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Abstract Veterinary antibiotics can enter the soil ecosystem and
then may be transported into groundwater via leaching process.
The main aim of this study is to investigate the distribution and
mobility of tetracycline, amoxicillin and sulfathiazole in soil. The
adsorption of veterinary antibiotics were applied to the Freundlich
adsorption isotherms. Adsorption coefficient (Kr) was indicated
oxytetracycline > amoxicillin > sulfathiazole. Oxytetracycline
concentration was highly detected in soil than in leachate. It is
assumed that oxytetracycline was strongly absorbed by divalent
cations such as Ca®" in soil. However, amoxicillin and sulfathiazole
were shown higher mobility due to the lower distribution
coefficient.

Keywords amoxicillin - oxytetracycline - soil column -
sulfathiazole - veterinary antibiotics

A 8
58 9|9 (veterinary antibiotics) 715 ZHe] ot X8
a3 SR ALES] ol&EE T BXHOE o]8FHI

S.-Y. Hwang
Department of Bio-environmental Chemistry,
University, Jeonju 561-756, Republic of Korea

Chonbuk National

M.-H. Han
R&D Coordination Division, Rural Development Administration, Suwon
441-707, Republic of Korea

J.-Y. Cho
Department of Bio-environmental Chemistry,
University, Jeonju 561-756, Republic of Korea

Chonbuk National

*Corresponding author (J.-Y. Cho: soilcosmos@jbnu.ac.kr)

THSeo &, 2007). =W &8 oloFFe] A7 ARSF 2001
91,594 04 2009 0= 998E R FHAFA] glom,
tetracycline Al¥, sulfonamide A|¥, 2|3 penicillin A Eo]
F2 AHE-E 2 th(Rural Development Administration, 2010).
et fElvEle] sE8 ook AR F=el 29 |
dinpae] (iR e)=ol] Hjs] YiH o B fo] AR
ATHLim %, 2009).

dnbzlo® FE§ foEe Aol FE F e, &
4 = glucuronide WHEF 22 tIALE B3 28l EE thE
AR At ey AR =8 oS 5= Add
Al thatell ofell MR EA] E3h A FolE A EslghE FEE
=0 &k e wjdES B8 AQE wiEE ik dAlFe
=, amoxicillin 80-90%, penicillin G 50-70%, chlortetracycline
70% )AL tetracycline 80-90%7} AollA T2 2= 3
HA 23 A adig WEEe o2 BAHY lrk(Sarmah
5, 2006).
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2H FEE UEe A WHETE AT EN
B0 Agk G938 713 7 Aok 3718 7SR
HAoA 95% o] FREY FA FFE0] AAHE= A
o= dHA UANE AHs] F2 5% ool A HAZFS
2 EA3t3 JTtHGrabow &, 1976; Bell, 1978; Radtke<}
Gist, 1989; Malik®} Ahmad, 1994). E4], 7153850l $Hr=o]
UE TEE IFL2 FUIY daFAoNA vedTe] A
of Atk FolE 7PE 4 AT Hilpert 5(1981) 28%9]
YA ez WeEgdT 10357 e A =S
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A A Aoz Byt aes ERxe] 714 43}
TN AESE A== lincoycin®] EAS F43] A
S} 3L (VarelZ} Hashimoto, 1982; Poels 5, 1984), %< 7
<2 carbadox, lasalocid & monesin®] 714 A3 4
Al dFe 71zl AeF BEe] Utk(Tomei 5, 1988). 4|
gog /IEERE Bl FAAE HES A =& F
8 oofE2 EAUCN EYaLe] SE A, EYHA
ES YHESH SN R o 2 AEARY
Folgdol] W2 ZE KA EAIE o|¥ 4 AT Migliore
5(1995)2 sulfamethoxine®] TH+E 7IEERe] F4AXE Al
21 EA ] Yot Z7|dA 7IER] o)de] sulfamethoxine®] 7
EF AT BIst bp 9, F7]A Hrp Bl
bioaccumulation®] =k},

SEvEt RN 4§ skl SAAE ]
YTt BRT T 400 ARHES R JoEd 2758 =
AVe A3}, S gollA AN Qe 27% 5 15%°] A
E5AY, LF FE2 v 5 UE vEet TAY o =4
YERAT} Chlorotetracycline 3 5.404 ug/L, sulfathiazole |
T 1882 ug/LeE AthHe R tgE odEnt A HAEH
o} S E WRolAl sulfathiazole(F 2L 241.7 pg/L)
T 16%5°] HEHA.

FAEHE Lo 2N VSRR 4R At B vt
oA drislelo] gtk HY 715ER i =8 o%Fe] ¥
JAEN AN yedel] il AAIA] FHAlo] FHFFH AL ATk
TEY B=E T AR nEE TEL JIEE HTHL
2 7N AR Ev FHISAAER olFHY ol =39
HE ARA= e old $E9 HAGE Akl 544 E
Gol7] wjZolt}, HZ B0 AAl d=olMe 3 5 TES
ookRe] 2 TE ¥ EY 5 FHl digk A Eids] o]
FoX) 3 dth(Lindsey 5, 2001; Boxall 5, 2002; Hamscher
5, 2002; Christian 5, 2003; Lim %, 2009). =fHolMe &
& oorEe SRR T I, A 7Xe 9,
FAA BEA AL EEXE H|ESH ANE A3 26
s o] FARA] Kgt o] Ut} ool & AfeA = -
YUzt =ESS O E tetracycline AlY 2] oxytetracycline,
sulfonamide 7A€ 2] sulfathiazole, ZL2] 3 penicillin A & 2]
amoxicillin 5 3% TE§ SJofE F - 237 SAH EF

Table 1 Structure and chemical properties of veterinary antibiotics
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I HwA AR JEo] F AORZ U= tetracycline Al
g9l oxytetracycline, sulfonamide AIE<2] sulfathiazole, —L2]3L
penicillin A1E2] amoxicillin 5 3% 558 9ES A7A)
B2 AM83ITHSeo 5, 2007). SEE 9JFE ¥FEES Dr.
Ehrenstorfer GmbH (Germany)Z%-E #<F wofom 7z
5742 Table 19 veht vk =8 oFE AE FFE
AL 001 M CaCLE ©]&3sl] 100 mg/LZ ZA|sIHo™, 72+
ol go} 4oColA WFEFA STt

AYEY. AHgEE F 2 =EYE 34 F 2mm AS
FTIANA AIEYOE ARSI pHE EYH S/HTE 155
Z 3} pH meter (Mettler Toledo)H, f71&2 Walkley-black
W, FoleATEFE IM-NH0AcH 283l =i v+
FRAdHe) 71381e] 5% sodium hexametaphosphate #4tol <]
gk pipettetd 2 S35t A Ege] £ - 58 B4

< Table 2] YRt 3Uet

¢}

ge HiL =& ooREe] FRAME WA S EFvlE &
od= A AYsUrh. 001 M CaClLE &3)17] FE& ]9
F ETEAS EY 1, 2, 5, 10, 20, 40 mgkg TR A
23 & 2447 F<F J"A T ARE 3,000 pmellA 10

E7F 924152 (Hanil science industrial Co. Ltd., Korea) 3+ %
45 2mLE 045 um membrane filter (Chrom Tech, USA)

= 3l HPLC (Hitachi L-2000 series, Japan)Z 413}
o TE8& OoFEe ENORRYH EREAHS ZAbel] Sl
&2 o] 5" EU] 20mLe] 0.01 M CaCLE 2|3l
ok 2407 XY & FF APY sYsH w2 o=
$ HPLCE A8t HEHoRE 55§ oJofEe] & 9%
£ Freundlich®} Langmuir 5418 28313

TEL UF 8" BA. A7 Semx 4] 35eme] 9FH

& A"l 30em Fol7H] A EY 700 g2 TR
d 3157} el glass woots: ARE-Sle] ESR] HAS
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ol il fm

Compound Amoxicillin Oxytetracycline Sulfathiazole
HN o o
o HN
Chemical structure e " oH \O\ //O S/>
" s S\ /K
HO 0// H '
Molecular mass (g mol™) 365.4 460.4 255.3
pK, 24,74 3.3,73,9.1 24,7.1
Water solubility (g 100 L") 95.8 313 60
Table 2 Physico-chemical properties of experimental soil
pH OM CEC o ‘o N .
(1:5 H,0) (2100 &) (cmol, ke Sand (%) Silt (%) Clay (%) Soil texture
6.1 0.85 5.1 55.7 39.8 4.5 Sandy loam
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Table 3 HPLC conditions for 3 veterinary antibiotics analysis

Veterinary antibiotics Amoxicillin

Oxytetracycline

Sulfathiazole

A:0.01 M potassium phosphate buffer

Mobile phase (pH 4.8):acetonitrile (9:1)

A: 0.1% oxalic acid in water
B: methanol

A: 0.1% formic acid in water
B: methanol

0.5 min - A: 100%,
3 min - A: 60% B: 40%,
7.5 min - A: 30% B: 70%,

0.5 min - A: 100%,
3 min - A: 60% B: 40%,
7.5 min - A: 30% B: 70%,

. AL 1000
Gradient 15 min - A: 100% 9 min - A: 5% B: 95%, 9 min - A: 5% B: 95%,
11 min - A: 100%, 11 min - A: 100%,
15 min - A: 100% 15 min - A: 100%
Flow rate 1 mL min’! I mL min~! I mL min™
Detector wavelength 230 nm 355 nm 290 nm
Injection volume 50 uL 50 uL 50 uL
& amoxicillin A oxytetracycline B sulfathiazole
15 1 08 -
A B
1A 0.6
~ "_.,_l’_l————.
t *
% 05 2 04 *
5 6 "2 g
A 0 - 02
2
05 - s 0
A
-1 : : , 02 : . : s
2 -1 0 1 0 1 2 3 4
log Ce (mg L) Ce(mg L)

Fig. 1 Adsorption isotherm of 3 veterinary antibiotics (A) Freundlich adsorption isotherm (B) Langmuir adsorption isotherm

, FEEE WAE] S8 dFnlE sU=E Y Az
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um, 4.6mm ID.x 15cm; TOSOH Co. Ltd., Japan)S AME-3F
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HAEIAE 0.04, 002, 2 002mgkg & Yeht 717184 %
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Table 4 Adsorption and desorption coefficients of 3 veterinary antibiotics in experimental soil

Adsorption Desorption
Compound Freundlich Langmuir Freundlich Langmuir
KFI) n2 b K Kp, d5) ndﬁ) b d7) kds)
Amoxicillin 245 1.05 142.86 0.02 61.94 1.00 58.82 1.06
Oxytetracycline 6.41E+8 0.14 -0.17 -12.72 5.37E+33 0.04 -0.05 -16.17
Sulfathiazole 1.99 1.02 142.85 0.01 16.90 1.10 30.30 0.79
DFreundlich distribution coefficient
f)Constant of Freundlich adsorption isotherm
$Maximum adsorption amount
“Constant of adsorption bond energy
SFreundlich distribution coefficient
9Constant of Freundlich desorption isotherm
"Maximum desorption amount
®Constant of desorption bond energy
& amoxicillin A oxytetracycline 8 sulfathiazole
2 4 04 -
A B
14 0.3 A N
¥ o . o 021
o &)
-1 0.1 A
g
2 A 0 1
3 . . . 0.1 . . . .
3 2 -1 0 0 0.1 02 03 04

log Ce (mg L)

Ce (mg L)

Fig. 2 Desorption isothermal of 3 veterinary antibiotics (A) Freundlich desorption isotherm (B) Langmuir desorption isotherm

H3hk= Freundlich E&522dME Z2AAFE)7T 0.8 o2
2 8w = et §33T Kee pH7E 7S 2
A3 (Boxall 5, 2002), F71& FFo] BES5E Sk A
o2 d#HA SIth(Thiele-Bruhns} Aust, 2004). Xus} Li(2010)
< tetracycline®] EYGES pH7F 71845, o] A7/t &
TE 7FA3P, Freundlich 520l F-3bstoiar 2131t

& 3ol A5E Eo| 20mLe] 0.01M CaClLE *2I5k]
T o9Fe] Hydset @3t #AE Freundlich €2t
S22 9 Langmuir 235229 A8A1Z1 A3= Fig. 2¢]
e e, 4= Table 4o YERNRATE. Freundlich €235
229l ARAFEYE 0.8 oS 2 Freundlich FX5-2241S %
a3ttt HAFKyE Akl 83 AEFe] olss &
Abeh=dl 503 @ 4olth(Laak 5, 2006). IutHo g Huj7
T Kol F5 ESRHIe] F3 o] Fopa] o] Z g

A e Aog dEA dut. BujAS (ke olieh o) v
B & ok

Kd = Csoil/csolution

Cot EU FHE FEE JOFE FT
Cosion: EFENS] B A BEE oJobE B

B AL ME= amoxicillin, oxytetracycline, 2] sulfathiazole
o] EHlAF Keakol 1.52, 9281, 28] 1818 YER o

-

oxytetracycline > sulfathiazole > amoxicillin 2o 2 A 47
= vetstth A28 2 AR 37EA A 7Hed
oxytetracycline®] EFERATS] F21Eo] 7P o} Y7 of

£ Zoz H7MEAY. Rabelle?} Spliid (2000)] <]3H4,
oxytetracycline®] #HiAIS gro] FEALENA 417 Likg 22]aL
AFFEONA 1,026 LkgS 2 WERStTE B3 Thiele-Bruhn (2003)
& EY F 5EE kg #ulAlS Fhol sulfonamide AIE,
tetracycline A€, 2|3 macrolide A ENA Z+z} 0.6-4.9,
290-1620, 22|31 8.3-240 L/kgZ UERE ZHo 2 H ISt
Kahle ¢} Stamm (2007)2 AEFENA sulfathiazole®] ErlA|
F e pHF FAES4E Z718MH, Thiele-Bruhn@k Aust
(2004) €139, sulfonamide AGe] FEE 9JES A71E
o] @om FuAlF ol Tk BAslgith. Kim (2011)
B #4718 o]l S7F84SE oxytetracycline, amoxicillin,
22]3 sulfathiazole®] HHIAG Fho] F7tsiH, ole f7]1&E°]
FHAEA TS ST R ot B 1EE Yo
EoulEns g mjEel Aog nysgh A8 dA7AEe]
EY T 558 JUF AT gEo 2 AFelx dox
AT #hol oFzF v vl ol dIES] =Hs)
A Bgatolel 71918k Aoz IR B AtdME T
B8 oofEe EY Ul S2E Akl Qo] EYY &
g3ietd] 548 IEEA &2 712AES ey, 5E
& oekxe] BEY U SHIE X W3 Y] EiMe
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Fig. 3 Accumulative amount of 3 veterinary antibiotics with soil depth of soil column (A) amoxicillin (B) oxytetracycline (C) sulfathiazole
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Fig. 4 Accumulative leaching amount of 3 veterinary antibiotics leachate (A) amoxicillin (B) oxytetracycline (C) sulfathiazole
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15% B=7F S ofsf Astze] o]Fo] HA] ¥ #EY
A= Aoz YEPTE oxytetracycline?] EY 30 cm7FA9] &
ZHEFERE oF 2,000 pg FEOE M 7FH o 30% =R
H71=Eeh, £2594E oxytetracycline®] 25 AE3SHA 1
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A3, 30% HErt B 1R, AskrRe] olsd vl
< nngk Aow YRl OxytetracyclineS E%ol] F2t2o)
ol HEZ o]Fo] ul$- Wil 3=t (Rabelle ¢} Spliid,
2000; Kay 5, 2005; Blackwell 5, 2007), ¥ 2¢ ZAzle} o
X ek Aol UTt. o= oxytetracyclineo] B & EAsh= 2
7} Fol(Ca* Ty EFAE It o s g3
7] o= HriEY B8 Li 5(2010)2 tetracycline A€
2ol 2 WAYUZSCZ o8 carboxyl E phenolic groups}
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FHH FxEge] vl A Yelgth EFZo] 0-5cmolA
amoxicillin?} sulfathiazole®] X 7}z 323} 29 ug 5o
2 A" B2 oF 03-04% =202 YERTE amoxicillin
7 sulfathiazole®] EF 30 cm7bA| 2] & ke Z42h 400 3}
50 pg FEOE et Z47F 5791 0.7%E B EAY S8
SolM amoxicillin®] FHHZHE F 1460 ug 2237 sulfathiazole
o] FAAEHS 3,200 pgo 2 YERNTE X" amoxicillin®]
oF 20% 12]3L sulfathiazole®] 46% F=7t FE Sl <3l A
stz 48w Aoz yehdtt o9k e A= oF 100€ §
oto] 2eAeS &5 APE amoxicillin®] 80% BE7F EY
ellA] w A& ofgk 3], 5 &3 2 U gAERe] A
Zlo] o]FofX|aL, 20% B=rt ABrRE olFEH, BEY I
2 g mu)gk Aoz HriERTh fAH sulfathiazole®] 7
$ AF 7E F 55%7F B 2 F5olA Ee7) o]FeiR]
H oF 46%7t AR o]l EYREREE wf- wHg A
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B FFEA &3 AEAA olFdte AR Hish
Karci¢} Balcioglu (2009)= sulfonamide A9 &% F ol
Aol &l FAFE T3l AIEFE GA o5, ESET X
EoM =4 AEddy B9l Lindsey 5(2001) W
= 6 F ANESF 2 AFlg T FEL oEe IS AR
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