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Abstract

BACKGROUND: The -current study developed a
monitoring method of 6 veterinary antibiotics (amoxicillin,
ampicillin, enrofloxacin, tetracycline, chlortetracycline,
oxytetracycline) in agricultural soils using liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
in positive electrospray ionization mode.

METHODS AND RESULTS: Sample preparation was
carried out using acidic acetonitrile and citrate salts
followed by purification with dispersive solid phase
extraction (d-SPE). Separation on Eclipse Plus C;s column
was conducted in gradient of the mobile phase, 0.1% formic
acid and 5 mM ammonium formate in methanol (A) and
0.1% formic acid and 5 mM ammonium formate in distilled
water (B). The linearity of the matrix-matched calibrations
expressed as the coefficient of determination was good with
R*>0.9900. The limit of quantifications (LOQs) ranged
from 0.5 to 10 pg/kg for all analytes. Analysis of 51
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agricultural soil samples taken in the Republic of Korea
revealed concentrations less than 1.9 pg/kg for enrofloxacin,
75.5 ug/kg for chlortetracycline.

CONCLUSION: The method was successfully applied to
monitor 6 veterinary antibiotics from 51 field incurred
agricultural soil samples in 17 provincial areas throughout
the Republic of Korea. The developed method was simple,
easy, and versatile and can be used for monitoring various
veterinary antibiotics in soil.

Key words: Agricultural soil, LC-MS/MS, Monitoring,
Veterinary antibiotics
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Fig. 1. Chemical structure of the tested veterinary antibiotics.

al, 2007). 1552 SAA7} S % 7%% 5 ARg-3to]
o398 Bl AEE AP B9 21l 55 olaslo
Ve e B0 ol 4% 9 308 S0 07
AT IAY (Broekaert et al, 2012; Ahmed et al,
2015). B3 B9k 919 oA ek AR Widde
skl A F1EAA IEE & F T (Son ef al,
2008).
= 59 7158 AAE 5784, H O], 74 Tl
thekst A5t7h W8 31 Qe Choi et al, 2008; Lim et al,
2009; Lee et al, 2010; Ok et al, 2011; Kim et al, 2012;
Lim et al, 2014). Ok 5(2011)< =, H&=3 EQF A5
A 7H58 38A| 7% (chlortetracycline, oxytetracycline,
tetracycline, sulfamethazine, sulfamethoxazole, sulfathiazole,
tylosin)e IFEHS o83t LC-MS/MSE #4313
O Charm [0 A ZAPPES ARESH] En]ollA
tetracyclines, sulfonamides, macrolidesE U EF3}3]
o} (Kwon ef al, 2011). E% % florfenicol®} ARz
(florfenicol amines)s +41317] 138 original QUEChERS
&9 7} LC-MS/MSE o] §-3t 7AW 9tk (Xu ef al,
2015). 12lu B T 7S A 6F
(chlortetracycline, oxytetracycline, tetracycline), penicillin

tetracycline 7|

Al (amoxicillin, ampicillin), fluoroquinolone (enrofloxacin)
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EFEAE amoxicillin (AM, 90.0%), ampicillin (AP,
95.0%), enrofloxacin (ER, 98.0%), chlortetracycline
hydrochloride (CIC, 93.1%), oxytetracycline hydrochloride
(OTC, 95.0%), tetracycline (TC, 98.0%) &+~ Sigma-
Aldrich (MO, USA)°llA +J313lth. HPLC #¢] o=
UEHY vgts, FF5E SK chemical(24t, djghil=)d
A 1k 3L P EAL (acetic acid, HAc), 7Hv]ik(formic
acid, FA), ¥E4t UEH(ammonium formate, AF),
sodium citrate dibasic sesquihydrate (NazCit.SHzo,
99.0%)+ Sigma-Aldrich (MO, USA)AF A1 Fulisksl
il soidum citrate tribasic dihydrate (Na3Cit.2H20,
99.0%), disodium dihydrogen ethylene-diaminetetraacetate
dihydrate (Na-EDTA, 99.5%)+= Junsei Chemical Co.
Ltd. (Kyoto, Japan) #l¥-5 A3t

XL
H=29%

CTCE Al9et B& dEAL vekEo] g3lsto] 1000
ug/mLe EFYAE WEQT CTCE Sl g3t
T+

1000 ug/mL—— Azt 22 2 %DHE 3489 50
ug/mLe] T8-S WHE ¥ H A %E(the lowest
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Table 1. Physicochemical properties of the tested sandy loam soils
o Exchangeable cations (cmolc/kg) oM? EC
No. Sampling site pH K Ca Mg (g/kg) (dS/m)
Hoengseong-1 6.0 224 8.3 1.7 38 3.58
1 Hoengseong-2 74 2.06 12.2 43 69 1.04
Hoengseong-3 6.9 1.65 7.7 2.1 58 0.48
Anseong-1 6.5 0.59 43 1.6 11 0.38
2 Anseong-2 6.6 0.83 5.0 14 17 0.66
Anseong-3 6.1 0.31 5.1 1.3 18 0.42
Icheon-1 7.3 2.61 6.3 2.7 39 0.65
3 Icheon-2 6.1 0.75 3.1 1.3 27 0.20
Icheon-3 5.9 0.50 45 1.0 30 0.28
Pocheon-1 6.1 0.73 6.4 24 22 0.33
4 Pocheon-2 5.7 441 12.3 53 26 13.73
Pocheon-3 6.0 1.47 6.4 2.0 21 0.48
Gimhae-1 5.7 0.44 6.4 1.7 13 0.48
5 Gimhae-2 6.2 0.48 7.3 2.0 15 0.44
Gimhae-3 5.7 0.55 5.6 15 11 0.24
Sancheong-1 5.6 1.99 6.2 2.3 27 1.48
6 Sancheong-2 5.6 0.60 48 0.9 21 0.46
Sancheong-3 5.5 0.18 3.3 0.7 22 0.24
Jinju-1 6.6 0.94 3.4 0.5 10 0.33
7 Jinju-2 6.1 0.71 29 04 38 0.20
Jinju-3 6.3 0.42 19 04 3 0.11
Seongju-1 5.8 0.37 6.3 14 16 0.14
8 Seongju-2 54 0.36 35 0.6 14 0.21
Seongju-3 54 0.45 5.3 1.0 16 0.20
Uiseong-1 6.4 0.44 7.9 2.0 17 0.75
9 Uiseong-2 6.0 0.42 5.6 29 14 0.28
Uiseong-3 5.1 0.29 5.3 2.1 11 0.33
Sejong-1 5.8 0.37 3.7 1.0 20 0.38
10 Sejong-2 6.4 417 10.9 5.2 72 454
Sejong-3 74 4.63 10.0 47 46 4.16
Muan-1 6.2 0.91 7.0 2.4 12 0.89
11 Muan-2 52 1.56 3.8 1.6 25 0.73
Muan-3 6.5 2.63 7.2 2.8 21 1.73
Jangheung-1 6.0 3.07 15.6 52 86 4.68
12 Jangheung-2 6.9 2.08 13.0 4.0 61 0.50
Jangheung-3 5.9 3.01 14.8 4.6 77 3.06
Namwon-1 6.0 0.71 33 1.6 10 1.05
13 Namwon-2 6.6 1.40 6.1 2.8 39 0.62
Namwon-3 6.0 0.42 2.8 0.5 22 0.38
Jeongeup-1 6.5 5.74 8.2 3.7 32 4.8
14 Jeongeup-2 6.6 1.71 7.9 3.3 18 0.96
Jeongeup-3 5.2 1.73 5.2 2.2 16 1.59
Yesan-1 6.3 3.67 79 35 51 1.89
15 Yesan-2 6.8 7.58 6.6 2.0 29 4.66
Yesan-3 6.9 2.74 6.6 2.8 36 1.22
Hongseong-1 6.0 0.30 7.6 1.7 38 0.84
16 Hongseong-2 6.9 1.89 16.9 7.7 49 6.48
Hongseong-3 5.8 0.25 4.1 1.5 23 0.32
Goesan-1 53 0.35 24 04 17 0.63
17 Goesan-2 52 0.40 2.8 0.5 15 0.42
Goesan-3 5.5 1.64 4.1 1.3 16 3.22
a) OM, organic matter, b) EC, electrical conductivity
calibrated level, LCL)2] 5008]2] €3} %8S Th5o EQF xHF
AgSGE. £Y EFEEAe TAY Eln FEEw Se) A2 T 17719 AelN 5737 Eepo i

LCL1, 2, 4, 10, 20, 100 <=°= 3|43} matrix-
matched H&=de A4St B BEdoe 2o
Ho] 20T Werasial Ege 4T W3Ed sl

0-15 cm RETS A3 A3 ERS IEolA 484
ZF FAskal AP R gfiEte] 2 mm Aol FHAIA AR
2 ARSI AlzE A8 20T oA Ws 2asiich A
Fek Eoko] Eu)3}8l4] 542 Table 10 AHAI3] A2sk3ich
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Table 2. Analytical HPLC conditions for the veterinary antibiotics

Eclipse Cis

Column

Column temp. 35T

Flow rate 0.3 mL/min
Injection volume 5 uL

(3.5 um, 3.0x150 mm, Agilent Technologies, Palo Alto, CA, USA)

A: 0.1% formic acid + 5 mM ammonium formate in Methanol

Mobile phase

B: 0.1% formic acid + 5 mM ammonium formate in Water

Time A B

0 5 95

1 5 95

Gradient 4 50 50
9 100

18 100 0

18.5 5 95

21 5 95

Table 3. Molecular weight (MW), precursor and product ion masses, cone voltage (CV), capillary voltage (kV), collision
energy (CE), and retention time (Rt) of the tested veterinary antibiotics in LC-(ESI)-MS/MS

Product ion (m/2)

No. Veterinary antibiotics MW (252?1?\?[1;%2) Quantitation Confirmation (C\X (5\1;) Rt(min)
(CE) (CE)
1 Amoxicillin 365 366.03 114 (23) 208 (13) 18 3.25 7.77
2 Ampicillin 349 350.03 106 (23) 160 (15) 22 3.25 9.38
3 Tetracycline 444 445.03 154 (29) 410 (17) 26 3.25 9.34
4 Chlortetracycline 478 479.03 444 (19) 154 (31) 28 3.25 10.36
5 Oxytetracycline 460 461.10 426 (19) 226 (27) 24 3.25 9.42
6 Enrofloxacin 359 360.10 245 (26) 286 (36) 32 3.25 9.27

MNEFE 2 A

EYANE 10 g 50 mL YAliE el ¥e § ST 5
mL& H7Ft 5 3023 28 5 1021
EAb 3 (1%) oMHEYEES 10 mL ¥ $ 1 g
NaCit.5H;0, 0.5 g NasCit.2H;O, 0.1 g Na,-EDTAE ¥
& ¥ 1037 2595ES 3 1 d4EE4,000 rpm, 5
min, 5C)3t3lh. AAE #8454 65 mLE Aol Cis
05 g= 92 ¥ 1<t 294 % 44E24,000 rpm, 5
min, 5C)sp3lth. 24H e AEE =ol7] flste] e
F 35 5 mLe Fstd daws sho] el HuAA
0.1% vt g e/ = E9<(50/50, v/v) 1 mLZ
§3llakal syringe filter(PTFE-hydrophilic, 0.2 um)® o
It F Algge o ARgstitt,
=M= 43

High-performance liquid chromatography

Amoxicillin¥} ampicillin, chlortetracycline, enrofloxacin,
oxytetracycline, tetracycline & 6°33-2] 343#]:= Waters
Alliance 2695 Separations Module®] LC9} Waters TQ

detector API tandem quadrupole mass spectrometer
(Waters, MA, USA)2] MS/MSE ARg-aF3lth. 4ol ALS-
¥ ZAH> Edipse Cis3.0 mm id.150 mm, 35 um,
Agilent Technologies, Palo Alto, CA, USA)°]1l, A¥ &
5E 35C, #4503 mL/min, FYFE 5 uLelglek 3k
9] peak R} intensityE #HFe] A0 w=7] &l
gradient mode = AH8-5131aL Table 201 ZHA8] 7 2] aF3iTt.

Tandem mass spectrometry (MS/MS)

BE GAAIE electrospray ionization (ESI) mode®]
positive mode°llX] ©]23}¥]3, multiple reaction
monitoring (MRM) mode %715 &333lth. MS/MS9]
=4 precursor ion ul product ion mass, collision
energy(CE) 9} cone voltage(CV), capillary voltage(CP)
= Table 31 2|st3ich.

=M A5
A4S A53H] 913l Buropean Commission Decision
2002/657/BECS #aste] HAFZFrE (LCL), matrix
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Table 4. Selected area based on solid and liquid manure in the Republic of Korea (2014, ton)

Area Sales of liquid manure Sales of solid manure Sum
Hoengseong 0 42 896 42,896
Anseong 0 150,015 150,015
Icheon 30,593 45,923 76,516
Pocheon 0 74,178 74,178
Gimhae 0 79,466 79,466
Sancheong 14,931 18,863 33,794
Jinju 9,000 26,450 35,450
Seongju 19,719 78,615 98,334
Uiseong 600 67,699 68,299
Sejong 9,795 48,525 58,320
Muan 21,435 20,562 41,997
Jangheung 0 42,488 42,488
Namwon 39,385 51,696 91,081
Jeongeup 29,778 39,659 69,437
Yesan 40,746 15,310 56,056
Hongseong 18,706 31,275 49,981
Goesan 31,026 41,984 73,010
Total 422,485 2,223,685 2,646,170

effect (ME), 2144, A8 (LOD), A% (LOQ), =] Zat o nEt

F&S T d2(accuracy) ¥t J84 (precision) & %

AFSFITLE HA S (LCL) 717178 o] 7hsst HA
5 matrix-matched EFENCZ AElrh. Matrix
effect (ME, %)= LC-MS/MS+ A 89 we} MES] %33
S Wol 7] ulitof] J=F Al matrix-matched AZ=A 02
S stofof stk thy 21S o] 83te] ME(%)E T8It
(Lee et al, 2011).

Matrix effect (%) = (slope of matrix-matched
calibration curve/slope of non-matrix matched calibration
curve) 100

23S =laty] Slsl 7F @819 peak WA O A
Z4(LOQ 1-LOQ 100)= AJ3t3la AYAIG (coefficient
of determination, R)°.% B71el3lt}. 3588 B 4
2] Aol 72} A B8NS UK - BAste] st
Ak F A4 LOQ, 10LOQ)E Fastion 717
Alsel 3R o R Faiste] 1o wE et ARt
(relative standard deviation, RSD)E Aliteto] 4159
A3 AUAdS Hrkslsinh HEFA(LOD) % gZeHl
(LOQ)= A=rkE1e] A% o F5H|(signal to noise
(S/N) ratio)Z T-3I31th.

ZAKE & SESUE MY

2014 E 9] FujF A5 E 2
(2,646,170 &) div] 1% ©]
FATH, 20149 % 7EREy wa 71EREEY], E6) Ak
] AA), 1% o AxE VFoE B

oy

S

—_

N
=

¢

>
K
o

)

= S FHs] B

vl 7Pgskelar, 1770 Al 2 A=l T B XEE R

SISITH (Table 4). 49% 47, F7|% M, A71% &

A, A71% o]&A, A ZeiA, A A, A XA,

A& AT, BE T, AESHEARA, A ek, A

W AT, AN FAA, AE ASA, T AR, FE S
A .

NU

AARE N B AFE 20159 102 12Y%H 2015
d 102 23U7HA] 2 A Aol 3A8H F 5171 A8 2] Bk

& AR

gay¥o| 53}

652 A FAEA

< gl fleto] v 2
& ARE AFESITE Ho 5(2012) BT} & o] F 9
%9 YA\ (doxycycline, enrolfxacin 5)& WEHE, oAl
EYEZ Na2-EDTA# Mcllvaine 89S ALg-31o]
% ¥ HLB 7IESAZ FAlshs SAAR O 3785
63-121%, “JUEFHAZ} 20%CIHZE 2 =22 E4 AR
A gato] 38 Ao dekee] 35EA] gAY v
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Table 5. The recovery rate of diverse salts used in various “QuEChERS"version the tested veterinary antibiotics in

agricultural soil using LC-MS/MS

Recovery (Mean + RSD)%, =3

No. Veterinary antibiotics Trial 1 Trial 2 Trial 3
NaCl (1 g) NaOAc (1.5 g) NaszCit.2H,O (1 g)+NaxCit.5HO (0.5 g)
1 Amoxicillin 45.3+1.2
2 Ampicillin 40.8+10.8
3 Chlortetracycline 58.3+4.2
. Not detected Not detected
4 Enrofloxacin 41.0+5.1
5 Oxytetracycline 45.1+5.0
6 Tetracycline 65.2+4.7
™ @
- &
] 2 ®
34 5
6
E3
;\
©)
2 2 3
(CY

2 6

7o 750 [y &5

260

a5 Jo/00 1050 100

Fig. 2. LC-MS/MS chromatograms of the tested veterinary antibiotics in a blank soil sample (a); matrix-matched standard
(10 LOQ) (b); the blank soil fortifying the antibiotics at 10 LOQ (c); and the quantitated antibiotics in a soil collected

from Jeongeup-3 (d).

1: amoxicillin, 2: enrofloxacin, 3: tetracycline, 4: ampicillin, 5: oxytetracycline, 6: chlortetracycline.

For o] HEd °i th (Ho et al, 2012). E%
Al B AR sl ol s f714 9 245 A
Zlo] Womn 53 tetracychnesﬂr fluroquinolones 27|
o|ESIHER B RN FEO] ofe® de 7L 9l
o] Na,-EDTAE AMEE o224 LAY olE gils 71AaAIZIth
(Hu et al, 2008). Bourdat-Deschamps & (2014)<> 13%
(fluroquinolones, tetracyclines, sulfonamides, macrolide

)9l CJerEdel tiEl FFAR(E, BEY, 7T $)elA
ZARA B =Rog Hooke] ART uEe oEUEY

3} OMHEAEF W TYF A(NarEDTA, MgSO,,

Na,SO) L2 F&3 F2H8
oFst QuEChERS FEW& ©]E3
(Bourdat-Deschamps ef al, 2014).

189} Table 59 20| o
sfol Wl RAjsieict

LC-MS/MS 24

B A= positive modeolA ©]&3}kE]o] proton
adduct [M+H]" HHIE B3It} o]F el o3t LEAY
2 (5 mM) s ol2skE SVMIATE

[e5]
-
nom B 31gEe Peak MY-E AIRKE oF 11 ©]

A AZE AHFig. 2).

28 3

Foi

ol
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Table 6. Linear range (LR, xg/kg), coefficient of determination (K), matrix effect (%), recovery (%), relative standard
deviation (RSD, %), lowest calibration level (LCL, #g/L), limit of detection (LOD, g g/kg), and limit of quantitation
(LOQ, rg/kg) of the tested veterinary antibiotics in agricultural soil using LC-MS/MS (2:=3)

Recovery (Mean+RSD)%

No. Veterinary antibiotics LR y:d ME LCL LOD LOQ
41L0OQ 10LOQ

1 Amoxicillin 10-1000 0.9919 574 50.0+0.66 40.9+0.60 100 3 10
2 Ampicillin 5-500 0.9909 160.4 32.5+3.32 32.1+2.42 50 1.5

3 Tetracycline 5-500 0.9900 101.2 51.5+3.75 66.7+2.76 50 1.5 5

4 Chlortetracycline 10-1000 0.9918 372 42.8+1.47 55.5+3.72 100 3 10
5 Oxytetracycline 5-500 0.9955 100.9 50.7+2.95 51.3+2.76 50 15 5

6 Enrofloxacin 0.5-50 0.9944 173.4 40.3+2.52 38.9+5.82 5 0.15 0.5

Table 7. Monitoring results of the veterinary antibiotics in 51 agricultural soils (=3, «g/kg)

Residue (SD, %)
No. A Antibiotic AM? APY o cTc? OTC? ER?
rea

Hoengseong-1 — — — — — 1.9+1.08

1 Hoengseong-2 — — — — — —
Hoengseong-3 — — — — — —
Anseong-1 — — — — — —

2 Anseong-2 — — — — — —
Anseong-3 — — — — — —
Icheon-1 — — — — — —

3 Icheon-2 — — — — — 0.8+0.12
Icheon-3 — — — — — —
Pocheon-1 — — — — — —

4 Pocheon-2 — — — — — 1.8+0.22
Pocheon-3 — — — — — —
Gimhae-1 — — — — — —

5 Gimhae-2 — — — — — —
Gimhae-3 — — — — — —
Sancheong-1 — — — — — —

6 Sancheong-2 — — — 73.9+4.47 — —
Sancheong-3 — — — — — —
Jinju-1 — — — — — —

7 Jinju-2 — — — — — —
Jinju-3 — — — — — —
Seongju-1 — — — — — —

8 Seongju-2 — — — — — —
Seongju-3 — — — — — —
Uiseong-1 — — — — — —

9 Uiseong-2 — — — — — —
Uiseong-3 — — — — — —
Sejong-1 — — — — — —

10 Sejong-2 — — — — — —
Sejong-3 — — — — — —
Muan-1 — — — — — —

11 Muan-2 — — — — — —
Muan-3 — — — — — —
Jangheung-1 — — — — — —

12 Jangheung-2 — — — — — —
Jangheung-3 — — — — — —
Namwon-1 — — — — — —

13 Namwon-2 — — — — — —
Namwon-3 — — — —
Jeongeup-1 — — — 75.5+1.91 — —

14 Jeongeup-2 — — — —
Jeongeup-3 — — — 65.4+0.97 — 1.1+0.46
Yesan-1 — — — 68.3+2.99 — —

15 Yesan-2 — — — — — 0.5+0.29
Yesan-3 — — — — — —
Hongseong-1 — — — — — —

16 Hongseong-2 — — — — — —
Hongseong-3 — — — — — —
Goesan-1 — — — — — —

17 Goesan-2 — — — — — —
Goesan-3 — — — — — —

a) AM, amoxicillin, b) AP, ampicillin, ¢) TC, tetracycline, d) CTC, chlortetracycline, e) OTC, oxytetracycline, f) ER, enrofloxacin.
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=MHESE
AR Bolds Wrksl] flal A Al st FA A
T AIE H7he MES vuskGith 2 3R] w
5 Azl el peak WA AT} (Fig. 2). Table 6
Sl

A & 5 SlRol BAAS] ME H9IE 37.2 - 173.4% ©]v
amoxicillin, chlortetracycline 100% ©Ja}= o]t
(ion suppression)| 3o =] FAAIR]D ampicillin,
tetracycline, oxytetracycline, enrofloxacin< 100% ©]%
07 o]245(ion enhancement)® %t} % &9] 4IeS
Eol7] Slstol avte] F91dA vRREEEs ARSAY
AAAQl WO 2 matrix-matched AEFAS A3
ekt 2 darelrs SR S o] 83l (Salvia
et al, 2012). 2t FAA ] A3 AHATR(R)=0.9900°.
7 W= ael QNS Rt §48S Bat e,
A AT FAY BEdA RO 4L0Q, 10LOQ &2
= PUAE Aslo] 32.1-66.7% WIS B om A

¢

N

JﬂXF 5.82% olsto|3ith. AlDe] & AAIE FAREAM

A Wi REEdS ARSHA Sfot FE3He
AH Bd B4 A Feto] 7 3ekEe daae
#WUF ARl SHelA AErh Frha AeEe] (Y%
stAl 9 AESHA 0.15-3, 0.5-10 ug/kg) BUERHS 9ot
AE FARAOR AT 5 Aol FA Bl
WEGEAE BA 7ol T3] w2 Aok AdEH

EY Mz & 24 ZLEHE
A% o BN CE S| 1749 elA AFH T T 51459
5734 B¢l PAAE ZUHE o A3} Table 73+ 2
European Commission Decision 2002/657/EC 7]%°ll
°J3ll matrix-matched %787} HAEH AAASE vl
atole W peak W5 ARF} A, AAolRe] dA|ah
AzEotaL Adste] gt T e7le] A F
chlortetracycline?} enrofloxacin & 2712 8A7F A=
=itk chlortetracycline] iyt HEWNEE 7247}
65.4-75.5 ug/kg 7.8% ©l3laL enrofloxacin 0.5-1.9
g/kg¥ 9.8% ©|3It} (Table 7).
Chlortetracycline, enrofloxacin 3317} &85
oM B AF Al AF7F AP AR Hol rart ¢s]
w2 ok B, o], 2 VSRS AR wA 4] o
<= @_i S50l Aol v B¢ vludle W =24
F4=%tE Carlson?} Mabury(2003) =% 5ol
chlortetracychne 1 ppm TFLE 4704 4 ¢ B
g A3} g st A9 gl Aow & Ealirt v
g & slom i) YA bE sstEat Bkl
wj 13-369 7HA =elAl #af f sz FRiskgict

2 o

F7AA EFellA i3 8Al 65 (amoxicillin, ampicillin,
chlortetracycline, enrofloxacin, oxytetracycline, tetracycline

S oA EAF S ol EYER, NaxCit.5H,O, NasCit.2HO
7} NayEDTAR 5% $ Ci3o® AAIs] LC-MS/MS®
ke RUH"ES skt 1 T 259 A,
chlortetracycline?} enrofloxacin®] U] &74%] EqFl|A

HEHA AlREeE 24 S B T 27 T8 ZUET
& S W= g Aol vkt d-8o] Tk
Zo7 Helth
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