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Determination of 22 antibiotics in marine sediments by online
solid-phase extraction purification-ultra-high performance
liquid chromatography-tandem mass spectrometry
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Abstract: This study developed a novel method for the detection of 22 antibiotics in marine
sediments by integrating online solid-phase extraction (SPE) with ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS). The method was subsequently applied
to the analytical determination of antibiotics in offshore bay sediments. Optimal experimental
conditions were established through systematic optimization of sample extraction and online SPE

parameters. Sediment samples were extracted using an acetonitrile-EDTA/Mcllvaine buffer solution
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(1:1, v/v), diluted with ultrapure water, and then purified and enriched using a large-pore styrene/
divinylbenzene-packed PLRP-S online SPE column. The processed samples were separated on a
Poroshell EC-C18 column (50 mmx2.1 mm, 1.9 pm) and detected in electrospray ionization (ESI)
positive ion mode with multiple reaction monitoring (MRM) acquisition. The entire analytical process
was completed within 14 min. The results showed that the 22 antibiotics showed good linearity in
their respective mass concentration ranges with the correlation coefficients (R*)>0.990 0, the limits
of detection (LODs, S/N=3) were 0.001-0.08 ng/g, and the limits of quantification (LOQs, S/N=10)
were 0.004-0.4 ng/g. The spiked recoveries of the 22 antibiotics under three spiked levels (low,
medium and high) were 45.1%—145.6% with the relative standard deviations (RSDs)<14%. The method
was used to detect antibiotics in winter and summer sediment samples from Shandong Sishili Bay
offshore. The results showed that a total of 19 antibiotics from five classes were detected in nine
summer sediment samples, with the contents ranging from 0.01 to 34.64 ng/g; and oxytetracycline
exhibited the highest detection level. A total of 20 antibiotics from five classes were detected in 10
winter sediment samples, with the contents ranging from 0.004-19.11 ng/g; and ofloxacin showed
the highest detection level. Compared with the commonly used offline SPE method, this method
greatly simplifies the sample purification process and provides a simple and effective method for
the routine detection of common antibiotics in marine sediments.

Key words: online solid-phase extraction (SPE) ; ultra-high performance liquid chromatography-

tandem mass spectrometry (UHPLC-MS/MS); sediments; antibiotics; Sishili Bay
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57 2% N bR 3% W (100 mg/L) , 3 2 F B 2 50
pg/L, T 4 CF#OCI-AE
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T E JE R SRR T B ML AT R T AL
BRI AR S AT BB 3R 5 80 H i, F-20 T
MR
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Fig.1 Location map of the sampling stations at
Sishili Bay
Location map was drawn by Surferl3 software. S1-

121.6°E

S10 represented 10 sampling stations.

BT 50 mL B0 T, mA 100 pL N AR IR A % )
(50 wg/L) , FEIA 4 mL £ BU# 7 ( Z 15 -EDTA/Mc-
Ilvaine ZZ WA (1:1,v/v) ), IR BEIR 2 J5 FH A8 75 4
B4 H 20 min, 7£ 10 000 r/min F & .0 10 min, Jf
Sy RV 25 O B UTIE 4RSI A 2 mL
Z 5 -EDTA/Mcllvaine 28 i (1:1,v/v) 3% B8 -
WAL BRE IR A IR A N EIE W, 2
B2 0.22 pm A HLUE B ; BB 100 WL, H#
i KF B2 1 mL, % A UHPLC £, T-20 CF
PRAFRF I

1.4 7% SPE-UHPLC-MS/MS %14

1.4.1 7% SPE 4

KL RALE OB/ 20 5 R
PLRP-S #F (12.5 mmx2.1 mm, 15 pm) 1 K 7F £k
SPE #F , #EFEA L Ry 200 pL. 7E4 SPE #:/E
R (R RIS 43T ) X R 1 7 38 1 D) s R
WE 2 Fi7R. M0 105 6 A% e, i
VU oG 4 0 #5003 AR | F R b ik R 7R 2k SPE A I,
AT B ARG W 0L s 5 5 Ak 5 2 S R ) 4
F 15 2 A AH G B, B o0 S Rk R B AR
wHTE SPE A E iy B bRk & W I b 2 53 B A ik 47
Gy B HE A BT HEAT R
1.4.2 UHPLC-MS/MS 4 %

43 # 4% : Poroshell 120 EC-C18 (50 mmx2.1
mm, 1.9 um, 3% [{ Agilent /A 7)) ;#E96 :25 C. PUIC
H A A, :0.1% R /KW (7 2.5 mmol/L Z iR
B ) i sh A B BB i 1 mL/ming TR
WA A,:0.1% HRR KW (5 2.5 mmoV/L £ g 4%
VW) DS A B,: O L W 0.3 mL/min. B B VR
MR P IR 1 iR .
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Step 1: sample loading Quaternary Step 2: elution and analysis
Waste pump
Purify
column
Quaternary
pump
Binary. — —> MS
pump Analytical Analytical
column column
SPE column SPE column

B2 #EZSPEXNBHRVRREE

Fig. 2 Schematic diagram of online SPE six-way valve switching

BT W B (ESD R, E B TR K TN IR EE 300 C; #5011 L/min, T4
WA X . 22 B Ry W (MRM) 5 W% %% I 241 kPa i 7 L/min, 22 Ff H ke 4= & K& 8 F [l {7 %
(N,); BAIAY HLJE : 4 000 V; 855 (N,) IR . 340 C, DAL AR 118 A B D) R 5 33 2 0 36 2 TR .

®1 BERBEF

Table 1 Gradient elution procedure

Quaternary pump Binary pump

Time/min Flow rate/ Six—w.ay Yalve Flow rate/
o(A)/% ©(B,)/% (mL/min) switching Time/min o(A)/% ©(B,)/% (mL/min)

0 98 2 1 1-6 0 90 10 0.3

2 98 2 1 1-2 2 90 10 0.3

3 20 80 1 1-2 5 77 23 0.3

6 20 80 1 1-2 8 40 60 0.3

7 98 2 1 1-2 9 0 100 0.3

9 98 2 1 1-6 11 0 100 0.3

12 98 2 1 1-6 12 90 10 0.3

A,: 0.1% formic acid aqueous solution (containing 2.5 mmol/L ammonium acetate solution) ; B,: methanol; A,: 0.1% formic acid
aqueous solution (containing 2.5 mmol/L ammonium acetate solution) ; B,: acetonitrile.

®2 2MBARRERRSHEMNIARNRENERERIESH

Table 2 Retention times and MS parameters of the 22 target antibiotics and eight isotopic internal standards

Compound Molecular formula r:fl/n Prec(unrls/;)r) ion PrO((i’lylnc/tZi)ons Fr?;g;r/l‘;en— CEs/eV irtlatzl(r;;?ld
Sulfadiazine (SDZ) C,,H,N,0,8 3.467  2509[M+H]*  155.9, 92.1° 100 13, 33 /
Sulfathiazole (STZ) C,H,N,0,S, 3.661  256.0[M+H]*  92.0, 156.0° 105 13,29 /
Sulfamerazine (SMR) C,H,,N,0,S 3.796  265.0(M+H]*  156.0, 92.0° 115 17, 33 /
Trimethoprim (TMP) C,,H,N,0, 3.872  291.3[M+H]"  123.1, 230.1" 145 26, 17 /
Oxytetracycline (OTC) C,,H,,N,0, 4.072  461.2[M+H]*  443.0, 426.17 115 11, 21 /
Norfloxacin (NOR) C,H,FN,0, 4123 320.0[M+H]"  276.1, 302.1" 130 17,25 NOR-D5
Fleroxacin (FLE) C,,H,F,N,0, 4133 370.1[M+H]"  268.9, 326.0" 130 24,20 FLE-D3
Ofloxacin (OFL) C,H,,FN.0, 4135 362.0[M+H]"  261.0, 318.1" 140 29,21  OFL-D3
Sulfamethazine (SMZ) C,H,N,0,8 4.184  278.9[M+H]"  92.0, 185.9° 120 33,17 /
Pefloxacin (PEF) C,,H,,FN,0, 4218 3342[M+H]"  233.1,290.1" 130 28,16  PEF-D5
Ciprofloxacin (CIP) C,,H,FN,0, 4238 332.1[M+H]"  314.1, 231.0° 130 21,49  CIP-D8
Tetracycline (TET) C,,H,,N,0, 4385  4452[M+H]"  154.0, 410.17 120 22,20 /
Lomefloxacin (LMX) C,,H,F,N,0, 4391 352.1[M+H]"  308.1, 265.1" 130 18,25 LMX-DS
Enrofloxacin (ENR) C,,H,,FN,0, 4.584  360.1[M+H]"  342.1, 316.1" 130 25,21 ENR-D5
Difloxacin (DFH) C,H,F,N,0,-HCl 5.136  400.1[M+H]"  299.1, 382.1" 135 30,20 DFH-D3
Sulfamethoxazole (SMX) C,,H,,N,0,S 5462  254.0[M+H]'  155.9, 92.0° 104 17, 29 /

Florfenicol (FF) C,H,,CLFNO,S 5489 375.0[M+NH,]* 340.0, 241.0" 105 14, 25 /
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Table 2 (Continued)

Compound Molecular formula r:fl/n Prec(uyzs/;)r) on PrO((i’lylnc/tzi)ons Fr?f;;fn_ CEs/eV irt:zg;?ld
Chlortetracycline (CTC) C,,H,,CIN,0, 5582 479.1[M+H]"  462.0, 444.0" 135 16, 22 /
Erythromycin (ERY) C,H,NO,, 6.522  734.4[M+H]"  576.3, 158.0" 155 17,29 /
Dehydrated erythromycin (ERY-H,0) C,,H,NO,, 6.876  716.4[M+H]" 5584, 158.1 150 25,9 /
Clarithromycin (CTM) C,H,NO, 7.084  748.4[M+H]"  590.3, 158.0" 165 21,29 /
Roxithromycin (ROX) C,H,\N,0,, 7.153  837.4[M+H]" 5583, 679.3 170 25, 21 /
NOR-D5 C,H,,D,FN,0, 4123 325.1[M+H]" 307.1° 130 25
FLE-D3 C,H/D,F.N,O, 4133 373.1[M+H]" 269.1, 329.2" 130 30, 20
OFL-D3 CH,DFNO, 4134 3651[M+H]* 261.1,321.1" 130 30, 21
CIP-DS C.H,DDFNO, 4197 340.1[M+H]* 296.1,322.1" 130 20, 30
PEF-D5 C,HDJFN,O, 4198 339.1[M+H]" 2951, 321.1" 130 19, 22
LMX-D5 C,H,D,F,N,O, 4371 357.1[M+H]" 313.1, 270.1" 130 18, 25
ENR-D5 C,H ,DFNO, 4582 365.1[M+H]" 321.1* 130 21
DFH-D3 C,H,[D,F,N,0,-HCl 5.135 403.1[M+H]" 299.1, 385.2" 135 33,23

CEs: collision energies; *: quantitative ion; #: both qualitative and quantitative ions.
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Mcllvaine 2% Wi (1:1,v/v) B2 -F7 68 R 28 wh i
W(1:1,viv) O -BERER G MR W (1:1,viv) (LI
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2 -EDTA/Mcllvaine 2% i Wik 4 A %58 4 1 42 B
RO s X T sl W Ry E R OG- IR % 0PI TR
fl 2 i -EDTA/Mcllvaine 2% M i T A9 $2 BURCR 55
I {5 Z i -EDTA/Mcllvaine 2% % i 0 32 031
B X RS 2, O HE-EDTA/Mcllvaine
% iR W AR BOSCR B i SRR B SR A Ak
£ 2 i -EDTA/Mcllvaine 2% thiS W (1: 1, viv) 1E N
PEHAE R . B HLAERS # S T — R 00 K RN
Wy rp 14 Fpyo A R AR 5 v 76w AL IR
1% 77 1 R BE % F & 5 -EDTA/Mcllvaine 2% b ¥
(121, v VR DU Y b A= 22 0 R B0 7], 5 AR A
R R —5.
2.1.2 RERBEHM® A

7 A B IR A B S LR B4 T ANl 4R
BB 22 Fh B ARG & W) S BOBCR 2 . 5 4
BT RAR G, Y P2 OB 2 R, K280 H dnfk
G a0 T AR A T R T AR U B 3 IR
BF, RKE 4> H bR Ak A P 0 e 1 AR R A B Tt . BT
5,00 T 5 B R 25 4t 4= & (CIP.DFH. FLE .
LMX #1 NOR), 4& i 3 Y i iy g i AR b B2 B 1.2 Ik
W43 BT 9.3%~17.1% F1 9.4%~20.0%; Xf T 4
Ff K 8 9 fis 28 1 4= & (CTM. ERY. ERY-H,0 A
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ROX) , & B 3 Wi iy g 1 AR EE 42 L 1.2 W 4 5]
BAN T 1.7%~19.3% F1 9.9%~14.3%; %f T 3 F pU ¥
F KPP E(CTC,OTC M TET) , 5 3 Ui iy i
T AR L B 1.2 YRS g Bl 5 T 22.5%~40.8% Fil
18.0%~27.5%; X} F 5 Fi fiff i 2 bt /E % (SDZ . SMR
SMX .SMZ F1 TMP) , £& HU 3 ¥ if iy 0 17 FH L 42 B
1.2 20 B3I T 9.6%~23.0% Fl 7.1%~21.9%.
AN XF T 2 s i S 142 2 (ENR #il OFL) 1 1
P8 R AR PiA Z (FF) , 32 B B0 4 BURLCR 52
AKX T 1 Fhvds s B 2K e 2k R (PEF) A1 sk il
KPR (STZ)  $E B 2 R RCR i i o X F U 2R
FRPUER, KR A5 Hrh a2 g
FEA T2 B ok O R R B DR O R B 3 YR 0 T
BB W e 2 o 45 1, AR BF 5T BE £ 2 B 8K
H 3

2.2 7% SPE &40tk

2.2.1 % SPE BW%#

AT UTB YRR S B SR RO B AR R AR
SPE H: X F B A 3 B 2L A R 5 RE AL B ARk
G EXCEZ, HEG, T & E MG IREFE &
i A= £ #9 SPE #: 26 £ 4 PLRP-S #H:' 'HLB
FEPSRT C18 FEAE . ARMFGE LA 22 Pt A= R IR G Ar i
(1 pg/L) I AR/ I H8 bR, B 48T 4 FiiE
2k SPE ## (PLRP-S ##(12.5 mmx2.1 mm, 15 pm) .
PLRP-S #1:(12.5 mmx4.6 mm, 15 um) .HLB £ (20
mmx3.0 mm, 5 pm) Al STC-C18 £ (12.5 mmx4.6
mm,5 pm) )X} 22 F ARk W) I IE L s R

ST 2E LR 4 B SPE A3 BEAS W] B2 B 4R 4T
A2 H STC-C18 HEXT LA EHi A 2 & EROR
P T HAtb 3  SPE 4 ; PLRP-S #: (12.5 mmx4.6
mm, 15 pm) X 5 Ff fiff iz 2 P 4= £ (SDZ. SMR,
SMX .SMZ F1 STZ) F 3 F U ¥ & 2414 & (CTC.
OTC.TET) i) & 4 %% W] B Ik T PLRP-S 4 (12.5
mmx2.1 mm, 15 pm) #1 HLB #f ; PLRP-S # (12.5
mmx2.1 mm, 15 pm)F1 HLB A %F K 433048 E 1Y
AR R M 2 R KL, {2 PLRP-S A (12.5 mmx2.1
mm, 15 pm) %f PEF.SMR.,SMZ #il TET f¥ & % %%
F U W& T HLB A . #{kkFE , PLRP-S £ (12.5
mmx2.1 mm;, 15 pm) X K5 P A R 0 &= L
A 26 Axel %57 [5] #£ % ] PLRP-S £ (12.5
mmx2.1 mm, 15 pm) B FEZk SPE #, & T —
FlfE 4 SPE-LC-MS/MS & FH T/ M1 K FR g (1) 17
PR 2. 28 BTk AR B 58 1 £ PLRP-S £ (12.5

mmx2.1 mm, 15 um){E RN TEZ SPE 1, Hl T 22 #f
AERNELEE ST,
2.2.2 4B EE S AR B A R b

YR il 1 VR A D DT S DA HE R 2 i 2 B AE £
SPE #EI} , WARIEAEL SPE #:xF Hbrib & W 5z A
R 4R DU T AR B ) BR (0~2 min) J#R I 3 AR 7 L
AR S VEMLRE Ty o T, A S DU T AR A
UG M B A A AT LAk . ASBIESE DL 22 Bl A
FIR A AR W (1 pg/L) (Y € 3% 0 T A1 2% 4245
b, BF9E T 3 RPN [E] L 91 (98:2.96.5:3.5.95:5) Y
BRI w3 M (A 0.1% FBR K W W (& 2.5
mmol/L & R4V W) , B,: B ) X H #r b & W 78
SPE i SRACR 152 . 45 KRR 4 3 A AN IR
WU IR sh A EL ), 22 Fhbo A R I RE 5 4 R
FAE SPE A b s (A58 & B, X4 90 IR Jn 2 3 3h A A4
FUL A 95:5 I, SDZ F1 STZ () {5 3% 4 I b 75 I Jé
S 5 7 55 Wi Fh ) U6 U sh A EE 1 (98:2 il 96.5:3.5)
T, 22 Fhb Az 2R A R G 1 AR 25 R K (A S W) 4R
WA AR R EE Ry 98: 2 BF, A B L 1 b A R Y a3

UG T ARG v — 6 HE TR AR B X FR . L, AR
B 5 45 VU JT 25 A9 90 4 o0 2808 3l AR B 9 15 7 Dl 9812,

TERAL LI 56T, 22 F B AR bt A= Z 19 MRM 43
KL 3,
23 HEFEER
2.3.1 HERB M

PLas FUTRR R i R R T, #e 1.3.2 1 5 Tk i
AT AL B 28 1 5 4 BB e ) R 4 o e R R Y
%ﬁ%@ﬁa{mnﬁ/@{ﬁﬁi [Fi) Fsf i o A ) o ¥k B

A TR B br HE VS W o AR E SCIR [29 ] J7 R VE M 2
ﬁw (ME), Bl ME=(A,-A,)/Ax100%., H:f A,
Sk 3 VG VR A ﬁ/ﬁ{ﬁ& ) U T L, A, #w%:?ﬂum.
i E 78 R W TR . 24 IMEI<20% B, 5 5 R4
Z s A3 5 24 20%<IMEI<50% Hﬂ‘,%mﬁf*#&f;
() 3 i R N 5 24 IMEI>50% s, 38 7R 47 16 55 50 1 56
RN o SR WoR 22 B B ARG A W) B AR A R AR
() & i &% % . o f, ERY. ERY-H,0.FF, OTC.
SDZ .SMR .SMX .SMZ .STZ .TET ix 10 fitb-& ¥ 1Y
FE RN B, Ho gy H AR AR G W i S T AL 35 R v
SRR AR . DRI, AR 9256 SR FH 2 T DC VR G A
TV WA S B DU R W AR b B B AR R SR AT E
7 o
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Fig.3 MRM chromatogram of the mixed standard solution of the 22 antibiotics (1 pg/L)
Peak identifications: 1. SDZ; 2. STZ; 3. SMR; 4. TMP; 5. OTC; 6. NOR; 7. FLE; 8. OFL; 9. SMZ; 10. PEF; 11. CIP; 12. TET; 13.
LMX; 14. ENR; 15. DFH; 16. SMX; 17. FF; 18. CTC; 19. ERY; 20. ERY-H,O; 21. CTM; 22. ROX.

R E(0.5.1,2.4.5,7.5.10.25 ng/L) fiY 3 Ji IT fid
TR B A 1 7 W CON AR I B VR B 35 Ok 5 ng/L) |, Hop
CTC.OTC #1 TET #y 5z it e B S HRHT A= R A 10
o DA BT Ve B8 3 ey o Uk AR IR A, LA
W v IS R R AR e B, HRPUAER
KRR E B . T 8 R ER S £, U H
Pk & W Y o TR O B AR AR (X, ng/L) , HARfL &
W15 XF R AR 9 E R 0 TR L O O Ak AR
(Y), 2 AR L B b o 1 2 5 %0 7 HoAl 14 i =
PLH AR A6 A 0 00 5T v B S i A AR (e, ng/L) L H bR
b5 9 1 5 1 0 TR R DN A A (y ), 22 AR
MIbR e £ . 45 R 3 FoR, 22 R HARME S W 1E
FHEHMP TR N LR R, R
(R*)¥>0.990 0. 43 %ILL 3 £5 1 10 £515 M H (S/N)
P % LOD fisE & R (LOQ) , 22 Ffl HAxfb & W1 19
LOD 4 0.001~0.08 ng/g,LOQ & 0.004~0.4 ng/g.
233 EREEHFE

R T P ST A TR R MEAR R AT G L 3
RO S D) 1B 7 1 R G A [ el S RV T 528 7/ = ST RN
JAE B 3 AN KFE(1.5.25 ng/g) (1 22 Rt A &
IRAPRER W, Hodp CTC.OTC Ml TET 89 s K
FHAPUERR 1065, % 1.3 3 5 ik AT A Ab B
BEAFESCOTAT AR BE 3 03, 1 bR [0SR F0AH X A
W22 (RSD) o &5 R UK 4 i 76 1 ng/g kR K
L 22 R AR R A R EE Y 45.1%~142.1%, H
5 Ff g 35 B 25 bt 2k & (CIP, FLE ., LMX., NOR Al
OFL) ) [ it 2 551K (#47 <60% ) , 7] RE & K R L AL W)
Xof W s IR RS A0 A R W B A s, EL AR K P IR

R3I R2HERUEYHRMETERE . RMEFREEXRE QR H R
EER

Table 3 Linear ranges, linear equations, correlation coef-
ficients (R?*) , LODs and LOQs of the 22 target
compounds

Com- Mnmear . ,  LOD/ LOW/
pound range/ Linear equation R° (ng/g) (ng/g)
(ng/L)

SDZ 0.5-25  y=459.71x+0.33 0.9970  0.04 0.08
STZ 0.5-25  y=592.93x+18.43  0.9946  0.02 0.04
SMR  0.5-25  y=586.292-22.08 0.9934  0.04 0.08
TMP  0.5-25 y=1051.102-29.21 0.9986  0.04 0.4
OTC 5-250 ¥=695.392-450.82  0.9937  0.04 0.16
NOR 4-25 Y=165.16X-1.27 0.9927  0.004 0.04
FLE 2-25 Y=615.94X-99.01 0.9944  0.004 0.08
OFL 1-25 Y=754.94X+146.03 0.9945  0.02 0.08
SMZ 0.5-25  y=201.04x-17.27 0.9940  0.04 0.08
PEF 2-25 Y=126.27X-9.86 0.9900  0.02 0.08
CIP 2-25 Y=105.57X+1.52 0.9947  0.04 0.08
TET 5-250 y=126.412x+11.38  0.9941 0.08 0.16
LMX  0.5-25 ¥=205.93X-43.79  0.9910 0.004 0.04
ENR 1-25 Y=666.73X+98.76  0.9922  0.02 0.04
DFH  0.5-25 Y=375.66X+30.04  0.9990 0.004 0.04
SMX  0.5-25  y=439.94x+7.33 0.9992  0.004 0.08
FF 0.5-25 ¥=98.61x+16.18  0.9964 0.002  0.004
CTC  40-250 y=49.53x-16.87 0.9911  0.04 0.4
ERY 0.5-25  y=392.43x+18.37  0.9992 0.002 0.004
ERY-

H.0 0.5-25 y=469.58x+15.03  0.9973 0.001  0.004
CTM  0.5-25 y=578.8lx+11.37  0.9972 0.001 0.004
ROX  0.5-25 Y=69.512+2.66 0.9939  0.002  0.004

Y. peak area ratio of the target compound to the correspond-
ing internal standard; y: peak area of the target compound; X

and x: mass concentration, ng/L.
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Table 4 Recoveries and precisions of the 22 antibiotics
in blank sediment samples under low, medium
and high spiked levels (n=3)

Com. 1 ng/g 5 ng/g 25 ng/g
pound Recov- RSD/ Recov- RSD/ Recov- RSD/
ery/% % ery/% % ery/% %
SDZ 139.1 9.5 143.3 34 132.2 2.0
STZ 61.4 7.7 128.5 2.9 123.1 1.5
SMR 132.3 5.0 139.0 3.8 127.7 0.8
TMP 94.1 7.7 100.5 2.7 102.7 1.5
OTC 117.0 7.0 121.5 6.0 103.8 5.1
NOR 45.2 2.9 98.6 4.6 103.2 3.1
FLE 49.8 5.7 99.6 4.8 102.4 3.2
OFL 57.7 13.6 99.2 6.5 110.0 6.6
SMZ 131.3 6.0 138.5 2.6 133.4 2.3
PEF 91.1 10.6 97.1 2.6 128.2 0.7
CIP 45.1 12.2 89.2 6.2 96.2 3.7
TET 107.7 3.0 107.0 5.7 99.1 3.3
LMX 52.3 7.9 99.0 4.8 102.8 1.4
ENR 62.0 6.3 98.1 4.2 102.3 3.0
DFH 65.2 4.8 99.0 2.1 101.2 2.9
SMX 140.0 13.4 145.6 3.9 138.4 2.7
FF 123.3 13.7 139.7 4.0 97.2 1.4
CTC 67.6 5.9 82.8 12.2 83.5 11.9
ERY 119.4 12.5 117.9 3.0 105.1 1.4
ERY-H,
0 142.1 8.6 145.6 4.6 137.5 2.2
CTM 138.0 12.6 138.2 3.7 125.7 3.0
ROX 122.8 12.7 140.5 5.1 125.7 2.2

SFEGX LR PUA FRBUR T4 . fE 5 ng/g bR K
PR L 22 R AR R A IR 82.8%~145.6%; TE 25
ng/g MR K, 22 bt A & A9 10k 30 83.5%~
138.4%, A7 kRS A AU % 22 Fhid: R B %
& R 4f (RSD<14%) , i FH T 52 brofg 7 D0 AL o 22
P A 2 A
2.4 Fiktkexd

Vg T 7 1k 5 A SCHER T VR AT AR, A5 R DL

5. SCHkH B L SPE i — oK DU RE
HL 32 SO 5 B 2 300~350 mL, L 3~6 mL/min 9 i
Mt B4k SPE A i A 7 ik W 4 g T X — B8R B
TC e AW S IS A R R AR AT 1 A AL
], a0 73R I R S B AR R 0 R AR s I Ah AR
J7 ¥ WY TE Sk SPE A ] 8 & il F, FEAR T 4 M AR .
B 1 22 A6, AR 5 i 8 Tl g 23R 55 Al SR A Y
{H LOD HI LOQ TEAR, AW A J5 vk B R4 1y R
JERIAE 9% B Re e W R TR b 22 R A R
(18 5 8 G R
2.5 EEREFENRYERNE

LT BIr g 3 0 1 AR Ve DY FLVS B 2R RN
A BULRYIFE S P A R L 3 1.3 Tk AT A
i (SR A 5 R I, 4% 1.4 5 5 ik EAT7E 2 SPE ik
WA, Z IR I E S R L 6. MU HLYE
HEFURY IR 5 25 19 My 2, K & i
JE IR 0.01~34.64 ng/g, V&8 0.01~6.31 ng/g,
M RN 0.12~56.83 ng/g; & LAY LG 5
2620 FhAE R ARG S VS F DY 0.004~19.11 ng/g,
S i 0.01~2.62 ng/g, M E N 0.05~26.24
ng/g. X T REZHGARME, EFTORD ik
Zk S P E S TAEIRY XS E
ZRWIKFHME ST P EZ MR NA
Ko OTC J& MU -1 HL v 5 2% F A Z= URR W) A it o 5L
TR ENIIAE R S5 DA X A X 38 R
YIF RS OTC 76 U -+ B 5 = U0 b
(14 SF- 353 F5 a2 v 1 o A = A U b X O 2
4.80 ng/g)" FN My L RS M X (F ) & E N
137.101 ng/kg) "™, {H AL T 7 65 165 iz V5 b X (735
oM 811 ng/g) o M T R E AL AR VS i Sk
PSRV T B AR 3 VR I A X AR A v R
F AR, DO BYE A PRUTRR Y oA
Pt E R R L H S 5T H &R T K.
25 bR AE W AR T DO B B ZE A R DT

RS AFEEXHAENLR

Table 5 Comparison between this method and literature methods

Sample Pretreatment Volume®/mL LOD/(ng/g) LOQ/(ng/g) Recovery/% Ref.
Sediment UAE-offline SPE 350 0.01-0.45 40-127 [16]
Sediment ASE-offline SPE 300 0.034-0.396 67.8-109.8 [17]
Sediment UAE-offline SPE 300 0.0055-0.716 56.4-110 [30]
Sediment MAE-offline SPE 0.1-3.8 0.3-9.0 >60 [31]
Sediment UAE-online SPE 0.2 0.001-0.08 0.004-0.4 45.1-145.6 this method

a: the injection volume of the SPE column; UAE: ultrasound assisted extraction; ASE: accelerated solvent extraction; MAE:

microwave assisted extraction; -: not mentioned.
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Table 6 Detection results of the 22 antibiotics in summer and winter sediment samples in the Shandong Sishili Bay

®6 LFREBEN+EZEEMEERRYERP22MREINREER

ng/g

Summer sediments (n=9)

Winter sediments (n=10)

Compound
Content range Average content Total content Content range Average content Total content

SDZ ND-0.27 0.05 0.41 ND-0.09 0.03 0.29
STZ 0.02-1.72 0.31 2.76 ND-0.35 0.09 0.89
SMR ND-0.06 0.01 0.13 ND-0.03 0.01 0.13
TMP 0.07-2.00 0.32 2.88 0.06-0.12 0.09 0.88
OTC 2.66-34.64 6.31 56.83 ND-4.34 2.62 26.24
NOR 0.56-1.44 0.88 7.94 0.18-1.08 0.59 5.86

FLE ND / ND / /
OFL 0.24-5.73 2.68 24.13 ND-19.11 2.52 25.20
SMZ ND-1.06 0.14 1.24 ND-1.67 0.28 2.83

PEF ND / ND / /
CIP 0.89-3.15 1.83 16.51 0.74-2.59 1.80 18.04
TET ND-3.27 0.43 3.91 ND-0.78 0.18 1.77
LMX ND / ND-0.13 0.02 0.20
ENR ND-0.45 0.20 1.77 ND-0.40 0.15 1.46
DFH ND-0.08 0.04 0.32 ND-0.04 0.01 0.07
SMX ND-<LOQ 0.01 0.12 ND-<LOQ 0.01 0.05
FF 0.05-3.33 0.63 5.67 <LOQ-2.29 0.93 9.33
CTC ND-2.32 0.26 2.32 ND-2.13 0.59 5.94
ERY 0.01-0.44 0.07 0.63 0.004-0.16 0.07 0.69
ERY-H,O 0.04-0.70 0.13 1.20 0.06-0.52 0.14 1.42
CTM 0.04-0.28 0.09 0.84 0.04-0.29 0.11 1.06
ROX 0.17-0.49 0.28 2.53 0.16-0.61 0.32 3.18

ND: not detected.

PR ah R 2 A PR R R B DU
BT 2R BRI TR AR XU 5 2k — 25 DA

3

it

ST T AE 4 SPE 4k -UHPLC-MS/MS H.

F2 00 7 I BORR W oh 22 R AR R AR O ik JF
B R 127 15 8 T L0 AR G 9 DY - L A A
FUCRY P PUERBME . 2Tk B A BRI R
R RIS 35 2 BB 808 0% ARG DN VA 8 DLAR ) b DL Y
PUAE R T N I LA T pe AR B HR I T
PESE AR T A FORSHE
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