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Soil Residues and Absorption-translocation into Crops of
Veterinary Antibiotics Treated in Red Pepper Crop Fields

Park, Young-Jae - Tae, Eun-Ha - Cho, Jae-Young

In a field study, we investigated the consequences associated with the irrigation of
red pepper with water contaminated by three types of veterinary antibiotics
(amoxicillin, oxytetracycline, and chlortetracycline) on the soil residue, the absorption-
translocation, and crop yields. As a result of evaluating the residue of veterinary
antibiotics in pepper cultivation soil treated with veterinary antibiotics a total of 7
times from June 7 to August 26, 2023, the three antibiotics were not detected at
the background level, but in the group treated with 10-fold and 50-fold of the
background level was detected at a level of 2-10 pg/kg. For the leaf (stem) and
fruit of red pepper, all three types of veterinary antibiotics were found to be below
the detection limit at all treatments. However, trace levels were detected in red
pepper roots. If veterinary antibiotics are unintentionally introduced into agricultural
soil in the short term, the soil environment and crop safety will not be a problem.
However, long-term introduction of veterinary antibiotics in agricultural soil may
have negative effects by affecting soil microbial diversity and antibiotic resistance
problems, so continuous monitoring and risk assessment are deemed necessary.

Key words : amoxicillin, bioconcentration factor, chlorotetracycline, oxytetracycline,
veterinary antibiotics
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2004; Tasho and Cho, 2016).
FHATS HIES A8 F7lllA F4HE A Y AHEE A e F4610 s
ETsta fEuetilAe Ax8] AES, AR 9 8o s okl F4H8 AT}
ARE-% 31 9JTH(Van Boeckel et al., 2015; Tasho and Cho, 2016). 48 &AA| Frj e 11
W HiAAE A7 AR ASH SR SRR (13 FoAF A =9 Fol] ohA
Z7Fsted °10d 22l 1,00082 3] &5ste FAolth(eo-5E2F3 3], www.kahpa.or.kr).
&, A, | T 7S AR B FUEE 3059 FAHE A i REo] A
oA AE AR A WA vtE ol S o= ALE HuEHI ot v= AH
FAGBAE = AT v=oll A 29F 33 W 7FEFo] A WA e glotol] ZHdE] Abgete
Ao Z2 FA3}3 THCenters for Disease Control and Prevention, www.cdc.gov). T A= <2
A e 7HE Fo" & 23 10-30%% Aol FFEI UM A 70-90% 2 WS
), EH|&} gl gn|gE Faf o] AFYEL A A Foll =E2H S48 A=
FAA WAEAHTE AT EN FTRAN AFT ¢S 71 & ArthKumar et al.,
2005; Tasho and Cho, 2016). E714 71&EL FEXEAMAA 95% o4 2y 4
750 AAEHE 2R dHA JYAT A F& 5% ool FAA AT E EA
st Qlom, Al 70% ol’do] A% 17 ool Al WAdE 7FA 1 285k A
o2 &4#A th(Van den Bogaard et al., 2002; Boothe and Arnold, 2003; Malik et al., 2003).
Tag 53 AAE RS A =29 S48 A= EGHUAIA EY
g = 9 EGAE weh A AP #5 ¢ 28 74
AES 17 B oF=A 283 AEARY Foldel wE AHE kA A
op71d 4 o, Bk ZFetAY At FdEHo] SAE B s4kEY 243
o

(Michelini et al., 2012; Michelini et al., 2013; Pan and Chu, 2017; Tasho
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Ezdd EAste S4H8 3 AEARE Fold AR JheH e #igFo] 3
H= ko] AJthAzanu et al., 2016; Liu et al., 2018). Dudley 5(2018)3} Gomes 5(2020)2]
Ao w2 Aulw E AL (sulfamethoxazole)S 1.0 pug L'9] ®E2 Qo] X3k

o}, A= Z2F2(ciprofloxacin) 0.2-2.0 ug L'9] F =2 40 Agg 3¢ =F 2

»
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EA 9] oA 1e =2 XA F4HE gAY AEA RS FFoldS 48 &
A o] gletA EAdo] Mt 2 FEE 7X = AR dHA Aok &, S4HE fg-/\gxﬂo &
A, 54 2 2748 AE(SEE-E &9 A Kow)oll wel A=A 2 FFolso] &
ZFe] & YER &= Z©]tH(Chen et al., 2017).

EdSolA g8A e el M & FEFS 7AE A= EY pH, A9 o] 23}
AL, EFHEZESY T/ L fA71E9 FFolth. EF &HollA 3“321]9] o] g}l 717+
Z BES 71X = Aol EX pHelth A7} o] 281 = W A= fr7l&Eol &3
At Fstete] 1A Fs 2AHgS Tl HEFES AstEolu T’&Eﬂr%ﬂr F2-g
S Yo 7A FtiTolls, 2001; Thiele-Bruhn and Aust, 2004; Reis et al., 2020).

7tEEE o] &3 FAHEHE B vYETE S v R FUAHA FUd

Qs ob71E & e FA WA 1o AEARY FoldE S48 A

AE &3 4F A Ao HAAH = th33t7] 93 A7 BagE Al7]oltt. whet
AR A CNA RIERE AEEH= SAHEZGAC|EY, FE22HED

g ol EAILY T 359 FAAE 1FAE AR AF R Mg o E
Ao

I A7, ABALE] Frold B ABANFS 2AFOZA AR dHY WIS
3k 7=

0;
d

B AFE 20239 5ERE 8Y7HA] HEE Ao W H(35°42°46.26"N, 127°31°
122167E) &4 s7tollA 3= ATE 2= 115(Red pepper, Capsicum annmuum L.,
Heungnong Seed. BE2E} IF)How, F2, AH|dg, s 9 Fx2Ae 533184
ZHEAE o) FHRDA, 2017)° 71F3FATE B AT ARE-EH EQFS $44HE5(Songsan series;
coarse loamy, mesic family of Typic Dystrudepts) 2.2 AFFZEA A Eol| &3Fi(Table 1). 2}
EAS 913 AFTEL 5 mx5 m (25 m?) A2 Iy 3ukE o g st

=48 FAA L T7, HE = L HATHE AAE AP AT (Park et al., 2024)
o} FYstA FASAT. O AATFHF FF(background level)S A EH| EgtALo] &1
(oxytetracycline, OTC) 0.05 mg/L, ©}&5-A]4 H(amoxicillin, AMX) 0.1 mg/L. 18|37 S2ZZHE
g} AFo] 2 (chlorotetracycline, CTC) 0.3 mg/L, @ AA-F7F2] 108] 5L OTC 0.5 mg/L,
AMX 1.0 mg/L Z18] 3 CTC 3.0 mg/L, @ AAEFF2] 508 72 OTC 2.5 mg/L, AMX
5 mg/L 83l CTC 15 mg/Lelth Y& N EF W S48 A F=7t A
F T, AQTTFY 109 T, ADTHFY S0 o] HESE dE a2 Yol &

AFeH, ZAFEY EHLEZREH 10 cm ZHo))o| BT TS 7€z WA



236 B3 A - e 23t =AY

o] FEIFS 30%Z A3, olHt o 2AFo g ATINI WYFHEE AT
IF FEE AFed SEAAA FUST O3 5€E 24P FAF oY 15U S
2 69 79 12} A AH2(DAT 1), 6% 14L 0l 23} A 22

(DAT 7), 62 21¥0] 32 A A 2 2|(DAT 14), 72 590l 43 FAYA| A 2|(DAT 28), 72
2790l 5% FAYA A 2|(DAT 50), 82 6¥ll 62 &AYA *2|(DAT 60), Z12]3. 8L 26l
72 YA A S SAILDAT 80), 99 15U 1F2ES =859 DAT 283 DAT
50A011 749 19¥ 730 FAAE M AlFol o, 97t A&H o] et T
A ZFEF BAE A EYH 13 ZAE AR E YA A Aol FABA A2 el A

A8 1F AFES AGEe AR BEste] 4ol AMSEH A, AT EGS

EE0-10 cm)E o2 AHS O, dZHANA T4 F 2 mm A2 AAI & B0

Table 1. Physical and chemical properties of the test plot soil

Item Chemical properties Particle size fraction (%)

Soil organic matter (g 100g™) 2.67 Sand 51.9

pH (1:5H,0) 5.61 Silt 374

Total-N (mg kg™) 826.7 Clay 10.7
Total-P (mg kg™) 365.4
CEC (cmol® kg™) 8.6
Electrical conductivity (uS cm™) 0.36
Ca™ (cmol® kg™ 1.29
Mg™ (cmol” kg™) 1.12
K" (cmol” kg™) 1.63

EOkgx—l

d B, BT A=A A 24, FE(Table 2), A=&FAF 5 TAE

A3 A (Park et al., 2024)°] AFAS] A AEH o] At

o Ar

He AAE

Table 2. Recovery ratio, method detection limit (MDL) and limit of quantification (LOQ) of
selected antibiotics in soils and plants

Recovery (%) MDL (ug L) LOQ (ug L™

Classification
Soil Red pepper Soil Red pepper Soil Red pepper

Chlortetracycline (CTC) 90.2 86.4 0.021 0.017 0.027 0.024
Oxytetracycline (OTC) 85.9 91.6 0.020 0.016 0.029 0.028
Amoxicillin (AMX) 86.8 91.2 0.016 0.016 0.026 0.027
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1 2342 AR E4F FAA 4754

aFAuA ] 6¥ 7LFE 8 26¥7HA F 33| FAAVE AP BT FAAY 2
FS AR A3, 2AMA 35 A (HEAIAE™, SAIHEZAO|EY 2 SEEHE
iAo ) 25 background levelol| Al HEE A 9L U background & =2 108] T % *]
279} 508] 5 A FolA= 2-10 pgkg ©1F FEOE HEHUT TY 7 F 53
a8 ar 73] F4HE FAAATE Aed A= AY FARE S JERiTh A ¢
THE EYs AFE SEZHEGAO|EH > SAHEZAO|EH > ol B A A - Y] A
2 EFTHTable 3).

HEgALo|Ed A F4HE 38 A= HEZA|E9 8 35 7](functional group)<!
7FERI7|(=C=0)7} &Frlw B H 48 /PR Y Al Fe't Aot Al A
Sk A2 EoF Yo 234l @ tH(Gu and Karthikeyan, 2005). HIEZA o] Ed AIE 4t
& A= 47 BEG 72500 AFSHA Hol EGAEA oA THA SFS 7IAA
He AoZ ¢HA thRabelle and Spliid, 2000; Hamscher et al., 2002).

EF U A Y A7 2 BEYEAEY 38 WA 553 o] tKKiimmerer,
2009; Kyselkova et al., 2015). B Yo7} w74 A Bl vl o2 248 A7) A&
Aoz fFdd A BEY rAEY dHA4, 7l H R T2 tid A el o

gk 927} A7]=aL Jt(Toth et al., 2011).

Table 3. Concentrations of amoxicillin (AMX), chlortetracycline (CTC), and oxytetracycline
(OTC) in soils of the red pepper crops treated with veterinary antibiotics

(Unit: pg/kg)
Background level Background level x 10 fold Background level x 50 fold
Application  |DAT
AMX|OTC|CTC| AMX OTC CTC AMX OoTC CTC
7 - - - | 3.13+0.64 | 6.99+£0.64 | 8.81+0.82 | 3.32+0.62 | 5.87+0.53 | 7.41+0.67
14 - - - | 1.93£0.65 | 5.91£0.54 | 6.98+0.63 | 2.13+0.69 | 5.96+0.54 |11.25+1.02
3rd 28| - - - - - - 2.63+0.63 | 6.96+0.63 | 7.37+0.67
(7th, 14th, 50 | - - - - - - - - -
21st, June) 60 . . . . . . . . .
80 | - - - - - - - - -
100 | - - - - - - - - -
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Background level Background level x 10 fold Background level x 50 fold
Application  |DAT
AMX|OTC|CTC| AMX OTC CTC AMX OTC CTC
7 - - - | 3.33+0.88| 7.16+0.88| 9.02+0.81| 3.52+0.74| 6.05+0.74| 7.62+0.86
14| - - - | 2.1240.74| 6.10£0.77| 7.17+0.51| 2.33£0.75| 6.12+1.12|11.42+0.56
Sth 28 | - - - | 2.5840.79| 6.48+0.76| 7.82+0.61| 2.82+0.87| 7.14+0.74| 7.54+0.68
(7th, 14th,
50 | - - - - - - 2.51+0.79| 6.43+1.36(13.82+0.61
21st, June;
Sth, 27th, July) | 60 | - | - | - - - - - - -
80 | - - - - - - - - -
100 | - - - - - - - - -
7 - - - | 3.1120.71| 6.95+0.68| 8.77+0.71| 3.41+0.68| 5.83+0.64| 7.38+0.66
T 14| - - - | 1.92+0.69| 5.82+0.65| 6.94+0.66| 2.10+£0.71| 5.91+0.65(11.21+0.72
t
(7th, 14th, 28 | - - - | 2.3120.79| 6.26+0.68| 7.57+0.71| 2.61£0.72| 6.92+0.68| 7.33+£0.69
21th, June; 50 | - - - 10.4140.71| 6.63£0.67| 9.5440.71|19.2140.69| 6.21+0.65|13.58+0.75

5th, 27th, July; 60
6th, 26th, August)

- - - | 2.51£0.77| 6.54+0.72] 8.57+0.75| 3.62+0.75| 5.74+0.71|11.15+0.77

80 - - - | 271£0.76| 6.32+0.71| 7.48+0.73| 2.42+0.71| 6.07£0.67| 7.52+0.69

100 | - - - | 2.412£0.75] 6.17+0.75| 8.09+0.72| 2.12+£0.75| 6.02+0.71|13.62+0.79

Note: [-], below detected level; DAT, days after transplanting

ARl 68 TLHE 89 26U7HA 1YL AR F 33, F 53] 2P F 73
359 48 FAAZE A= AS o background level &%, background level &%2] 104
2]+ 18] 3L background level ¥ 52] 508] Mg FolA LFA(E7])H LFHHAA BT
HEHA mro g yehgtth Widol|, 115 Bejoe AR Aol 33, 53,
a8a 73] AT BF ASTAN O E e om, AASGF 52 w5 1081 2F 5090
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A TolM s BT 144 2ke} 28U 3ol ATk 3F0] 4R AT} nFe =HNE

A
1 olFde BT HAEIAN TR YEEt S48 A FFEES CTC > AMX
o)A HE% ATHTable 4). Table 404 R ulo} o], xAg

g —rv:«] 500 v o E AEEE AYd Aolx: 1FAd(E7)H oA
ET AEAV TSR YElSEal(data not shown), LT AT njEFo 2 HEH o] 5%
9] ¢kdAde R FozZ Yyt

Table 4. Concentration of amoxicillin (AMX), chlortetracycline (CTC), and oxytetracycline (OTC)
detected in roots of red pepper crops grown in the experimental plots
(Unit: pg/kg)
Background level | Background level x 10 fold Background level x 50 fold

Application |DAT
AMX|OTC|CTC| AMX OTC CTC AMX OTC CTC

7 - - - - - - - - -
14 - - - 10.63£0.15]0.96+0.14 | 0.82+0.04 | 0.81+0.12 | 0.96+0.12 | 0.85+0.07
3rd 28 | - - - - - - 0.85+0.03 - -

(7th, 14th, 50 | - - - - - - - - -
21st, June) 60

80 - - - - - - - - -
100 | - - - - - - - - -
7 - - - - - - - - -
14 - - - 10.64+0.04|0.67+0.09 [ 1.39+0.10 [ 0.86+0.06 | 0.73+0.12 | 1.19+0.05
Sth 28 - - - [1.21£0.12 - - 0.95+0.12|1.01£0.09|1.07+0.01
(7th, 14th,
50 - - - - - - - - -
21st, June;
Sth, 27th, July) 60 B B B B B B B B B
80 - - - - - - - - -
100 | - - - - - - - - -
7 - - - - - - - - -
1 14 - - - 10.83%0.02|0.87+0.05 | 1.24+0.04 [ 0.81+0.07 | 0.7540.06 | 0.88+0.06
t!
(7th, 14th, 28 - - - 10.87+0.04 - - 0.8340.14|0.77+0.04 | 1.38+0.12
21th, June; 50 - - - - - - 0.63+0.17 - -

Sth, 27th, July; 60
6th, 26th, August)

80| - | - | - - 0 - 0 - 1 - |1 - 1 -

0| - | - | - | - - - - - -

Note: [-], below detected level; DAT, days after transplanting
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Hu 5(2010)3} Pan 5(2014)°] F& U2 = tetracycline, oxytetracycline, chlorotetracycline
9] FrolTFE A A, BeEo A Bt I(E7))AA ol FAAS] w=7F Y =4
eSO}, Kang 5(2013)°] ¥& S Z chlorotetracycline®] F<-o]l &S FASH 23,
B o A= 0.1-3.0 pgkeel FEo 2 AEH W Q(E7)AAE BEHEE U AFA
AR Ot Aolgt AE Uet L Uth AFE e E & ol& MPAdFAES A74
o W2H, oA EAE WA FrH FEoE HEH A HTable 5).

Table 5. Available literature values for veterinary antibiotics concentrations in lettuce and
radish crops

Lettuce Radish
Compounds References References
Root | Leaf Root Leaf/Stem

nd 1.40 Hu et al. (2010)

Tetracycline
<6.50 <9.20 Pan et al. (2014)

Oxytetracycline <7.20 | Boxall et al. (2006) 8.30 17.0-57.0 | Hu et al. (2010)
nd 6-18 Hu et al. (2010)

Chlorotetracycline nd-1.00 | Kang et al. (2013)
0.1-3.00 nd Kang et al. (2013)
Sulfamethoxazole nd Wu et al. (2013) 0.10-0.40 | 0.02-0.60 | Hu et al. (2010)

Note: nd, not detected, Cited in Pan and Chu (2017).

B Background level @ Background level x 10 fold @ Background level x 50 fold
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Fig. 1. Biocentration factor (BCF) values of red pepper crops grown in the experimental plots
(mean=SD, n=3). amoxicillin: AMX; chlortetracycline: CTC; oxytetracycline: OTC. The
bars represent standard error.
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IFA R EFo 2RE IFAE7IA ] F5ol8) HE] TF (translocation factor)E =
ArgE A3, 139 (E7)SF AFAA 2] TF #ol 022 YRRt oA AgE vkef o]
background level?] &% A2l Fo|A+= TF #°] 0.2 YEG O backgroud level®] 10HH
FE A FolA TF 3 obmAIA™ 045, SAHIEZGAIEH 0.17 EEEH EgAF
g 0.18 ©]3t2 UEREAL, background level?] 508 F% A& FolA TF #He ofFAAd
0.52, SAHEZ AL ZH 0.16, HIEEIAO]ZH 0.15 ©]3tE2 YEGTHFig. 1). oA -
SEZHEGAO| 2 SAHEGALO|ZH R T £A15F0] vil E¢F JEFEH]S 3}
S7) wtol viaE TF ko] EA Uetstoy, HEgA | E8A A= EXHY 39
o] o} TF ko] BAl Uehd Ao & Yeyith

3. F4e A Ael S50l WE nrggel A4 v

IFo] 82 background level &% A B Toll A 346.5£29.5 kg/10aZ UEFGEOH,
background level &X2] 108] A 2|0l A 345.2420.2 kg/10aZ YEF S ™, background level
59 50u) Aol A 353.7+15.6 kg/10aZ ERSTHFig. 2). FAA S F74E, A3l
H, Ags=EE Fo4Us Ael7F A 44 THP>0.05). dRtA o w2 Ao ¢

AEA ] dEE FF AstE T A= —r%aoﬂ FEFe 71A= A= dHA AN
(Tasho and Cho, 2016), B AToA = AATHEF +FY 500 §5 FFoE 15E= A
500 - B Background level OBackground level x 10 fold OBackground level x 50 fold

;jjuw%wr%

200 A

Yield (kg/10a)

100 4

°'3rd|5th|m‘3rd|sm|m v | s | 7
AMX OTC CTC
Application

Fig. 2. Changes in yield of red pepper crops by treatment (mean+SD, n=3). amoxicillin: AMX;
chlortetracycline: CTC; oxytetracycline: OTC. 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.
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I8 Aol DFUEIN)TH FFUNA BE AT p|WOE Ueketa, 1FRe
oA MT mFoE A& 4EA HF ba

aFAu A 6¥ 7LFE 8 26€7HA F 73] FAAVE AgE BT FAAY 2
Fe A A, ZANY 359 A (CHEAA", SAHEZ A EH

ZHALo] E/) EF background level ol Al A ZE %A 29k o1, background F59] 108] 5% A
279k 508 F5 AP TFolAE 2-10 pgke OW FEOE AEFHAU

9 ZeEHE

AATFHF 5 50M) FE FEOE AFER AH AdE 1FAEHY 15
Hdo A BF HEFA mvte 2 VEbal, J—’—-ir oo Ant njFoz HEHo| F4E2
Fd/gdo] FRHE Zo = ATEHANE Tkt oA kst FAAE iR A=A RS
Frold 2 EYSAET ARl e A7) SHEITFEPE Bed ZeE dAdHn
Background level®] &% Ao A= TF ko] 002 UEFE O, backgroud level®] 104]
F5 AgTolA TF g2 obEAAY 045, SAHEZAIE™ 017 S22 ZEHEGAO]E
A 0.18 ©|3tE YEFSEAL, background level®] 508] &% A FollA TF 32 oA A"
0.52, SAHEZ A EH 0.16, HIESALO|E™ 0.15 ©|5t2 YENGT

@73kl F4HE “ﬁxﬂﬂ H e o % F74A] B U2 4

[Submitted, February. 6, 2024; Revised, April. 28, 2024; Accepted, April. 30, 2024]
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