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Abstract In Korea, over 4,700 animal carcass disposal sites
were installed until 2011 due to the outbreak of foot and mouth
disease. Due to the putrefaction of buried animals, the leachate
containing veterinary antibiotics may release into surrounding
environments. Antibiotic residues in the environment cause the
formation of antibiotic resistance bacteria threatening human and
ecosystem health. This study reports the concentrations of five
antibiotics, including tetracycline (TC), chlortetracycline (CTC),
oxytetracycline (OTC), sulfamethazine (SMZ), and sulfamethoxazole
(SMX)), in soils from animal carcass disposal site and adjacent
agricultural field. Concentrations of antibiotics at animal carcass
disposal sites (TC: 144.26-350.73 ng/kg, SMZ: 17.72—44.94 ng/
kg) were higher than those at agricultural field (TC: 134.16—
320.73 ng/kg, SMZ: 6.48-8.85 ng/kg) whereas the concentrations
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of CTC, OTC, and SMX were below detection limit in both sites.
Results showed that the antibiotics in animal carcass site might
leach to the soil and possibly contaminating the groundwater.
Future studies will focus on the transfer of antibiotics residues into
food crops.

Keywords burying livestock mortality - emerging contaminant -
pharmaceuticals - plant uptake - risk assessment
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Fig. 1 Selected monitoring sites located in Icheon, Korea.
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Table 1 Chemical properties of selected antibiotics (modified from Lim et al., 2009)

Chemical group Compound (Acronym) M.W. (¢/mol) Solubility in water (g/L) Log K, Primary usage
Tetracycline (TC) 444.43Y 1.7 -1.19Y Animal and human®
Tetracyclines Chlortetracycline (CTC) 478.89¥ 0.6” -0.62% Animal®
Oxytetracycline (OTC) 460.44" 1.0” -1.22D Animal®
Sulf id Sulfamethazine (SMZ) 278.32Y 1.5Y 0.89Y Animal®
uonamides Sulfamethoxazole (SMX) 253289 039" 0.89%) Animal®)

1) Tolls, 2001; 2) Kim and Carlson, 2007b; 3) KEI, 2006; 4) Loftsson and Hreinsdottir, 2006.
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Table 2 LC/MS condition for antibiotics analysis

Instrument

LC/MS (TSQ Quantum Ultra, Thermo, USA)

Injection volume
Column

Mobile phase
Gradient program

20 uL

LC condition

XTerra MS C18, Waters, USA (2.1 mmx50 mm, 2.5 pm)
A: 0.1% formic acid in water, B: 0.1% formic acid in acetonitrile
0 min: A/B=96/4, 19 min: A/B=70/30, 20 min: A/B=96/4, 30 min: A/B=96/4

Ion source

Spray voltage 4500 V

Vaporizer temperature 320°C
MS condition Sheath gas pressure 45 psi

Aux gas pressure 20 psi

Capillary temperature 350°C

Tube lens offset value 131

ESI (Electron spray ionization), positive

200 uLE 71t ¥ 400 rpmeflA] 1587F Rkt o £ 5,000
pmolA] 1587 AAEZE AAISIAL 0.2-um membrane filter
(Sartorius Stedim Biotech, Germany)E ©]-8-8}e] 7FQfo]=}-3t
% 98 FZ(SPE, solid phase extraction)y2 433} tH(Kim
#} Carlson, 2007a). 3%/ 5% HLB (hydrophilic-lipophilic
balance) cartridge (OASIS®)E ©]&3}4] MeOH (methanol)=
YHEZFEZQ simetons H7FsIAT o] & &
5%7](MG-2200, EYELA®, JAPAN)Z 50°CollA &
3 THKim#} Carlson, 2007a; Ok 5, 2011; Awad 5, 2014).
A EA-S LCMS (Liquid chromatograph/mass spectrometry,
TSQ Quantum Ultra, Thermo, USA)Z AAISI T A&
N GRS B2l gt S pore sizeZt 2.5 ume]H Ul
Z3o] 2.1 mmx50mme] XTerra MS C18 9 37 (Waters, USA)
< ARESReH, vl 212 71&7] & (gradient) 4] 2
o] 54 AE 99.9%2] DI water+0.1%2] formic acid, BE
99.9%2] acetonitrile (ACN)+0.1%2] formic acidE AR5}t
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484.002] Yol scandFR L, ©] 5 TCS [M+H]7} 445 m/z,
OTC®] 461 m/z, CTC®] 479 m/z, SMX®| 254 m/zE 7 o]
202 AN SMZE m/zE 193.00-284.00 H A
scandte] 279 m/zE A 7Fol2o2 HAAIACE 7IEF LC/MS
Z71& Table 20 BAISIR oM, o] il Hojxl HFFEH
9] zAZvLE 73 (chromatogram)?} 2~ E7] (mass spectrum)
< Fig. 2 ¥ Fig. 33 b 2 2o tisk =19 3
& (recovery) tetracycline A€ YA (TC, CTC, OTC)<}t
sulfonamide Al¥ FAA(GSMZ, SMT)7} 22 40.5-91.2%,
80.2-107.9%°]™, & ZF3IA(LOQ, Limit of quantification):
tetracycline 719 &AA| 9} sulfonamide AIE FAA| 7} 242z}
0.5-1.9, 0.5-1.8 pg/kg® A= ATHKim3} Carlson, 2007a).
FAEA. viEA B 12 F4A ESIA AEE A 5
To] BuH7HE $I% BAEAS SAS program (ver. 9.2)2
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AME TCS SMZ7F AZE=HJ o™, TCS SMZ9] sE= vi=
Z|(TC: 350.73 ug/kg; SMZ: 44.94 ug/kg)7} 1= FAXR|(TC:
320.68 ngkg; SMZ: 6.48 pg/kg)el Hlall =94ttt 3], SMZ9]
Agols FAHSRE fFo3 o Aot e o= U
ittt =W AAE tdeE ¢ HZ AFelA Lim
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4133 ughkgZtA AEES EIg v 9dem, Ok 5(2011)
=8 FHulEg A F3A9A TC, OTC, CTC7F ZH2k 2.94,
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Fig. 2 Chromatograms for standard
sulfamethazine; E: sulfamethoxazole).

solution (0.8 mg/L) of selected antibiotics (A: tetracycline; B:

oxytetracycline; C: chlortetracycline; D:
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©

D)

(E)

Fig. 3 Mass spectra of selected antibiotics (A: tetracycline; B: oxytetracycline; C: chlortetracycline; D: sulfamethazine; E: sulfamethoxazole).
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Table 3 Selected physicochemical properties of the monitored soils

Exchangeable cations

Sand Silt Clay pH EC oM."
Contents Soil texture Ca K Mg Na
---------- % —=-mmmmm- 1:5 dS/m g/kg --=mmmmoo- cmol kg -----------
S1 car. soil” Sandy Loam 68.13 24.93 6.93 7.49 0.38 13.29 2.51 0.21 1.64 0.81
S1 agr. soil® Sand 97.47 0.60 2.00 6.44 0.23 2.82 1.09 0.28 0.24 0.29
S2 car. soil” Loamy Sand 78.87 17.13 3.97 6.42 5.56 10.91 6.65 0.14 0.86 1.32
S2 agr. soil® Loamy sand 84.67 13.77 1.57 6.32 0.11 12.11 1.65 0.07 0.23 0.32
1) Organic matter; 2) Soil from carcass disposal site; 3) Soil from agricultural field.
Table 4 Detected concentrations for selected veterinary antibiotics in the soil
TCY oTC? CTCY SMz¥ SMX®
Sampling locations References
ig/kg
S1 car. soil® 144.26 BDL” BDL” 17.72 BDL” Present study
S1 agr. soil® 134.16 BDL” BDL” 8.85 BDL” Present study
S2 car. soil® 350.73 BDL? BDL” 44.94 BDL” Present study
S2 agr. soil® 320.68 BDL? BDL? 6.48 BDL” Present study
Agr. soil in Germany 43.4-198.8" NE'? 4.6-7.17 NE!? NE!? Hamscher et al., 2002
Agr. soil in Turkey NE'” 500" 100" NE!? 100" Karc1 and Balcioglu, 2009
Agr. soil in Korea 2.05-9.71% 2.06-20.56" 0.12-1.72  3.16-119.48”  0.76-41.33% Lim et al., 2009
Agr. soil in Korea 17.09-35.56”  BDL-0.41” BDL-0.13" 0.04-0.12” BDL-0.62% Lee etal., 2010
Agr. soil in Korea 0.82-2.94” 1.68-3.77” 0.31-0.89” 20.30-28.38” 0.77-5.43% Ok et al., 2011
Agr. soil in China 2.8-21.77 BDL-42.4% BDL-17.1% NE'” NE'” Zheng et al., 2012

1) Tetracycline; 2) Oxytetracycline; 3) Chlortetracycline; 4) Sulfamethazine;

5) Sulfamethoxazole; 6) Soil from carcass disposal site; 7) Below detec-

tion limit; 8) Soil from agricultural field; 9) Range of concentration; 10) Not examined; 11) Approximate maximum value.

400
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a
200 a I
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Fig. 4. Detected concentrations for selected veterinary antibiotics in the
soils from (A) site 1 and (B) site 2 (car.: carcass disposal site; agr.:
agricultural field). The concentrations of oxytetracycline, chlortetracycline
and sulfamethoxazole were below detection limit. Error bars indicate the
standard deviation (» =3). Same letters on bars in the same antibiotics are
not significantly different using Tukey’s HSD test (p <0.05).
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