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Soil Residues and Absorption-translocation into Red Lettuce and
Young Radish Crops of Veterinary Antibiotics According to
Agricultural Water Irrigation Method

Park, Young-Jae - Jeon, Hee-Su - Cho, Jae-Young

Three types of veterinary antibiotics, including oxytetracycline (OTC) and chlorte-
tracycline (CTC) of tetracycline class and amoxicillin (AMX) of penicilline class,
were artificially introduced into the irrigation water. The residue of veterinary
antibiotics in the soil, the absorption-translocation of veterinary antibiotics into the
red lettuce and young radish plant, and crops yield were investigated according to
the agricultural water irrigation method (surface drip irrigation, underground drip
irrigation, and sprinkler irrigation). There was no significant difference in the
residue and translocation of veterinary antibiotics in the soils and crops according
to the irrigation method and type of veterinary antibiotics (p>0.05). For the edible
parts of red lettuce and young radish, all three types of veterinary antibiotics were
found to be below the detection limit, indicating that the safety of the crops was
secured. The translocation factor of red lettuce and young radish were found to be
less than 0.3 and 0.2, respectively. However, continuous introduction of veterinary
antibiotics in agricultural arable lands may have negative effects by affecting soil
microbial activity and soil microbe species diversity, so continuous management is
deemed necessary.

Key words : amoxicillin, bioconcentration factor, chlorotetracycline,
oxytetracycline, veterinary antibiotics
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I.M £
S48 A= AAFE(E, WA, $HY AR, AAEFZ B AR AES s FHLAEH
AREE AL AT 20101 SAREORIA AHERE FE8 oloFFe] 2 F 63,151 MT (Metric

on)Oltt] 309 FES ooFF ARSEHE 2010 TH] 67% S7HeE 105,596 MTol| ©]& 7
oz A H I THVan Boeckel et al., 2015). $-&lUete] A9 20113 7= &, HiA, & &
TEE ooFFo] AMEEE 717 MTOlA 20209 715 761 MTL2 <F 10% 1 2718 A
o8 FASATHJo, 2013). DA, Tl A AFREIL Y= oF 2789 FEE 2JoFF 7H&t
n} = 2 2}o] =(Macrolides), Y4 @ (Penicillins), 2&] 3. B E&}A}o] Z ¥ (Tetra- cyclines)©] 7}
2 de AHEEI STk

A A T Al B FoE djEH] A E AEA %Wﬂ@%’éi/ﬂ
2Hg 4 Aok AFAE A2, T AR, AR F e s ol =
=48 A 70~80%7F ZHEHIAES FEl HlEEE AoE & ¢HA M‘:]'(Tasho and
Cho, 2016). T2 Ao = 4HE AL HO 90%7F 28}3HE(parents compound)Z
Hidg = lom, HlESA | F U] 49 A7 Tl of 25%7F i o= wjdsal, of
50~60%7} E3}5HE = %’H PAFER 2] FEZ AHS 53 &= 202 B0
UTHKumar et al., 2005). F4HE FAYA = 7Sl A E(E ) id A2 Fugt 35S
AR B w4 A ol A= o] A o= norHo g FHAEHA - FHEHIL YTt
(Halling-Sorensen, 2000).

Sy} shdolA IS, 15 EE HAEE e S4H8 A= " ES Ao 2 (tetracyclines,
2,096 ng/L), <A H| Eg}Alo] & (oxytetracyclines, 1,236 ng/L) 18|31 FZZHEZA o] ZH
(chlorotetracyclines, 793 ng/L)S.2 UElgtom, =3 HeAZ &9 25 Z4H8 AYA7}
A Ao Z Q7o T 23 A EF(keystone species)Oll FEFS 713 HEIAE wTdHA|Z
T don, thxA o2 FYA WAEAT EAE AGsHA A7|= 9)\‘\: 27 o] tHKim et al,,
2008). E3], =AA ol FAF3HE 2L FAAE =2 3] F5Ho] AF @A of
FEFE 713 7= Jdve A A7 gdstA Eﬂﬂoi ATHWei et al., 2011; Pan et al.,
2014). B A o] ZHF= EA(soil texture), EFHH-3(s0il pH), B F7]E(s0il organic
matter) 18|31 EF o] 238K CEC)ol| F&FS ‘?:L*E Ao g dejA Q. thxF o=
H Egirto| SF8A] dAEH] Hdupdotv oy A=A 5 & A vls)] ES
o] o] A Yehtd ol HEgAo|FUA FAUEH] BT Fo](Ca, Mg2
) F2bo] &3k W& A2 YERTHFigueroa-Diva et al., 2010). 3, S ZEH|
Egiato]l Z¥ 3 "434"31]5}73% F2EO] AYstAS W A5 oA Huwerxle] HE
TEE AETA w1120 mgkge] & F=E AEY v} JtkPan and Chu, 2017).

A EYore S48 A Fd BEE VIEERS #7148 #HZIE(ERIA)O
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FAA S EFF BFO AgFe A% Awze| Fooolm 109

o sHAEAC =E2d 48 FWA = SlE GEE olsHAY, FEo|E B EY
dAtol F2Eol EYE 8 FAHRETY Asty) AEAR o] FeAl At whebA,
H T d o B JlEin, YRS, i 52 5 54A Y48 558 9UF &
AA BEFF As, AEAZ Fold, AEAUlA A 2 54 ol gk A&7
3 YEFH 77 d sttt

ole] B AFolA= Il A4S FAA G AHEEFH A QAN ASVEE 1Hst
o tetracycline A€ SAHEZIAO|ZFH(OTC)H FZZHEZAOIZHU(CTC) 2 penicillin
Ad olEAINAAMX) 5 3F] 4 A S W5 AYHoZ FYS & l-:.tﬁﬂ.
Fo WIHAEHA N, AFHA N, 2230l e FAA Y ESs %

7, ABARY Froldd Dol ABARAE 5 ZASAY. £ apAvs :-z@g_
FYAE WES EGIISHEL FAYEUA B DY o5 B 4ESHL B}

2
st zAE 288 4 9le Acw JduHd,

1. AJeF
Ao A8 28 YA = A8 AT (Seo et al., 2007) A} T 4R A 9
ALEFI FANA AENEE 1EHTFY tetracycline AE SAIHEZALo| Sy S22

EgprtolZd 2 penicillin A8 oFFAIAH T 3F9 FAAE DG SE 3 tHTable 1).

Table 1. Characteristics of veterinary antibiotics

Molecular weight

Antibotics Molecular formula Structure
(g/mol)
[4Hz H o

N, : .8
Amoxicillin CieHN:OsS 365.404 m TI<

HG o 3
0&"%

Oxytetracycline CpoHp4N2O9 461

Chlorotetracycline CyHpCIN,Og 479




110 g ). A3 5 24

At FAYA FFE2-S Sigma-Aldrich (St. Louis, MO, USA)oll A F+43te] AL&-3F
, WF EFEZ 2 Accustandard (New Haven, CT, USA)AFS] Simeton (P-5015, 100 pg/mL)
S ALESIT Age) AHEE EE f7]8ul= HPLC S3°1%12™, Merck Corporation
(Darmstadt, Germany)°l| Al 9439t T2 WHF 25542 WEHEE 10 mgLE 3
A% o5 24 fElyol Fol 4T oA Bt Agel| A8t

A

=

2. A9

el

2, A 8l BN

2 AT 2022 5EEE 8E7HA] AR E Aaa AHR(35° 42' 46.26"N, 127° 31
12216"E) &4 ¥t F7lol A 3= ) o2& 235(Red lettuce, Lactuca sativa L.,
Asia Seed Korea, Seon Hong Jeok Chuk Myeon)®} & 5-(Young radish, Raphanus sativus L.,
KYOUNGSHIN SEEDS Co. LTD., Teun Teun)3 2.1, 2], Au|#g], Hajs 2 gxA=
FEXNEH AEA W FLRDA, 2017)0] 71Z3HATE B Ao AHgE B $AE
(PALL#E; Songsan series; coarse loamy, mesic family of Typic Dystrudepts) .= AFFZ A 2
ol &3gith Aol A A E A3 AEFEL S mx5m (25 m’) IV E G 3
Bo=z st
SAHE AL A2 sEs AFAT(Kim et al., 2008)9F TUH9] FAYERANM H=E
TEE 7|FoE O AAFTFH FFS(background level) OTC 0.05 mg/L, AMX 0.1 mg/L
T8]3 CTC 0.3 mg/L, @ AAgF-32] 108] F~F2(background level x 10¥] &%) OTC 0.5
mg/L, AMX 1.0 mg/L 18] 3L CTC 3.0 mg/L, @ AAZH-FFe] 508] FF-2(background level
x 508] F%) OTC 2.5 mg/L, AMX 5 mg/L 18|31 CTC 15 mg/L<S 7|52 2 3t}

THE WNEF U F4H8 FAA Y Tt AT, AdTrFe 109 FE,
AdgrEe] 508 o] HEE iy g HolA Sz, 2dSA(EY 2He
E5E 10 cm o)) EYTE FFE 7IFo2 WA FEFEFE 30%= 2T,
olHT} Yrod Ao g WHHEE ST

B AgolA WA 374 el e

O AFEH A BN (surface drip irrigation): 7h= FHol 9 H& B2 =ZHA wAdg

% A% vt 29 FHE Wi
@ A53 2 BN (sub-surface drip irrigation): 7h= FHo] Y IS B mjddt HE

rr

2
UGEHOZHE 10 cm Zo]) 2HE E7|vjtt B2 FeHZ I
@ ==& ZF2|F/N(sprinkler irrigation): =X HZFEE o] 83l ALY,
Aot AR YU 5€ 24l HAF 7Y 5ol AT At Bt AE
2 7 Eel et YR EElste] Ao AFESER AL, AT EYS FE(0~10 cm)E o=

=]
T =
O, A FF 2 mmAE G F EAol A&



& EF3IEHE A H(NIAST, 2000)°] 7128t E% pHE E
1:52 343 detd oA pH meter (TOA HM-208)E Z43}3.0.H,
71%-& Walkley & Black'H, &2 4% Kjeldahl'H, F & 2148 Bray No.1{, EAL 3

Table 2. Physical and chemical properties of the test plot soil

Item Chemical properties Particle size fraction (%)

Soil organic matter (g 100g™) 2.28 Sand 48.6

pH (1:5H,0) 5.54 Silt 39.4

Total-N (mg kg™) 789.6 Clay 12.0
Total-P (mg kg 298.7
CEC (cmol" kg™ 9.0
Electrical conductivity (uS cm’™) 0.2
Ca"™ (cmol® kg™) 1.4
Mg™ (cmol” kg™ 1.0
K" (cmol” kg™) 13

o

4. A 3= 5 ZA

A AXYE ESY 52 Ax F BUss FEA ASRE UYeE
AN AEE(EY 1 g ZHEA 0.5 g) 50 mL SPL-Conical Tubeol &
Buffer 20 mL, 5% EDTA 250 uLE 22 & ZI&7]ol| A 250 rppm S & 30% &<t X3ttt
2% 108 B¢ 223 Mg T, 12,000 x goll A 1082 5 FAE T3
g & 72045 pm)Z A dF3te] 250 mL A ERAIR FEARE &
< B3 & 2 ARE 99 FEUHE 13 B8t 5Y3 Fekade £
o oF 40 mLoll 75 80 mLE F718t] & 120 mL7} 52 3 £ HEZO0F 02 pm
Cellulose Acetate Membrane Filter (Adventec, Japan)E ©|-83}o] 7+etod sty I o7l
IAFEHOE AP 1AAFEHE Oasis HLB % 7FEE #|(500 mg, 6 mL, Waters,
Milford, MA, USA)E AH&-319th 7IEGIAIE EA3IA 7 O3 A& HEZE FHe 94
sto] & FHEE A FAELD S HolAZ T 2ETE 5 mLY 33 ZEHA 7HEHA
E AFsAT AlF 3 FHE YWEEFZEZ simeton (0.24 mg/L)< 50 uL ¥o] & £ 7IE

ol Mz
e

mlm

of
-1

=
o
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| < 25 mLA 3% Jtete] A EAS FEO Btk KR Ropxl A=A
2 ArEF71E o83t 50 pL7kA] F%¢ &, o] A [0.1 formic acid +99.9% HPLC
grade water (v/v)]E 70 uL ¥ $ 0.22 pum Nylon filter”} £ 1.5 mL centrifuge®l ¥
12,000 x g2 53 &t ARSI dAEY AFA S A4 nlo|de] A T2 F 20T
WE o] Baatds BEAA SR AHEEYTHRyu et al., 2023).

5. 717184 =74

A0 AR 77 A A ErtE Y] 4] 71(1200 HPLC; Agilent Technologies,
Santa Clara, CA, USA)ZE, ©]57 A= 99.9% HPLC grade water + 0.1% formic acid (v/v), ©|
374 B= 99.9% acetonitrile + 0.1% formic acid (v/v)E AH8-3F9 . A -2 Kinetex Z2H(2.6
pm Cpg, 50 x 2.1 mm; Phenomenex, Torrance, CA, USA)S AM&3tATH YA A4S 913
717184 278 Table 301 YERNAT FAUA FHEZ TFEA(0 mgL)S FAsHA A
&3ATh

Table 3. LC-MS/MS conditions for the instrumental analysis of veterinary antibiotics (Ryu et

al., 2023)
Column Zorbax Eclipse Plus-C18 3.5 pm (4.6 x 150 mm)
Guard column Security Guard catridge Kit
Column temperature 25C
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
Inject volume 5 uL
HPLC

0 min: A 90%+B 10%
2 min: 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 Eletro spray ionization (ESI)

Drying and nebulizer gas 10.0 L/min

MS/MS
Drying gas temperature 350C

Capillary voltage 5,500 V




38 AYPAF = SPE A3 3o 0.1 mg/L# 1.0 mg/L spikingdh= A& 37048 671, vl

INE Z23e 70E tFe 2 aixvh AF S A% WA & &9
0.01, 0.02, 0.04, 0.08, 0.16, 0.4, 0.8 mg/Le] FE 2 A 2o RE Bajo julk oz 2
A 3FATH(Table 4).

Table 4. Recovery ratio, method detection limit (MDL) and limit of quantification (LOQ) of
selected antibiotics in soils and plants

Recovery (%) MDL (ug L) LOQ (ug LY
Classification Soil Red Young Soil Red Young Soil Red Young
ol lettuce | radish o! lettuce | radish ol lettuce | radish

Chlortetracycline | 86.5 78.2 1.8 0.024 0.018 0.025 0.029 0.029 0.024

Oxytetracycline 92.4 89.6 90.1 0.018 0.020 0.012 0.034 0.031 0.026

Amoxicillin 85.1 90.2 79.8 0.018 0.018 0.019 0.029 0.031 0.029

7. AE%=24%(bioconcentration factor, BCF)

28 Z2d] A= FYED O YEEZAFE Zayed 5(1998)0] A AT W ol uhe}
B7 8kt

BCF=

(1)

8. A4 g

Frold BALe Ht BAHEA 07 SAS ZE T(SAS version 9.3, Cary, USA, 2001)2.
2 95% ol A Duncan’s multiple range test® <33} Th
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A %-/](background
%91 4k A =5
ztol| 4wl A
EHO;U:} zifﬂﬂl*o 48 FAA 9] TREE = AMX 2.26~291 ug/kg, OTC 5.94~6.58
ngkg 123l CTC 8.09~8.76 pgkg FF0 2 VElGTh AAg&3 £ 508 5 A g
ToAME HEF 4YARE HEHAEd Aoy 28 & MH FHREZE AMX
2.11~3.06 pg/kg, OTC 5.81~7.55 pgkg L&l CTC 7.13~13.53 pgkg FFO2 YERGTH
(Table 5).
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Table 5. Concentrations of amoxicillin, chlortetracycline, and oxytetracycline residues in soils of
the red lettuce culture fields treated with veterinary antibiotics (June 7th, 1 times

treatment)
Amoxicillin Oxytetracycline Chlortetracycline
IITigatiOn meth()d BL BLx BLx BL BLx BLx BL BLx BLx
10 fold | 50 fold 10 fold 50 fold 10 fold 50 fold
Subsurface | - |2.91+0.11 | 2.81£0.13 | - | 5.94+0.11 | 6.76+0.11 | - | 8.09+0.13 |13.53+0.14
7
DAT Surface - |2.2640.12 | 2.45+0.12 | - | 6.27+0.11 | 6.67£0.13 | - | 8.66+0.13 | 7.67+0.13
Sprinkler - 12.5240.12 | 3.06+0.11 | - | 6.58+0.12 | 7.55+£0.11 | - | 8.67+0.12 | 7.41+0.13
Subsurface | - - 2.3240.13 | - - 6.314£0.14 | - - 10.67+0.12
14
Surface - - 2.12+0.13 | - - 5.81+0.14 | - - 7.13+0.12
DAT
Sprinkler - - 2.11+0.11 | - - 5.85+0.13 | - - 7.36+0.12
Subsurface | - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background level, [-]: below detected level

2 = Al Rol 6 7Y, 14, 21Y F 33] Wl FUE A4S YAV A
gEH EGS U E A F4AHE Ao JIRFS A 2



o] Al szoMe 87 AANA(HEF 28¢3h) A H 359 48 A =5
SHA o, AATRF T 109 F= ATl HEF 79ARE 8] A
7HA AZHAS Ay S48 A e SFEEES AMX 2.31~2.92 pgkg, OTC 591~
6.64 pghkg 1831 CTC 7.21~11.93 pgkg =22 Yebth AAdG3F F£322 500 5%
AT E AEF 1YAREH F87] Ad7A AEHAT AYd F4H8 FAAA 9
FTHEZE AMX 2.03~2.96 pgkg, OTC 6.19~6.77 pg/kg L3l CTC 7.15~15.46 pgkg %=
© 8 e THTable 6).

Table 6. Concentrations of amoxicillin, chlortetracycline, and oxytetracycline residues in soils of
the red lettuce culture fields treated with veterinary antibiotics (June 7th, 14th, 21st,

3 time treatment)
(Unit: pg/kg)

Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method BL BL x BL x 8L BL x BL x 8L BL x BL x
10 fold | 50 fold 10 fold | 50 fold 10 fold | 50 fold
Subsurface | - |2.9240.09 | 3.02£0.15| - |6.29+0.15|6.49+0.15| - |8.55+0.03 |13.53+£0.12
DZT Surface - 123240.01 |2.41£0.37 | - |6.21+0.18 | 6.46+0.16 | - |8.25+0.11 | 7.61%0.12
Sprinkler - |2.71£0.02 | 2.96+0.13 | - |6.48+0.14|6.65+0.32 | - |7.33+0.13 | 8.33+0.14
Subsurface | - |2.6540.17 |2.06+0.11| - |5.91+0.12|6.19+0.15| - |8.02+0.02 | 10.8+0.12
DI:T Surface - |2.26+0.16 | 2.81£0.09 | - |6.19+0.15|6.49+0.12 | - |7.35+0.17 | 8.61+0.16
Sprinkler - 2.36+0.22|2.03£0.09 | - |6.06+0.11|6.21+0.13 | - |7.21%0.16 | 7.15+0.15
Subsurface | - |2.34+0.17|2.65+0.12| - |6.58+0.11 |6.66+0.13| - |11.93+0.14(15.46+0.19
D2A8T Surface - |2.31£0.14 | 2.36+0.13 | - |6.38+0.12 | 6.38+0.13 | - |8.02+0.16 [13.33+0.16
Sprinkler - |2.40+0.16 | 2.81+£0.12 | - |6.64+0.13 |6.77£0.12 | - |9.05+0.15 |11.43+0.13

DAT: days after transplanting, BL: background level, [-]: below detected level

T4 AR 62 79 F 13 Wil FUE AT AgH ESES o E
A S48 A ARFS AR 23, AATREF T HgsEelse 5
18] 28U AEH 3T A4S A BT AEHA ggo, A9
frig 7o 108) w5 A FoAAe A 79AtolA v AEH AT A S S4H8
gy o] FHEEZE= AMX 2.35~3.26 pg/kg, OTC 5.90~6.02 pgkg 183l CTC 7.15~8.22
ngkg T2 UElgth AATFHF 759 508 s A TFelAe AT 14LA71A]
HAEHA= A S48 A Y TFEES AMX 2.21~3.41 pgkg, OTC 5.62~7.05
ng/kg 18]35 CTC 6.94~9.59 pgkg T2 2 UEFSTHTable 7).

(
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Table 7. Concentrations of amoxicillin, chlortetracycline, and oxytetracycline residues in soils of
the young radish culture fields treated with veterinary antibiotics (June 7th, 1 times

treatment)
(Unit: pg/kg)
Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method BL BL x BL x BL BLx BLx BL BLx BLx
10 fold | 50 fold 10 fold 50 fold 10 fold 50 fold
Subsurface | - [2.41+0.05|2.91£0.03 | - |5.99+0.04 | 5.62+0.06 | - | 7.23+0.04 | 7.32+0.03
7
DAT Surface - 13.26+0.08 | 2.21£0.03 | - |5.90+0.07 | 5.92+0.08 | - | 7.15+0.04 | 6.94+0.03
Sprinkler - 12.35+0.06 | 2.75+0.04 | - | 6.02+0.04 | 5.65+0.04 | - |8.22+0.03 | 6.96+0.04
Subsurface | - - 3.23+0.03 | - - 7.05+£0.04 | - - 7.124+0.04
14
Surface - - 3.41£0.06 | - - 6.82+0.04 | - - 9.59+0.05
DAT
Sprinkler - - 2.23+0.08 | - - 6.82+0.04 | - - 7.35+0.04
Subsurface | - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background level, [-]: not detected

ABZE AujA ol 62 7Y, 14Y, 21¥ Z 33 WA
oz XEud FA4HE A RIS = 2 =
Ae 871 %‘ﬁﬁ}zl(imi 28Uz AElH 359 F4HE FAUA BT AHE
U, A 29 108 55 A FelAe AYE 79AH 8] A
AT %EMW A8 A o] FREEE AMX 2.12~3.82 pg/kg, OTC 5.91~7.59 pg/kg
8]al CTC 6.98~14.26 ngkg F=22 YERth AATFHF 52 508 5= 2ol
Ae AEF 792HH 87 ARA7A ASHAS AU S48 A FRER
= AMX 2.23~4.82 pg/kg, OTC 5.92~12.51 pg/kg L]l CTC 7.46~14.26 pgkg 5FC & 1}
E}tTH(Table 8).

=0 FREE G5 H4F Ay
7t JERA] %‘9}2‘14(P>0-05), A8 A
2 EYT ARTERE 94 IA F
€ 7Y, 144, 21Y 33] Aol W EY = ,

% FEAAE 13 A9 33] A 1}017} UrEMXl 159,&014 A

o] 108 A 13 A TE AeF 7I2A7A M T 35| F4Hg FAYA 7L v
o= 74%HMJ% 33] Aol e AgF 8L AN (T AH) 359 S48 A
A7y 5 AZHAT AQETF T 5 508 HA 13] HEgTFE AEF 1493}

N
2
I
T

HN o



off
r?
oo
s
Y
=
ok
rE
=2
&
ru
A
2
oo
ok
o
2
lo
fm
ofj
L
Ju
©
)
ox
e
o
e
4
»
i
fu
lo
n:loh
-
o
o
3

Table 8. Concentrations of amoxicillin, chlortetracycline, and oxytetracycline residues in soils of
the young radish culture fields treated with veterinary antibiotics (June 7th, 14th, 21st,

3 time treatment)
(Unit: pg/kg)

Amoxicillin Oxytetracycline Chlortetracycline

Irrigation method « « « % « «
BL IOBLfold 5(})3Lfold BL IOBLfold SOBLfold BL 1(})3Lfold SOBLfold
Subsurface| - |3.71£0.19 | 4.82+0.18 | - |6.07+0.17 | 5.92+0.24 | - |7.44+0.19 | 7.71£0.09
7 DAT | Surface - 12.95+0.18 [4.21x0.16 | - |5.91+0.18|6.43£0.18 | - |6.82+0.19 | 6.98+0.11
Sprinkler | - |3.82+0.16 |4.41+0.17| - |6.04+0.18|5.87+0.18 | - |7.12+0.18 | 8.83+0.12
Subsurface| - |2.12£0.19|2.23+£0.16 | - |7.59+0.18 |9.78+0.16 | - |7.21£0.21 {12.99+0.12
14 DAT| Surface - 1223£0.193.01£0.19| - |6.41+0.17|9.18+0.18 | - |9.61£0.23 [14.26+0.11
Sprinkler | - |2.36+0.172.51+0.16 | - |7.38+0.19 |7.64+0.17| - | 7.9+0.18 [10.62+0.09
Subsurface| - |3.12+0.15]2.62+0.20 | - |6.44+0.21|12.51£0.18| - |7.45+0.20 {10.45+0.09
28 DAT| Surface - 12.51%0.16 | 2.61+0.22 | - |6.77£0.25|6.06+0.18 | - |7.32+0.18 [11.73+0.08
Sprinkler | - |2.61+0.15|2.36+0.19| - |6.13£0.24 | 6.03+£0.18 | - | 8.54+0.17 | 7.46+0.09

DAT: days after transplanting, BL: background level, [-]: not detected

HAEH o, 33] A FolAe= A eF 28U Aol A
P =27 A=HIA WHE S, ASHA N, A%
AN 2 2z 270 A3t Fo4 A= zkel7t YEbA] B TH(P>0.05).
ARkA O 2= A FHA W e N A F7 ASHA NS ESS HFTF
o] O W& AoE AFHYIAT, B AFoAE 374 A FolA zteol7t dERA] &3t
R Eto 2 At S48 gAY FREE CTC>0TC > AMXY| 0.2 EYF It
FE7F =4 UE T EST dAAY R EA(soil texture), EFRHS(soil pH), EF
71%E(soil organic matter) 12|31 EF o] &1 8H-8-F(CEC, cation exchangeable capacity)®ll
< e Zlo® dEA ok CTC 2 OTC 22 H Eghitol 284 FAEZD S &
o FAEH Hls| nHlwd B¢k & FHEHE Ao® eyt EYSl HEZA}
YA 24| dupdotr|Ey A=A T & IS Hlg 2 o & He Ao
2 B33 vk glom, o= HEZA|EHA o] EYT o7 dol&He F32o] 1%
7] &<l o2 el th(Kulshrestha et al.,, 2004; Figueroa-Diva et al., 2010). Pan2} Chu
(2016)°ll oJ3tH, HIEgAte] Z A 20| bE FAEH Hs] EYS F2Fo] 2 4
o7 Hixo] ot B AFolAE AFATet FASHA HESA ]S YA FAEZ 0] ¥
UAdA A EH Hls] EYs 3 9 2Rl o =4 Uesth



118 uke A 54 241

2. 584 WU B2 F4E PAA A4Ro AT 4EF HFEA

AYF AR AA 62 79 F 13 BAT FAD 48 FYATL AW HgF
Q3 WelE o AU FE FAA AZAT HRFS 2AT A, AR5
AN ME 35 H4§ FYA BF ASVAVILOR Jerdth thal, g% Bejol s

p [} gl
FEAA-AMX)RR] A3 29 508 F55 M EstAS o A2 14Y 2ol A]
ASHAAB/IN 0.63+0.02 pgke, AFEHAIAN 0.71£0.02 pgkg T2 HAE

EZAL] FH(0TCO) Y FE2EZHEZAO|FYUCTC)S 4T HejolA HESHA vnte=z
UERSETHTable 9).

o

Table 9. Concentration of amoxicillin, chlortetracycline, and oxytetracycline detected in roots of
red lettuce plants grown in the experimental plots (June 7th, 1 times treatment)
(Unit: pg/kg)

Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method 8L BL x BL x BL BL x BL x oL BL x BL
10 fold | 50 fold 10 fold | 50 fold 10 fold | 50 fold
Subsurface - - - - - - - - -
7
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - - 0.63+0.02| - - - - - -
14
Surface - - 0.71£0.02 | - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background level, [-]: below detected level

A5 A= Al 69 7Y, 14Y, 219 F 33] WOl FUE FAHE FAATE A
B ARF o BeE e R Aty 48 dAY AEAlT AREFE 24
I, A4F dollAE 3FY S48 A BT HESA NS E YEgT o
N = ofFA A AAMX)Te] AATHTTF o 10818} 508 w25 A
3 1490l A ASH A B 0.71~0.83 pugkg, AFEHZ BN 0.67~0.73 pgkg 5
HAth SAEEZA | FH(0TC)H FZ2H EgALo] FH(CTC)S 245 B
A mro g Uehutth AP At ASHA RN Al AEAS

e

2

PN ) AN 30
o

>

]_

ol
o o

ol
A
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WA Z48 GRS AR Aol7h Vet Yl olEAURAMXN)S] HelEET}
ol mel sEoEd o 48T R Fo| BAl UERITHTable 10).

Table 10. Concentration of amoxicillin, chlortetracycline, and oxytetracycline detected in roots of
red lettuce plants grown in the experimental plots (June 7th, 14th, 21st, 3 time

treatment)
(Unit: pg/kg)
Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method BL BL x BL x BL BL x BL x oL BL BL x
10 fold | 50 fold 10 fold | 50 fold 10 fold | 50 fold
Subsurface - - - - - - - - -
7
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - 10.71+0.02 | 0.83£0.02 | - - - - - -
14
Surface - 10.73£0.02 | 0.67+0.01 | - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background level, [-]: below detected level

A% 2o Aol A4F ABA AL 4T AL Hehieh GRAE o
A 2AE 359 F48 GUA BT AEANBOE Jepgon], GRage e
oA obBAAAAMN)TO] AATHHT T 500 BEE AHGL ©) HelF 14

7‘5]'

2| Al AdS AET FARE R HEEHATL SAH EZALIZF-(0TCO) S S22
EZARIZFR(CTO)E &5 2= HeloM A vte 2 YeRth(Table 11).

HFZAE ezl 69 7Y, 14, 21 F 33] @A Fol FUH F4H8 FAAIE X"
IF2AE] dolA e 359 48 FYA BF AEIANe 2 YElyith Q% o
AE obEAIAYE(AMX)REo] AR FEY 1081} 508 w5 A2 W HEF
1442l A A SH A B/ 0.45~0.53 pgkg, AFEHA BN 0.58~0.63 pghkg TToE AZE
ATh SAHEZGA]ZH(OTO)H SFEZHEZAIO|ZFH(CTC) HdF oA HE
A wRvte = yehgtt, A2t ATHAAN ATt dF A=A T =AY
S48 A o FEEE ZFol7F YERUA] 23k THP>0.05). oFHERAIA H(AMX) Y] A ElE =
7} wotgle wet ZAEAFT Rl okt =4 UERSTHP<0.05)(Table 12).
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Table 11. Concentration of amoxicillin, chlortetracycline, and oxytetracycline detected in roots of
young radish plants grown in the experimental plots (June Tth, 1 times treatment)
(Unit: pg/kg)

Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method
BL BL x BL x BL BL x BL x BL BL x BL x
10 fold | 50 fold 10 fold | 50 fold 10 fold | 50 fold
Subsurface - - - - - - - - -
7
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - - 0.32+0.18| - - - - - -
14
Surface - - 0.55+0.03 | - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface | - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background level, [-]: below detected level

Table 12. Concentration of amoxicillin, chlortetracycline, and oxytetracycline detected in roots of
young radish plants grown in the experimental plots (June 7th, 14th, 21st, 3 time

treatment)
(Unit: pg/kg)
Amoxicillin Oxytetracycline Chlortetracycline
Irrigation method BL BL x BL x BL BL x BL x oL BL x BL x
10 fold | 50 fold 10 fold | 50 fold 10 fold | 50 fold
Subsurface - - - - - - - - -
7
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - 10.45+0.03]0.53+0.04 | - - - - - -
14
Surface - 10.5840.02]0.63£0.01 | - - - - - -
DAT
Sprinkler - - - - - - - - -
Subsurface - - - - - - - - -
28
Surface - - - - - - - - -
DAT
Sprinkler - - - - - - - - -

DAT: days after transplanting, BL: background

level, [-]: below detected level
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2ot A7 7 ER() T AU 359 S48 A BF HAEA e R
UE o= AE AEo] ke gdid o= yetynt. Aty 359 s4h8 &4
A 74&E SAE EgAL] S H(0TC) F2E2H EZA]EYU(CTC)S ESSF 271 ol
(Ca™, Mg™" 5)% F2&o] £7] o EYF Rl ¥4 Yehva, FEA =9 o]
o] A9 Yeh A e Ao g FHHTh

gt dF AEARY] Froldd FJYAE G S E TF (translocation factor) #h<
ZARE AR, EGO R RE H4F Pe7hA 9 HolAlfe 03 vRte R YEga, EQFO
2HY dFRY7HA 9] HolAl= 0.20]8t2 YEMSTHFig. 1).

2

rlo

Young radish
Red lettuce
1.0 W Subsurface  Surface M Sprinkler

m Subsurface  Surface ™ Sprinkler 0.8

06 0.6

0.4 04

02 -I 02 I I
y = =

0.0
Background level Background level x 10 fold Background level x 50 fold Background level Background level x 10 fold  Background level x 50 fold

Translocation factor

Treatment concentration Treatment concentration

Fig. 1. Biocentration factor (BCF) values of red lettuce and young radish plants grown in the
experimental plots (mean +SD, n=3). The bars represent standard error.

Pan®} Chu (2017)9] A7l wW=m, SFEEHEA|ZHACTCO)Y A v EL(SMZ)S
FFAE AYsAe W FF dolA SMze] HEFEE AESA PIT-1.120 mg/kg]
£ TEE AEHEoH, BYdAE F TR/ A BT HAEHA Gt AEAE
o] A FFolB 2 Kow (=-FE& A5 Kd (A 5400 wet Kow @kl =
S5 AE] AFFo FRE AEZ] W A E XM, Kd Fol =255 4
YAfll F2hE| o] ¥ejo] RS A Hl= 2o BiEe] thMichelini et al., 2013).

‘Kow> 1" &FA R4l 43 E-dola, ‘Kow< 1’ fd’**%l A3 E4YS Y

I E2de FFe] ZHY, 150 2E A9 FHol @ Hol 89
of @ol e F=7F =A 2L vtk & A72H} Pang‘r Chu (2017)2] ﬂ?éﬂr—”—
dF 2ol E YERR=T ol A2t FAEH ] =gt 54 Aelel 713 A
o7 gt

Selueh SN AEHE 359 48 FAAY ATl 500 FEAA F4HE FAA
AU A B ARFS ASHOE 21T HOE ASHAY, F4E FHA

22388 EAA ZEA R Mol IA UJEIR] &S Ao F o= ‘jr SRRk, 4k
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& WA FAA B A&HQ fe 2
Qa2 71 A7 H o mHEA B B 7N 5 902 Zolrlel A%l Belr)

H EgA A=
=9 4Y =& At 2HE T3 xto] Al =2E VML e Ao E ddd
S epimer compoundZ &g o

=
E3}3E(parents compound) R TF 40| A3 EFE HEE 5 JTHKim et al., 2016).

£
glr‘
X
[}
fm
o2
S
b
e
it
o)
(m
kch
>~
>
o
Y
ry
X
oot
o=

meb, F48 FAA e B¢ U Tstetd, Assletd W Ay FAEde 23
oAE ] tia A9l Wk 2 mUEPe] Wad Aow AZAL

TS tE2Tol A 2,359.54254.5 kg/10aZ YERF O™, Z A4S ZHE Au) A
o 64 79 F 13] Wl FUE S FAA HEA YT FHFS
3 A AE AR 69 7Y, 14Y, 219 F 33] AT FHH F4HE

Red lettuce (June 7th, 14th, 21st,3 times treatment)
Red lettuce (June 7th, 1 times treatment)

®Backeround level O Backeround level * 10 fold O Backeround level * 50 fold
® Background level B Background level * 10 fold O Background level * 50 fold

3000 - a a a a a a a a a
3000 a a a a a a a a a
T 2500 A
s‘ 2500
£ 2000 2000
= 1500 1500 4
=
1000 1000 A
500 500 A
0 PR . ! PR . j . P . ' 0 4 T
Subsurface drip irrigation  Surface drip irrigation Sprinkler irrigation Subsurface drip irrigation ~ Surface drip irrigation Sprinkler irrigation
7 : : ’
Young radish (June 7th, 1 times treatment) Young radish (June 7th, 14th, 21st, 3 times treatment)
mBackground level O Background level * 10 fold O Background level * 50 fold Background level - @Background level * 10 fold  C1Background level * 50 fold
10000
10000 a a a a a a a a a a a a a a a a a a
B 8000 8000
=
= 6000 6000
=
£ 4000 4000
2000 2000
0 T T ] 0
Subsurface drip irrigation Surface drip irrigation Sprinkler irrigation Subsurface drip irrigation ~ Surface drip irrigation Sprinkler irrigation
Irrigation method Irrigation method

Fig. 2. Changes in yield of red lettuce and young radish by treatment (mean = SD, n=3). The
bars represent standard error. Different letters in a column (a, b) are significantly (p<
0.05) different according to Duncan’s multiple range test.



GAYA A A ZFF] LS 2364.9£36.4 kg/10aZ UERGTE FF-o =tEe gz
oﬂ/ﬂ 7,265.8+596.8 kg/10a= e o™, 72 AufA|ol 62 79 F 13] B F

48 WM] YA QFo] F8eFS 7273.8+65.6 kg/10a, 18|11 FF-2HE A uj A o)
6€ 7Y, 14, 21 F 33] Wl TYH SAHE FAA AA 7o FETFL 7,273.8+
65.6 kg/lOai e THFig. 2).

QA =23 ulel o] AATFH FF soul FEE AT AFolx ofFAAY
(AMX)Tto] u]aF 25 2 F0| 3P =S B H E Ao FHUA(0OTCS CTC) FAA = 2
EAR Foldo] YehdA] eighrlol] A7 ZFEo] e F FFS XA A
Ao &2 AGHAT Kim 5(2019)9] ATl ostH A o] Mes=el et 2439 4%
o] YA U&= zol7F YERIA &gtta B gk vl itk ¥HA o] Michelini $(2012)0] o}
2, MEOPU}O]E Ag el &AJAQ] sulphadiazine 2] o] W} S22 §5Fo] 13~30%

2oL, ole we ZHEA FEFol FoAd A ZAstanka Bk vk o &
% ATl s WNEHASHABN, AZRHAN, 228 3HNE 18a &

1=
ks
AL TRERE A= 3 Aol7F 7ol UA YEREA] S3ATHP > 0.05).

V. (<]

Tetracycline Al8 SAJH|EgFALO] S -(0TC)H S22 H EALO]Z(CTC) 18] penicillin
AG oFFAHAHAMX) 5 359 FAHE A E Wl JAAAOE FUT T FHE
T8 MEHA LA BN, ATHAWN, 22F2HB)0l wE FAA e ESF 3
7, 2 %Zﬂi«i ol 1ea 4’%"37"'743- & AR ;‘4"};9]' a7 AujA
g E¢T S48 A JRsee & Aol UEhA] gtom, S4H8 A o] A
gEErt 71 et EYE IFREEE AR UA STFete B EFolATHP <0.05). ¥
N mEt s BT S48 A ARl °-°4H U= 2ol E YE A &%

Aot dF AEARE FFoldd FAAE HF SR Ho|A S (translocation factor)E

ZARE AW, ESC 2R A4S BE7kA ] HolAlFE 03 PINeE UERa, EYO

ZHREY dF87A 9 oA 0.20135t2 e INEHEE J8a F4HE A

Tl ot dojAFrt folAd e AolE UEMHA] ZATHP>0.05). FHAI O R, A

Bt Ao FeEFE WHE Jga A Y FREZ FAA Ae Ael7t vE

A FUTHP>0.05). F-Ele} shdelA AEE e S48 A A 508 FE7HA
Ao

U A B Y RIS ASHOE Z/1Y A2 AHAY, 4§ FYA 4B

AQ

T
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AL FUe BRI BAE, F P, AT FFE /A 7102
A R 9T 718+ AL Aolrlo A%H Bt LY Ao}
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