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Veterinary antibiotics (VAs) has been used to treat animal disease and to increase animal weight as growth
promoter. However, abused usage of VAs can cause production of antibiotic resistance genes (ARGs) in the
environment and additionally, residual of V As in soil can be transferred into crops. Therefore, main objective
of this research was to examine bioaccumulation of VAs in sprouts (red cabbage, Brassica Olearacea L. var.
Capitata f. rubra and red radish, Raphanus sativus) with hydroponic method. Total of 7 VAs in 2 different
classes of VAs (tetracyclcines: tetracycline, oxytetracycline, chlortetracycline, sulfonamides: sulfamethoxazole,
sulfamethazine, sulfamethiazole, macrolides: tylosin) were evaluated and experiment was conducted with
solid phase extraction (SPE)/ high performance liquid chromatography tandem mass spectrometry (HPLC/
MS/MS). Initial spiked concentration of 7 VAs was 5 mg L and cultivation period was 8 days. Result showed
that growth of sprouts was inhibited about 23-27% when VAs was introduced. Amount of bioaccumulated
VAs was also differed depending on class of VAs. The highest amount of bioaccmulated VAs was tetracycline
and sulfamethoxazole in each class with a concentration of 4.05, 7.73 mg kg'1 respectively. Calculated transfer
ratio of VAs into crops was also ranged 0.38-54.27%. Overall, bioaccumulation of VAs in crops can be varied
depending on crop species and class of VAs. However, further research should be conducted to verify
bioaccumulation of VAs in crops in the soil environment.
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Picture of hydroponic experiment for uptake of veterinary antibiotics with seedlings.
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Introduction

A= 7159 A AstAY A7 HAos AL
BEATE ol2igh AEA7E el FUEHA A AR
dhe|2]o} (ARGs, Antibiotic resistance genes) AJAJolet=
RS HAAZ 4= T} (Kemper, 2008),

Nog BUAL SeUte) A9 2005dRE A4
SUATATRE WAL B 4% Ao
7158 A ARl AEH o8 FhAste] 20134 7]
F S0E 7k A8 TSIt Lo} 7HEe] ARSI
At 10 B8l 2t F7Fskal let (KOSIS, 2014), 71
& A= A5 F AelA oF 10-70%Y = S5l &
oyt o] HEZ 30~90% F = 74 Y2 viE=Ect (Hu et
al., 2010). o2 HiEH PAA= B T2 EH|Y F
B2 fAEE, ol oA Aslg e ARTE 49
o] Ao Z31HA| ot (Herberer, 2002; Kemper, 2008;
Sarmah et al,, 2006).

A e W 2 wEE AHEH =9
2], 7HrRol R} EH|ERIE Aol 52 3] QIS B
& Ei= HAEAE e A2E ] AHE 55 AlEE b1
Hafel Ant YA & HI7H OF 16.65-66.58 mg kg 9
= AR AL (Ji et al., 2012). FE3F HR]Q] Eico
ZF251= Tetracyclines®] & %57} 9F 117.1-1,264.0 ug kg 2
‘%’:HE AEE o Eu|} 7S FalA oF 88.3-850.8 ug

O 7 IIask= Aor ZAF HUTt (Qiao et al., 2012).
U?IH—J dF- S EH] Sl R U8 EolA A
Fe AR HA AT TCsA O] ST 0.88-1.43 ug L7,
SAsA P Q] £3Fe 0.66-1.67 ug L2 ZAIEQCt Lim et
al,, 2009),

AR Selubere] A Y s1EEo] waye
L 2o, 201392 7|F0 & wjZeFo] oF 177,105 m°d
2 2AbEelth ol HiEE i & of 027} A3t
(EH] Ei= HujEhEo] APstal Q= A%
2014).

Ao ol thAbE2 o] Fei= wiEs = &
Aol thsto] Widatol Qe Aolet wetstlorn, A

1o
ot
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2a

A 2719t

ojt} (KOSIS,

WASS AARBE da} 1Z0)4k9] A o] WAL Hol:=

=7} ©F 83,6%% "l =A] YERGTH (Kwon et al,, 2012),
Wl BEE AL B4 o) 259} Tof 12
Al W7d BrElore] AAES wdedat Q17ke] A7l o
& 1A o Aok (TOLLS, 2001),

Seo et al, (2007)0] Q- L8F Aufol|A], Thatol|A]Q] & YA
An)EF gl 2 o 2 vjE 7]._HO] BAES Ao
S, 7 WSoR BRI, 1% &7 o A &
anoxicillin, carbadox, chlortetracyclein, neomycin, oxytetracycline,
sufamethazine, sulfathiazole, tylosin®] 7% 3730 ¢J3f
2 03 FhsAe] £& WHoR Bt

olof wet & QAL 715 TRl B 9 A
ol7ko] A7Fo| oFedgke mjA 4= gl FhAA| o) Xl—% o]

B k) 918 57 S A stel BES F4Ael
2go] 7hs e BrsHAL,

Materials and Methods

Al YRR 2 iTolME B 24 TERe] BEE
SPYEZ] Tetracyclines (Chlortetracycline, Oxytetracycline,
Tetracycline), Sulfonamides (Sulfamethazine, Sulfamethoxazole,
Sulfathiazole), Macrolides (Tylosin)& ARE5193.© Sulfathiazole
(’72—14—0 >98%), Sulfamethoxazole (723—46—6 =97%)

2 FLUKA (USA)AFS] A& AR5} AL, Sulfamethazine
(57-68—1, =99%), Tetracycline Hydrochloride (64—75-5,
>95%), Chlortetracycline hydrochloride (64—72-2, =97%),
Oxytetracycline hydrochlon'de (2058—46—0, =95%)+= Sigma
Aldrich (USA)AFS] Al Hulisto] ARE-SHRIT) (Table 1,
Fig. 1), Al&9] %81 (Methanol, Acetonitrile):= th7
SFHE)e) HPLOHS AHgallct, R4 2ol 48w
7}E 2] A= Oasis HLB Catridge (3 ce, 60 mg)o|™ Waters
ALO] AES ARSI Ui BFE2 9 2= Accustandard
AR Simeton (673-04—1, 100 pg mL ', USA)S AM&351
o}, Aol AHE R Fisher AFS] HPLOFS ALt
ek

AgA W ARIAA B4 S8 AMgE A F

Table 1. Selected Chemical properties of veterinary antibiotics used in this study (Tolls et al., 2001; Thiele-Bruhn et al. 2005).

Chemical groups Compound CAS number M.W Log Kow

Tetracycline(TC) 64-75-5 444.44 -1.19

Tetracyclines Oxytetracycline(OTC) 2058-46-0 460.44 -0.9
Chlortetracycline(CTC) 64-72-2 478.89 -0.62

Sulfamethazine(SMT) 57-68-1 278.33 0.89

Sulfonamides Sulfamethoxazole(SMX) 723-46-6 253.27 0.89
Sulfathiazole(STZ) 72-14-0 255.32 0.05

Macrolides Tylosin(TYL) 69-53-4 915.45 3.5
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Fig. 1. Chemical structure of 7 veterinary antibiotics used in the experiment.

Phosphate buffer+= 19.3 g sodium phosphate monohydrate
@} 85% HsPOs 10 mL-S Wil 2542 & 1 LE 3 892
ARgSEG oM, Al & AR sglom 7Y ool AL

2210] Simetond EZ-9H (100 mg L )<S HPLC
o]-g3to] 10 mg L' 0.2 3]45to] WAhHY 8}
Z8N Azl 1 mg L, Aol 0.24 mg

O_l

dow Axslo] sl

FAEEY w2 3
] As] AT (AS2008, OHAUS)’S}.TL 100 mL
FujEeiiado] WEgE o8] A3t AE ARESHA
om, 4°Co|A WA BHik 3 3 oo Agt AR&sITH
T EZLNS 100 mg L9 EFYUNL 10 mg LR
FisherAl (USA)2] HPLC 2] SH42 34 35te] AME-38lS
o} HERAL ZHA E mjoli mE g golo] YEERE
29l simetong 100 mg L& H7}ste] 7]7]19] 732 gl
loich mEgono B 24 2% 0,01, 0.05, 0.1, 0.5, 1
L o) geg 22aa 3x5ke] Haka 2HAo| AF
} ), Z} YE-] tigt EALS Table 19] A3t

MYA 75

SRR
=

o

U B2 4 AF 2 AT A8
A Selvtetel s ol AujE Hopi

(red cabbage, Brassica oleracea L, var, capitata f. rubra)

o} AL (red radish, Raphanus sativus)s AR50
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=

AR - A1 AARAE (growth chamber, Sejing scientific
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FAEEY AR, AdulFel HiE A= FeAEE §
S AEE S8 5 &2 2AREF A7)l &
HE RhEo] 4°CollA W Bt 8ole ARSI Al
717k &}t FLR FEE FAIB] ffsto] Wil 241 104]
off ZF 2|7 M2 5-10 mL HFskgle. A 2]4-e] A v
Bt Bf LS A7IHA 2 2e5E °l

g3to] RSt om, 2 Heli A AY (ICs, SAs,
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sfof ~80°CellAl o 197t %
(SFDSF12, SAMWON) &}9it}, SA4A% f& ABL 24
7

AR %, SbEE olgstel e ol P4
of AHgSHsict,

MEH U TR HMBY X8 4w ) OR 90
Qo] 24g Sfat 73 PES v B (US Environment
Protection Agency, EPA)oJ|A] AJAJ3t “Method 1694: Pharma—
ceuticals and Personal Care Products in Water, Soil,
Sediment and Biosolids by HPLC/MS/MS'& Zkx3le] 4=
H T ASSICh B4 RS 0o Tk B @ 48
A A& 0.1 g% A&ls] A7Fste] 50 mL Polypropylene
tubeoﬂ =32 © 15 mL phosphate bufferE @3, HCIE pH

2002 %Z4 s}l 1 & 20 mL Acetonitrile (ACN)

ﬂ%*o:MH *‘Al 0}04 52 ‘f& g ERATe Wolth 1 &
2 F%ES 15 mL ACNO. 2 3 ¥ t] 35310 e4lEe
o} oS AASHHL), & 33] &3 ofwfol o] Kulz)
85 mLo| F| == 3] 250 mL Sufe ZakaTol S0

Sample 0.1g

Extraction (3 times)

+ 15mL ,phosphate buffer

HCI (pH control to 2.0)

ACN (20mL)

Sonication (30min)
Centrifuge (5 min, 3000rpm)
Filtration (GF/C filter)

Evaporation

+ Evaporation rotary (40°C)

« Concentrate to 15-20mL

* Make total volume to 120mL with DI water
+ Add Na,-EDTA 500 uL

Filtration

Solid phase
extraction

Fig. 2. Schematic diagram of extraction for veterinary
antibiotics in crops.

W, AlZhEekane) 7o) ot gl ofatele AN of
gtol alalgiet, ojutelo] B Sule Bepaag
QA 3174 £37] (BICHI R—124)E o]|-83}o] 50°Col|A 15 -
20 mL7} HEE 5= 3 5 5% Na,—EDTA 500 uLE 5
aier Eefiadol Yol & Fuj7F 120 mL7t HA| 28505
AMgto] 25 ¥ 2 - 58] A= BEolFAT HEAL
2 0.2 um Cellulose Acetate membrane filterS ©]-85}¢]

Aol g AR NP4 FE= AAISHAT (Fig. 2).

OSA SEHIH (SOlld Phase Extraction, SPE) 2+
=4 W HEE B4 flsl AR 19
(Soild Phase Extraction, SPE)i Kim and Calson (2007)2]
=89 215lic) SRYEA ZAL OASIS®R HILB Extraction
Cartridge (3 cc, 60 mg, WAT094226, Waters, USA)S A}
239t HI (DOA-P704—AC, GAST)Q] ¢Fel2 40 psi
o= fAlstH, 7HER|A|7} nt2A] =S Methanol 3
mL, 0.5 N HCI 8 ml, 245> 3 mLE 43402 EA|A
23} sieh o] & ZHER|C) AATE B ARE
Teflon tubes ©]&5to] A4 T ¥ AUHUIE AR5
et 0] 242} 40 psi, 2 mL min 7} =S 519
o}, AA 2] A&E 33 - Teflon tubeE A|ASIL, 2o
42 3 mLA 55 (3 9 mD) AFslen AF F e
Z2=3517] 93l 15 mL Cornical bottom Centrifuge tube
]%—‘6‘ Fom, o] o WEEFEZS simetonS 0,24
mg L' 50 LA tubed]| Vil 7+ tubeE Racke] ZLo}
Vaccum manifold (AHO-6023, Phemomenex, USA) 21oj

m{m mlo

Extracted sample
120mL

Conditioning HLB cartridge
3mL MeOH

3mL 0.5N HCI

3mL DI

Loading (2mL min1)

Washing (3 mL DI X 3 times)

Extraction

5 mL MeOH
Add simetone (0.24 mg L1 50 pL )

Concentration

50 pL (40°C water bath)

Add 70 pL of 0.1% formic acid
Centrifuge (0.22 pm Centrifuge
tube)

LC/MS/MS

Fig. 3. Schematic diagram of solid phase extraction (SPE) for
veterinary antibiotics in crops.
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Table 2. Parameters of high performance liquid chromatograpy for quantification of veterinary antibiotics in crops.

Agilent 1200 High performance Liquid Chromatograph

Equi t
duipmen API 4000 Liquid chromatogra Tandem Mass spectrometry
Column XTerra C18 2.5 um
Guard Column Security Guard catridges Kit
Column temperature 25°C
. A 1 99.9% D.I water + 0.1% Formic acid (v/v)
Mobile phase . .
B : 99.9% ACN + 0.1% Formic acid (v/v)
LC condition 0.3 mL min']

Flow rate

Gradient condition

0min: A:9% + B : 4%
19 min : A : 70% + B : 4%
20 min : A : 96% + B : 4%
30 min : A : 96% + B : 4%

MS/MS Condition

Mode Electronic Spray lonization (ESI)
Drying gas and Nebulizer gas Nitrogen gas
Drying gas flow 10.0 L min’
Drying gas temperature 350°C
Nebulizer pressure 25 psig
Capillary Voltage 3500 V

Y=t I % 7EER|of] Methanol 2.5 mLA 23] (- 5 ml)
|2 (Blution)s}5ic, 821 =S Fas=7 |(N-EVAP-11,
OASYS)E ARgsto] &2 50°CollA] 50 uL7HA] 55 5
70 uL2] Mobile phase A ( 0.1% formic acid + 99.9% %<
G ERPE YD ABET 7R s

(Fig. 3)

IR 717154 (HPLOMS/MS)  sh522] 2Alo]
ARE 717 gehal 3548 A5349] High Performance
Liquid Chromatography Tandem Mass Spectrometer (HPLC/
MS/MS, 4000 Q TRAP, ABSCIEX, Canada)S AFE3I10
1, o)Al (Mobile phase) A= 99.9% % S84 +
0.1% formic acid, B+ 99,9% acetonitrile + 0,1% formic
acidg ARE- It

Ao AREE ZE2 pore size7l 2.5 umolH, W7 o]
2.1 mm<] XTerra ® MS C18 SAHAZ (Waters, USA)2 A}
Bok3iet, A 41 fIRt HPLC/MS/MSQ] 71 Table
29} 2

5 A w40] 282 Folslel] $l6le] compound
optimization AAJSIIE, WAA FRUL 1 mg 1'o)
EEGIS Aol ALgsion], FAEe) B
QIejslo] $AE 245U, T F AT0)E (precursor
ion)of| w2 Aol (product ion)S EHI5F4AL, Collision
energy (CE)2} Deculstering Potential (DP)o]] H3}& F0]
7} EA Aol 2o s VA 2HRES T
7 AA 2A 20 S5kt Ao Table 33 Lt

7} ] A AT 2n AR 7F B

Table 3. Fragmented ions of 7 veterinary antibiotics depending
on collision energy and declustering energy.

Precursor ion Product jon CE" DP?

comond iz (V) (V)
Simeton 198
409 29
Tetracycline 445 410 29 31
428 23
153 41
Chlortetracycline 479 444 35 41
463 27
425 29
Oxytetracycline 461 426 31 56
442 21
156 65
Sulfathiazole 256 92 39 41
64 21
65 79
Sulfamethazine 279 92 45 66
124 33
65 71
Sulfamethoxazole 254 92 41 46
156 23
83 113
Tylosin 916 101 75 66
174 63

CE: Collision energy, “DP: Declustering Potential Bold product
ion was used for quantification
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‘AT 0.9950 13 2= LERgT,

ot

UEE H  BUEe) 2
2 9jstel 342 A AR ATk B4e B
S8 AT (YRS HAohA G AHALE 52
A% T PAAE AP0 Fofshs AL 42} SPE
Ak PR 2 ejslel P4 258 AL 42

£ Hq, 18 AMESIe] Alskadrt
Sl S T6) EEROIE S50 51499 0.1
mg L 1 mLE Z9l8te] AAJsIct,

SPEAA &9 spiking
SPEZ-Me OH\ spiking

3 TE (%) = (Eq. 1)
SPRIA] EAdof st Wi 7S 3HA) (MDL : Method Detection
limit) 2 A=sH4] (LOQ : Limit of Quantitation)2] 74
A% 2R F=ol sk 0.05 mg L& =T
AlFo| FQlate] TRIE S 2 AJFS 4=efatoiTt,
H HE sl TRhEe] ARkl diste] Hatal EE
HARE 3L, 98% A= o] what ﬁzﬁﬁPOﬂ 3.143 ——%

sto] M AHEAIE AAESIaL, #
[e)
=

OB 2AM AAAV = 39 P}, xEHAE

sto] eI, o)A 42 IBM SPSS Statistics 22

ZRIHS ANESTo a‘/\l er FAA 48 UER

L ANOVA HAEE p < (95% Al=|lpd) o2 A5t
o, Duncan® 2 AR *—1% AAISFATE

SL
S b4

Results and Discussion

ST WHASSA  ABA O PUA BHE 9
o slgat WS T, 293 oA Table dof
Helstec

Tetracycline AF2] Aol thst 2F=A4] W 34=&2

34-54%2] HLH 21 sulfonamides A B 2] YA S|4~

o o a5t elsiel, & 7l e 45
3 o M3 ] wjs) Re Szolglh 1
?}%—UH—ZF-%‘%’Q (pressurlzed liquid extraction)S ARE5}o]
FYAE F=3 A AFollAe 2=A f A 34
£0] OF 46-139%2] WS YERITE (Herklotz et al.,
2010), A=A|2F o] miA|7F B4R Aol FE=Hel
wha} LC/MSo|Ae] 4157} AdHion suppression) Ei= &
7 (enhancement) gof we} oo tfgh HAJo] I Q s},
o1& QPN = EFEA A7 (standard additon)S ARE-
3l 4= Qlom T3l &8 (buffer solution)S ©]-85}]

3|42 AT A1 4= Q) (Herklotz et al., 2010).

2 Aol A E MDLY}F LOQ= A3 el H]sl o
o Lz o7 AREE|QIT) Sulfamethoxazole?] 7-¢ A3
A7) MDLE Gt wfjSof|A] 7k} 7,073} 1,75 ug kg '
o] B X Lo 0.02 ug kg 02 WHASIA =
APATFEL} FA AEE St (Herklotz et al., 2010),

of

IEQ ME A=Y S A AT A=Y A 4
Aof wiet A B tf2et Al ZolE B
= ARt AT A=
|+ 4.7675.32 cm®] RI9IE YEPH O™ Hat 4,99 cm?
Zlo]E H 9t} SulfonamidesES #|2|3t A|&L= 4,.88-5.28
m B4t 5,08 cm®| AolE YERITE -9 Bot-dol
2] 6,38 cm (Tetracyclines)¥} 6.5 cm (sulfonamides) @2} H]
wahy AT dmTel] wls) W 23.42% ASo] Al
et AHokul|Eo] AL tetracyclines2 X #|ot AgGl=
2.1-2.3 cm= Al&TLo] HHFZ0|= 2,14 cm 9.0 sulfonamides
2 Aok AP 2.00-2.1 e AT BUole
2,06 cmick, th2o] HtZdo]Ql 2,88 cm@} H| WS A
Ao A Aol izl Hlsl °F 25,69% A|5HE| ATt
o] AFFES Aol A= tetracyclinese A|LJ7t 4
o A= 12.38~14.89 g plot “om x1e 1772 ¢
plot "HT} A7} A3, tetracyclines AETLe] 7 1852
g plot ' 02 t2T B} EA7}F &) ool e

S
At} (Fig, 4). Tetracyclines A€

Q

[«

Table 4. Summary of recovery, method detection limit (MDL), and limit of quantification (LOQ) for extraction method of

veterinary antibiotics in seedlings.

Recovery MDL LOQ RSD

% ug kg %

TC 38 0.52 1.40 9.1
CTC 54 0.19 0.50 3.1
OTC 34 0.24 0.24 4.5
SMX 57 0.02 0.03 39
SMZ 30 0.15 0.04 9.8
SMT 30 0.07 0.18 8.7
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YA A po A 51~6.2 g plot O hET
plot ‘o] Bl W2 Aoz AN, A AT}
A W AR Qlete] Aol Asf e A
shoict (Fig. 4).

oFufj 39} YAZEAl &4 A& (Wisconsin fast plants)
o]-g-5to] LRSSl HEAY T AES T A
Fol A ARl Forol ket Qo] A9 05l AE
Sofuh ulw A Zoli Zhasileh HhE §jAz
=9 A5 A= A Aot = 7”\0]~— Z
ER At} (Herklotz et al,, 2010), wabA] ZHE-2] A3
FAA O] w23l R A 0] ogfo] ol Aoz AR
EE3, SHRITE 2 AolM= F SR AR
T Al o8l Aol AsfEle AakE UEh Sl

RN
Ik oy 3
2 19 x

o

N re o

o 2
Ir

1B ol

%
Lo

U oox I

flo
o°1‘

k

o o

o

@

Height (cm)
£y

Control TCs SAs MLs

(A)

25

20 A

Weight (g)

Control TCs SAs MLs

©)

2 Fo (spiking) 3t A2 &
41’1r£2532aL_>le‘§T~ ¢l ¥ 2
NE. qu 0 5 mg L' 798kt wheba v
2% 22 S Ao dE AL Ao 43
Q0] we Ho] wja) sk EkE ACw AR,
Sy O] 22 Aol ek TRe = A1E AE U AE
BES 93t Faoh Be] g vlA|ty] e Bre)
A kmE S A= Al 7ol A2 vk
2 o] A =EE e A= Aol ok

u|2 4= QIt} (Pan and Chu, 2016).

o i

o2k

=g UM HMolskE - HYHF HE FE=§

paAl) ApeolS Boke At AopilelA tylosino]

b

) [
—_ a a
€ a
2 il T T
< 2
=2
[
T

14

0

Control TCs SAs MLs
(B)

[+)

W

Weight (g)

Control TCs SAs MLs

(D)

Fig. 4. Result of crop height and weight depending on veterinary antibiotics (A) height of red cabbage, (B) height of red radish, (C)

weight of red cabbage, (D) weight of red radish.

Table S. Concentration of veterinary antibiotics in crops.

TCs SAs MLs
TC CTC OTC STZ SMX SMT TYL
mg kg’
Red radish 0.48 0.64 0.55 0.04 0.08 BLD 13.15
Red cabbage 4.05 3.05 1.91 0.43 0.72 7.73 8.30

BLD: Below detection limit
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Fig. 5. Transport ratio of veterinary antibiotics from s olution to crops.

8.29 mg kg O 7MY @o] FElon, Ad ¥Ry
MLs > TCs > SAs =02 SRRIEQit) ZHo| A% TYLO|
13.14 mg kg Toa 7 wo] s glon Aokl &
U3HA| MLs > TCs > SAs <=0 & Zhgof Hol=| it} F 2}
2 HuslS o A & A ol
53.08 mg kg ', ZAH0] & A L= 26,18 mg kg =
Hoplar} o ol Faks A0 Ueldt) (Table 5),
24 AR A270|2 Blelr) SlalH 7 AdT
of WFYel Wyt AEES FU Ge FAA Fol
%< 5 mg L3} 547k Foldt gAIA golo] Rulg 3
sto] U & GLo R ALKt 1 A3t tetracycline A&
O] A5 3714 Fo] 3.14 ~ 6.67%= H|STE Hol&S Kol
L vhH sulfonamideA|E = sulfamethoxazol®] 7-¢ A5
o} MoyollA] ztzke] Hol&o] 15.98%, 0%z o] ue} 2
o7} 9J8-2 o 4= it Aldof ALESE 2 759 3FAIA|

AE =2

SOl A= Tylosino] 25 14.78%, 2| 54.27%= 717
b Holes Bl (Fig. 5).

A BR Blaskle B T 2

52

3} = W5 TYLo| 7P
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