Enrofloxacin Bnib & 93106-60-6
OFL Ofloxacin AR A 82419-36-1
DMCTC Demeclocycline EHEHER 64-73-3
DOC Doxycycline AR 24390-14-5
TC Tetracycline UIEZN 64-75-5
4-epiTC 4-Epitetracycline 4-FRMH R 79-85-6
MOC Minocycline PIS7TE1 13624-98-7
SDZ Sulfadiazine i e e 68-35-9
SFT Sulfadimethoxine T e ) — H 4 e 122-11-2
TMP Trimethoprim FH 4R A 738-70-5
3-dmTMP 3-Desmethyl trimethoprim 3-F R R E 27653-69-6
4-OH-TMP 4-Hydroxy trimethoprim 4R SR IE 112678-48-5
SQX Sulfaquinoxaline T e vAs W 59-40-5
scz Sulfachloropyridazine TR A LR B — KB 1392129-96-2
SME Sulfamethoxazole T e X FY 4o 651-06-9
SFZ Sulfamethazine itk e — PR g 57-68-1
SMX Sulfamethoxazole T e s 723-46-6
SMR Sulfamerazine ik e P ez g 127-79-7
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F1 Prime HLB [EAHZEHU (60 mg, 3 mL) ) [ SE [
Waters 23 7l . 0.22 um PTFE i 3§ 2504 T g%
TSR A A BR A R . K& i (Larimichthys
crocea) . FIEBAXTER(Fenneropenaeus chinenisis)
U5 1) ( Venerupinnata) ¥ 5 #4104 F 1L 7R 48 0 & T
VPN R
1.2 FRiFEfd A A0 TC

DU B R 500, 6 24 Fpbod: 2 R HAR
W) s o i BE A A 1000 me/L Y b v % 45 L T
=20 °C ZAMF RO P B DL AR v i
£ R B IC A 1 mg/L B 24 Fh A R R HAR
P IRIR SRR, T-20 C 00 N ORI 4
o AT, LU B9 50), 6 1 mg/L i 24 Fif
PUAR 2R A TR 5 B 1 T U 2 2R B i 100 pg/L
50pg/L.20pg/L, 10ug/L.5pg/L. 1pg/L.0.5ug/L,
0.1 ug/L 1 0.05 ug/L B RIRA R HER R
1.3 SEEITk

H b E W AR AR R 2o 5 Rt F R
A B TR U A, BT A FE SR T AL B, BFE
BB IR, BRAET-20 °C HEHT. TR T
J& 25 RS M A TS B 5 2R R, PR TR T
R A A R

02 g R T AL E T .08,
SR J5 EBE B ARFE & rh 43 SN 50 pL 1 mg/L
Pk B SHACE = W AR IR B W), IR & .
T AR W ER U 1A BB IR A o A 3 A
JFARFA 5 R i

QuEChERS J5 ¥ : [n] # & ¥ il A EDTA-
Mc Il vaine 2& " I F1 % 5% LR B 16, R TiE
1 min J5 # 75 30 min, 7£ 5000 r/min %% 3 T & 0>
10 min, 7E b 38 % H o A E8 Ar5n), S2 B
I FU4RE ¥ 3 min, 7E 5000 r/min 5% 3 T 2.0
10 min, 3 F R RS B RS R, Ak 2
UET, N EEE s, i 0.22 pm PTFE JE B 75
LC-MS/MS 73+#7

P A IR AR I 8 mL &
Jif © K (vev)=8 : 2 (LK, W5 5€ 1 min J5 i
75 A 30 min, T 5000 r/min 250> 10 min, Y5
FIEBOT R BN RO, R LR RIOE
R, B PIARE BUIS FVEW, e A, P
BRANF : KUK AE FH 10 mL FREEAN 10 mL 217K T

AL Ak H: (Oasis HLB 8§ Prime HLB) , ¥ & 71 /5
OE7 87 B = S TR Y SR URE Ao S X BT Z AN
T 5 mL/min, _FFE5EER S NG IROMR BRIV,
WA AR VR R, AR AR T, N B,
2% 0.22 um PTFE J§ % i 8 J5 7F LC-MS/MS 43
Bro
1.4 AR5
14.1 &5

{6, 3% 45 . ACQUITY UPLC BEH-C,q {1 #1:
(100 mmx2.1 mm, 1.7 um) ; ¥ 3 #H . AAH K
0.01%(v/v) H B2 K WL, B AN 16 1 W5 K -
0.3 mL/min; HRARTEE: 35 °C; BEREIRE.: 15 C;
HEFERR: 5 uLo VBIAHER BEVEIR AR P8 T4 2,

R2 BEXRER
Tab.2 Gradient elution program

Fif 1] /min (A% ®(B)%
0.0 95 5
1.0 95 5
2.0 90 10
4.0 65 35
10.0 40 60
10.5 5 95
12.0 5 95
12.1 95 5
14.0 95 5

H: AR0.01%(viv) HIFR KT B ZE

142 it

B UR: mESS B IR (BESD s HA A IE
B Ry 2 22 RO WD (MRMD 5 55 - U5 i
J&: 550 °C; W25 HL (IS ) : 5500 V; fiff# <. (CAD):
High; <75 X (CUR) : 207 kPa(30 psi); 1L
345 kPa(50 psi); ffi B <.: 345 kPa(50 psi) . 45 H
PRI IS S0 T3k 3.

2 HFR5HE

2.1 HTACEE T e S Ak

VL AE A, 8 7 A% B —HE 44k 5 A1 QUEChERS
J7k Tz N T AR SR b A R AT .
o, P A I A s AT B R R R b3
i [ 6 S P i, 1 ()RR B AR 91 HL 25 PR BE
T, E—Fh 4w mE L YA FE R
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Tab.3 MS parameters of the 24 target compounds and eight internal standards
faix R R E()/min - FFEFimz | FEFimz ' FFEQIEDP/V iR CE/eV
PCV Penicillin V 6.73 351.1 2;?3* 110 4212
DesATM Descladinose azithromycin 5.11 591.3 115186'.20* 128 2?
RXM Roxithromycin 7.14 837.4 617595%2* 98 ;Z
N-dmRXM N-desmethyl roxithromycin 6.95 823.9 562625' 3 4* 108 ;?
TYL Tylosin 6.22 916.5 177:2'.10* 101 ;z
CIP Ciprofloxacin 4.47 332.2 23411'00* 65 32
*
ERF Enrofloxacin 4.72 360.1 }A}} iz* 64 22
OFL Ofloxacin 441 362.2 261..1 80 18
DMCTC Demeclocycline 5.05 465.4 238(2.33* 78 ;‘1‘
DOC Doxycycline 5.41 4453 ‘22180'.2; 93 i?
TC Tetracycline 4.75 445.1 21207' .11* 45 i(S)
4-epiTC 4-Epitetracycline 4.74 445.1 431902'.20* 117 ii
MOC Minocycline 4.76 458.2 434512'?0* 101 2(5)
156.1* 35
SDZ Sulfadiazine 3.81 251.0 91'9* 46 23
SFT Sulfadimethoxine 6.04 310.9 211585' ?9 56 ;;
TMP Trimethoprim 437 291.6 223 601. .10* 93 i;
3-dmTMP 3-Desmethyl trimethoprim 3.80 277.2 122631 ?0* 121 ;Z
4-OH-TMP 4-Hydroxy trimethoprim 4.32 307.1 ! 13891' 21* 104 ;;
SQX Sulfaquinoxaline 6.04 301.1 ! 15068' .10* 72 3;‘
SCz Sulfachloropyridazine 5.98 285.2 ?;0; 65 ;;
156.1* 25
SME Sulfamethoxazole 4.89 281.2 11 8068 '11* 68 ; g
SFZ Sulfamethazine 4.84 279.0 1102 8400* 61 g (3)
SMX Sulfamethoxazole 5.52 2543 156..0* 61 21
SMR Sulfamerazine 4.42 265.0 115067'?8 41 i;‘
ERF-D5 Enrofloxacin-D5 4.43 365.2 321.2 103 28.98
OFL-D3 Ofloxacin-d3 442 365.1 3213 116 25.63
SFT-D6 Sulfadimethoxine-D6 5.00 3173 162.1 84 31.90
SMX-13C6 Sulfamethoxazole-(phenyl-13C6) 5.00 260.0 162.0 77 21.00
ERT-13C6  Erythromycin (N,N-dimeyhyl-13C6) 5.00 738.0 162.0 117 37.00
SDZ-D4 Sulfadiazine-D4 5.00 255.0 160.0 73 22.35
TC-D6 Tetracycline-D6 5.18 451.1 416.0 92 28.25
TMP-13C3 13C3-Trimethoprim 4.35 294.1 262.0 98 34.36

TE: R E R T



170 - S

* ¥ A F

%45 K

BR 4y kT ARG e R T A,
43 ) & Oasis HLB L 43 Fil Prime HLB i+ fL i
BEATXF H . Hoh, Oasis HLB #Hib b B A 5
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FE BT AL g AR i nE ek FL5) T, i A b
A RKEBIRIL AW RIS TR, I A
Prime HLB (1) 4& I 3 5 % 42 () HLB 5 U
[, Prime HLB # HX T. 24V 1, & — A 4 1,
QuEChERS J5 i HA Pkl | fiifll | 20F . A%,
B4 SR L, A — R E UL A H ERUER B W 4
B, ST AH I JE Kk MgSO, FIATIE IR = #h1E N
M 4T QUEChERS 2B . MK 1 4R
Bl i A g5 Ok A, 8 A BUS ff ) Prime
HLB 46 4 19 [ 5% 2 0.00% ~ 10.11%, Oasis
HLB b 5 [BISCR R 1.53% ~ 88.32%, KI5t
AR BT A CAASTERE L% M 7 i i R
BFH5 7S ) (GB/T 27417—2017) " 33k ([l iR
JL R 60% ~ 120%) ; QUEChERS J5 ¥ K [ i %
41 30.09% ~ 111.56%, #4 HAR® (U DMCTC) i
WIS IN T 60%, (HHAE %R 1.26% ~ 29.24%,
2 CRMEIERE A2 T 5 B A IS TE 46 B )
(GB/T 27417—2017) ZE:R (KM B TR % B /N T
30%) . 58K QUEChERS J5E N E &5
SR RN R A

120

£925%~75%
T LSIQRINIYEIE

100 | — ik ‘
Wik o
80 e : .
S oof : ‘
t(— .
40t B é M
- W
of % = i
ineR | 0 | OF Tapefl [ fa | iF [aAap [ & [ iF
Oasis HLB_ | Prime HLB__ | QuEChERS

Bl 1 345X (Oasis HLB [ 48 2 BU#£ | Prime
HLB [E#8 2 Bk QUEChERS 7i%) T BAr#¥AIE
W (n=3)

Fig. 1 Recoveries of the target compounds of three cleanup

methods (Oasis HLB solid-phase purification

columns, Prime HLB solid-phase purification

columns, QUEChERS method) (n=3)
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M 2 BRAE A 3 S5 R (R 7K 43, AT A LA
FK AR 2 [l i 20 800 1 938 50 42 4% NaCl,
Je7K Na,SO, FITE7K MgSO,. AMFFEXT I T
T 6 B 70 41 & (JC 7K MgSO,+T 15 T2 — &1 Al
NaClH+JG7K Na,SO,) %F H bRy MR 15 m . 45
FEWI (& 2), NaCl+TE K Na,SO, (145 U 54k
T oK MgSOMT R =8 . B A W5 BIR,
MgSO, B A Wk . A5 . 7 i P, 3f B
Mg 5y 5 U BR % 2 25 W 0 )l ufi v 9 25 5
SRR | WETETRDS | T SRR IR A R
A £ Wy 10 T R AR L TR, A g T
NaClH+JE 7K Na,SO, 15 A 384 7 i 17 5 223K 55 .
SR, 2% 4 A X8 43 Bt 4= R (DMCTC. DOC,
TC. TYL) A9 [al R /N T 60%, 5 F— 2t fk o
MR Serra-Compte 25 %Y pyBIF 5%, 78 $12 Ui 70) o
BTN 1% 1 H R AT G 3 88 8 DU A 28 H AR R W
IR, J5 22 ] i S5 5 R AR AL T R T AT
o AN, Sk — 2R S B AR IR, ASHE
FELHI NIRRT

125%~75%

320 1 1.51QRMIAYTERE
— l‘L/

M oe I

2a0} * S

o g B

ok 1
WA [ fn [ GF [ upeR [ [ 0
JoKMgSO B =81  NaCl+J/KNa,SO,

Bl 2 QuEChERS FiEHAAHMFASFHEH T BRY
HIEISE (n=3)

Fig.2 Recoveries of the target compounds in the
QuEChERS method with two combinations of

salting-out agents (n=3)
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H AR 0 A WA BEAT 2E— 25 TR Bt ik . % Y
W2 B 5% 62 45 PSA. Cg I f7 58 1k 7k & (GCB) .
PSA # F T RBRIENIRR . M. A HLIR . JE2 A
BE (0325 C g VUL FH 7 IR B 35 5 v 198 SR AR 1 18 53 1
A5 W7 GCB 1 B - 9 3, FF Bk tn 0,
SRS UNNE- i e g s:/ih g B )| g i
it E AR 1) Py B A2 1 T R B T ) R B R 2
FEE, (HAAEEME, GCB M T By EM
Jy s, SRR R, Wang 255 %) 7 Ff
AL BRI 2R AT T He g 44T, B 50 mg Cig.
100 mg Cqg. 200 mg C;g. 25 mg PSA . 50 mg PSA.
25 mg PSA-100 mg C,¢ 1 25 mg PSA-200 mg Cg,
ZELH, NN 25 mg PSA 2355 B-N B lte i
2 1 AR FE AR, 200 mg Cpg HAT R4 19 [l i
A DA RO RS T B3 0 e g
IR, TN 200 mg Cg BY 45 BUK R (60.23% ~
119.88% )L T AIMANIZ B I EEERCR (47.49% ~
153.27%), i B CRMETEE fh2F B ik wiiA A
BF45 R ) (GB/T 27417—2017)" 81k | g [F]
A R 24 Fhdo Ak 28 R 241 .

/%

300
240

PCV
DesATM

180

120

AR A(fh) AR BOIF) B(ff) B(GIH)
TE: AAVR IR B 7R 5l

B 3 QuEChERS 77k R 7% 1 F R I Xt B 474 [ 4 %
BISIE (n=3)

Fig. 3 Effects of the QUuEChERS method with or without

adsorbents on the recoveries of the target

compounds (n=3)
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P [T 038 B AR X bR A 25 (RSD) 91 T 36 5. 45
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2k [ R (R AT 0,99, FJH QUEChERS
IR TR BGR IS 19 LOD T2 LOQ 435124 0.04 ~
3.31 pg/kg F1 0.13 ~ 11.03 pg/kg, MM, FE
PUAEZR B LOD F1 LOQ 5 DIAE i A= WA i v
L 5% BT BT 205 SR R 2 AR T a4 S,
VLA S A B W RO . il e TAER
W R IR VR PR R, UE T T A iR R
R ARG B ARG E AR W0 64 A [0 i
K 60.23% ~ 119.88%, i /&£ (A A& PF 2 L= Mt
J7 AR IE 45 5 ) (GB/T 27417—2017) ™
TR ([RCR YL BN 60% ~ 120%) o 3 4h, AT
TR B RSP RRS 5 A RS (A TEE
b2 B 7 R A RN B8 IR+ 7 ) (GB/T 27417 —
2017) 17 XK 85 B B LR (IR B R ORE % B /N T
30%) .

ghE LA, fii H NaCl f1JG7K Na,SO4 1E A #:
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S H bRt e, AR R EIR . 7R
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Tab.4 Calibration curve with correlation coefﬁcient(Rz), limits of dection(LODs) and limits of quantification(LOQs) of antibiotics and

antibiotic metabolites

2

bt S W i R LOD/ugkg ' LOO/pgkg
PCV y=7471x+538 0.9933 0.73 2.43
DesATM y=5225x+63 0.9994 2.28 7.60
RXM y=15251x-101 0.9994 0.59 1.97
N-dmRXM 1=5074x-155 0.9992 1.85 6.17
TYL 1=2991x-156 0.9979 0.63 2.10
CIP 1=4671x+16743 0.9931 0.16 0.53
ERF y=5507x-621 0.9951 0.45 1.50
OFL 1=59x+2193 0.9904 0.87 2.90
DMCTC y=1412x+737 0.9918 0.81 2.70
DOC 1=3318x-166 0.9910 0.56 1.87
TC »=8350x-379 0.9917 1.90 6.33
4-epiTC 1=10809x-26.60 0.9901 1.33 4.43
MOC y=2235x-8754 0.9979 1.98 6.60
SDZ 1=28405x+201 0.9945 1.20 4.00
SFT 1=13194x+158 0.9992 1.51 5.03
TMP y=5551x+576 0.9927 0.98 3.27
3-dmTMP y=14616x+713 0.9951 0.28 0.93
4-OH-TMP 1=6823x+595 0.9965 2.54 8.47
SQX y=25665x+156 0.9931 1.51 5.03
SCz 1=8824x-146 0.9944 3.31 11.03
SME »=16298x-201 0.9938 0.04 0.13
SFZ ¥=25469x-567 0.9942 1.84 6.13
SMX 1=23424x+408 0.9936 0.10 0.33
SMR y=6113x+11 0.9961 0.28 0.93
TE: yoy FUPRYRE B B A TRI B by A R BE (pg/kg)
x5 PAEZRMEERKREWHNREREREXIRERE 0=3)
Tab.5 Spiked recoveries and RSDs of antibiotics and antibiotic metabolites(n=3)
N Iy W Keifh GMEEEPOLI
PUEE % RSDI% % RSDI% /% RSDI%
PCV 119.88 14.80 99.27 29.65 93.56 25.26
DesATM 91.88 14.93 99.27 20.56 98.36 28.92
RXM 115.44 29.72 118.16 2.95 114.76 6.40
N-dmRXM 83.66 24.01 108.25 29.66 117.25 1.21
TYL 63.09 27.99 65.34 29.37 72.91 29.83
CIP 115.67 0.35 113.35 10.03 90.76 19.04
ERF 117.69 15.77 115.03 27.54 104.63 18.98
OFL 103.69 2.99 115.41 27.32 98.42 25.42
DMCTC 67.89 7.09 83.30 4.73 61.32 5.02
DOC 79.45 8.44 68.65 4.86 61.21 21.67
TC 61.54 27.65 63.37 3.04 69.01 19.72

4-epiTC 61.42 29.11 77.36 17.52 67.43 11.07
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A AR Kigta H FE B X

I/ % RSD/% IR/ % RSD/% B/ % RSD/%

MOC 86.12 26.64 92.49 27.73 104.03 12.05

SDZ 96.97 29.41 84.55 25.89 80.43 29.44

SFT 110.27 19.68 93.21 2534 60.23 2321

TMP 119.33 0.10 117.13 2.26 116.13 2943
3-dmTMP 95.78 4.66 73.05 26.07 71.61 28.05
4-OH-TMP 112.58 10.54 98.59 24.13 113.13 28.38
SQX 115.78 17.31 89.64 25.19 61.10 28.74

Scz 115.26 22.53 95.76 20.12 66.65 22.35

SME 82.16 27.32 119.67 2451 76.99 29.30

SFZ 101.07 27.06 67.03 29.79 60.78 29.42

SMX 113.87 29.01 105.76 20.33 64.66 26.15

SMR 99.05 28.47 83.66 29.23 60.29 29.42

R =P f A 1P B (OFL, 1.04 ~ 148.76 ng/g) . 3 4 it

zﬁﬁ%‘?(mc, 22.20 ~ 63.76 ng/g) . hitf i 7 L mg
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Fig.4 Detection frequency and concentration of typical
antibiotics and their metabolites in benthic samples

from the Bohai Sea
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