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Abstract

This study explored the analytical conditions for 21 veterinary antibiotics which have been popularly sold in South Korea in
2014 but have not yet been targeted in EPA method 1694. Most of the selected antibiotics were separated by a reverse-phase
C18 column with a combination of (buffered) water and organic polar solvent, which was commonly methanol and acetonitrile
in the gradient elution mode. Volatile additives such as formic acid, ammonium acetate and ammonium formate were usually
added to the mobile phases to minimize asymmetrical and tailing of antibiotics’ peaks and to increase their ionization in mass
spectrometry. The analytical methods of aminoglycoside antibiotics were distinct from those of the other antibiotics in terms
of adoption of ion-pair chromatography (IPC) and hydrophilic interaction liquid chromatography (HILIC) capable of retaining
and separating extremely polar compounds due to their hydrophilicity. Trifluoroacetic acid or heptafluorobutyric acid was
frequently added to the mobile phase as an ion-pair reagent for the IPC. Tandem mass spectrometry was numerously applied to
the detection of antibiotics using positive electrospray ionization (ESI) and the selected reaction monitoring (SRM) mode. All
reviewed analytical methods had been/were validated by evaluating recovery, limits of detection and quantification, decision

limit or detection capability of the methods.
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2. Materials and Methods
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3. Liquid Chromatographic Methods
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Table 1. The 21 selected antibiotics popularly been sold in South Korea among non-targeted antibiotics in EPA method 1694

Class Compound Class Compound
Apramycin Clopidol
Dihydrostreptomycin Fenbendazole
Gentamicin Ionophore polyethers Lasalocid
Aminoglycosides Kanamycin Monensin
Neomycin Salinomycin
Spectinomycin Macrolides Tilmicosin

Streptomycin Fluoroquinolones Marbofloxacin
. Chloramphenicol Pleuromutilins Tiamulin
Amphenicols - - -
Florfenicol Polymyxins Colistin
B-Lactams Amoxicillin Sulfonamides Sulfaquinoxaline
(Cephalosporins, penicillins) Ceftiofur
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A2 S TR YA 2 29 m 7|7] B4 2y 655

BeEly] g8 ATHAT o] ARE B 2@ o T syt APEH FA6 929 BLY(wiling AP A2
4w et WAz Fol(mARE ol g %oﬂ e Aoz A ArkNebot et al, 2012).
PSR ER) AFYo) FhH oz ol nrh W A
99g Ze Aoz FlA 9tk Tao et al (201222 15 33. Olo| .= 22| FAI0|= HE2| SHMA 22|
9 olr|=Z A EAE Y FAAE A AT, 2 A 1, 19 ZFH opr|ZE IAolE A A=
T80l 28 2ERErtol(streptomycin) & £ 5] As] €} AL FAA e Wl w2 ALPS AL A7)
g CAPCELL PAK ST 23 & AHE3h7]= st W] WA FPAMNE TEE P FHgo] BRHY

HPLCS B§ 22-50 m Atole) 9AA2NE ZE 18 Aoz FaA vk 59 948 7x29 5402 s

Aog A" 100~150 mme ZolY AHEL FE ALLT
th 20108 o] ¥ P ke AFAAE 2185
A4 22etEIHFUPLC) 7]l HEHL e oz
ZAHQEY 2 m 03k AVE ZE= IAE =2AF 2
o7} &2 ZAH(50~100 mm)S A}%Q}:} geu A7}

A% w2 JoFdoz HL A7k EF9 ElJb o) F
A AL /AR Yo FA L A (peak)E Q130
T4 BA4ES Ui

32 0|42 MEY
LCoA ol 222 e S48 H548mE &
#sto] AbgstaL led, FE4E8MEE & HSAE &W=E
= ol EYo] EZ(acetonitrile), ™ BHS(methanol) EE ©
AEUo|EL3 fggd] EFds F2 AgUn S4%
HS4 £49 £9 v&2 ¥ S AWwte 49AY #HE
A ZH(retention time)o] FFES vttt B3} v|IA
SR ALESte A, HISAH &Y S0l
&5 SUtst S HEE

Z

=
v
==
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oo tlo ox rlo X

4
bl

I 2 oo . 9 on o o

ful
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vl
It
ol
14 o
oX,
b
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v
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=
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il
iy
10y
rfot
=

=2
X

ol
N
E)
] r.{u
2
Foox
oo o
=)
;9
E
JIJ
ox
oo
=)
1o
flok e
ook o)
oW
>
I
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o wo o
o
>

= Fu) && % (gradient elution)
Atk 0}”143313—*}0]574]%4 FAAE BN
A deA] AFAAE 001~05% FEZ E
(formic acid)°]y} EEFE F(ammonium formate)S ©
& &ujol Hrbste ALZ Yebgth ol I
AL A7Iez Q& AU FAAY o3t 2&
AFEA7)9 Zra(sensitivity)E FHAIZL F JE Aoz
53 QItKSeifrtova et al., 2009). Amelin and Timofeev
(2016), Wei et al. (2015)= o]5gol ZAFYEE(ammonium
acetate) S F7HZ FYstded EEALGEET wA7HA
2 AFEAYY NAEE FHAA FJA2Y AVIE F7HA
e 9gde = A2Z YETE Amelin and Timofeev
(2016)+= ZEulAl(monensin), Y&tAl(narasin) 5& EA3H%
o, ZAREY FYol 93 mfz A7 2874
£ Biska gtk 15”0“ g et AFE0|
4 ol EVCIEY, £& EFste] Ful&
3% 7V =
3

gy
ot rf oo

o
i A el

—

=)

f

YA Ao gutF oz AMEEHE Cis ¥4 AZvED
#o dFE g £89 oy go] vk BaHo| gith
(Farouk et al., 2015; Kaufmann et al., 2012; Oertel et al.,
2004). 94 A-AAME £ SHY AolE Higez 13
2 FH4EAEE stele 42T ols el 94511 A=
449 arld wt EZo] R Hed, A5l W =
2 ofnxZE ZALO|E AFY FYA = :L’\q?“z‘?lg_ &3
A¥Y 1Zge #WFE27] FEAL #EE ALY AolE
ol &g E4 EE7F oJH7] WEelth

H29 QAFNAE  o2% A ZntEI I (ion-pair
chromatography, IPO)Y X4 Hozg AZ2rE T
(hydrophlllc interaction chromatography, HILIC)7|® <& ©]&
g B2 EF VIeS AHEST o4 ARvEINIE
Y ELe] ol2oz e AFY ELS I
g AHgEE PHoZ o] 24 A %Kion-pair reagent)S AME
gtk o] Bl Alste ol2% A% &AFEES He Z
He FHAEZ W HFEA HA FYHE AR 3
ol PHE EAste EHURLA=EEER
o] 23 Z(ion-exchange) FH S &3l =
zpol7h st &A1l £ Ee7t dojdtt V[EHS
2 )5 EEs B oM EYER S AR o4 Al
kogE= EZEZEZ oM ENKtrifluoroacetic acid, TFA)(Tao
et al., 2012a; Vucicevic-Prcetic et al., 2011)3% FEIZZ=E
€] 24K heptafluorobutyric acid, HFBA)(Kaufmann et al.,
2012; van Holthoon et al., 2009; Zhu et al., 2008)&
ARgshe Aoz AT TFAS =7 0.1%Y o JJ
39 B Bizo] g Aos UJENFOH Tao et
al. (2012a) TFAY HEE 0.005~1%F #H3A7]EA o
38 RIS BASY 15%9 oI ZAL|EAE Y
FAA BAo] AT TEE 0.1%=E HiH T

A 4528 AZvEIHI7T H8E dTE2 2000
o z=wiE F49 Ivlstded 98 AN YUt
ol -’F-Q}E(Churms 1996; Hao et al.,, 2007), HE}0]
Z(Hao et al.,, 2007; Yoshida, 2004) == =4 oFEA(Li
and Huang, 2004; Zhu et al., 2008) & £ & HFHo=
2 g&Htl Diol, amino, amide 59 24 Z&J7]E X35
AY B4 ol 2(zwitterion)T FRHAToZ AFH At
AAE AFFe R st dHES AMEStL ¥4 A2nED
oA AH&ste 4, ¥FH &E oS E AMES
th S EYo|ELF Fo| 71F Bol AMEEHM ZAUEE
oy EEUEES HIIEE AMESHIE SFh(Vucicecic-
Prcetic et al., 2011; Zhu et al., 2008). °©]& 3 A7/MAl= ]

—
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549 pHE} o] LA EE Aojsh=r 71dsH, 1]
gast Hdyd e % A
Fr71e 9
FAA G o] o] 2 =3 A o]
EZAQT £ Q= pHE FHEHolok Jta B
(Buszewski and Noga, 2012).

= Hed H=4 &WE Edete ©

o A z%z]/q- AR F9 7lrtold

AB7F 4 ojFg z=2&
THRR e #389
g MA3] olsde S4 &
94 Apolell wret ZAH Wl
s er ZeldEnh %71%
AlZko]l F7ketH &9 Bgol F
&7 AP A 1%"‘011*1 Bk
zo) wge AP FR we Holrt gou A¢
3~5%, A 60%2 |z %= AoF YERGTHAppelblad
et al., 2008).
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4. MS/MS Detection

41. 0|23}

9orEd e BAS 9] LC-MS, LC-MSMS 52 ©]8¢ o
71 Bo] AMgEE o3l WL HAAEFo] &8N electrospray
ionization, ES)H ¥ o) 7] ¢35} 8}o] 23} (atmospheric pressure
chemical ionization, APCI)'Ho] 2lth Schlusener et al.
(20032)= APCIHE °l 837l % stalou &28 TAAE
A FEY dFEL ESI S AMEste 2eE Y
EFth(Table 3). ESI 71&2 4, ul54 24 2% ¥
&0l 7testH gl 93 ] Fe E29Y
a3Ao]t}. Schlusener and Bester (2005)= 3H-AE 3 &
A5t FEFIA S22 wazgols AFe FAA
A5t A APCIS ESI9] ds& Husled, Maz
= 74]‘54 A siA ESI HHE HE&d 2%
2 UAEE Yeile A& #ESIE L, Stolker et al.
(2004)= 3&4 FAAS EFS 1329 ER BN 2
3 APCI B4 Hoh ESIg4 g AHES 2l 108 o]
N1Z4=8 Yeil= 2& st

ESI 2 positive T negative W] 02 o] 23E &
st BN 22 54 44 me FE9AE 4
WH(M+H]) S(M-HDFE ] AToleoz Hds s
o] dtFolth YHES FAA = HILIH} w2 EA
€ ZE3 I positive Aol A GA o] &8H h(Seifrtova
et al., 2009). Hao et al. (2006)2 27%¢] TAAE &3}
e dFEe FEA= F2 positive A A HA
237F dove Ae 81 9, dEotuto|=AE Y F
AAE positive$} negative2] ZFo|A o] 2317} Z& o]F
ARE RS AR oY positive FA& A&t Urh
ZAF 27 dHUEA L ZF 233 Y ZE(chloramphenicol),
Z 2 29 Y Z(florfenicol) S A3 ATE2 negative 2]

M
1
=
o

[e]

_V.L:‘imim

N o

offt

[*]
=

SIE =& ste| x| H32H H6E, 2016

[M-HTE5 9 AFeol2E& 34
Yz EFEL positive T4
102 2AbEIchTable 3). ofu)i

Al 23 nfo] Al (spectmomycm)
LEFAAGY FAAQ FARA
E(lasalocid), 2] iz ulo] A (salinomycin) 2 UYEF
o] A¢H [M+Na]'9 FEH= 0135]-5]3 AR YEbgS
o Umx EFES Fholey AFE M+H] FH=Z ©
2571 o] Folzlth

& [M+H,O+H]' &
“

4.2. Detection mode

AEE FEE ZAAY EX S F& AEH EA7H

AE HPLCOIA #2198 did=d& ol23ste] MS/MS,

MS/TOF, MS/Orbitrap & A&H AFEA 7|4 AEerh

el uk-g A E(selected reaction monitoring, SRM) 12

F2 AFEshed o23td HFol2S A WA A
[e]

714 2t 4G FE AA(collision energy)

M Jz

Oy oo i Mo omo mu o ao

et &2 7 5 AR A BA7AA 247 olkE

Stk gubd oz T WA AFRAVNA AEHE
A E(fragments) & 71 B9t AsE 2= 225 9 &
9 FEE FAF] H% HoAR TS F HAR
St NS E Ze EEE R T 5

=

gt AT o] 2(precursor ion)d #H
o)A (transitions)7} 2= AF Wl AS H(mi)E ol= BAF
o A& 7ts 3™ full scan A= g F7HFHQ] WA
E4L AESHA Este AV vk £ dFdA A¥"
YA Sl W2 AFol2d HoArt Yee
9l A3} Bl(m/z)E Table 3 Fl stk

5. Method Validation

1. EMuol HE J7|F
AZHEL B4 wEe Bd Uy 242 A8 A3
d1, 4B + AeA 9@ 45 Wiee wA=
AT+ Qe BAPES Ader) dd wEA 2ad
Aajolth. Seuete] A9 FYBAISHLN W
BARAA QAQC BEHO] EAEHY AL AP T

AAQ WL AWsti ATHNIER, 2011).

234 (linearity), '8 $l(range), &%=,
23A, AFIA 52 uEtE RO
2 L]-E]-""E]- AZZAY AFBA= AF 371 EH(linear

regression) 2 Bl TR ABAFY re aBste]

o P& E(relative accuracy)® FYH7|E shn, EA A7
& =(accuracy)E B7lsks HAE=E AR EHETI(NIER, 2011)
A B4 A AEEHE Jees AR AAY Y 5Es
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Brtete 71ELR AMEEHE 297 Bk AEEE UEY
7] 9% HHo 2= EE WA (standard deviation), 5 22F
(standard  error), o] £F=H XK relative
standard deviation, RSD) &°] ASWKNIER, 2011) ¥xH4
o2= HFUEEFAA HEAS (coefficient of variance,
CV)Z2 FIU=EE Hrietal Qlth LODY LOQ+ 4Als o
F-5Hl(signal-to-noise ratio, S/AN)E HIEOo=Z ZAIAY
e 2 YA (Clean Water Act)oll A AAIF W
£ AESth Als o FIHE AMESte EF SINO| 3,
100] H& 5% %< 247 LOD, LOQE ZAF st n=9
FHALETAYAN = AEIA 29 4 558 4=
Ha TR ANBEE B S 2EAAC 3.143(A
= 98%, AFE 6ol Wt ), 10 Jst 2424 LOD,
LOQZ ZAZ3lt) vl7IZSEAE S| (American Public Health
Association, APHA), "= 553 3](American Water Works
Association, AWWA), "]=E33 <3 (Water Environment
Federation, WEF)ollA] ¥7tsle EEA1 W (standard method
for the examination of water and wastewater)® V|7 &
A& }3](American Society for Testing and Materials, ASTM)
o AFLHEAAE ml= FEALFTAHAAN Fg LOD
£ A&kl QATHNIER, 2011).

FEAE AP L3 (European Commission)= 2002 &
4 AEE AR L9229 BAYHR 58
7tat7] f%t 71Ee LRSI THEU Commission, 2002).
AAE Xt EE IFF 9 A3A 5 7T $EL
d E4 3 d& A& 75 4 7% (technique)S A
At glem FEE  T(trueness)/ 3 F&, AUE, HHE

J(repeatability), | &A(reproducibility), AZ=4, 23 3t

E-2H(variance),

od o

A, 4 9% 59 A% F5ES FYsta 8 s A
WRITHEU Commission, 2002). ¥4 EF(2zdd EE
D), A& = H9, BA 718 SOl we FFel 28

& FEEH} AZ7)F2S A G

52. SEE N EM

2 AFolAe AF 899 = A9 FdX(linearity),
N8 =R I8, WHAETA (method detection limits,
MDL), %87 %34 (method quantification limits, MQL), 2
7 3HAl(decision limit, CC,), 7E “J5(detection capability,
CCp) &5 It tHTable 4).

dutdoza FEO Fgo] HF
LC-MSE &3 ¥ HAEHe A%
9 HdERe] Ze A3y A7IEY dtAY S Fs
A& EYA g (matrix effect)S YEFE 5 ATHGros
et al., 2013; Zhou et al.,, 2012). Seifrtova et al. (2009)=
FAA B QoA WEFE aHE YEhlE IAE Al
7HAE AAGEed 93] &= 40 AEHWA A=w
EI39] ulgA(baseline)o] F5dte] EXU4EZ 13

a7 Azd 7
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fu

L ofN Ho

Azg P A9k AT SRk wF AR §
NEEA A FAH AAY BRFE L 53
FrAAY, @ $38 450 olesbydA Y

SIE =& ste| x| H32H H6E, 2016

FEAY o2 &5 AaAZ F A T BF
24 gkl AART 3A SFHAY AEHA = @0l
YEIY7IE SR THGros et al, 2006; Kasprzyk-Horden et
al., 2007; Vanderford et al., 2003). FZ/&4 & A=
&4 oA RSt FEH I5EY FIHE Fol7)
¢t WHS=E matrix-matched calibration® WFEFEZ
(internal standard)& AF&ste] AF FH& et TR0l
F2 AHEFE3 thBousova et al, 2013). Matrix-matched
calibration #4 o A9 fAG WEEY2E Ze=
GARE ZFEY Ax Al W2 AMESE HHoR
& Az Euiet A5 mEYX Zo]2 Qs &

LAE HALsE F Aoy FFAESG FALS #
HFAIRE 47] o8 ddEs HAL 9
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et al., 2014; Yang et al., 2010).
A FRE2 5EY &8 % AW, AT, o
BEx 5 OIS AIEE gidez ga 1oy AF J49
W= 0914 F- pe/l (ugkg) AtOlE AMgste o=
Webstth. Vucicevic-Preetic et al. (2011)2 o}m =] A}
ol AE YgIFEY £EE FHYL BFHeE Az:E W
of A& Jted EATES AEsZE stded, A
164,000 pg/L ¢ =S Z =
As A= st A
a e AESFGAL Y 0.990 °|’F¢
Z= AL 2 YEl oY Lopes et al. (2012)9} Nebot et
al. (2012) r>0.989 AFHoz AFEES ST
e FEgEE Fristy] A& BAHE AAY F
Esr|= stA T P s EAFH o] AATL

tfo

&
o2 IFEs AMESIE it A
I To] 54 5= EFEAS FYS F AR
AAE FFANA FFHE HES
o AN 60~120% WY FFES
Yehfz lov FHujeh 22 ufe EFF o) A(Zhou
et al, 2012)4+ pHel oJ&) & W W SHEAEY
FAA T2 50% ©]5tY] 3 4&(Gros et al, 2013)S YEk
W7E o= AoRE gelA Ut
LOD¢} LOQE #4 2], #4 Wy EA4AY sdkd
w2t I o]l g8 & 7] wWiEdd 53 E4WH o
& A gEs PHASIAMDL)S FHE ZFAA(MQL)
2 FE eI E ot 59, $FA89 2ol B3
St Al59 A, AAE Fye wet I kel WEte
A7 Bob £4 Frld EFE&AS A FYs F4
St 741 A &3 (instrument detection limit, IDL)<} ]
4 3 (instrument  quantification limit, IQL)E T-&3}4]
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