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Abstract: Tetracyclines and fluoroquinolones are common antibacterial drugs used in aquacul-

ture, and their residues may pose a risk to human health. The low concentration of drug resi-
dues and complex matrixes such as fats and proteins in aquatic products necessitate the urgent
development of efficient sample pretreatment methods. Solid phase extraction ( SPE) is the
most common sample pretreatment method, in which the core is an adsorbent. Compared with

W7 B :2020-12-24

+ @B R A.E-mail: q_xu68@ 163.com (174 ) ; E-mail : chunminwang@ 163.com( EFR).
ESTHE : HKHARERE4 (81973098).
Foundation item: National Nature Science Foundation of China ( No. 81973098).



e

» VR IE B A2 [ e K T 2 AT H A S A €2 - R I R
% 6 0] R 7K 1 b DB 2 2K A s T T2 2 0 e £ 625 -

traditional SPE adsorbents, nanofiber mat (NFsM) has more interaction sites because of their
large specific surface area. Furthermore, NFsMs modified with specific functional groups can
significantly improve the extraction efficiency of tetracyclines and fluoroquinolones. Polydopam-
ine (PDA) is spontaneously synthesized by the oxidative self-polymerization of dopamine-
hydrochloride in alkaline solutions (pH>7.5). Because of its rich amino and catechol groups,
PDA can form 7-7 stacking, electrostatic attraction, hydrophobic interaction, and hydrogen
bonding interactions with target molecules. By exploiting the above advantages, polystyrene
(PS) NFsM, as a template, was prepared by the electrostatic spinning method, and PDA-PS
NFsM was obtained by functional modification of PDA through self-polymerization. Fourier
transform infrared spectroscopy ( FT-IR) and field-emission scanning electron microscopy
(FESEM ) were used to characterize the synthesized PS NFsM and PDA-PS NFsM. It was
proved that PDA was successfully modified on the PS NFsM, with the SEM images revealing a
rough outer core shell structure and an inner honeycomb structure. Subsequently, the hand-
made SPE column with PDA-PS NFsM was completed. A novel and efficient screening analytical
method based on PDA-PS NFsM for the simultaneous determination of three tetracyclines (tet-
racycline (TET), chlortetracycline (CTC), and oxytetracycline (OTC) ) and three fluoroquin-
olones ( enrofloxacin (ENR), ciprofloxacin ( CIP), and norfloxacin (NOR)) in fish by ultra
performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) was estab-
lished. The SPE procedure was optimized to develop an efficient method for sample prepara-
tion. Evaluate parameters including the amount of NFsM usage, ionic strength, flow rate of the
sample solution, composition of eluent, and breakthrough volume were investigated. Only (20+
0.1) mg of PDA-PS NFsM was sufficient to completely adsorb the targets, and the analytes
retained on NFsM could be eluted by 1 mL of formic acid-ethyl acetate ( containing 20% metha-
nol) (1:99, v/v). The residues were redissolved in 0. 1 mL 10% methanol aqueous solution
containing 0. 2% formic acid. In addition, no adjustment of the pH and ionic strength of the
sample solutions was required, and the breakthrough volume was 50 mL. The limits of detection
(LODs) and limits of quantification (LOQs) of the six target compounds were measured at 3
times and 10 times the signal-to-noise ratio (S/N) , respectively. The LODs and LOQs were 0. 3
-1.5 pg/kg and 1. 0-5.0 png/kg, respectively. The linear ranges of the six target compounds
were LOQ-1000 pg/kg, and the coefficient of determination (R*) was greater than 0. 999. To
evaluate the accuracy and precision, blank spiked samples at three levels (low, medium, and
high) were prepared for the recovery experiments, and each level with six parallel samples (n
=6). The recoveries ranged from 94.37% to 102.82%, with intra-day and inter-day relative
standard deviations of 2. 38% to 8. 06% and 4. 10% to 9. 10%, respectively. To evaluate the puri-
fication capacity of PDA-PS NFsM, the matrix effects before and after SPE were calculated and

compared . Matrix effects before SPE were —12.98% to -38. 68 %. After the completion of SPE
based on PDA-PS NFsM, the matrix effect of each target analyte was significantly reduced to
-2.15% to -7.36%, which proved the significant matrix removal capacity of PDA-PS NFsM.
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Finally, the practicality of this method was evaluated by using it to analyze real samples. This

SPE method based on PDA-PS NFsM is efficient, practical, and environmentally friendly, and it

has great potential for use in the routine monitoring of drug residues in fish.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/

MS) ; solid phase extraction ( SPE) ; polyaniline (PDA); nanofiber mat ( NFsM) ; drug resi-

dues; fish
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Fig. 1 Diagram of handmade SPE cartridge
PDA-PS NFsM: polydopamine-polystyrene nanofiber mat.
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(& 0.2% MR ) Z )5 i1 UPLC-MS/MS #iilll
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KV, A0 B - 350 °C, i 77 AT 800 L/h,
% Bt BIABSE S8R 1,

®1 6 MEFYHRIESH

Table 1 MS/MS parameters of the six target compounds

Compound tp/min Precursor ion (m/z) Product ions (m/z) Collision energies/V Cone voltage/V
Norfloxacin (NOR) 1.68 320.2 302.2%, 276.2, 233.2 21, 16, 25 31
Ciprofloxacin ( CIP) 1.72 332.2 288.2% , 314.2 18, 19 31
Oxytetracycline (OTC) 1.74 461.3 426.3 , 443.3, 201.2 19, 13, 37 26
Enrofloxacin (ENR) 1.78 360.3 316.3", 245.2, 342.1 18, 27, 23 41
Tetracycline (TET) 1.83 445.3 410.2% , 154.1 18, 27 27
Chlortetracycline ( CTC) 2.03 479.3 462.2" | 444.2, 154.1 18, 22, 29 27

* Quantitative ion.
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TR A MO | 43 ) 0 28k T N-H A iR 20 ik
W FFEAMFRIENE C=C BFR R FILR R B
—OHMYMWE I I | 13507 PDA-PS NFsM 41 %} 1 485 1.2
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Fig. 2 FT-IR spectra of PS NFsM and PDA-PS NFsM
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Fig. 3 Field emission-SEM images of (a) PS NFsM
and (b) PDA-PS NFsM

3a), PDA fu 7 T PS NFsM J& i T #-5¢ JE 51 i
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~1.0 g i}, TET 1 OTC K IS A5 R B, i Hofth 4
v E BRI /N g [l 5 3 ] B8 2 T 4% B A
YyXE S T 5 B 1 BBURME R [ 5 24 NaCl [ 38 2 4
1.0~1.5 g i ,6 F H AR 4 Rl 2 258 i 5 5
{ET NaCl ZAns A 0 g i, KA T EAERE S
WS I NaCl,
223 B EIRE R

TEGAIE ISR AR T, & S v] LAga S ik
PHAGEFE], FEAIATRAT LA 1~7 mL/min (497 3 18
1A 20 mg PDA-PS NFsM 1K) SPE /M: %
LA 6 F HARY BISCR 20, WK 4c FiR,
2 1 mL/min 31 % 3 mL/min i ,6 Ff Hfx
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Fig. 4 Effects of (a) mass of adsorbent, (b) ionic strength, (c) flow rates, and (d) eluents on the extraction

efficiencies of the six target compounds (n=4)
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PEVEH R T, AN 5 50 H I P - £ 1R £ TR
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v/v) X6 P HIR IR GE R RE J), 45 SRR, T
W2 24 % pH (B S0, 78 TR T 45 140 I s el
REERE, ZAFZEE, Y HT R-4 %
(7% 20% HIEE) (1:99, v/v) I, 6 Bl HARY) 4 [l i
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FE [ AHAE U, AR SR W B 3k

H b 4 W B 2R 47 3 B A, Y4 AR AS P R st
JITRE I 1) fe KRR i AR R R R 2B R R, A
AR B T SR B AR A, 2K BSR4 i S R

PRI, AR SO S8 W AR AREA T T 25 52, 25 SR &l 5
7N, YRE AR 10~50 mL i 4% H bR i
HI>93% , YA i AR S K 2 60 ~ 70 mL A,
IR A B G A T e, DR AR o G 2R AR B 2
50 mL, ASSCRA 10 mL BRE S, IR B
LN AN NS A TR
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100 1 =
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Fig. 5 Effect of breakthrough volumes on the extraction
efficiencies of the six target compounds (n=6)
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241 L MHEE BHRMEER

#% B9 LOD A1 LOQ 435 LA 3 5 F1 10 £i%
fEMELL (S/N) B By ndsAKSF 3, 255 %W, 6 FH
PR Hr a9 LOD Fl LOQ 435124 0.3 ~ 1.5 pg/kg
F1.0~5.0 png/kg, LOD ik T E F brife! > (e
WillZE LOD; 20 pg/kg, WA EILOD: 50 pg/kg)
FAT VAR (D3R 26 LOD: 50~ 100 pg/kg) ,
PEIRATSC PRI R AR

23 MR 1.3 A TRTAL B 45 3 2 R
VSR, A R ARFR AR B AR T, 15 31 R 51k
(LR VCAC T AR, 7% 1. 4 75 ¥E4T UPLC-MS/MS
G307 LAINAS Y B A 4 0 i AR A AR BR R B
PR s bR, o 2 lbn et 2. 2 B a5
HEMZ LR TG [ o H A 3 Y LOQ ~ 1 000 wg/kg
(90T A B9 MRL 7 1. 5~10 %) , MR R R
U JUE REU(R) ¥R T 0.999( 3 2) .

x2 6 MBERYMLIETEE . LiEHTE R* LOD 71 LOQ

Table 2 Linear ranges, linear equations, coefficient
of determination (R?), LODs and LOQs of
the six target compounds

Linear , LOD/  LOQ/
Compound range/ Linear equation R?
(we/ke) (g/ke) (ng/ke)
TET 2-1000 y=127.02+128.2 0.9991 0.5 2.0
CTC 5-1000 y=120.0x+102.8 0.9999 1.5 5.0
OTC 5-1000 y=208.52x+29.4 0.9993 1.5 5.0
ENR 5-1000 y=201.2x+48.6  0.9997 1.0 5.0
CIP 2-1000 y=144.5x+48.0 0.9995 0.7 2.0
NOR 1-1000 y=176.8x+25.7 0.9998 0.3 1.0

y: peak area; x: spiked level, pg/kg.
242 EHEFEZE

kT VAR T 0 A B FORS 25 E AE A FURE
HII AR MR TR A bR v I T, 2 i A 21K
15 (LOQ.200 F1 1000 pg/kg)3 sk ik
i, BN IARACE R4 6 A TRE(n=6) , &0
BRI b 1.3 90 1. 4 35 gRAT BT AL 3 A0
[FIEFEA 1 d NFIESE 4 d AR P 3 NIRRT
2 HFRY & 2 (9 AR X bR ofE w22 (RSD) 11 H AT H
G R, 25N 3 Fion, 45 B bs4 A AR X [l
K 94.37 ~ 102.82%, H N & H [a] RSD ¥ /hF
10% , A ST ik A B 25 R 5 [ b 1> ATl
B AR G R R 2 AT Y
243 AN

T BEHr PDA-PS NFsM 44 % £ 1A 3 Jo 4 v
L fE s, b T 1A 26 BRURT J5 bRk K (e & b 4%

F 3 Hok&ar 6 MBERYAE KR RSD
Table 3 Recoveries and RSDs of the six target
compounds in fish

Spiked Intra-day (n=6)/% Inter-day (n=4)/%

Compound level/

(pg/kg) Recovery+SD RSD  Recovery+SD RSD

TET 2 102.13+6.17  6.04
200 101.51+4.72  4.65
1000 99.77£2.37  2.38
CTC 5 98.69+7.84 7.94
200 98.94+6.23  6.30
1000 101.24+5.97  5.90
OTC 5 94.37+7.61  8.06
200 95.81+4.92 5.14
1000 98.36+£3.52  3.58
ENR 5 101.63+£7.55 7.43
200 98.23+7.43  7.56
1000 99.58+4.66  4.68
CIP 2 101.37+£6.88  6.79
200 97.28+4.96  5.10
1000 99.79+4.79  4.80
NOR 1 102.82+6.50 6.32
200 98.77+4.35  4.40
1000 100.43+3.96 3.94

96.58+8.79  9.10
98.40+5.18  5.26
100.72+4.49  4.46
101.93+8.16  8.01
97.48+5.76  5.91
98.34+4.76  4.84
97.65+7.37  7.55
98.46+5.91  6.00
99.04+4.06  4.10
102.68+7.96  7.75
94.99+6.08  6.40
96.02+4.97  5.18
95.27+7.93  8.32
96.04+5.12  5.33
97.55+4.28  4.39
95.07+8.35  8.78
98.13+6.21  6.33
100.24+4.96  4.95
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Fig. 6 Extract ion current chromatograms of the six
target compounds
a. spiked fish sample without SPE (50 wg/kg) ; b. spiked fish
sample after SPE (50 pg/kg) ; c. standard solution (50 pg/L).
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Table 4 Comparison of this proposed method with other methods

Dliz;t;?in Adsorbents Llrzejrg/rlz:g )ge/ (i:g/li/g) Recovery/% RSD/% Ref.
LC-MS/MS C18 (50 mg) - 0.1-10 70-120 2.56-17.18 [39]
UPLC-MS/MS C18 (100 mg) 5-100 0.1-10 80.1-124.8 0.87-20.09 [40]
UPLC-MS/MS PSA (200 mg) and C18 (50 mg) 0.2-200 0.1-1.6 81.6-96.6 3.6-9.2 [41]
LC-MS/MS C18 (500 mg) 5-50 0.5-5.0 47-99 4-17 [42]
UPLC-MS/MS PDA-PS NFsM (20 mg) 1-1000 0.3-1.5 94.37-102.82 2.38-9.10 this method

S R A L EA S
2.6 EBREEMRIGT p—

16 D3R K fRE B4 1.3 A5 F0 1.4 45 g 47 R Ak
BRI, BRSO AS 3 AP AT, S5 RERI,3 Ik
b PR T 2R ER I L A RE ARSI 2 ENR FI
CIP, 5% 8 3 51 A7 60. 22 pg/kg Hl 31.90 pg/kg,
32 Oy RS R T TET, 5% 88 5 40 51k 19.41
ng/kg #126.32 ng/kg, KM EFIRME R 16
OYBERRIEAT TR I, 75 2 A AG: 5 B0 S AR K -
ARG R, R T AR SO A S BRI AT AT

3 #ig

A ICK;: PDA 5 NFsM f4E #Ai g &, iF il 1
PDA-PS NFsM #1¥HEN SPE 41 it , PDA-PS NFsM
ARRASASU AT ] B £ J D0 B 2 2HS e i T 21 245 1y %
B, B R S R T B R AP b Re .
57T 3T PDA-PS NFsM 4K SPE # R, 45 &
UPLC-MS/MS, #f & 1 [ if il 52 % 7K 27 PO 36 %K
SHE TER B E AN A RRY R
W0 TrikaE B 5 EE BRI AR SO 1 R
JE MR B RO 4% B 5 1R e AT Mk bR v SOk
PAH Y AR, R A S BRI A SR

[1] RanaM S, LeeSY, Kang HJ, et al. Food Sci Anim Resour,
2019, 39 (5): 687

[2] Wang J, James D M, Jack F K. Chemical Analysis of Antibi-
otic Residues in Food. New York: John Wiley & Sons, Inc.,
2011

[3] Wang HX, Ren L S, Yu X, et al. Food Control, 2017, 80:
217

[4] Ministry of Agriculture. No. 235 Bulletin of the Ministry of
Agriculture of the People’s Republic of China. (2002-12-24)
[2020-12-20]. http :/www.eshian.com/laws/17195.html
OB, AR R ILFNE A T A2 235 5. (2002-12-24)
[2020-12-20]. http ;/www.eshian.com/laws/17195.html

[5] European Union. No. 37/2010 on Pharmacologically Active
Substances and Their Classification Regarding Maximum
Residue Limits in Foodstuffs of Animal Origin. (2009-12-22)
[2020-12-20]. http : / down.foodmate. net/standard/sort/44/
28726.html

[6] US Food and Drug Administration. Code of Federal Regula-
tions-Code of Federal Regulations Title 21 Part 556 Toler-
ances for Residues of New Animal Drugs in Food. (2020-04-
01) [2020-12-20]. https ./ www.accessdata.fda.gov/scripts/
cdrh/ cfdocs/ cfCFR/ CFRSearchcfm?CFRPart=556&showFR = 1

[7] Canada Government. List of Maximum Residue Limits
(MRLs) for Veterinary Drugs in Foods. (2017-08-02) [2020-
12-20]. https:/ www. canada. ca/en/health-canada/services/



£ 632 - @, i 54539 &
drugs-health-products/veterinary-drugs/maximum-residue-li (3/4) . 267
mits-mrls/list-maximum-residue-limits-mrls-veterinary-drugs- [24] Jian N G, Qian L L, Wang C M, et al. J Hazard Mater,

foods.html
United States Department of Agriculture. FSIS National Resi-
due Program Scheduled Sampling Plans. ( 2007-09-25 )
[2020-12-20 ]. https: 7/ www. fsis. usda. gov/wps/wecm/ con-
nect/bba66ce9-5a9f-4f08-bace-b6533b5103e4/2007 _ Blue _
Book.pdf? MOD = AJPERES
Freitas A, Barbosa J, Ramos F. Food Anal Methods, 2015,
9(1): 23
Bousova K, Senyuva H, Mittendorf K. J Chromatogr A,
2013, 1274. 19
SC/T 3015-2002
GB/T 21317-2007
Ministry of Agriculture. Announcement No.1025 of the Min-
istry of Agriculture of the People’ s Republic of China-14-
2008. (2008-04-29) [2020-12-20]. http: 7/ down. foodmate.
net/standard/yulan.php? itemid= 17141
Al w8, AR GRS Ak #1025 5 2 - 14-2008.
(2008-04-29) [ 2020-12-20]. http: / down. foodmate. net/
standard/yulan.php? itemid= 17141
Santos L, Ramos F. Trends Food Sci Technol, 2016, 52.
16
Dickson L C. J Chromatogr B Analyt Technol Biomed Life
Sci, 2014, 967 203
Gbylik M, Posyniak A, Mitrowska K, et al. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess,
2013, 30(6) : 940
Weng R, Sun L S, Jiang L P, et al. Food Anal Methods,
2019, 12(7): 1594
Liu X Y, Tong Y, Zhang L. Food Chem, 2020, 303. 125369
Nasir A N M, Yahaya N, Zain N N M, et al. Food Chem,
2019, 276. 458
Chu L L, Zheng S L, Qu B, et al. Food Chem, 2017, 227.
315
Augusto F, Hantao L. W, Mogollon N G S, et al. TrAC-
Trends Anal Chem, 2013, 43. 14
Chigome S, Torto N. TrAC-Trends Anal Chem, 2012, 38. 21
XuQ, YinXY, WuSY, et al. Microchim Acta, 2010, 168

[42]

2019, 363. 81

Jian N G, Zhao M, Liang S H, et al. J Agric Food Chem,
2019, 67(24) . 6892

Cao WX, Yang BY, Qi F F, et al. J Chromatogr A, 2017,
1491: 16

Cao J K, Jiang Q, Li R X, et al. Talanta, 2019, 204 753
Cao J K, Li R X, Liang S H, et al. Food Chem, 2020; 310
Qian L L, Li R X, Gao H T, et al. J Agric Food Chem,
2018, 66(40) ; 10588

Li X Q, LiuJJ, Qi FF, et al. Chinese Journal of Analytical
Chemistry, 2016, 44(3) . 474

RN, XV, ABAEIE, 5. 4TIk, 2016, 44(3) ; 474
Wang J L, Li B C, Li Z J, et al. Biomaterials, 2014, 35
(27): 7679

Tang S, Zhang H, Lee H K. Anal Chem, 2016, 83(1): 228
Wang X Y, Deng C H. Talanta, 2016, 148. 387

Che D D, Cheng J, JiZY, et al. TrAC-Trends Anal Chem,
2017, 97 1

Chai W B, Wang H J, Zhang Y, et al. Talanta, 2016, 149.
13

Zhang W P, Zhou W, Chen Z L. J Sep Sci, 2014, 37(21):
3110

Chen D, Xu H. Mikrochim Acta, 2019, 187(1) . 57
Hakova M, Havlikova L C, Chvojka J, et al. Mikrochim
Acta, 2019, 186(11): 710

Zhao S Z, Sheng Y G, Zhang Y, et al. Journal of Isotope,
2020, 33(5) . 312

BT, BRI, KEE, AF. FALER, 2020, 33(5) : 312
Liang R J, Li X J, Liang G X. Chemical Enterprise Manage-
ment, 2020, 7(1): 40

LA, 228, GO LT, 2020, 7(1): 40
Zhang G Y, Yang W Q, Lin Z Y. Journal of Fuzhou Univer-
sity ( Natural Science Edition) , 2019, 47(3) ; 424

KR, B TR, MRIR T RN R E IR (A AR,
2019, 47(3) ; 424

Leslie C. J Chromatogr B, 2014, 967 203





