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Abstract

In this study, 16 antibiotics were selected from among the top 30 veterinary antibiotics sold in South Korea in 2014, as well as
from among the pharmaceuticals targeted by EPA method 1694, in order to review analytical methods for the detection of
trace levels of antibiotics in environmental samples: surface water, soils, animal origin foods, and manures. LC-MS/MS was
heavily used. In the chromatography for the detection of the selected antibiotics, the Cis column was mostly used at the
temperature of 30~40°C. Water and methanol/acetonitrile were commonly chosen as a nonpolar and a polar mobile phase,
respectively. Gradient elution was applied to separate multiclass antibiotics. Volatile additives, such as formic acid, acetic
acid, and ammonium acetate were mixed with the mobile phase to improve the ionization efficiency of analytes and the
sensitivity in MS detection. Electrospray ionization (ESI) was widely used in the LC-MS/MS and positive ionization was
preferred to determine the selected antibiotics. A protonated [M+H] molecule was selected as a precursor ion, and its two
transitions were analyzed, one for quantitative measurement and the other for confirmation. This study reviewed linearity of
the calibration curve, recovery, repeatability, method detection limits (MDLs), and method quantification limits (MQLs) for

cach target compound used to validate the developed analytical methods.
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1. Introduction

oSt o okE 2 lQ1$] A -8 & (Pharmaceuticals and personal
care products, PPCPs) A8 & 2Jste] #tgz 215k Q174 9]
dg % ol2 Ag AA AT F7KFig. e E shte] 33
A9 glo] i glt). 53] PPCPsE Y Bt JIEZ S
A3 TEY AW A5 AdS BFHoZ AR H = 44
g g2 e A5 1Y E tiAMFE(metabolite) 2] FEIE HY
Z5H9 ANFEF § FFNA ngl FELE AEHA Y
(Seifrtova et al., 2009).

E A7 Fo EASHE HF 529 ARIBAY B2
A =2} E 22 39 (liquid chromatography, LC)E ©] &3 &
A B¢ UV, €3 == ZZFEA7|(mass spectrometry) S
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Fig 1. Projection of population of the world (1950-2015:

estimates; 2015~2100: medium-variant projection and 80 and
85 percent confidence intervals) (United Nations (2015)).
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9 ATFES MSMSE ©]-&3 A A& o] F2 AL
=3 ) tKBoscher et al., 2010; Gorissen et al., 2015; Gros et
al., 2013; Hou et al., 2015; Tao et al., 2012).

ot 79 PPCPs 5 A= Ak BAe A7
& EAE o1E & 7] Wi B 3G A 0F
o A7 JFHL Jok A e A AEAE B
ot SAYG9 AEE Eol7]l A BFHow g A
GHol gom A e-FE&ORE QI FAA WA g
gote] FAE 1990t FE HiE7] A]=5k¢ tiBonnet,
2004; Hur et al., 2012; Neu, 1992; Pfeifer et al., 2010).
AL BFF A2z B fYHEY A D5
FAAL PR 35 FeADLE AX

I ey dF FHAES AA T&o] Fi(Behera et

ol ¥FFE &3l AxEF, F FFo2 fYdH tF
AAY e T2 EES B8 wiEsEHed EF o
9 AEAAE AT FATFEY FES A 4t
=X A gle] BH|EE Fi wMAES A o3
=

. 28 Y 2l (monensin), A 9] €17 (sulfamethazine),
A E Zu}lo] Al(roxithromycin), E]oFE# (tiamulin) 53 &
152 HH|g FgolA AAHT o AR B
(Dolliver et al., 2008; Schlusener et al., 2006)
2 249 Fo ZFxEHe AR Ugyth HE
48 A= EL FFHAY °
q, A2 EYE LE8S of|sH
FAA AT FAAE AYste dJ EE=E
228 4 9 th(Martinez-Carballo et al., 2007; McArdell et
al., 2003; Tolls, 2001). © Egtrlo] A A E(tetracyclines)<]
A= Fol2EFH Zgstd FES FHste 54& 7t
A o] EL 2 552 FFHE A2 g8A
I(Avisar et al., 2010; Kim et al.,, 2012), ¥lEl-SEA (B
-lactams)o] v} A Eoputo|EAL Y] FAA = HnF Eol
Z 55 E4oF Q& HEF A sRFoE f4A G4t

= 52 & YehdtiAvisar et al,, 2010; Kim et al., 2012;
Li et al, 2010). §3], S8zt 7158 FAA Ao ZF2
Ats 29 X% A AMES I8 e 59 Al
s Ak Fadste TS Hola o, A3 MAH
o7 Z7MEE A AEE BRsta e =7 F st
Uo|thLim et al., 2014). 53] &4 AL&ZFFH W B
Hzlol Atolol] 4% ¢4 FHBA= Y ATE &
3 98 uF loj(Bronzwear et al., 2002; Goossens et al.,
2005) et FF 9 FAA 2E ot A= et
ek mtAS 919 A7 Bash d&olth

FAA 9 FEAR s DS olAY Tt &
Jo A d A A7 G d RUEH S H5,
1999355 2000d7kA] ml= A& ZAR(U. S. Geological
Survey, USGS)= 30703, 1397] std4E ARt 9559
OJoFE, TEE T F AHE ZASHAA 9FEAY
g T4 2o9e FEAAL FHFANMY AsH Azt
A7l HA = FFS ol&fsy] Hal AHER Y RYUEH

et
Y,
ofh 32
ko

e o Wk oo du ¥ Mr o fg ok @
jud)
o K

ol

j=

23t 3 tHKolpin et al., 2002). °]& EWZ 20074
& vz 2 YA (Clean Water Act)oll AFEE &
22 HPLC-MS/MS 7]€& 3 PPCPsE 242 + &
EPA method 1694 (U. S. EPA, 2007)Z ¥¥3sle] PPCPs &
g AAE FFH 23 Atk 2013, vl A A AT H
(United States Centers for Disease Control and Prevention, U.
S. CDO) A= FAAEZ U4d(antibiotic resistance)d] H3A
3} ADdE Adsta S43Q £AEY Beds €7
A FHoR BRIAE @t o HE-SEA, dEo}
o] =4, ER22HEEA FAA A R o] e &35t
A FREA Bk TCDC, 2013). 53] $AA HAF
2UHYAE 93l NARMS(National Antimicrobial Resistance
Monitoring System)< PFASIAL A7t} SE&, AFS T&3t
o FHA WD WS BEUHL S FPhex Sk
NARMSE= 441 4 gelgots F2sh= 2 A Al
HoZ US CDC, vl 2)F 9= (United States Food and
Drug Administration, US FDA), "= &%F5(United States
Department of Agriculture, USDA)$} Z+ 9] 9A=0] 3o
st BAFA FE A olTtHCDC, 2015). AZFNA #E S
dodle FAA W FuAl el the ZAl A" 1996
d 147) AR ZRE AIFH I 2003AFEHE vl A S
qdez BUHP S £F 3 23 JTHCDC, 2015). FDA
AqME QI =58 F e FFAA B2 9L o= Al
ol BuiEe §7FE WIdoz g ote] Al #et
ABE A FITHFDA, 2015). USDAE CDCS FDAY EUE
g 243 9 AA 2AHE 3l S4E AR sk Hdad
gelots ZAFSHL A WA#S 24 2 A Sgov o
B S ATHTHUSDA, 2016). 2+ 71#E52 1d9] 18] 014,
F7IH o2 RIS Wsty FHolAE & ML e
Ao 2 ZAEUTHCDC, 2015; FDA, 2015; USDA, 2016).
U THEEAGL S SHLE 20069 FH &3
T JFEZ BAYH 2 AuHxAL @3 f8 B wE
4 9 As AT, tA 9 AL FAAY HEE 58
L

AT o1 BelE] AR ATE ALHoR £33

I3 1o 20039 FE FEFAHAAAAERAA FH
2 A BE] 2" T AAE, 2008 FEE B
TR ERTL TR FF A W7 ZAAA 7
AMdE AAEATh olEd g AT 2AE EUE, &
BHAME 715 AN FFA TAEE R FAEZ
g #FedH I3l A& et TEERY &

2 o] gl B3 WE, T VIEERAHNEALY AR dA
g 3 Soll B9k 2], E A -2 E3H TH(Korea Ministry

of Government Legislation, 2015).

T =l ® BTHNL ARFIELL 2] A
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2. Material and Methods
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A AT FEE FAA EATHE AESY] A
BHoz J39 558 44 37F F 715 EPA method
1694 4 165& AF 53 TH(Table 1). WEL-SEA S} 22
2AEEA 7 2%, I3 EA (lincosamides)$t Wl I 22}
o] EA| (macrolides) 2+ 15, AEotnlo| EA] 6%, vl Egtatol
294 353 Edlo|n AZH (trimethoprim)©] £ EPA
method 1694¢4 A EAMEH & HEFAT

2.2. 717124 (analytical methods)

EPA method 1694 A|, 34 A 859 7 A 5=
#435H=t HPLC-MS/MSE AHE-3F%1 3L HPLCSF MS/MS
of et 24242 AAISkL ATHU. S. EPA, 2007). o
2 AT LCY MSE AHEste ZAAE £A4S
ER5E EAYHE ZASATH LC 2H xR
T4 2% ol FTFRS #F F

o Yehtes 548 &) Bz stk 2
A2 = W FAED W& o235 B, Mol
2(precursor ion)¥ Ho]A|(transitions)e] AT o] A3} H]
(mass to charge ratio, m/z), ATF-°l2& Ealst7] H3l 7}t
= ZEA(collision energy)HFS A5 T

2 ooff o oMo N
N oofm oo X 1N

2.3, =Mkl S (method validation)

dutx oz Jdd EAPEY AFS 8 283 A

(linear range)@ A¥A <>(correlation coefficient), 3]
E(recovery), Al AEIAY FFA 58 AE

she AoZ d2A QUTHNIER, 2011). B4 B A|59 v
<

v
4
o

N

e

1S agjste Al4tE A A FF SHAE 44 PHA
Al (method detection limit, MDL), 3% 74 &3] (method
quantification limit, MQL)Z Yehdth A|89] did& 17
5k 2 717 AA Y AEFHAL FFHAE 7171 AESHA
(instrument detection limit, IDL), 717178 344 (instrument
quantification limit, IQL)Z XA|5I7]1= 3FH EPA method
1694 A= A ZFSF(minimum level of quantification,
MLQ)S.2 #F3aL gtk 4F £ HEA ¢ A
Al EU Commission (2002)14 #A13+ 273 3HAl(decision
limit, CC)%+ BA 9 Z(detection limit, CCp)S o] &3t 7

E45e H7hetaL glof ol it 1ES FPsAn
3. EPA method 1694

H= EPAYA & &7 A8 59 JFEL T AJAAEEF
(pharmaceuticals and personal care products, PPCPs)S 1%
A Z2rE 2 3 (high performance liquid chromatography,
HPLO)S 9E ZFEA7IE ol&s 2Asts ¥Hs Mg
AT A, A, ol IAZ FRIIA HEEF F Qe
S Basta 9em(U. S. EPA, 2007) 71£<] EPA
method(U. S. EPA, 1984; 1996; 2010)S 3 AXYS Analytical
Servicesoll A /NEd W, 7]&2] AFE(Castiglioni et al.,
2005; Fiese and Steffen, 1990; Hirsch et al., 1998; Kolpin et
al., 2002; Lindsey et al., 2001)& EtZ & Ut} 7|& &
Ao BaE dubAd EMYHE st AAE 20
(pH 2.0 E= pH 10.0) 818 FFHEA7Y o] 3 Z7((+)
o235t E& (-)ol2sh) T wt 49 aFE HAsh,
645 W PPCPs 22& X7l BHLez 1
sttt &9 A= 25 13 20 EFHEH
HELSEA, EREFEEA, dIAMEA, HIZ2G=
A, dEotuto] =4l 59 FAA = IF 19, HEZHA| S
HAGY FAAZE 25 22 BRET I2F 1, 28 AHEx

ApH 2914 TgFF0] o] A positive ] &3 B4

r

Table 1. The classification of the 16 selected antibiotics among the targeted antibiotics in EPA method 1694

Class Compound EPA group Class Compound EPA group
Penicillin G ) Enrofloxacin
B-lactams Fluoroquinolones
Ampicillin Flumequine
- Group 1
Sulfachloropyridazine Lincosamides Lincomycin
Sulfadimethoxine Macrolides Tylosin
Group 1
) Sulfamethazine Chlortetracycline
Sulfonamides
Sulfamethoxazole Tetracyclines Oxytetracycline Group 2
Sulfathiazole Doxycycline
Sulfadiazine Others Trimethoprim Group 1

SIE =& ste| x| H32H H6E, 2016
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% EPA method
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4. Chromatographic Separation Methods

Table 2= B8 FUA 248 9@ LC 0L Bt
o Jerth HPLC EE 23148% A4 A=ZvtEad Y
(ultra performance liquid chromatography, UPLC)E & &3}
= Aoz IFT UPLCE 2 um °l39] 4= aﬂé

Ze 3ARoz Ay APS HLT HPLC Bt =

FHoE B E FPdh A2 AAE STl whet 5’—74
A3 olgdol AEHE F U= EHFo] FUHst ZEH ZHol
g &Y 3, 52 gEeE Y E A w2t wE
NS ;gl_g_o] 755t o)l8d EAL E35] UPLCOIA

< 97=g A FA0l
7hestA =t AR AR E3o] mEW HPLCO A
£ oladd fFol 0.1~035 m/minHE2 YERoY
UPLCOl A& 0.25~0.45 m/minHF2E o]0 FY=HE=
ZAoR ZAHITH

A7 & EPA HH S Egste] 7Y £3ol4 94 Cis
AP S ALYy 95 AL ]*1t-(lglesias et al, 2012;
Nebot et al., 2012) phenylS Z-&7]|2 st 1F & 3¢
Synergi Polar RP A# & AH&S A2 eyt gz o
phenyl 28 & W& opql, FHo] Fsta £ & 5= 2
ot F3E Hes vebdt Cs 2™ A e
J AT 9ol 9o] 2 (n-n interaction)o] Z2 &
2 AL e ddFez Y dads 2t
A ATl JAX= EF 845 Ye= H]E"ﬂ'/‘]'o]i
, AEotuto|EA|, AEEA 55 EXst=d &2 F
Iglesias et al. (2012)9} Nebot et al (2012)2] ol A
olulo]l =AY, #A&EA E(quinolones) TAA 59
EAYEE st H&5 2FE Balsta 9l
9 %EE oledT 174, 2y £F 19 I3F
Fg A7) dgdd AH 2= 435
70-“—‘,’— HEE AlZH(retention time, RT)]
A9 Aol 15 &8 &=A(elution order)7}
. 59 AE R4 fRd mE &0
F ¥ A(peak) B Y=ol TAT F gl
AMgSte] A AR ol AEs AW ¥
stoh, ke BAWESo] AAlSls AF o%
15~45°C2 Yetgoy tFEe 30~40°C 235
Rl Y 3
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LC2 Zdsted AHHE olgdezs 4
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Bl EF} HSHEME V2L E AESh H54d &l
2E ol EYo] E(acetonitrile)] 7HF Bo] AFRHE A
o7 ZAFNSH WS (methanol) & HEH2 T oA E
UolEg ] &gtdo] fAg HIER HEHE o2 Yer
. BE A4 SHE e HSE e e s

2 2@et= Tl && % (gradient elution)S AHE

stal glom H2 vgd EF I AR =Y 1F
H BEHEEES ol T HFd &Y ¥

gt eAHor aGggddA gelso 29
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o
glé
A
o
%
q,
.{
il
>
N
!

2249 3440 uw_a
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Azt AzvtEIR S SRT 5
EE]“E‘ =2 479 Jart F¥HA=
£ olE T Ut HgsSd oMHEUCIEE &9
Mz HS 5 AolE ZHAAL Qo SAde] 2w
A Hth wE &0 JFHM mgST o EU]
=9 &E AHgste AF o8 EdE &7 el

Yy (Mo ooy Mo ¥0 4 BN
L

ot Mo HJo 2 [o I~ﬂ

i,
2

-9
oft
o>

Joll = EFAK(formic acid), <
(ammonium formate), Z4F = F(ammonium acetate)
Zteted g HMAE AMEZoZA FAA 9
% ] Z7stn AZEX 7] A = (sensitivity) 7}
Z BIH I ¢)ti(Seifrtova et al., 2009). Yang
et al. (2010)4 ATE A ZE AFolA 0.05~0.3%2)
EEANS HAVMER AMESte AoE UeEa dF 34
Ae TN 3 LELGEE(Ho et al, 2012, 2014; Li
et al., 2012; U. S. EPA, 2007)°14 Z4+4EE(Zhou et al.,
2012; Zhou et al., 2013)& 7571 &= Stk dutg o=z
HPLC-MS °]&4del A7lst= A7H= 3dde] Ze &2
& FE AMGSHL SANE FUFHoRE %2 JHd wFo
A ALHA gt Y Yang et al. (2010)2 0.1%2
EEG 5 mMY S4E pH 2E & AV Z AMESL

ZzZye] MS 2HERS Hus 23 IEAS AHES B
o HEZAto|FAAEY FA A A4S HYH
(tailing) @4Fo] YebES st S4te g pHE X
A 23 98 ol YehbA gten ols Skl
W o2 ZAggste 2 ZHEOEAR #-&5td(Kartal,
2003) H Eg tol FAAL Y] FAA g mgol2e] Aoz
Qs T3¢9 GFES H ]ﬂch 319t EPA method 1694
ANME HEZrto] FUAEY FAA S 1 tAEZES

£ ALY A ENHHA 59 AA4Y AF & AAY

ArxKoxalic acid), &

a
or

(

o O ot
o
s =)
ol

ox rfo o %

i)
rir
S,
lo

EE m&

IF 28 W2 EFstd S$A4E J7HE ARgste 7171
BN 2718 HE352 JEH Yang et al. (2010)0] AF3H
AT 5L olFY Zolg dTHAT

Zhou et al. (2012)2 5 mM S44H 0.1% EE4 0.5% X
E4H 0.1% EE2H+5 mM 2AMYEE), 0.1% EEAH+2 mM
ZAYEF), 02% T2 mM 2ALERE)S o5 FeR

AHgste] 4 £&& H71etATh Yang et al. (2012)9] A+
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A2 = &7 AN 2N 21 v, EPA method 16942} H|W 758 7|7] £

1z

e 677

47}

% LA §ATE AT B HEZSA|ZUALY B
AA QoM o F2 #E, E3515(resolution), ¥
(repeatability) @ S | EZ X EJ}(matrlx effect)S e
Joyg L4 gEbgdo] Yy W&o LC-MS/MS 71719
2A# B A (capillary interface)oll 48 E = FA7F 2T 5=
ATHAL AT W 02% EFHH2 mM 2AFEE)S ©]
FHOR "}%;}ﬁp‘ o HEZtAto]| SHA G A o
AT SR s Ui T A ER2EFAEE, oL
=¥ 0|(ionophore), MlAZ | EAEY FAA A= TE
ZAqA Btk 52 P32 BillsH =5 Y= A& B
st = ST

Gbylik-Sikorska et al. (2015)= P EHEE 2 FE 2 2 (hept-
fluorobutyric acid)S F7}StAEH ol o2 ZZvtEE
3] (ion-pair chromatography)E A& o o] 4 A]<Kion pair
reagent) & 2 AHE-3h= YuEH Q] EZ o]t} Gbylik-Sikorska et
al. (2015)= S8E ¥+ ofv]=Fe] ZA] E(aminoglycoside)Zl
g 9] A (Karthikeyan and Meyer, 2006) 455 ¥ 3+sto] 974
ALY FAAE Ao A= BAHE MESIAAL ol &
3l ol AZREINIE ALE, F 1389 ZAATE 5%
45%9 FAAE £ EAeRvhr Basta gk

5. Mass Spectrometric Detection Methods

HPLC T+ UPLCH 93 28 A= ol 254
AN AFEN7|E SHstAA ZFo] wat 22 FH o
Z 710l A %Iﬂt‘r OHM f#%i%*?jg éA}il 43 g o
Tol A ARE

o

&3t Aoz
AE2 ol 25 o/“(posmve EE‘; negauve)oﬂ H}a}/q =
AAY QojA [M+H] =& [M-H] F89 ZAE o] 2315

o 2y, ZEentoldl 3 22 A=
[M+Na]'9] EEl2 o]23 H7]% FHZhou et al., 2012).
2 AFNA HZ 1659 FAA = BF positive T4 9
o237t AE&HX 9lod [M+H]'Y I AFAZ 34
St ALZE ZAFE A THTable 3). Boscher et al. (2010)=
FL3HA HYAAG(penicillin G) £4& EZH O 2 negative
Wae] o]2slE A& AoR Husth 137) AG, 33
%9 FEE FAAE LC-MS/MSE #Ast= His /M
StAA #HUAA ALH #YZA E(phenicols)d] 45 FA
A &2 negative 49 o] 235 A&t o ol gt
Bt B0 disixe dFsHA #
FAAE BT RE £ MS/MS EE MS/Orbitrap?J
FHE FAHE dE9 FFEXNVE F LS e F 7 o
29 AFENTE AT o FHE Jted dEQl AEus
ZZ(selected reaction monitoring, SRM) FA 22 UlFE2
< BA-8FdT AaisaE dAA ol sd HAFA
T 53¢ 2F o A} vHl(m)E Z= o250 A HA 3—:3
T B0 9 £ EHIL FF A(collision cel)oll A F
Al A (collision energy, CE)<} 7F2(collision gas)oll «]oH z
MAT. #AR YRS (fragments)S A=

JEE 9

Of
(¢

|0

=
=

ZHquadrupole)

T orbitrap(ion trap mass analyzer)2 2 ©]F3ti £33
AF o Ast v Ze 220 BH FEVE EUX
th dutg oz Als A E49 Fs P

3 g 22 o Aa WS 2= %@% Azdt 5—416—
3 % q

51. EEEF=EEA
EZZAEEALY A= JAYENEN SR Bol A
W =2 FZ AR (norfloxacin), Al ZZZ-EA](ciprofloxacin)
ol sk A7 ol Bago] kil 528 YA ZEe A=
g%*}’ﬂ(enroﬂoxacin) /\}E}%%/\}ﬂ(saraﬂoxacin) s o
T P o gt
—‘E'U'ﬂ-fﬂ(ﬂumequine)ﬂ] EH
Z= EQ oz Qs LC
A (fluorescence detection, FLD)E Al&3ld] =&
371 = 692U (Nakata et al., 2005; Prat et al., 2004) t+ Alg
(multi-class) 3 A EAHo] 7Adgo 2} LC-MS/MS7F 5
2 AgEt F2 #FEs= AolA 2 [MHH] A 2 18
o] Z4d oo AREFAIF FFM A FEHLE
BHAEI glom m/z = 316, 2025 ZE ©]20] AZEFAMI
7 FRWAS A&t OE st HolA R 44 AN H =
S 2 eyt

kﬂ

l

oaJJrE

o o ML rir o

R
il
Ay %éH
%

e
JlN' o

52. M=0ioj0|=EH 2} EEIO|HAZE

AEotuto]EAE L 19, FAES FHIA &I 7+
go] Aol A ot} £, Q1YL o2 ALEH = M
W] A& (sulfamethoxazole) Egto]v| AZH 3} A H] &
2 =239 TR AFSEHE B7F Bob HEolnpo|=AE
o] FAA g NHEHA EEMUMJE’OH e AT By
3 ) tkSeifitova et al., 2009). EA4HE A Eolulo] = A Q9
FAA 2= AuZ 2 298] A (sulfachloropyridazine), 43+
E] o}Z(sulfathiazole), éd_ﬁ}vﬂ E}A, A ] o}F(sulfadiazine) 5
o] EAWHE Mddte TANA AF thFoizith A Eolnt
O|EAEY EAES FFHE 2 YA &) Wi FFF
EAE S AE0] B/t ¥ 260 nm(Li et al., 2007)
TEE 272 nm(Malintan and Mohd, 2006) 3+3¢] ¥& Z46t=
EXOo=Z QF HPLC-UVE o] &3] 552 ZH37| & 39t
ek MSel| Hle) Z=7F b, BEA R A g B
4ol EAF F A7 AT L AHEo] ulg AgHA ot

dEotuto| A B9 FAA = o] 23t HGA positive T
= negative 4] BF F&o] 7M53 ALoE BIFHA o
W(Hao et al., 2006) tJFE2] -2 positive &S A5
[M+H]" @Eﬂi olegly} APHArt AojAz BAHE 2
A QAELS m/z = 92(IM-RNH,-SO,]"), 108(IM-RNH»-SO]"),
I54(M-RNH,] )& Zr& o]&E0] F5 o|F1 9lon g
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Fig. 2. Tandem mass spectrum of sulfathiazole and collision-
induced dissociation mass fragmentation (Hao et al. (2006))

o] HEoluto]lEAGY FAAE mz = 1569 o2& 3
°] 2 AMgsHe Ao Z JErgTh Fig 2014 4% 25

Z= AuEotEe et HolA e YA FREA 29
Y (tandem mass spectrum)2] & HoET}

[

mlru o M
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5.3. HIEZIALO|ZEIA|

2 dFolA G HEZA|ZUAEY A= F
Z 2| E&}A}o] &3 (chlortetracycline), A EH| E Aol S
(oxytetracycline), =A]AFo] &3 (doxycycline)©]™ HPLC-MS/
MSE ©]&d ®BAS FPst Uvh. HEotnto|=AEH
wkZ7EAIZ 360 nm(Yang et al., 2004), 280 nm(Babic et
al,, 2006) HFA FBFE=E UVHE7|Z FH5to &=
& A= ST Positive A9 o] &3t HF & AA
[M+H]" 242 44 35% NH;(atomic mass unit, amu: 17),
H,O(amu: 18) & NH;¢ H,O7F AAE FH Y o2&
(IM+H-NH;3]", [M+H-H,0]", [M+H-NH;-H,0])°] F8 A
ol 2 HESI Utk Hao et al. (2006) 275 FAA
£ BAsged £ AFdA AZS 3FY HEZAIF
dA FAA EF positive 2N GA o]28HE A&
gl

6. Method Validation

v}

2 dFdAEe Add £4 39 fEds BHrksky
A AxE BB @A AFY, e, PEASS
A, PHEGFFHAE ZASIH I(Table 4), EPA  method
1694(U.S. EPA, 2007)oll4 AAg S¢&3 ASFHAE H
st it YHEY 548 ddstaA stk A8
A9 B e 0FH FU~FAY w/l(Ee uwke7HA A
€8 ALZ Yeyth ol o 189 FFe w o
2d dFeR AdEHes 57 42 AXZTE AEER
st 29 1w/l ©lsty s&dA AFAS Zw]"}ﬂﬁ}ﬂ‘:
Stal(Iglesias et al., 2012; Pozo et al, 2006) =< &

o] dAsE 71% A E(excreta)©]Y E H](manure)ZE TZH’“L
o=z e ZASAE 5,000 ug/kg(Gorissen et al., 2015;
Jacobsen and Halling-Sorensen, 2006) %+ 100,000 yg
/kg(Hou et al., 2015) A AFAE A5 AR e
woh AAPS JeEhE P FHE Lopes et al. (2012)$
Dasenaki and Thomaidis (2010)9] AT(*>0.98)E A <]

—

I\

EE AFNA 0990 o9 e Ze ALE eyt
EPA method 1694E A1E59] Aol W} 34&&S A8
I 17.1~214.04% WS ZE A2 Yguth dU4dd G,
H3nolal, grol24l Fo| dHFoE AY 42 S5
S YeER A Qlom S22 244G, dEonfo| =AY, H
EZAto|FHAEY FAAELS 59.1~158.5%(HF 101.4%)
2 {53 HYY s5gs verlla k. §35] @ =Atolal
9] B9 E, LA, vo] 1A Y &S A4Z 17.1, 55.95,
198.99%% ®istil Qled ols thE F3A Hild=
63~137%¢°l vl wi-% 2 gro|th LC-MS/MSEA e
AMe AlEY AAE &8°] g5es AYste Fagt AR
2 ZE&5H dH oz mjdo] AR B AFAA ii;—% S
FES L}EM Aol dd=Ey A ‘1?4 e upgt
BAA =L JFEs Ve A= ‘:]'—r B
(Table 4). ol Tt FAA 9 -Q]'°
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7. Conclusions
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