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ABSTRACT

Veterinary antibiotics (VAs) has been used to treat animal disease and to increase body weight. However,
released VAs in the soil via spreading of compost can transport to plant and affect its growth. Main purpose of
this research was i) to monitor VAs concentration in plant and ii) to evaluate inhibition effect of VAs residuals
on the plant growth. Red lettuce (Lactuca sativa) was cultivated for 35 days in the pot soil spiked with 3
different concertation (0.05, 0.5, 5.0 mg kg™ of chlortetracycline (CTC) and sulfamethazine (SMZ). After 35
days of cultivation, concentration of CTC and SMZ in the plant was measured. Residual of CTC and SMZ was
only quantified at the range of 0.007-0.008 mg kg™ and 0.006-0.017 mg kg™ in the leaf and root respectively
when high concentration (5.0 mg kg™) of antibiotic was spiked in the soil. Leaf length and root mass was
statistically reduced when 0.05 mg kg of CTC was spiked in the soil while no statistical difference was
observed for SMZ treatment. This result might indicated that high K, and K4 value are the main parameters
for inhibiting plant growth. Antibiotics that has a high K., causing hydrophobicity and easy to bioaccumulate
in the lipid cell membrane. Also, antibiotics that has a high Ky properties can be sorbed in the root causing
growth inhibition of the plant. Overall, management of VAs should be conducted to minimize adverse effect
of VAs in the ecosystem.
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Uptake of veterinary antibiotics in crops and adverse effect on crop growth.
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Introduction

s =8 PAE T2 529 A9 A& Be A8 SN |= 2 ARGE o] X1t (Wegener, 2003). ©]2{g
a8 A= FYof ot FEo FAH F 2F 10~20% Tro] AWollA] A=) 2] LR 80~90%+= AL =
Hi& o} (Elmund et al., 1971; Halling-Sorensen et al., 2002; Sarmah et al., 2006). T2t 528 A= 7159]
S 5ol 214 Bl FAHAY RS o-8-5to] A3t 8] o] = Bkl f-dHth Eol ok A
A|] k= of g Aol HaE| 1 glrk. Bk W 2HRol= A8A19] Bt sk ©F0.20~60.1 ug kg o] FolH
A0 Firoll whet Eoe] ZHFol= E4d0] mie- th=rh

Egol 7Hqoh= Al A0 el 2 SrElo] ZEe] o7t 7hastm AsY Atol] SfohH thkt FF-o] 2
=4 Hol] #Rsh= A Q] 5= 1.0~10.0 mg kg 2] ot (Boxall et al., 2006; Ferro et al., 2010; Hillis et
al., 2011). & /%47\]__,] A= A O]_ o]—/xﬂxﬂ__,] :rLg\_;G 10ﬂ _,]BH =19} O]'E}'. EH o]-/\ﬂ;(ﬂﬂ: O]_‘%Q]— ‘Q__:, Ea 3}\‘— 11'—9—
715 71 574 B4t 7] wiizoll vheet 8 Wet (pH, 4, R HAE & ‘3 of| oJa}| o] 23] Az = o] Hrt
(Pan and Chu, 2017).

22 HolH A= AlEe] e Ti= YollA o] ] 2Rgofl oS YrERHATH (Hills et al., 2011; Michelini et
al., 2012). 4138 Aol ofshH dEohto] = A G o] A< sulfadimethoxine©] ZHEo]l o= & 747 H2]
FeE HAA A ZHE0] A #5519, 28 (Michelini et al., 2013) sulfadiazine= 10, 200 mg kg 2] 5= 2 EF
of Q1A o2 Ut & A5 AulistlE ™ ellA= TEH] (C/N ratio)2} chlorophyll @] F&EE A1TAIA 2=
o] Ao Ao E = Hal7} Itk (Michelini et al., 2012).

2 AFeM = ELelM 9] A5 E/do] e 2872 A FR<! HIES 0| 2eiRIa} Aot & A G 9| 7
AAE Vo= EGol /1914 02 903 § A=of| F5-5 A0 7H B33 2-=0] A7dol| thet AshE B7t
SEAT.

T

Materials and Methods

A A Mz T8 PIATE = vl S H7I5k] ol Q] 55-8 A A1) Bl EStifo]
2219 (tetracycline)} AZo o] E (sulfonamide) 73“ 29| YA T 7P Hol ]’%ﬂt SEEHEZolZ 2RI
(CTC, chlorotetracycline hydrochloride, 64-72-2, SIGMA-ALDRICH, USA)X} An}tH|ERR] (SMZ, sulfamethazine,
57-68-1, SIGMA-ALDRICH, USA)& AH85S T Al 52| 28012 AR HERE- (DAEJUNG, 67-56-1, Korea)
T} oP|ELO]EF (DAEJUNG, 75-05-8, Korea)< HPLC 552 AF&5H3tt. 1184 3=&5 (SPE, solid phase
extraction)°f| AR 7HE 2] %)= Oasis HLB 7FE 2] Z|(Waters, 30 cc, 60 mg, USA)E AF801.0m i 152
2= simeton (P-5018, 100 pg mL™"', USA)2 AFESIIcE W EFE2 Q] simetonS 10 mg L' © 2 54510 WA}
Bl om, A9 A= 0.24 mg L' 2 A|Z5H] ARR5HT

ZEEXHEE A A A Dol ARESF EQkRS =t 1:Ho1-_l L:O?/\ﬂtﬂq-ol-r,ﬂﬁ 1?5\.5:1]—1,]] HPEOk(Z}-F'— o(l—/\(}jxﬂo =
=7} A% 3 vleh & ALgslsith. B9 U] @AA (CTC, SMZ)2] ‘552710.05, 0.5, 5.0 mg L0 He2 458 EoF
°F 1.6 kgl S5 50 mLE AR8510] - ARIRt 5 517 S A2 Hsto] b Al Al ol ARE-SHAH. Ael A2

ok
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222 S (Lactuca sativa) 2 77515 .01 0F3 cm ZFgt HE ILE (23 x 18 cm)ol A & & 55 5 A|S
AaistAet (Fig. 1). 2T (37 A =7 A4S A vTh S ket 2 22300 % A2 & olofHd
0.2 wlcdstol Alelg o] il Ae AZiel £5718 AAskrh A4 F 5771 A0k 5 A} B

A Mo} Bz Belolol Sl ALRSIE, B0l A9 Aol a0 2 mms ARSI 1
o A8t

=
vz
} 9% %

0DAP

Fig. 1. Picture of lettuce growing in the pot (DAP: Days after planting).

A EOJQ o]i}s}ﬁ E/Hq_] Eo] pH Z] 7]1—] p=h = (EC), _,T7] 1—31:, o
BRIt gt T-':_'J—‘%Lx% FEZAY Etohi Aol sto] AATskIrt ESF pH @FECE= SHES 10 goll 74
7% & Whatman No2 A& o|-§sto] oA|A ZH2} pH (MP 220
Mettler Toledo, USA)Q— EC (Mettler Toledo, S230, USA)7|71E ©|-85}to] 451t 57 1=8%H Organic Matter)
T3 g ke ZFZF Walkley & Black' Y} Bray No. 1 -2 2-85197 .0 ™ 3= £4-2 spectrophotometer (UVmini-1240,
SHIMADZU)E ©]-8-5}1% 6602+ 610 nmollA] H]A25k 5193,
20| A& A= 2 A7 F 2E A g tellA] F78e] 7FE 71 37S AT ERE S B R Al Ak sk
TR RS SRR 32 AlAfskal on HiE| O] 7B ESRS FdiRt Eefskr] flsiAl Z253RAIA 7] (Powersonic
420, Hwasin, Korea) & E-85}1q A& & AAGZALE AA5HT A2t 222 Fo] Ef2-& o|-8oto] B718 o
A AR & 3F A Fefoto] BFE = S5k

0
J
0
0.
AHI

EQ 2 RSHO| SR 2A Eof U B4 ) 3 A BAle $2E BoHEE 12 T 2] )
c]— A

[e)
= mpafet 2EA) Al =S ol 8otk & WS AlE (EY 1 g, 24 0.1 )& Asle] 50 mL 94 22718/
Hof| -2 % Mcllvain Buffer 20 mL, 5% EDTA 250 pL-& 8-> F 21871 (JSOS-500, JSR, Japan)E A5 150 rpm
oM 1557 A5t A8 Al g+ Y4E2]7] (MF 80, Hanil, Gimpo, Korea) S -85} 4,000 rpm 2.2 155
A

B AR A B2 o] (0.45 pm)E QY o Fote] 250 mL AFZFEERAT O A HOlT e =
S5 e AR 910 FEEE 13] BhEsle] FUTHZekame] 4 F A5 oF 40 mLol S5 80 mL

_‘z’_
7Fotd F 120 mL7T E%=% §F 5 2]E4 © 2 (0.2 um Cellulose Acetate Membrane Filter (Adventec, Japan)E ©]-&

Hm
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Aoakstal 11 ol o gAY FER 0 = AHASHIT

FAt FEH-2 Oasis HLB Extraction Catridge (3 cc/60 mg, Waters, USA)E A-8-6}1tt. 7FE R X[ & E413} A
7 5 AA=7Ed A =S Teflon Tube®t 2510 7LE S| RO FAZE-ES T F 2,53 mL 4 35 3K

UjFeo] 7tERIAE AlHstA) AlF & Zhzbe] FHoj 0.24 mg L' simeton & 50 pLA Ho] & & 7lE]A|9|

methanol-2-2.5 mL 2] 21 7}5to] =45 82 (elution) St FE O =45 829 = E2 A5

(N-EVAP-11, OASYS, MA, USA)YE AF&5}o] 3& 422 50°ColA] 50 uL7H] 523+ & mobile phase A (0.1

ot

[
Lk

Table 1. Parameters of high performance liquid chromatography-MS/MS for quantification of veterinary antibiotics in
soil and crops.

Equipment Agilent 1200 High performance liquid chromatograph-API 4000 liquid chromatograph Tandem Mass spectrometry

Column Zorbax Eclipse Plus-C18 3.5 um (4.6 x 150 mm)
Guard Column Security Guard catridge Kit
Column temperature 25°C

A :99.9% HPLC grade water +0.1% formic acid (v/v)

Mobile Phase
B : 99.9% acetonitrile + 0.1% formic acid (v/v)
Flow rate 0.7 mL/min
HPLC Inject volume . 5puL
0 min : A 90% + B 10%
2min: A 90% + B 10%
8 min : A 50% + B 50%
Gradient condition 10 min : A 100% + B 0%
11 min : A 0% + B 100%
11.1 min: A 90% + B 10%
15 min : A 90% + B 10%
Mode Electronic Spray Ionisation (ESI)
Drying and Nebulizer gas Nitrogen gas
MS/MS Drying gas flow 10.0 L/min
Drying gas temperature 350°C
Capillary Voltage 5,500V

Table 2. Fragmented ions of four veterinary antibiotics depending on collosion energy and deculstering energy.

Compound Precursorion Production CE DP RT
198.125 100.1 39

1 SIMETON 198.125 124.1 27 66 8.37
198.125 128.1 27
279.068 124.2 33

2 SMZ 279.068 156.2 31 31 9.07
279.068 186.1 25
479.133 302.8 55

3 CTC 479.133 443.819 31 46 9.15

479.133 462.096 29
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|t

T

0|

formic acid + 99.9% HPLC grade water (v/v))E 70uL 21 5 9t 5 0.22 um Nylon filter7} Z3HH 1.5 mL
centrifuge (spin-x centrifuge tube filter, COSTAR, NY, USA)°] A& 217 15,000 rpm 2.2 35 52 A4lE2] 515
O, 77 ok} 120 pLE 2 mL 241 vialofl A HAL —20°C WEaLo] Ht 3 Ao ARgsHeirh

PIAO] B0 ARRE 7]7])= ety 354 4A5T] High Performance Liquid Chromatography
Tandem Mass Spectrometer (HPLC/MS/MS, 4000 Q trap, ABSCIEX, CA)E ©|-85lo B451ch B47]7] 24
2 245 Aol 22 Tables 1, 201 A efst3ict

I

i

2R ZsHE &4 (electrolyte leakage) 241 37| Firof W 2=A|0] Aol d SAFE AFESH ] $lof H]
o]7]o] 37} Z55= 500 mLL} 7FAIE 348 T B 6 A17HEOT 150 rpmolA] wEIsle] A7 AR (EC)S 245

27| EC 402 oiqith. 71 5 7RI IR H|o]AES 90°C @200 WAl 2417 7FARt & A2 0| A WA A
ECE 5735181tk Z240] 271 ECEh @2ollA 7t & 247 ECEe] Hle-2 ol-8sto] PAUA sof whE 2

=79 s &2 ZAsAH:

EC Leakage = (Initial EC value)Co/ (EC value after heating at 90°C in oven)C; (Eq. 1)
EAN 7|8 E Aollx] 4yt AE-235HE.0 2 ZI553] o, FAEA]2 SPSS (IBM SPSS ver. 22) 2 T

& AR851] duncan’s multiple range test= 24 5 2 9] A 2|17 wolide Adstalnt. A9 A=+ ke]
12 95% A= (p=0.05)0l1A] F-Ask ek

Result and Discussion

EQY EM U FHAE 2M QA/QC ZHE Aufol] AFRE ZA] Eofo] 3lakA %@3 E9 pH: 6.2+0.1, EC:
0.55+0.05dSm™, F7|= ok 8.44 +£0.87 gkg”, F-a2E 17.31 £ 0.55 mg kg 0] 01 EAJ2 AJRFE (sandy loam)
24 24z Afefjof 2et Eol it Bt A=A o] YA Aol thivt elra CTCJ 78%-83%, 54% .
SMZ2] 74%-91%, 30%= LFERH AT (Park et al., 2016). A3 7-0] 749 TA-GujFEHS AL-ga}o] swxﬂ—
Z51%= ml °F 46~52%2] 2F2A) W YA S-&-2 Hrehd et A&7 (Maximum Detection Limit) 2t =5t
A (Limit of Quantification)+= CTC2] 73-9-0.19, 0.50 pg kg™ T SMZ2] 73-9-0.15, 0.04 ng kg’ = A=t (Park

etal., 2016).

EY A AEA W UM s Ao el B 5 4 ARTe] EY B A2 A U YA S] = Table
3o PRIt EYF Ui A s 7] A2] skl w2t CTC O] 73 0.16~2.80 mg kg 2] 55 LFERAS),

SMZ9] 7%-0.01~0.92 mg kg’ 0] 52 LRIt S £2.0] SPAAIE 212 5.0 me ke H2|5t9S S SMZE.
The CTC2 75 B4J0] 2 o2 YeRth CTCE 5.0 mgkg' 9] ‘w2 H2]atS 749 HA ‘52 2F 56%
212.80 mg kg 2] 7} R o SMZ2] 749-5.0 mg ke -2 2 2I5FAS 73$- 2F2%%1 0.92 mg kg ] 5=}
715199t Boxall et al. (2006)2] A7Lo]| 21518 CTCS} 22 HEtAtolZatel A|d o] sHAl= 27} ool e3}o]
o] 7Jste] Egell ihshe S4do] Aot SMzet 2 dEofuto| = A B o] PPAl= A EF T =4
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Table 3. Antibiotic concentration in soil and plant (Unit: mg kg™).

Antibiotics Spiked concentration Soil Plant

Leaf Root

0.05 - - -

CTC 0.5 0.16 - -
5.0 2.80 0.007 0.017

0.05 0.01 - -

SMZ 0.5 0.21 - -
5.0 0.92 0.008 0.006

227 Ho|gl= A 0] =S AR AT CTCLF SMZ 25 0.05910.5 mg kg'-& #2519 -9 224 2]
Q3 Wajol = YA HEEA] LAt SRR CTCRF SMZE 5.0 mg kg' 22 AE[o1S 4% dojlAe=
0.007, 0.008 mg kg o] AEE]171 B0 4=0.017, 0.006 mg kg ] w1 & AEE|QIc AFEA|o] Hopd A& =
T BAA goldol gllom ZEA HollA 7FE =2 A= Hejolld HEH CTCE ARSI Pan and
Chu (2017)2] 4 A7Lo]| oJshH CTCL} SMZ 2] ZHEA]| lﬁ AE HE A0 A9 9ol A ©Fn.d-0.001, n.d-1.120
mg kg 9] FE 2 AEE|Gl o Bajoiis F F5F-] A B ASER] 49k

SlH| szol ME ZE ME & P ol w250 G dolet e 9l A=A o] A 7

£ Fig. 201l A5t 2 Aa]7 713k 71 3%2] G Wt Zo] (em)+= tHE- 13.6, CTC 0.05:10.2, CTC 0.5:
4,CTC 5.0: 10.2, SMZ 0.05: 13.4, SMZ: 0.5: 13.4, SMZ: 5.0: 12.4 9.0 W 44 Zo]o] ALtz e} 27| o2
= Aot A AE|-E Bl w5tk wlf 95% A =lr<oll A 9] EAIA el d2 Igiet (p=0.07). SHARFCTC

= o) A5EO
4 787 tiz=et Hlawstgle wf 7o) dol7h2.5-3.4 cm A= AL o™ Fheofl whE RS LFERA] 229kt
16 50
I | eaf length
14 [ Root Mass
m 40
5 12
(]
(7]
g 10 S 30 4
s H
-~ 8
L 20 -
£ 6
=)
c
S 4
10 4
24
0 n n n n n " n 0-
Control CTC0.05 CTC 0.5 CTC 5.0 SMZ0.05 SMZ 0.5 SMZ 5.0 Control CTC0.05 CTC0.5 CTC 5.0 SMZ0.05 SMZ0.5 SMZ 5.0
Treatments Treatments
(A) (B)

Fig. 2. Plant growth with varied concentration of antibiotics spiked in soil.
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A2 A Q4 5 ] o] FAIR A 2/dF0] FAl= tEet vl wsto] CTC A 2]9] 739 5AIH 0 2 014
o] JJoH (p=0.02) SMZ2] 74-¢ 2+t HlWolHS w SAA FolAde 31Tt (p=0.21). Michelini et al.
(2012)2] <d7Lof| ool AdZotto] = AlF o] gHAIA 2] sulphadiazine= ZH2} 10, 200 mg L9 52 42|19
739 ZFEA W (Willow 2} Maize) 2] BF2H] (C/N ratio) 2} 22 21 o] Slafo] Z12¢ 40~88%, 13~30% A& % 45}:
ZAIE TZ5I5r). £5] sulphadiazine 2] 5571200 mg L& A2]otoke -9 2= A474<] Asii7} o] Flatsdh
W EE O PYANE A fetolS - e o) o] ti el Hlol Asli=glom 11 73474 =AW a2 57t Aot
o] ZZ0] AAo] Alelde Harsaltt. 2 Aol A e Aai¢itel o] CTC A =]+of|A] i) o] Aol A|slE U
el A 2HEA| 9] Fo] thxte] vlel SAIA S = ookl W2 3k UEISIch

A S0l ME MR £& A=A AEd 2o wkg A Aol .91 T Hsid ol &= ISk fish
Ay JEFrL—J A FEZ0E i} v WSk (Fig. 3). 25 oflx o] Aol FE11E B2k 23 CTC
¢ A2 ‘sof w2} 0.05 mg kg (55.9%) > 0.5 mg kg (6.6%) > 5.0 mg kg’ (-13 3%)°] FEHIE e
SMZJ A% 5.0mgke’ (23.5%) > 0.5 mg kg™ (0.0%) > 0.05 mg kg™ (-20.7%) 2] F+=H]S LFERH ATt Michelini et
al. (2013)9] o] oJshA dEolto]| & AE o] YA sulfadimethoxine (SDM)2} sulfamethazine (SZ)E 2F 1
mg L' & A 2]olols 73927170 2 ] Beof| A1 0] Aol FEu]7} ti el vl 56~92% =3kt o= T2
K" o] 29] rZof o7t 2 0 & SDM} S70] Fakel] ofsfl Hie] A7t dafiE|o] A= izl vlsl =2 ol ++
SHIE LEHIGIEL 2 Aol rE5 Aol o] A Eelo] HA] ko ut ol =477 =34 ¥ CTC
0.05 mg kg A2]72] 7% ¥ o] (10.2 cm) 2t B2 0] T (4.5 @) 7} HE A 2lte]] Hlsl] 7 W ghs HEh

et WA CTCO) 73952 5% (5.0 mg kg ol e E =S miHTh= 252 W25k (0.05 mgkg ol leEE]
W& 7352 Aol o] ARt 2o & YEht SMZO] -9 CTCok= W2 2 55 (5.0 mg kg ol = E5 %]
=75 A FEol 7P R W2 Feol A o Ao 722 UERER] 93l sHAITH 2HE AS-2] S A
+ Aol 2ol 7F w3 =2 sl 14 FH 2ol (12.4 cm)@} B2 0] FA| (5.9 g)7F tlz=7-2] 4 Ho]
(13.6 cm)@F 2] 0] FA] (12.8 g)ofl Bl H=2 ke eI o]2} Zo] CTCoF sSMZ9] 2415l ol +=
60
| EE Electrolyte Leakage (%)
40 -
_ 20 -

-20 -

-40

Control CTC0.05 CTC0.5 CTC5.0 SMZ0.05 SMZ0.5 SMZ 5.0

Treatments

Fig. 3. Electrolyte leakage in the leaf with varied concentraion of antibiotics spiked in soil.
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oFAto] o whe A & thE o)== W E5kA] 901} Michelini et al. (2013)2] A7Eof| ©J6HH K gho] 242 #)
Eo] Halo| A7t 3] CTCL} SMZE H|WstHS 4% CTCO] Kd (L k') #tel oF 680~1,030.22 STZ]
0.6~3.21 o} B A SMZ Hth= CTC2| 2Hz Ao7t o & 2 0 2 Al= T (Tolls, 2002). E3t 78412 E4
Z Kow #0] =& 7% 44/ EA0] 9lo] M) AJAZol FHRa 4= Q= ghEo] ot A=) Al o) AlsiE

0] =7} QT (Michelini et al., 2013).

Conclusions

=8 A9 EG Aol whE A= A AohE B7keh| fldl 2874 A= thE Alg el AR cTC2t
SMZE QI9jA 0 2 Eofo] ZF2}0.05, 0.5, 5.0 mg kg 0 &2 Z2|slo] YA Q] ZFEHo] W Al E Hrtsteick
2zo]) Aol == YA Y] Flea= CTCLE SMZ 25 115521 5.0 mg kg 9] F 2 Bl A2fot3S 739 AollA
£0.007~0.008 mg kg™, 22|l 4= 0.006~0.017 mg kg O] W2 H 7t AZE| Ut YA ] 2HE ol k2 Ay
&2 7R A SMZ.9] 7% 2FE 0] He| 9 Qo] Aol Asli7F A2 B CTC O A9 w2 s Ht=32 &
210.05 mg kg 9] ‘Fe 2 Bkl A 2]ol S 7 ] o] 4 E A 2] FAll 7P g2 AshE et 2t
=ofl 215 v R= FAAS] 7Hd 2 B3 KowetKd 2] E40] whet Kow #ho] &5 A2 9] 2| dFof| XH7E]
o] Aaz9] Hido]| AsE 11X ™ Kd gto] a5 He] Afol 2k of Bie] o) A= A ofistA| Erth (Michelini et
al.,, 2013). & A0 AE v O 2 558 YA O] 2= Aol AU S oldlishe 7|2 & nhdstal o 5 2)
Eo] #a]o] thel el e} Ei= 2= 5304 Holof thgh A7 2 ast Z o 2 AtmHrt

H1
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