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Abstract

Increased attention has been paid to the presence of veterinary antibiotics in various environmental matrices due to their
toxicological behavior in the ecosystem and development of antibiotic-resistant strains of pathogenic bacteria. In the this
review, 37 target antimicrobials were selected based on annual sales of antibiotics for livestock in South Korea 2014. Also,
extraction and clean-up methods for the determination of the antibiotic residues in liquid samples including water, milk, and
honey were comprehensively reviewed in the literature. Solid-phase extraction (SPE) was commonly used as a pre-treatment
method for the samples. Most of the analytes were extracted in acidic conditions (2.5~4.0) except for aminoglycosides, which
were extracted in neutral conditions (7.0~8.0). 3-Lactams showed the highest recoveries in neutral pH due to their degradation
characteristics in acidic media. Starta-X, Oasis HLB, and Oasis MCX were frequently applied as an SPE cartridge and Oasis
HLB showed the highest recoveries for the majority of antibiotic classes. The homogenized honey and milk were extracted by
mixing with acids for deproteinization. Solids and other interfering substances in the extract were eliminated by centrifugation
followed by membrane filtration or SPE before injection into HPLC.
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1. Introduction 2 28A vk AR gAY FY-fETFE £ 4,
Ak, AeR FFEHe BFAEY 4T AFdAE 7t
9. oks} 7]&o] WAL <7t meo AR 7|as ulst ¥ Q](caffeine), 4w EAFZ(sulfamethoxazole), EZ|wAZE
AT £ G E5o ookEd g 719194 & E(Phar- (trimethoprim), &3 w}to]Al(lincomycin), ©]F-3Z 3 (ibuprofen),
maceuticals and personal care products, PPCPs)¢] Al-&% Etd 2 4l(tylosin) &°] WI¥sHA AEH L ltH(Table 1).
FEeAch 2w o ATFI el e FHANT S} T ngllpgll BE FELE FEHT ol okEdS
2 2099 fFE-A0g7 o2l MY 4T = = 8% 2 AN71se Astsle 5 FAH e ¥ ok
YARE AT JFEPo] GYOE AT gk Aol AZe 9FE FE AR HaHa YLiv and
agy 372 2o $UEHE JEEAEL J)E BT Wong, 2013; Malchi et al., 2014; Rahman et al., 2009).
7149 $3-37 FPo2e AAZ JF(Adams et o,  Pomati et al. (008)& E<, VAL AF A F(HEK293;
2002; Kim and Carlson, 2007), A3+23 (2%, 94, TiO,, Human Embryonic Kidney 293 cells), |2EZ 7o) w33}

UV/H:0; S)(Adams et al., 2002; Petrovic et al, 2003)o]u}  © F&% SYAZOVCARS wmor cells)E ©] &5t &7
A E-5}H%] %’—@(Behera et al., 2011), g4 e RO(Reverse o WI¥sHA HAEHe JHELY S4E& Fristgnh o]
Osmosis) & #3d(Adams et al., 2002; Behera et al., 2011; =€ ngl TE2E EAShe W A9 B 0] E(bezafibrate),
Kim and Carlson, 2007) 59 ¢]s] A% A7} 7Fsd Ao o}e] &= Z(atenolol), Al Z2ZZA}MA(ciprofloxacin), & w}o]
Aol A Eo JAAA F FFd LS F= AL &
sgen S, olei@ oorEdel TP EANE 49
S ongll FENAE AZEAE odAsho] Aeh Aol

Ao = 3] 31 A1 =
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Table 1. Occurrence of pharmaceuticals in worldwide water samples by various sources

Location Compound Reference
Ri . - ; -
1Yer sulfar'nethazole, sulfamethazme, ibuprofen, lincomycin, erythromycin, Wu et al, 2014
(China) caffeine, paraxanthine, etc.

Wastewater treatment plant

(Michigan, US) lincomycin, sulfamethazine, etc.

doxycycline, sulfamethoxazole, tylosin, caffeine, acetaminophen,

Gao et al., 2012

Wastewater treatment plant

acetaminophen, ibuprofen, caffein, carbamazepine, lincomycin, atenolol,

Behera et al., 2011

(Korea) sulfamethoxazole, trimethoprim, triclosan, etc.

Groundwater . . . . . .
(California, US) caffeine, codeine, sulfamethoxazole, trimethoprim, acetaminophen, etc. Fram and Belitz, 2011
Groundwater acetaminophen, carbamazepine, caffeine, sulfamethoxazole, Lobez et al. 2015

. . V4 .
(France) codeine, erythromycin, etc. P

Drinking water

carbamazepine, gemfibrozil, tylosin, ibuprofen, bisphenol A, monensin,

Kleywegt et al., 2011

(Canada) lincomycin, erythromycin, etc.
Drinking water caffeine, thiamphenicol, sulfamethazine, sulfamethoxazole, trimethoprim,
: . . . . Leung et al.,, 2013
(China) clarithromycin, tylosin, carbamazepine, etc.
Drinki t
rm(JTpin‘;}a e diclofenac, ibuprofen, carbamazepine, epinastine, fenofibrate, iopamidol, etc. Simazaki et al., 2015

Drinking water
(Spain)

azithromycin, sulfamethoxazole, erythromycin, ibuprofen, clarithromycin, etc.

Boleda et al., 2014

Migliore et al., 2003).

Tt 2R AV AEH ez F3F FYEA
2 FAA WA ErEot @ A BEF o= A% <l
R g 939 EAle 4 9 AEH AV|H g
(Bonnet, 2004; Chander et al., 2011; Hasman et al., 2005;
Hur et al., 2012; Neu, 1992; Persoons et al., 2011; Pfeifer et
al, 2010). WE& Zt+= AEAANY G T =T+, ESBLA
/el 2] o Extended-spectrum B-lactamase(ESBL) producing
bacteria) 5°] Td, RiFo] o ¢ 2 JFEHA
(Biswal et al., 2014; Chen and Zhang, 2013), E%&o°] &3t
(Santiago-Rodriguez et al., 2013) & 73] ThFet A|FolA]
AEHL YTt

Q2] HUAdAA 84 ESBL B4 wrelgote] o
3 a37F gl A2 YEl o H(Franciolli et al., 1991;
Jones, 2001), 2007'd WHO®I| &J3] Iz 7ol wj-¢- FQ
St FAAZ 5AH MFZAFZ (cephalosporin) Al FAY A o
3t WAEdE 53] #FEF 3 JtHChander et al., 2011;
Dahmen et al., 2012; Dutil et al., 2010; Ewers et al., 2010;
Jones, 2001; Persoons et al., 2011; Pfeifer et al., 2010).
AGz22dA FAA N dd WP 712 7H20t9
(carbapenem)A] FAEZ 9 HT 9 AMgo] F7stI oY
(Hawkey and Livermore, 2012), ©]¢} &Alo| Zt=ns 4]
WA= 257 A& thHawkey and Livemore, 2012;
Nordmann et al., 2012). |23 o] 52 HYLAA, AZ=
22X A7, AEEAE9(Quiolone)?] TAAE= 44T, w2 =
Z0] E(macrolide), Bl E&FAFo] ZH(tetracycline) Al 2 2] F4Y
Az 3AU7A FE FEE Sl i ge ool diu S
A e FAAZE Ak F M2 FBA AE
S skl A A&HA A77F AP UK Fischbach
and Walsh, 2009; Straus and Hancock, 2006).

dutgor oorEd e W % JPEdA HEHA= #H,

GobE Az FFAA MEHE AAAF, FB7ke) A5,

7R H-9¥] 58 B3 g 422 3F Fol
4 tH(Andersson and Hughes, 2014; Heberer, 2002). &
dgoz BRET F Je ¥9H /Mg, 7Y shEge

dHoz FAh et H8F W

i

fif
o 4 0 o> fo Jo

ol,

O 10
ol @ AZE o] RofAA e A7t of
g =

o J

Bel 1z, 1E B§F olPoz, E: Bt
& GopEe TRl AS
o] BrbsEv Holits 44

of 71o135kAl " THOliver et al., 2011; Wegener et al., 1999).
G e THAE F2 ARSI ALEY B9 4
AFSHA Sted dFEEY FBAE 55U dAF FE8E A
AR F2 9 IYE = FEZFQ tAbgE o] Foiz]
e 2 vl P KSarmah et al., 2006). E3 WEH JtF
5= AESH Y= a2 FAHYE Fri(Martinez-
Carballo et al., 2007). Kroker (1983)& EA7} w4
(B-lactams), HIEZtAto] S A, A Eolnto] =4 (sulfonamides)

FAEA AHE S5 50-90%= IUZE #HES 5

9, AsE7A R FAA 2L9s o, 2HH
FAA A FAAE A He FAH AP 8ol
3 QK (Martinez-Carballo et al., 2007; McArdell et al.,
2003; Tolls, 2001). Dolliver et al. (2008)= ZZZH EZA}
o] Zd(chlortetracycline) 2] 3% 22~359 9] R Hu|5 73
oA 99%7F AAE = AL A5 2 EillAl(monensin) Tt
BRI R4 54~76% o] Eal =2 A g BF (sulfamethazine)

2 A EHA Fe= AS AT o] A Schlusener
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et al. (2006) AW A BN 4F F4HE FAA W
2715 ARG e A7 krle]X(salinomycin), 2] EZ A}
o] Al(erythromycin), &-A]EZ#r}e]Al(roxithromycin)®] ¥H7]
27y 64, 41, 13042 AlRtE o € olEd (tiamulin)
% 18099 #AVI B¢ FEY WS} gl A=
st

20159 AT FAA A wH ool o5 A
usta 7oz iE dAStE R FAELY A 2
A E gotety] Aste] SRR @ 9 o] &d @S
WET VEERAYRAY AF da 9 Oy Sl &
3k 3IA], 5 A RS tH(Korea Ministry of Government
Legislation, 2015). ZAJo] w2 U)X i+t
BLEEE ZAE 98 SRR, 3H 2 54, A
o ARE AF, IRFVELY F=E ZHA @k 2
By vt ARTAEL = 99
b Eo] QA om, u= EP
MS/MSE Ahgste] ZHirejeka
WS AQtet oy FEE e EH‘L]' 23?‘131
HatAlE &3 ATHU. S. EPA, 2007). FAA 24 ¥y
MG =759 4% sk 24 345 AEFY IR
g Wol FE olFa 31, £ A (Evaggelopoulou
and Samanidou, 2013; Lopes et al., 2012; Xu et al., 2012),
S F(Berendsen et al.,, 2013; Bousova et al. 2013; Tao et al.
2012), 7}&AFE(Amelin and Timofeev, 2016; Boscher et al.,
2010; Pietruk et al. 2015) 59 XA A|FEE oz A
PFHE NL-H L& A7t oy 7MEEs 9 F4A
EX 4 (Gorissen et al. 2015; Zhou et al., 2012)S A A g
AT HHS Ao YERHT

meEtx] B ATl LA AR AAF FE AFA
AR 3759 SEE TAAE dides H8E E2& 1
Ae AA ZZrtE 2 H(high performance liquid chromato-
graphy)9} 2 ZFE X H(mass spectrometry)S ©]-&3] 243}
7] St AA 59 AAY HF & AL FF UMEER

ARZAEDY i 2259 24 P3E FHs 9
%} I §4& Hlastaz gtk

e

r
Fl

,d
o T
tfo

A o 2 AN

oL

2. Selection and Classification of
Veterinary Antiboitcs

2 AFdre 34 194 A39 3759 48 FAE
Aol it EAYHE AR Skt dAER S A3
3t7] fste] Fu 7HEE A e E RAEIG L, @
fFe 20149% F7HAA A 2 W EYEH, (Lim
et al, 2015)AFRE &5t

AZA 3759 FAA= HE 127 o) AdE BFHH
o AGERE oldt 55 Egoz Qs FAA Aldel o
2 a7Hl AAY ol & 4 Utk(Shin et al., 2012;
U. S. EPA, 2007). EPA method 16941} Shin et al. (2012)
o] AT HuAo] 2w FAAAE EFTH FA o
2 45719 2Fo2 e 258 HF AAY PEE A

b

a4 sE| x| HM323 Mes, 2016

Alsta itk A" 37709 FAED F 165°] "5 EPA
method 1694914 A g 28] E3E ™, Shin et al.o] &
F3 aAFoE 1559 FAA 7 EFATHTable 2).

EPA method 1694= & 74719 oGEA S 47 2E0=
wro] 24 a5 BEAYES AASAL ok AAE 53
= pH ZZA(pH 2.0, pH 10.0)0] W} F IF0 8 FEE
o I 5 AgEPdAA AAYE FPcks IFS LC-MS
FAZA wg oAl Al 2geE ERE Hlwd g2
A7 AFF we-SEA, Z2 27524 (fluoroquinolones),
Wl gz o)A, dZEolulo|=A|, HEZAo|FHA 59 &
AA7E £ o] 9o FZ Group 13 22 EFHTE Group
13} 2= LC-MS 84 79 zpo]2 8] thE 2§02 2
FEAT AXZGES 2] pH 2AA LS FH o=
Pt

B ZAKV) A 9 FEd 425 EH?} A A A8
o g2 S =959 E‘q"ﬂ wet TR S 2
& pH, 7tlEY A, &YHAY Fx/ T =4
o AAe Hg& 4% 7—"3%0}93\4. Group I EPA method
16948} FALSHAl A Eofuto]l =4, HEZAO|FAA, &
2IAEEAY FAAE okt dem Y ZZ(pH 3)
oA st AAEE A&st=r, HPLC &4 249 wat
Group I-A, B, C2 A &ststdth. wla2eto] =4 A4 =
Group II1Z, WEL-ZEA] FAA = Group MSE EHFHH o}
"= ZE] ZAto| Al FAAQ] 2EF] Enfo]Al(streptomycin) <
Group VE ERFHo| A2 tZ AALYHF L sk
U. S. EPA (2007)%} Shin et al. (2012)°] A ¢
T 71E9 ATE vgo R sto YA E 1F
WHE A ST w24 7hed AR
B9 A 2 W= wE-SE g, az
gpol=, dEolulol =, HEZito] S ﬂ ]OV—“? o] Atk
53], Shin et al. (2012)°] AI<Hst PP fﬂ”‘ AR ZFH
g8 FRA DY FAAE AAlstaz & | F3 o 2A
kel ‘:}E A H8& TPk 7] Wl B Al

< IHE B

3

2

i
E
577

,1

N

o

, EE iﬂ
=0
o —

02&

=588 4R e gEe /NI ok AAE B daF
oA AFH FAAE AEY 5H L= EPA method 1694
£ A8 A A= T 189 AAYE B 1659 IAF
FAYA =S F4F F = W, Shin et al. (2012)9]
TS FEste 3¢ /A9 AAAPEE F Lok 15%
9 ARFBA FEE FFF F UG

oyt EAE sNAsy] A tdgd T FHEZS 5
Ao BX 753lEE e 2839 AN PHe =58
Zavt 91213% l% 4611* 21* A ﬁlcﬂoﬂ RS 315}

l

7t 2.8t H}E}H ‘:]'
2, A48 FAA S EH
method 16945 W4 & e o
stRom v EZE0 teliAe TAXRAE &

e e, s
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Table 2. Classification of the 37 selected antibiotics

Class Compound

Analytical group
Shin et al., 2012

U.S. EPA 2007

Apramycin
Dihydrostreptomycin
Gentamicin
Aminoglycosides Kanamycin
Neomycin
Spectinomycin
Streptomycin

Group V

. Florfenicol
Amphenicols .
Chloramphenicol

Group I-C

Penicillin G
[B-Lactams Ampicillin
(Penicillins and cephalosporins) Amoxicillin

Ceftiofur

Group 11T
Group 1

Enrofloxacin
Fluoroquinolones Flumequine

Marbofloxacin

Group I-B
Group 1

Lasalocid
lonophore polyethers Monensin

Salinomycin

Lincosamides Lincomycin

Group 1 Group I-A

. Tylosin
Macrolides o
Tilmicosin

Group 1 Group 1II

Pleuromutilins Tiamulin

Polymyxins Colistin

Sulfachloropyridazine

Sulfadimethoxine
Sulfamethazine
Sulfamethoxazole
Sulfathiazole
Sulfadiazine

Sulfonamides

Sulfaquinoxaline

Group I-A
Group 1

Chlortetracycline
Tetracyclines Oxytetracycline

Doxycycline

Group I-B
Group 2

Trimethoprim
Clopidol

Fenbendazole

Others

Group 1 Group I-A

Group III

3. Pre-treatment methods of Liquid Samples

AR AT AAMHEe ENFFAA W A5 F
olt}. 3] SHFo R EAdt= F O]'(EE‘E 9]
HgelA 2 842 BS 7t HPLC-MS/MSE ©]
o ZAFRTAA A 71€9 A& FFANA FH FHER
AAY #HF9 dAHA BExE AEFY BAUY E2
FEEFAINL, THEZ S AASIE qAZZrtETY
3 (liquid chromatography)‘ﬂ'ﬁ]@] 79 7tes FHE AIRE
AP sk Aotk F FAAE S35 H g &
ol 5’_57—3-1— Qo) B A5 Axy WHogE 3=

H(Solid-Phase Extraction: SPE)°] 7}& Z35HA] AL o
K Chitescu et al., 2015; Gros et al., 2013; Iglesias et al.,

mlo 10 oo r]r SiA
i

2012; Shelver et al., 2010).

Azz=wme guiyg oz Fig. 13 2o 9 A Y (con-
dmonmg) A BHA-AH-F2-559 QAE AL 2
25E U A5 AAH(pre-filtration)ste] YAEZ S
AASFL g EFEZ (surrogate standard), EDTA(ethylene-
diaminetetraacetic acid)E FUFAY pHE XHFH 5=
A 8E FA I (post-filtration) 31 7] = T} EDTAE A&
9] F&ol2S FEY FHE AAS] Fstd FYJsHH(De
Alwis and Heller, 2010; Gros et al., 2013) 5399 3 &
< Frksty] 98l F& FFol AlFHY] A, HExTER
Algo] FYs7|= @tk AlE9] pH, 7]'531744 5, 7=
(extraction)¥} &Z(concentration)o] Al&EHE= {7]&n] 2
AHEFE AU B2 FehA A0 we dolsty B

an

N fjo
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Pre-filtered water samples =9 pH—E_ 2.5% 24 QM Oasis HLBE 4803
(surface water, wastewater, o 3] O‘% |2t F5 des& Frletyied dug e
groundwater, ) ) Sample loading = pH.——_-; I35 ZAA =& 348S Y= AL
! T Qeh
Add surrogate standard, f L _ ) 32y Table 40l Vb upe} o] AR FERCA #HY
Na,EDTA . Cartridge washing/drying AAAY Al vh2 2 E DA (cephalorines) FAA7F Aoz A
Il Il 52 2461 T4EENL ALF ARA e 3 3
Sample pH adjustment Elute from the cartridge TEE Role 2SR Uebdth(Castiglioni et al,, 2005; Gros
L et al., 2013; Lindberg et al., 2004). o]&1gt A MY =
l v T 9718 23 AEAA LF HE-FEA A S 9
Cartridge conditioning Evaporation and reconstitution Eal 7] B2l AlE AAY 3 Sl Ealirt doju 3§
F80] F43] Zadh= AoltiDiaz-Cruz and Barcelo, 2006;
Fig. 1. Schematic diagram of sample preparation for HPLC Thiele-Bruhn, 2003). °l= %/‘3}_7-1(7.5, 8.0)9f pHelA A
analysis. AY FF L AFSF S FFgo] T ATFE S T
W= JtHCha et al., 2006; Gros et al., 2013). @&t #HY
AHo R A& 7bed 4 AA2AE =257 Ad o AAA G AgzAE0A4 FAAE Edetes AR B2
&3 A7t AP Ho] FthBen et al., 2008; De Alwis and FAEAdA AAZHE FhHAY EAY B2 A I
Heller, 2010; Gros et al., 2013; Iglesias et al., 2012; Zhou T& AZE Fasstr] sl A4 HAd pHE =3
et al, 2012). B A|BE Ao EAstE A FF(surface sle 59 WHe agsior & AolthPozo et al., 2006).
water, SW)¢} 2 &}5(ground water, GW), HL43Z} =] ALS T3 2= AAE FFGANA FtEF A A|RE FHA| 5]
539 #5225 <R(hospital wastewater effluent, HWWE; A, EDTAS #7lsle AL E RAMFIT. A AF3 v
swine wastewater, SWW), E=A|&FA8 2 #4-F=F 9} 2ol HEZAO|ZHA, EE2EF 24, vazgo| =4
(urban wastewater influent, UWWI; urban wastewater effluent, 9] FAA| = —’F%J o7t F&ol2% Adste 42 & /A
UWWE)E tiao 2 &%, Table 3~59 & A& & ZF H, A ¢} dEggl F&ol2o] FLEZ A F&H o] "7t
A = BAE A AAFY FHE st g4 2 JFstHA AAY #HF Y FFes daAl
duta o2 AAe 474011/\1 AgFEyd wEt AEE Tt 7= AFHE 2HITE WA ol WAL FE2e9 F
Eg A HAar] A, A5 pHS s B A 89 < Y3 ZolEAQ EDTA, 4%, #4459 A7E
pHE F3° Solle BANEG=29 g Ieis g, 5% pH 23 GAVE 254 Aoz A AHGros et
ZFEFA Y] 57 B33 AL J5A48S APste W al., 2013; Miao et al., 2004). o|& 3 ol F=2 F&o|23 2
03 92 k. A 2 A B9 pHE 1580 HY= ote Aol 3 AEojutol= A FAA TS BA
Uk o} Alebeto) A (gentamycin)® FHbetol A(kanamyein) @ ATFENAE EDTAS A7tehA @gtom sl5gdE
S A ywx] EZEL pH 2.5~4.0 HY Y 29 x40 FFE HHA = ALZ YEETKSeifrtova et al., 2009).
A A-e degg el 2oz FRIFUTHTable 3). ©] pH Zd3} EDTAE #7Ht A&+ At Ad(conditioning)
€ olrl BF9 FPEZ H &) AT 2AYHE AT # FtEF A HAA. "’/“—%% = 719 9-9 F2
3t o7 EAENMAE EiFo] $tHDiaz-Cruz and Barcelo, HE At BFAE B4 A 7 Bol AREHIA Qe
2006; Gros et al., 2013; Seifrtova et al., 2009; Zhou et al., Fediolt. 1gFESH2 iif% A9, Add, 42 &
2012). = AR && JHZE EAste &= pKa & ©l 718 E AHgdthe SR #e FEAZ, Ass 59 &
4o pHOlA HFE ol P2 A IAFdES vUst e Zeth Y 7Y FAAE JEF tEYA F
et ol2std Ed-2 -5/ (lipophilic) FHAE A& Oasis HLB ZtE@ A7} 7} ®o] AR S HF4
FHE A g AFFEHLE = £27F o Hh(Petrovic 24 EF =2 AR F2 dves Yt 47
et al., 2005). S22 ==, HEZA | EHA, a2z Ao A= Strata®-X(Chitescu et al., 2015; Donato et al.,
o|=A|, AEolulo]TA Fo] &= FQ FAAE AHA 2012; Iglesias et al., 2012), Oasis MCX(mixed cation ex-
TE= A7 FEVE 7RI YA olFI EFEY 0|23} change)(Calamari et al., 2003; Castiglioni et al., 2005) 7}
e 899 pHel 935l 28 Fth Seifrtova et al. (2009) EYAE AFLIA L EEA C3 FFEIAE AFEIVIE 5

T ' AR FY FEZ Y PHE AEET oR
Bo] B2 g ZE71E ¥Feta Q1o A8 pHIF &
A WFEZY pKagthoh 2 3& o B4 o detEe] A&

(acid)®] THE Ex3tH FFEAAA HFEZ Y EHA
o] FEdtta Basth Gros et al. (2013)2 53%<]
FAAE Y2 A5 pHE ZFsA G2 =47 A

==

[olI

a4 sE| x| HM323 Mes, 2016

% tH(Martinez-Villalba et al., 2009).

Gros et al. (2006)-> FAAE £ 29FY YJFEA
sl Z2H FZAE AHESH= Oasis HLBS} Isolute ENV+
FrE R, ¥F4 FFEIAQ Cis, ol Oasis MCX JIE
YAE A&t 204 BE F5 55 F7HeHA Oasis
MCXZIE A &= 2] 24X 2ZE FAA ] sl HlnF
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Table 6. Comparisons of recoveries of selected antibiotics in animal originated liquid sample matrixes

Analyte Sample matrix Recovery(%) Reference
Cow milk 72~89 Tao et al., 2012
Honey 72~107
. . - Zhu et al., 2008
Dihydrostreptomycin Milk 81~107
Honey 84 .
- van Bruijnsvoort et al., 2004
Milk 99
Gentamicin Cow milk 76~88 Tao et al., 2012
Cow milk 82~97 Tao et al., 2012
Kanamycin Honey 81~99
- Zhu et al., 2008
Milk 78~103
Cow milk 81~96 Tao et al., 2012
Neomycin Honey 65~85
- Zhu et al., 2008
Milk 76~97
Cow milk 70~86 Tao et al., 2012
Spectinomycin Honey 71~97
- Zhu et al.,, 2008
Milk 67~92
Cow milk 75~91 Tao et al., 2012
Honey 79~116
. ; Zhu et al., 2008
Streptomycin Milk 72~113
Honey 81 .
- van Bruijnsvoort et al., 2004
Milk 102
Cow milk 79~89 Tao et al., 2012
A i H 78~106
pramyeint oy Zhu et al, 2008
Milk 71~98
Lasalocid 71~717
Monensin Raw whole milk 80~109 Nebot et al., 2012
Salinomycin 69~81
Colistin Bovine milk Colistin A: 98 Wan et al.,, 2006

Colistin B: 97
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