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Simultaneous Analysis of Prohibited Antibiotics (Fluoroquinolones) in
Seawater and Effluents Released by Aquaculture Using LC-MS/MS

Mikyoung Lee, In-Seok Lee!, Minkyu Choi, Sunggyu Lee* and Won-Chan Lee

Division of Marine Environment Research, National Institute of Fisheries Science (NIFS), Busan 46083, Republic of Korea
"West Sea Fisheries Research Institute, National Institute of Fisheries Science (NIFS), Incheon 22383, Republic of Korea

A simultaneous analytical method was developed and validated for the analysis of prohibited fluoroquinolone (FQ)
antibiotics including norfloxacin, ofloxacin, and pefloxacin, released by aquaculture in seawater and effluents. The
samples were filtered, and extracts were obtained using a solid phase extraction cartridge with methanol (MeOH).
The extracts were concentrated, and analyzed using ultra-performance liquid chromatography-tandem mass spec-
trometry. Two different columns and four different mobile phases were compared to achieve optimal separation and
sensitivity for target compounds. Typical validation parameters including linearity, recovery of surrogate standard,
instrument detection limit (IDL), limit of quantification (LOQ), and method detection limit (MDL) were evaluated.
The linearity of calibration curves was over 0.999. Recoveries of surrogate ranged from 87.6% to 113%. The LOQ
of target compounds was approximately 3—8 times lower than those reported in previous studies. The IDL and MDL
were 0.06-0.57 and 0.06-0.37 ng/L, respectively. Seven effluent samples collected from an aquaculture located in
Jeju were analyzed; however, not all target compounds were detected in the samples, suggesting that the banned an-
tibiotics were not used. Overall, this established method was able to simultaneously analyze the three FQ antibiotics,
and may be useful for monitoring prohibited antibiotics in the fishery industry.
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o]ek3Z(pharmaceuticals) Q17F Ei= F- A1 5
Skl SAS stsl] 1 ARE-E AL Qo A7to] of
17}9} 1:1301 = z\,q ou]A}oLJ [=1n= TFE7 ﬂ@]—;}oﬂ
2} oo AR ol A&A om SUksHHA 8 T oofE
2o gigt 9= Z718kal Qlok(Nakata et al., 2005; Adeleye
etal., 2022). thF29] OJoFaE-2 /405 HaL Qlof e oA 9]
T o] W2 Ao g 7heE At o2 ARuto] A (eryth-
romycin), SIHIT}=(fenbendazole), Z2}A] el (praziquantel),
7ahalA) H (carbamazepine), 3= EF]E (crotamiton) 5 U5

o % 2ajr} @ Ho] #7 ol WRs}
Al =3, A= 717l A e A agk 5o A2 Q1 FE
Z8& 4= Qlth(Daughton and Ternes, 1999). ]2t 52} %—
T Skl pARFA] s ol A Aol Qe T ol /=
A 7R 7F Do AU AlgE 739 A HALR o]0 2] 7] uf
0] 012 ofel] 917 RIS L ook A2 271
3t Aot} E2F 22 =24 (fluoroquinolones, FQs) 3HAY
A= AlA A1 s o] 17%E ZFA| 8= Al fIA = 2 84 1
FOR, Z44ed 9 17b0] A Sl U AL A
o]th(Schwarzenbach et al., 2006; Van Doorslaer et al., 2014)
FQs A= FHAT S avtel A=A WoflAf 4
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7FFot Al d A o] A o thsl ul9- A bAoA = A
BEfo] gkow, tj2Ql MR = 2EF A (norfloxacin,
NOFX), &5 A (ofloxacin, OFX), &5 A (pefloxacin,
PEFX)©] 3lthi(Moreales-Mufioz et al., 2004; Table 1). o] 5
NOFXo] 7 WA ] AFoJokgetd g o e K 57} vt
of Al =] 1L, o] % OFX, PEFX 5] FQs &A1 7} 71 =] of
FERoJoFE o 2 AR E| QI TH(Koga et al., 1980; Heo et al.,
1998). 121} FQs 2841 9] 74 & F2H8-2 w2 84 U
At EA 02 Qe YA W1 B E A A 91 7k
A o] oF7| & %1 ™ (Lunestad, 1992; Kiimmerer, 2009), X| <24
O & 2y 79 A ZH et op et e 54 gk
frdste] FAFFECIY olFe] [7IA 715 A AR
H3IA 2 4= Qo= Ao & U2 % th(Le Bris and Pouliquen,
2004; Serra-Compte et al., 2019). =3+ FQ FA8A7} 2+ 5
o A7 AHF- AlE & A A2 JAIE ¢ ok A4
2734 S 927t A7 = YA ek(Aristilde et al., 2010). t%
o] FQs 37} 1Al esd A5 78/ #l g, ok & A
o 9 AN, Lok - Aok B2 Al AR
(Llovo etal., 2003; Park et al., 2007; Lee et al., 2008)& € 2.7
T Uth= flsiAdol A71E o vl=t, Aiuth, F9, dollAl 5f
A= 7] A2 Th(Barry, 1993; Horie et al., 1994; EMA, 2002;
USFDA, 2003). =Fujjof| A]+= 2008 of] 7§ ¥ TefAb #1763
A A5z Ao 22 8l 79 1 DHH =) Al 2t o]
AH A v et o] F AlF O AP A ol A= 2019 T
A0 71 9 4, W A E 7N ske] FQs YAl 352
Al T Al a4 YorE e g ZokAIZ o, o= 2020 44

1LAFE AR .

FQs g3 Aol| gt theFel $Hd 5 Hads A5 AR,
+2]9] AL Al o4& T4(Chen et al., 2020; Guo et al.,
2020; Zhang et al., 2021), H|4*(Ziarrusta et al., 2017; Hernan-
dez et al., 2019; Serra-Compte et al., 2021) & 3}|<>(Ziarrusta
etal., 2017; Hernandez et al., 2019; Xie et al., 2019; Qin et al.,
2020; Serra-Compte et al., 2021)2} Z-2 ThofFgl =2 #at of
Yl 45 A A =3 B A E(Ziarrusta et al., 2017; Qin et al.,
2020y 3£31RE of 2] 4214 5 FQs YA 2415 7 2 gt
73 A5t ofof whE ffsi A B7tol| tiet Auprt A EA o=
Harw]ar Qlek R FQs 3 A F At iUl A Ak ol A
= S (Park et al., 2004; Kim et al., 2009), &-5(Koh et al.,
2005; Kim et al., 2009), -F-As&(Kim et al., 2009, 2010) 5 ¢}
0] AET-E SR 3 Aot Ayt Hare ) Qlck. 17
U a4 @ ook S-S iAo 2 3 R = Kimet al. (2017)
©] NOFX&} OFX 2% 2513t 305:9] oJoFof| thafl +41H
= WSkl ARt A 2 T RS AR AL ZE -8t
o} ot A Gl W= Ao oREe A o A FQs 35l
gt S ook A7 Holql7] wiiZell PEFX2 th =20
A A= o] It E=3F gAlofl+= UPLC (ultra-performance
liquid chromatography)®] /-8-2F7F WA| e A= st
o] HPLC (high-performance liquid chromatography)E- ©]-§
sjol 71718418 Salgte 2 Qg B4 ghabEe) 7] A
dA 0.2 v il QIgick. olefat T e Bkt Sl A
=+ = AtellA= UPLCE 434 0= 285t FQs 348
AE BABHAL Sl FAloeh(Park et al., 2019). whebA] sfj4>
2 Aol A FQs AAIE At e s HUEHYSH] 9
sto] 3t HETAE 7M1 FAlof =22 24l0] 7t

Table 1. Molecular structure and physical properties of 3 fluoroquinolone antibiotics

Compound Structure Content
o o Formula C,H,sFN,O,
F - Molecular weight 319.33
[\‘,\?g'FO;;c‘C'” (\ | Solubility (at 25°C) 1.78x10° mg/L
N N
Log P -1.03
HN
- / Log K,, 0.46
o o Formula C,;H,,FN,O,
F - Molecular weight 361.37
%‘;’;?C'” | Solubility (at 25°C) 2.83x10* mg/L
O O\/T% Log P -0.39
- Log K,, -0.39
o o Formula C,,H,,FN.O,
F - Molecular weight 333.36
Pefloxacin \ Solubility (at 25°C) 1.14x10* mg/L
(PEFX) (N i Log P 0.27

Log K, -
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FHAA | A FQs A 352 AFellA HEH
oFF o2 A5ttt ey 4k 2,
53] 7hs 34 §lo] A BE2 Sl = HlolA iR Al E o
HRIEIE b $4HE 0] 249 9F4] 14 % thoret AL
WSl ARG R QLA St ARG <ol T AL A
= vhA Eo] Q1A ghrt. wheba] 2 A-to M= Al S A=4
& A% FQs A 350 thote] dAetebd o slpit o84
ol AR W A 24 Sldl i EE e A 24
= Aokt gheh fATH ol glo] MA 2] 2 Kim et
al. (2017)2] NOFX&} OFX 4] 2]j2 &=8-sho] 48513l
L}, 717141 9] 749 UPLC ¥ 4-8-5qlch E=3t thd=4
7H% LS 913 LR E UPLC A o] 54 (mobile phase)2
FQs 3AE 24 A8 A+t F A =7F 93 419 o)
Ar&(Ziarrusta et al., 2017; Park et al., 2019; Guo et al., 2020)
W] S Galict. o) 2 Fa) HRE BA R A5 eleko] A1
Afeh 4} QFAA ol sl 3 FQs A 218 s

oy
rir
all
R
1o
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Alot 2 717

OFN| EY E & (acetonitrile, ACN)Z} ¥ EH-2(methanol, MeOH)
S X3 B E (7] 80l 9 24~ J.T.Baker (Phillipsburg,
NJ, USA)9] A& AR5, hE Yok (ammonia solu-
tion)x= Merck (Darmstadt, Germany)ollA] G-18lo] A3
ot ZEAF ¢hH E(ammonium formate) 2 ZEAK(formic
acid) 52| 418 A| 22 Wako Pure Chemical Industries (To-
kyo, Japan)2] 2|8 AL85}91ct. HA 2] B4o] A ALEE o
21ok4i MeOHO|, 84 SH ) 2241 5] 4ofli= 24
5 717 ARESE Tl 1A=E(solid phase extraction, SPE)
A A A AREH 7HE 8] %] Q] Oasis HLB (200 mg, 6 cc)= Wa-
ters (Milford, MA, USA) Al &2 3T A= ojzlof A
43+ 72439 A (GF/F, 47 mm circle, 0.45 um pore size)
o} 22 g0l oj7hg-0 2 A}t e 212l polypropylene,
PP) syringe filter= Whatman (Clifton, NJ, USA)2] 0.45 um
syringe filterg -¢5}o] AM8-8}G]Tt.

EZ23

FQs YA 359 XA 2554 & PEFX+= Toronto
Research Chemicals (Toronto, Ontario, Canada)ol| 4] 4-¢13}
AL, A 2%9] FZE2 NOFX, OFX¥ A& Wi
227 NOFX-d, PEFX-d, @ Alelx] H718 yiuzss
Q1 Eefu 4z 2|84 (deuterated Trimethoprim, TMP-d )=
Sigma-Aldrich (St. Louis, MO, USA)|A] L4t 1A
O] 3% AU 224 9 AAS w24, A 7S

OVAE - ol %

U EEEdS A el ZH2E et &, MeOHo| 50
100 mg/L7} ¥|=5 og Al £s}Gie} o] -20°C ¥4
A Bakstal, A9 24 ol Z17F MeOH 2.2 3|A]5to] el 2
8 EFRZEL H9IE 0-100 pg/L7} HE=F st

BAE YR EEEAT AU A7 WREEEAY s e

20 pg/L7} HEE sk,

of2kgt afig= Al=of tigt =4 SPE 142 Kim et al.
(2017)%] W& F&olslen 7hds] 7sshd ot &
t} EEARS o|-835}o] pH 322 2 H %4> 500 mLo]| 0.1
mg/L Na,-EDTA (Ethylene-diamine-tetraacetic acid) 400 puL
2 4715t 3, 350 F222(NOFX, OFX, PEFX) ¥
50 uL (5, 0.1 mg/L)8} 2%:9] A& U254 (NOFX-
d, PEFX-d) %289 200 uL (5%, 0.1 mg/L)E 5%
o} 2A|H 358 A2 Oasis HLB 71E 2 A & Ag-310] 2
T4 (vaccum manifold)of] AF2FsE & MeOH 6 mL%};
Z5 (pH 322 27%) 6 mLE AR F2HAA AT
(conditioning)at 3 th. £HE Al2= YA YE 7HE=A|7}
] A2EA| F=S FASHEA 5-6 mL/min HE2 F3t
AZ AR7} 5 FERIAE 2 6 mLE A H &
oF 3057 AT 1 o] F2HE R 598 ¢
3 6% FRYokrRE 6 mLA 23] &2 A7l & TurboVap LV
(Charlottle, NC, USA)E o]-&-3}o] 2F 100200 uL7H#] 5=
AATE F5NE 0.3% ZFAF YEET 0.1% EFAE S
500 pLZ =0 PP syringe filter (0.45 pm)2 {35}t o 7}
ool AlelA] H7HE R B2 20 uL (5, |
mg/L)E FI5 0, 2 £ | mL 3ol 7]7] 5 4l0]
ARg5}9TH(Fig. 1).

UPLC-MS/MS 717|2MH

FQs AAI(3F)el thiet 7171241 FHS flsh & A4
9] o] A+ 71714 2713 UPLCE 483l FQs A=
AR AT AR F AT AV A AIRe] AR 37
vl ZAsto] 242 A-gskqick. UPLC 279l 739 A8 A
TollAl FQs YA 410 =2 ehalraA| 8] A4 23S
AMESE M aEste] A9 S Al ZORBAX Eclipse
XDB-C18 (4.6 X 50 mm, 1.8 um; Agilent Technologies, CA,
USA)S 7|22 =2 3191, Lee et al. (2020)2] YEZ 53
(Nitrofurans) P74 24 A] <=3k Belisa} gheg welel
Prodigy ODS-3 (2.0 X 150 mm, 5 um; Phenomenex, Torrance,
CA, USA)E vl 2oz sir} v 283 7} 2417 9
UPLC (high performance liquid chromatography) ©]-&A}7+
THHll(gradient mode)E Z§HSH 7| 7|54 274 Table 29] Lt
Byt et e HES flall 283 Al SCIEX
ARS] A1/ F A A m ke e /d Y A gt A 7| (UPLC-MS/
MS, SCIEX Exion LC system coupled with SCIEX QTRAP
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pH 3 : using Formic acid
0.1 mg/L Na,-EDTA 400 pL
0.1 mg/L NSTD.

(Norfloxacin, Ofloxacin, Pefloxacin) 50 yL

0.1 mg/L ISTD.
(Norfloxacin-d,, Pefloxacin-d;) 200 pL

1SPE

Oasis HLB
200 mg, 6 cc

§
o
Conditioning : MeOH 6 mL / pH 3 Water 6 mL
L
Sample Loading 5-6 mL/min
Ll

Washing : Water 6 mL
-

Drying : 30 min
-
Elution : 6% Ammonium solution in MeOH 6 mL (2 times)
VAN l PREEEN

~ 7 Y
40 4 L N, gas

4
°C
Y

TurboVap LV

Concentration

Make up
0.3% Ammonium Formate + 0.1% Formic acid

PP syringe filter

(0.45 mm)
1 mg/L RSTD.
Final volume (Trimethoprim-d,) 20 pL
1mL
2
@
=
o
£

Time (min)

LC-MS/MS Analysis

Fig. 1. Flowchart of the optimized analytical method for simulta-
neous analysis for 3 fluoroquinolone antibiotics in fisheries water.
EDTA, Ethylene-diamine-tetraacetic acid; NSTD, Native stan-
dard; ISTD, Internal standard; SPE, Solid phase extraction; PP,
Polypropylene; RSTD, Recovery standard; LC-MS/MS, Liquid
chromatography-tandem mass spectrometer

4500; Toronto, ON, Canada)$l.0.H, Z} tAFEZl o] T35t A&
A o] 2 4143t MRM (Multiple Reaction Monitoring)
ne2 BNt 35220 UPLCY B4 2702 += A5
2 F=AFS 2447 300 uL/min, 5 L2 83l om, 27 2 on
L5 747 40°C, 450°C2 3}o] positive © =04 capillary
voltageZ 5,500 V& 3}o] HAjalglc}. 11 dke] 7k 2210] MS
2712 Table 3] YERH I,

Zot % o
UPLC 77| &4

H| @

20 M2 thyEEY A= 22ls

UPLC 7]7] &4 27& 2] 48lsl7] 9lsto] o]l 23 3L
sto] 4714] v 270 gt thA=d 9] Aot #2155 H
W5F5ItHTable 2). 3 H7) UPLC 27 (Kim et al., 2017).2.
ol AE 0.3% URE ZEARY 0.1% 54 2/t e
23190, o] 5A BE MeOHLFACNS 1:12 3oL 1uf) =4
S A7te] Ee] 3k th(Condition 1). T A (Guo et al., 2020)
= 02% ESAHA)T ACN (B)S AHE1908], BA A7
11222 713 ZektH(Condition 2). 2442} MeOH| H|&
& 27 95:5 (A9} 5:95 (B)2 3}o] o] 5/ 2= AN e
Condition 322 5}%] 0 1(Ziarrusta et al., 2017), £-4] A|7+S
2587-0]]it}. upR|et =791 Condition 4 (Park et al., 2019)=
Condition 33} o] g/ Zout, 7l 2708 defsto] 24 Al
7H& 20802 91 24o|qlet ZF7+e] 2712 XDB-C181}
ODS-3 g o= g stof FA5E Aute] =4 A= (in-
tensity)2} 7] = £-2](peak separation)E- Fig. 2¢f LFEFY RACt.

4] XDB-C18 A& ol-&sto] A A, o =29
Lo} He2)52 Condition 104 7H 9-<=3F A3tE YER 9L
t}. Condition 13} 20)| A %= Ba)= %} o] o] X1, Condition
2+ 1o 3 AR TE5E v, B0 I SHolA
NOFX+=-20%, OF X2} PEFX+= 5% w|wto &2 YEl At A
O & & re Lot} Condition 32] 7% Condition 201
H|3] oF 4uff o] Y2 =& K¢l 0w, Condition 49] 74-¢- 7] 3
O] ZFebz (peak splitting) &/ 2Q161T S Lot 4 24
5}o]] UPLC Z #-2 ODS-32 ¥ 743t A3}, Condition 1-4 25%&
u]=2.0] Zehy] s H vk ot OFX e PEFX 9] 79 1=
o) b o] Yep] FAE EelE F oA F w2 935 Y|
Z0 v WSS 1 XDB-CI8 23S ol §5t0] BAT 2w
stk §ARSIAL 2-5u) ) U 20 mgick T

= 24270004 NOFXS] 7He7t B 7o) 127 of
L azon ety

2E 717184 274 4 golel |34 ool Bt v
= AlZtol| et Eef sk el -85 (gradient elution)= A
Bt ol= 7171848 Al 7 270 2 HlE] 2o
ot FHA| Aol =g Fof] el Aol wETt Sl

Hu
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7hEepd ol whet o] F4 Foll HISA 8l 2 BlEo] ol
A EAA o7 Dol BElEo] A i fEEH=
Holtt, o] & ulE S = Condition 18] A0l 4 A, 25
o} 0.3% ammonium formate2} 0.1% formic acidE =3}3+ &
oH; o]-54 B, methanol?t ACNS- 1112 E3E -g-oH)of| 4] of
FEd 3%0] AEE= ARl 82Tl A AekshH o] 54t
A} BE 8:22 Kl AIZF3-108) 3L |, 2] 2] u| 37}
AEHS gelskoit. E3 FQs 33A| 9] tii 252 pKa
7}5.9-6.7 §1919] oM SRS Aotk 2EAM Y 2
AP 50| I A7HAIE AR OB pHE 28T
Tk o e} 3HAiA| 9] o] 23} a-&o| F7sko](Peng and farkas,
2008; Seifrtova et al., 2009; Kim et al., 2017) AgFE4]7]9]
Aw7t dE Ao s wdEh AA4os XDB-C18 Ad
= ARE-3to] Condition 12 o573 202 21832 7490l th
AEHQ 3% FQs A9 92 =9} Eefso] 7H A9
2708 goElo] o] 27108 HAMO R A ASES 4
kol

H

e AS(method validation) & Mz=ata| Xtz

BEAol fai d45S 98l AA 4= A= 500 mLE GF/

OVAE - ol %

F= ola}sto](77h) &rleh & tiid=4 359 #E=4(5 ng)
Whstol HUE BAEA0 R BAsiel ol Zads
HHEA| & (procedural blank, PB)Z 3] 8|4 A &8} ZHo]
Asto] Ay 9 LHE=S Slskqin) E3 PBoL 3£
FEAS 7K T AR Y vhe EAANE Sl = (ac-
curacy), A (precision), AEFsH|(limit of quantification,
LOQ) ¥ 71717 &3 (instrument detection limit, IDL), ®H
HZ3H (method detection limit, MDL)E At=s}o] B4 &
54 A%S AN $54 A5S Sla B0
571 o7 18l A A48 REBES TR, 2,5, 10,
20, 50, 100 pg/L)2 3] 7 A4S HFsIsAe). Ak 4
e A0} 5] the) e WS

S Aol 4= 9l L2 0 & UPLC-MS/MS £4 & 4]
E(x)oh B3 WAH)S W2 o] FHAE A
3}, NOFX, OFX 1! PEFX¢| 2414 A4ARR?) gkol 2+
0.9993, 0.9998, 0.9997 2.2 eI} 2 2

(Fig. 3).

SR 35 Tt sl AR Uk A1E ATHn=7) HhehA]
2olAl el AEE A oo, 7} g e] 4t
T, AUE, A 9 HESAE AR 23S Table 49}
Table 5¢f| YEF it A (accuracy )= A 4k0] F4k(true

1

N M o flo

i3

Table 2. Instrumental conditions used for fluoroquinolone antibiotics analyses by UPLC-MS/MS

Mobile phase .
Gradient mode
A B
Condition 1 0.3% ammonium Time (min) 0 3 10 12 14 215 22 30
(Kim et al., 2017) format§f0.1%formic Methanol:ACN=1:1 A (%) 90 80 50 15 0 0 90 90
’ acid in water B (%) 10 20 50 8 100 100 10 10
Time (min) 0 7 10 10.01 M
Condition 2 0.2% Formic acid
(Guo et al., 2020) in water ACN A (%) 90 60 40 9 90
B (%) 10 40 60 10 10
Time(min) 0 05 4 85 13 175 25
Condition 3 WaterMeOH=95:5  Water:MeOH=5:95 A (%) 80 75 75 15 15 80 80
(Ziarrusta et al., 2017) ’ ' ' '
B (%) 20 25 25 8 8 20 20
Time (min) 0 1 10 1 14 15 20
Condition 4 . _oE- . -
(Park et al., 2019) Water:MeOH=95:5  Water:MeOH=5:95 A (%) 90 30 0 0 9 90 90
B (%) 10 70 100 100 10 10 10

HPLC-MS/MS, HPLC-MS/MS, High performance liquid chromatography-tandem mass spectrometer; ACN, Acetonitrile; MeOH, Metha-
nol.; ACN, Acetonitrile.

Table 3. Mass spectrometer parameters for determination of 3 fluoroquinolone antibiotics

Compound Precursor ion Product ions (m/z) Declus.tering Collision energy (V) Collision cell exit potential (V)
(m/z) Quantification Confirmation  Potentia (V) ~Quantification Confirmation Quantification Confirmation
Norfloxacin ~ 320.1 233.03 204.82 126 33 47 10 14
Ofloxacin 362.04 261.06 204.95 116 39 57 10 16
Pefloxacin 334.11 233.02 204.87 101 37 47 16 14
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NOFX OFX PEFX
A b A d
6.320 8.33 190,000 8.19 90,000 8.24
2 2 =
@@ ¢& 2 2
2 2 2
£ £ £
0 0 0
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Time (min) Time (min) Time (min)
A4 hd hd
1,000 4.60 6,000 4.67 4,200 4.74
2 = =
(b) & 2 2
2 2 2
c £ £ L
© 0 0 0 -
b3 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
T Time (min) Time (min) Time (min)
8 A4 hd hd
x 260 6.14 1,800 5.61 1,600 5.63
2 2 2
© 2 2 2
2 2 2
£ £ £
O A st " PR Y NPT 0 e Aad, seadiass il
00 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Time (min) Time (min) Time (min)
4 & hd hd
700 1.98 5,500 4,600 1.99
k) k) . §7)
3.68
@ & g ns 7 5
£ £ £
0 0 0 " A
0 2 4 6 8 10121416 18 0 2 4 6 8 10121416 18 0 2 46 8 10121416 18
Time (min) Time (min) Time (min)
A g hd
2,580 | 5 |3.48 79,000 347 44,000 3.48
z 1.31 z [ z .
© s s s [?
£ £ £ -
0 s 0 0
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Time (min) Time (min) Time (min)
R 2 R 2 A hd hd hd
1300 | |1.04 |3.58 11,500 3.58 4,800 3.66
> > 102 > 103
n 2 2 2
2 2 2
£ c £
0 0 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
6D Time (min) Time (min) Time (min)
8 s > <+
o 300 374 4,140| |1.27 2,600 | |1.27
= = 3.50 = 3.54
@ 2 2 2
o} [} o}
S S =
0 0 0 -
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Time (min) Time (min) Time (min)
3 & A hd
800 | 151 12,000| 1153 8760 | 152
2 3.25 Z 2 .
h 5 = - 2
g g 3.26 g 326
£ £ £
0 0 0 >
0 2 46 8 10121416 18 0 2 46 8 10121416 18 0 2 46 8 1012141618
Time (min) Time (min) Time (min)

Fig. 2. Peak intensity and of 3 target compounds for 4 instrumental conditions, using the XDB-C18 column and ODS-3 column, respec-
tively [(a), (e) Instrumental condition 1; (b), (f) Instrumental condition 2; (c), (g) Instrumental condition 3; (d), (h) Instrumental condition 4
described in Table 2]. NOFX, Norfloxacin; OFX, Ofloxacin; PEFX, Pefloxacin.
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Fig. 3. Calibration curves with norfloxacin (a), ofloxacin (b), pefloxacin (C) concentrations ranging 0—100 ng/mL.

Table 4. Accuracy, precision and limit of quantitation (LOQ) of 3 target compounds in this study and other references

Accuracy Precision LOQ

Accuracy Precision LoOQ

Accuracy Precision LOQ

Target Compound %) (%) (ngl) %) (ngl) %) (%) (ngl)
Norfloxacin 98.4 1.2 1.19 64.0 8.3 1.18 90.0 2.0 4.00
Ofloxacin 108.7 0.2 0.20 63.7 6.8 0.35 105.0 4.0 1.60
Pefloxacin 927 05 047 T 110 20 160
Reference This study Guo et al. (2020) Ziarrusta et al. (2017)

Table 5. IDL and MDL of 3 target compounds and recoveries of
surrogate standards

Target compound  IDL (ng/L)  MDL (ng/L) Recovery (%)
Norfloxacin 0.57 0.37

Ofloxacin 0.08 0.06

Pefloxacin 0.06 0.15

Norfloxacin-d, 113.0
Pefloxacin-d, 85.6

IDL, Instrument detection limit; MDL, Method detection limit.
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