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Abstract

Korea is one of the countries with a large veterinary antibiotics market, although antimicrobial resistance in bacteria is
becoming a serious issue in many countries. The Korean government started to take interest in estimating the effects of
livestock manure on rivers and agricultural soils and in monitoring of heavy metals, organic pollutants and antibiotics in the
ambient water and soil. In this paper, pre-treatment methods to separate the selected antibiotics from solid samples were
reviewed. It is essential to select an efficient and appropriate procedure for pre-treatment due to the high proportion of proteins
and organics in biosolid samples. Pre-treatment consists of extraction followed by clean-up. Initially, homogenized samples
were extracted by sonication, mechanical agitation or pressurized liquid extraction with methanol/acetonitrile/water mixture
under acidic/basic conditions depending on the compound. However, aminoglycosides and colistin were extracted with 5%
trichloroacetic acid and HCI, respectively. Since the [3-lactams are easily decomposed in acidic and basic conditions, they
were extracted in neutral pH. Filtration with a membrane (pore size, 0.2 um) or solid phase extraction with HLB and methanol,
as eluents, was normally applied for the clean-up. At least, three different pre-treatment procedures should be adopted to
screen all the selected antibiotics in solid samples.
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(Zhao et al.,, 2010), 7}&(Martinez-Carballo et al., 2007;
Zhao et al, 2010) €9 ExdA 9 mgke FF9 &
2 o8 FFY FAAZE WA dEH gt E
FAHY S4F ST AGrLe] ZFAA L2
2TPRY F7PF v REEHO A, FHlE ¥ §5, &
ERGAN dHAA S FRE SL%}‘%%:JO] +=2 7ts
ol mj¢ Itk AAR stFARGY AR op 7t
g FHY EXAU HEE P FAA NN I F
7o A AEHe AR ZAEJTHTable 1).

E 5 AF A ASE o JFH A A
BA 2 QA PAs T dHE AFE st I
Hol =l F ng/lugll 352 AEHE FEAAAE F
A=Y AEGZoId AA7sE AsAIIe 5 AHA
o JY9FE FE= ALFE RuFI tiLiu and Wong,
2013; Rahman et al., 2009). Migliore et al. (1998)$} Migliore
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Malch et al. (2014)2 ZH7 QeFEd o] EA)ste A
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= 99=2s z/\]'O]'_L zﬁuﬂﬁ ma A B o] A7} 917k

A% mAe JFS Fristdeh FhabebA #(carbamaze-
pine), 7H¥Ql(caffeine), B+ EZ] H(lamotrigine) &°] 2
o oA HEHAIL, “ﬂo‘ F2E HAT FF ool
A 5845 Jehd 5 3 HISith ES Pomati et al.
(2008) A AE=Z 404 49 =4& F7ste ng/ll

Table 1. Occurrence of antibiotics in common solid samples

FEog ZAsE H Ay B o] E(bezafibrate), Bl =S
(atenolol), A]ZZEZFAM(ciprofloxacin), 3 w}to]4l(linco-
mycin)°o] AEFAE At QAT Aot A 99
AE e & AES BV = SHTh

59 AFZFAAZ sl HAst= FAA g EreEE o}
9] gl g A7 M2 TAAY M oA 7|zt
A 450 gkth(Bonnet, 2004; Chander et al., 2011; Fisch-
bach and Walsh, 2009; Hasman et al., 2005; Hur et al.,
2012; Kim et al.,, 2012; Neu, 1992; Persoons et al., 2011;
Pfeifer et al., 2010; Straus and Hancock, 2006). ZHo| %=
EF73la sk 9 <& A|(Biswal et al.,, 2014; Chen and
Zhang, 2013), E%°] -&7KSantiago-Rodriguez et al., 2013),
§-o]F 7152 F(Carretero et al., 2008; Chafer-Pericas et
al., 2010; Wan et al., 2006; Xu et al., 2012) & TF&3I A]
A FAA WY wAEY AFo] BAFHIL A, Azt
2 oAy Z2E S A Whde =EdEth vs 2
AALS BA oA st A5 wEW uFo Mg gAY
A WAl o) Azt 29wk F o] Fxieh 21 3H Y
9] APgA7E A A THCDC, 2013).

ozt et #FFH, BAF —E’—xﬂﬂ BAE QlFol =
EFstal fEvetE Xos 22 UHES skeAF HE
9 47, #k= F9 4, 24 5 2 AYFgE 5FHLe=
7t&E=E HHgste 59 HIEE AREstaL doh EH] ¢
ol oln BAA AN Q=R = FEE HA doH
(Kim et al., 2015; Kim et al., 2005; OECD, 2001) EH1]¢]
WA FH AHF Sl oS gieto] P Fst o2 Q)

o

f

Sample matrix

Detected compound

Reference

Livestock products
(cattle, chicken, pig, fish)

Apramycin, dihydrostreptomycin, gentamycin, kanamycin, neomycin,
enrofloxacin, oxytetracycline, tylosin, tilmicosin, sulfadiazine,
chlortetracycline, lincomycin, colistin, albendazole, fenbendazole,
mebendazole, oxfendazole, thiabendazole, ciprofloxacin, sulfisoxazole,
sulfamethoxypiridazine

Carretero et al., 2008
Chafer-Pericas et al., 2010
Dasenaki and Thomaidis, 2010
Tao et al., 2012
Wan et al., 2006
Xu et al, 2012

Monensin, chlortetracycline, doxycycline, oxytetracycline, enrofloxacin,

Bak et al., 2013
Ho et al., 2012
Ho et al., 2014

Manure ofloxacin, trimethoprim, norfloxacin, sulfadiazine, flumequine, tilmicosin, .
tylosin, methacycline, erythromycin, sulfamonomethoxine, tetracycline Jacobsen and Halling-Sorensen, 2006
yiosit ycine, etytiromyeit, > tetracy Karci and Balcioglu, 2009
Zhou et al., 2012
Doxycycline, sulfachloropyridazine, enrofloxacin, tetracycline, Gorissen et al., 2015
oxytetracycline, ofloxacin, chlortetracycline, trimethoprim, amoxicillin, Martinez-Carballo et al., 2007
Excreta . . . . . . .
difloxacin, sulfamonomethoxine, norfloxacin, fleroxacin, ciprofloxacin, Zhao et al., 2010
danofloxacin, sulfaguanidine, Zhou et al., 2013
Sulfamethazine, sulfamethoxazole, sulfamethazine, sulfachlorpyridazine,
Sludge chlortetracycline, doxycycline, trimethoprim, oxytetracycline, enrofloxacin, Zhou et al., 2012

norfloxacin, methacycline, tetracycline, ciprofloxacin, fleroxacin,
lemofloxacin, ofloxacin, clarithromycin, roxithromycin

Zhou et al., 2013

Agricultural soil, sediment

Monensin, salinomycin, doxycycline, enrofloxacin, flumequine, norfloxacin,
trimethoprim, tylosin, chlortetracycline, oxytetracycline, sulfathiazole,
monensin, sulfamethoxazole, sulfadimethoxine, salinomycin,
sulfachlorpyridazine, narasin, tetracycline, demeclocycline, roxythromycin,

Bak et al., 2013
Ho et al., 2012
Ho et al., 2014
Kim and Carlson, 2007
Zhou et al., 2012
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Ministry of Government Legislation, 2015). ZAJo| w2
A ZAFE Q8 7HEEE, b 9S4, Aste 59 Al
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& MEESE FAsk oy AFFAEL S
 ZEAEEE S QFshA @3 gtk W= EPA method
16940 A1 LA, A AJ5o s QA ZZuE I (HPLC)
o AZFENTIMSE AHEshe FGEZ Y AU S
Agrata Jev JtEEed s AP dFsA
£ %SJTHU. S. EPA, 2007). A azvtE a1 e} AFE
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Fig. 2. Annual sales of major antibiotics with livestock species
in South Korea, 2014 (Lim et al., 2015).
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37F9 dd=dol AFH A Table 2). AFE 3759
WA= Ha 1270 o)4Y ALRE EREH a3 2ol
Quz gold 4 5P Do

H EZ o] FAA = YZERl(naphthacene) 725 4
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2 F&A=7t g2 FES| =H7] 4 tH(Thiele-Bruhn,
2003). W ELZE(B-lactam)Al = H YA H(penicillin)Al &
AZZA2ZHAAL S et We-2e 32 493 ¢
7178 wiAleA FGA B He §ZE Z+=THThiele-Bruhn,
2003). 7F2 84 Z2] o H Z(carboxylic polyether)S ¥ ¥(back-
bone) 2.2 = o] L:=¥ o] gl H Z(ionophore polyether)
ALE Fol2 At 7H3Y vazAolEY F=& 9
Aste 548 ZE=tH(Volmer and Lock, 1998).
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WHe HEY FXHCOF EPA method 1694 AAIHA] &
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Table 2. The 37 selected antibiotics according to the annual sales of veterinary antibiotics in South Korea, 2014

Compound Class

Compound Class
Dihydrostreptomycin

Gentamicin

Kanamycin

Neomycin Aminoglycosides

Spectinomycin
Streptomycin

Enrofloxacin
Flumequine Fluoroquinolones

Marbofloxacin

Tiamulin Pleuromutilins

Colistin Polymyxins

Sulfachloropyridazine
Sulfadiazine
Sulfadimethoxine

Sulfamethazine Sulfonamides
Sulfamethoxazole
Sulfaquinoxaline

Sulfathiazole

Chlortetracycline
Doxycycline Tetracyclines

Oxytetracycline

Apramycin
Chloramphenicol .
) Amphenicols
Florfenicol
Amoxicillin
Ampicillin BB-Lactams
Ceftiofur (Cephalosporins, penicillins)
Penicillin G
Lasalocid
Monensin Ionophore polyethers
Salinomycin
Lincomycin Lincosamides
Tilmicosin .
i Macrolides
Tylosin

Clopidol

Fenbendazole
. . Others
Trimethoprim
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Fig. 4. Schema of a basic concept and common methods for
sample preparation of solid samples.

g AE&T 2ot Ak £ £, HE 59 IA Al
Be 99dS X3 ste Aol EFF 1A AR50V
ol & 24 AaiAe AEd A DA A3
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Axe wge

2 552 CI] E1r
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]i«] AAE A W Fast

L= =
¥ 329 v&E
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94 HEZES AASL 1
”}Eliﬂ—q"ﬂ NE FHE AEE
_%‘8]-{— A (clean-up) TS A tHFig. 4).

A Algel EFE FAAE FEFHE FHoEZE A
ol Z= 2 (liquid-liquid extraction; LLE)¥} 314339 (solid-
phase extraction, SPE)2.2 Ut} A& H-AFFHe

LT.

A

AE54 BFEH
8288 Fo|7] Y3 EFo g 7]AA2 WH¥HKim and Carlson,
2007; Lopes et al., 2012; Schlusener et al., 2006), &<
(Boscher et al., 2010; Gorissen et al., 2015; Ho et al,
2012; Zhou et al., 2012), 7}+-&1 5= (pressurized liquid
extraction)(Bak et al.,, 2013; Carretero et al., 2008; Messi
et al., 2005) 59 o] AMgHT ¢4EF =& XFs
I ZYA A (supercritical fluid)e] €318 WIS F &
A FEEYste Z=UAFAFE (supercritical  fluid
extraction)©] A Algo| H&o| Jhedtt AAEZ ZHE
(ki h, essential oi)E FE3tE=tl F2 AFEEHM(Lang
and Wai, 2001; Reverchon and De Marco, 2006) &AA]|
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2013; Gorissen et al.,
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al., 2015; Zhou et al, 2012). LAl A&
£ ZZs5t= W oz YA A5 1A
sto] FA S F2& FYs8=
solid phase dispersion)g AH&3I7|E Sh=t
AEDoY ddAEY FAAE FE&tet T2 ALEH
W OAE A EAS 9% JAAMIYR ARHE B

%

L

= 9=
33 =8 Ao2 Yesith(Barker, 2007; Capriotti et al.,
2010) 1'101:31]' }\]'xxﬂ—- _3‘_1,]-2" oZ lﬂ,_é-} st EXJ o7 /‘]E

o

IAFEANE AFst] 2003F v]=FEFE(U. S. Depart-
ment of Agriculture, USDA)I A 7]&¢ QuEChERS(Quick,
Easy, Cheap, Effective, Rugged and Safe)¥H(Anastassi-
ades et al.,, 2003)2 X&FQ] A7 P T o] thgst 4
& 71E(kit)7F AEEo] AMEEI Jlon dAY FETF E
= AR, B 5) AFLEREH FYAE FE] AT
AAD 7Her 3 AE Bol SiEI Ath(Amelin et
al., 2015; Shendy et al., 2016; Stubbings and Bigwood, 2009).

2ol e Al (deproteinization)o] Z 23 FE&
YA FE2& RIS FEY 32 FHaK(perchloric
acid), E|ZZ 2o+ E4{Ktrichloroacetic acid, TCA) &<
713 FArbska WY FAAdE gid s ARy 38

Sl AAste S AHEste A2E U THBousova

et al., 2013; Kaufmann et al., 2012; Tao et al., 2012).
3.1. OIO|==Z|ZA0|EH EMH EME 215 1A

AME HAE|
AFe vt 2ol FHAR, 55, 48, "=, AF
A7HE AE7H)Y 8 (Joint FAO/WHO Expert Committee on
Food Additives, JECFA) SolA 2% 39 o}ﬂ FJ:M}
ol=A FAAY AW & F=E AAlstL
SEY AF F9 IF TAA EHE 9
AP = AATHBousova et al., 2013; Kaufmann
2012; Zhu et al., 2008), B} A<
FHIAY £, FHH], qu“
St EA oV A=
webA ofm g 114:’/‘]'01‘:21]
23

A

Tao et al.,

o 2
JERES

=

(acetomtrlle ACN)
"J(streptomycm)*a— 2% 3T&
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Ha oy oimiFE FAL|EAL Y FAAE A

29 ATES EYZERMENS FE AMESI=
L2 Yeuth HAVIE EYFEIOMHELE JoRo
= dAds Agstd JAES FHske A=
214 91t} ESF Kaufmann and Maden (2005)< A 3td
FEQ 5%AA BT TS Sees UElE 2eE B
35t th Kaufmann and Maden (2005)2] Atel wa=w
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AN ol FAFZ oAHes & By of I
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Mo fl s ol
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- T E‘

AEAS AE&9E b Jree 7HE sded 52 9
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7} AF&EW(Chen et al, 2010; Cherlet et al., 2007; Ishii
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2ol HAAAIES pH 2Ho] w$ F838thKaufmann et
al,, 2012). ZAF 23 A8 pHE oM EE FE74
Ql 5.5~8.5 WA 2FHE RLE YENT Tao et al.
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ST I ol EA] A E4E 9 AEE A=
pH 6.50]3}, 85014 FA% s& das s
758 FF 202 ANV E S THTable 3).

3.2. E2|2E 2ME 28 TNHAIE A e
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£ FETHE e 30F olFY FATERE ZE EF
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1981; Orwa et al., 2001). o]&3t 554 EHo=2 23] F
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ok o

5 ¥3hHE tido=E FP2ds BAS 242 9] =&
A RaHT gou daos AU F nPFEEL A
o= AoE UEIYTHTable 4). @to 2 Adsts A%
A7t RAE AME AAS @id 4R AEe] Yo
Ui AFHoer Iggol FgHEtL EuHa Qo
(Wan et al., 2006; Xu et al., 2012).
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= OMHEYOEL) B &F58A(Mcllvaine buffer)Z 3

A #3235 d AEE 92 X (vortex mixer)tt 7]
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o

=2 sts|x| A Hes, 2016
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A ANEE LeEY WEZE FFE7] 9
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ZAEEA, HEZAI|ZHA, o]Lx=X oA, HELHEA
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7] g AE AXY 3H 2 EAPEE AL, JE8% o

T7F 2ol B3 th(Boscher et al., 2010; Bousova et
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