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Seasonal Monitoring of Residual Antibiotics in Soil, Water, and
Sediment adjacent to a Cattle Manure Composting Facility

Sang-Soo Lee, Sung-Chul Kim, Jae-E Yang, and Yong-Sik Ok*

Department of Biological Environment, Kangwon National University

Overuse of veterinary antibiotics threats public health and surrounding environment due to the occurrence of
antibiotic resistant bacteria. The objective of this study was to evaluate the antibiotic’s concentrations of
tetracycline (TC), chlortetracycline (CTC), and oxytetracycline (OTC) in a tetracycline group (TCs),
sulfamethazine (SMT), sulfamethoxazole (SMX), and sulfathiazole (STZ) in a sulfonamide group, lasalocid
(LSL), monensin (MNS), and salinomycin (SLM) in a ionophore (IPs), and tylosin (TYL) in a macrolide
(MLs) group from soil, water, and sediment samples adjacent to a cattle manure composting facility. For all
samples of soil, water, and sediment, the highest concentrations were detected in TCs among the tested
antibiotics because of its higher annual consumption in veterinary farms, Korea and its higher cohesiveness
with divalent or trivalent cations in soil. Moreover, the concentrations of residual antibiotics in September
were generally higher than in June because of heavier rainfall in June. We suggest that continual monitoring
and developing guideline of antibiotics are needed to control residual antibiotics in the environment.
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7h=o] Aoyl AAEZ 9 AlEag SHE 234
o2 JAEZA (antibiotics)e] 8+ o] F75ka
At (Lee et al,, 2009; Lim et al,, 2009; Thiele—
Bruhn, 2003). :LFHL]' AJAHS E0]7] & =2
o oyl WS WS Slon 89§ U
§ ek 10 U 0 o

0] & tetracycline A¥ (TCs)] IEZ AH|FE 630
ton, sulfonamide A¥ (SAs)E 184 ton U macrolide
ALY (MLs)2 74 tonl &2 & AH|FY oF 61%E5 *}A]
St} (KFDA, 2007). o= MzZo] ula] phest ooz
Hlul= (116 ton, 2006¢)L} vl oF 138) =& Ao
2 XH3E uv} 9t (DANMAP, 2006; VMD, 2007).,
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Y=, ExERO A AE&E F8 A=l
YHo wBEAY B9A fAR €8 2AY
AZ 8¢FHt (Kim and Carlson, 2007a; Lim et
al., 2009). o= &4 Wl 7 FA=HE <t
W ategfote] & A7 A AAR R Fa3k ¥
HALE HeEn glom FAEHS] Q- g tigt &
Al A71ek AHTF A5 2 AIRE 59 Wekso] AlAELL
A} (Ha et al., 2003). E3F 34 F F Y=
A4:2jQ] WUERe] B3 AT A ool
ek, w=e] A9 3071 F 1397 Al digt FAYER
HUE S AR5} tetracycline (TC), chlortetracycline
(CTC), oxytetracycline (OTC), sulfamethazine (SMT),
sulfamethoxazole (SMX) % sulfathiazole (STZ)S
Eqe ookt RS HRARE Huw o Un
(Kolpin et al., 2002). (2006)¥} Kim
(2006)-& u]=t Colorado 3 (JIl) Cache La PoudreZ}
9] AR EoJA TCs, SAs Z ionophore AE (IPs)2
AR PUEY B 15S RUHIT 29 102) B3 A
o 1027 g ke So] RS mIsEc Zgs

Aqde EF Arcdde TH2E & 4 F ocT ¥
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SMX = SPYER Ak 2A161 .0 (Feitosa—Felizzola
and Chiron, 2009), &ZFoA= AFEAA 1147] XA
ot A=A RUERS skl TC, CTC, OTC, SMX,
STZ % tylosin (TYL) 59 FAHE Hargt v} ok
(Watkinson et al,, 2009), Hamscher et al, (2002)2
] (liquid manure)’} A&EHO0 &2 FUH =Y 5=
FRAAE dder RYEHS A7 FYA F TC}
CTC7} It} 2ol fafist o ZRshal S5
H13}9131, Karci and Balcioglu (2009)2 719
TR ZEEAAE] IFRE EQFolA CTC, OTC, SMX ¥
STZ9] & MHFAHE Hagt vf Qlck,

S A= Lee et al, (2010)°] AZEHEH QI
A W AR F 470 AF (TCs, SAs, IPs 4
MLs) 10%& (TC, CTC, OTC, SMX, STZ, SMT,
lasalocid (LSL), monensin (MNS), salinomycin (SLM),
TYLE] SR WU ANse] T AR 2
ol gReelele wag v Ao Fela: o
of s W2 49 758 FAEH] aHH e B
skl 2§ R FAEEY AEHA mUEY ¥
olof tht A= i HlE Aol A=
= A9 & EFHulsA A ] Al
7' (20089 69y} 99) xFIEEEY] FE
kel

co, &
we,

2 2 ANY 2 A= FHEL Ad
= TCs9 TC, CTC ¥ OTC, SAs® SMT, SMX %
STZ, IPs®] LSL, MNS % SLM, MLs® TYL & % 4
N AL 1052 FAEES AAste] mUER AT A
e PAYEZ2 Dr. Ehrenstorfer GmbH (Germany)
ol Az EEEAL ST, methanold o]
§3to] 100 mg L& A2k F 4CollA PR
WA A 919 309 IR Axslel 24X 5148
o] AFE3F9tt (Kim and Carlson, 2007b; Lim et
, 2009). FHEE FEEAS Hdl 2 APoA=
Sigma—Aldrich jit A]F W HPLC (high—perfor—
mance liquid chromatography) grade 882 A}&3}

.

al,

NZo| AHEH B ATi FRRE wiEe] sixT
QB EU]FA (36°46'237 N lat,, 128°00'26” W long.)
QA XY I W Aol 20089 68T 9o
AZE AR2 FAHAT (Fig. 1. EF ARE EE
oF 1 A (29 AR AH A DI e B 27
A (2 AR AF A 2, 3elA AHsgon, 7

Fig. 1. Sampling sites along the Yonpung stream, Chung-
buk Province, Korea (& : sites for soil sample, O:
sites for water and sediment samples).

59 B9 AR 280 A9 AR AF A SEue
NEEAE SeromE T 4 gtk +1 ARE
B wuggoziy ARl felo] FHHE 2

A2t 3 (Yonpung stream, AFZ)ollA 33 (=3 A
2 AQH AA 1, 2 9 3)o] AF AT (Fig. 1). 3k
o7 {4 FAEL AYE ZHEAHS golhY]
fatel =4 ARE AFHT A” 1 D 204 HHLEE
st o =48 AR AFH AF 39 AL 7H&
S22 AUE Q37 Evletleh. AFH B 9 42
AUE AR o5}ty EAJL Table 19} 2T},

A AR A AF 2 9 394 A-A (T-N)9F A
ol (T-P) &2 =4 A& AF AF 100 Blste] A
Hor w2 For Yeigtt ols QAHI w44 %
SEEHZHA FEEo] AFTHY A 55 WFo
2 o]EtaS A=t HwdEHt AZE A
A7 1o vl AFH A 204 =2 AFA E {U)E
ol HEEAT B A9 =EoF AFH A v
3l T EoF AFH AHoA =2 TR AdA 9
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SHEE FE= H BEM 2 A7HY HY =&
Kim and Carlson (2007b)o]| AAJE uj-go +3}
FAEHY 57 EXo] #REATY, 1Y AR E
& U AFES A dxAolA Fg = 75 um=E A|A
st A2 1 g& 50 mL Fg|Z233 (polypropylene)
AdEe| oA pH 4.09] Mcllvaine ¢45-89 (TCs
9 SAs =€) = pH 10.09] ammonium hydroxyl
58N (MLs H IPsAE F+58) 20 mLE H7IskGih
o] & 5% (w/v) NayEDTA 200 L= Z7fst & 34z
oA 400 rpmCE 155 7F wHksII o, 5000 rpmojlAl
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Table 1. Physicochemical properties of water, soil, and sediment.
Sample location pH EC T-N T-P ss NTU*
1:5 10" Sm' e mg I —
1 7.89 85.00 4.71 6.73 2.17 2.89
Water 2 8.40 109.00 5.18 7.17 0.50 0.76
3 8.37 243.00 5.53 7.26 425 5.65
Sample location pH EC T-N oM’ CEC Soil Texture
1:5 10" S m" g kg'l g kg'] cmol. kg']
Soil 1 6.49 0.13 1.05 14.46 12.14 Loam
2 6.96 0.78 3.25 40.82 20.84 Sandy clay loam
3 6.38 0.78 2.62 18.51 21.66 Sandy loam
Sediment 1 7.57 0.05 0.28 2.53 >4.52 -
2 7.48 0.05 0.20 0.71 >4.42 -

+Suspended solid.
“Nepthelometric Turbidity Unit.
§Organic matter.

Table 2. Optimized HPLC/MS (from Kim and Cadson, 2007b).

Compounds Precursor ion Fragment ions Isolation width Collision energy
[M+H]+(m/z) %
Simeton 198 - - -
Tetracycline 445 427 2.0 26
Chlortetracycline 479 462 2.0 32
Oxytetracycline 461 443 2.0 28
Sulfathiazole 256 156 2.0 32
Sulfamethazine 279 204 2.0 38
Sulfamethoxazole 254 188 2.0 36
Tylosin 916 772 3.0 30
Monensin 693a 675 2.0 28
Salinomycin 773a 755 2.0 30
Lasalocid 787 769 2.0 30

HEESE & =231 A8l 33 13AEZ= (SPE, Solid 2%27] (MG-2200, EYELA®, Japan)Z o]&3}o] 50C

phase extraction) AL 3 A8 A% 1.2 um
pore—size GF/C filter (Whatman®) & oJ3}8t 120 mL
9] A|& (TCs, SAs &8 A|EE 40% HeSO4 ARESHA
pH 2,52 2A)o] 5% (w/v) NaEDTA 500 uLE 7|5}
31150 rpmofA] 1587 wRE & 1P FEL st
A 22EL methanol 3 mL, 0.5N HCl 3 mL, HPLC—
grade 290 3 mI.E &Aoo E B3 A HLB (hydrophilic—
lipophilic balance) 7HE2]] (0ASIS®)E T4 sls}9l
S vacuum manifolds (Phenomenex")o]| Tefron tube
(Supelco®) S 0|83} 2 mL min '9 £EE2 ARE
7IERAR olF, FAMAIHT dEE Hele= iR
Z52 (simeton 0,24 mg L™ 50 uLo] 3-eH viald
vacuum manifolds W o] A2|&}31 methanolS 2.5 mL

Y F 23] Arete] ApEelAeld Belsart. olF A

of| 4] =3} & mobile phase A (99.9% D.W. + 0.1%
formic acid)& 75l HPLC/MS (TSQ Quantum Ultra,
Thermo)2 A3t BE JAYEZQ HAo AM-H
AHL pore size 2.5 um, W73 2.1 mm x 50 mm<Ql MS
Cis 9AEY (Waters, USA)2 2 SIM (selected ion
monitoring) FFEA HEZ EASHGTE JE =
Z19] precursor ion¥} fragment ion< Table 29 L}
Bl e HPLC/MS Z#2 Table 39 YEMNSITEH
Ao AEHZ (quality assurance)2 93t 34=&3}
JPRAL B aFae] Mgagieme] A
(Kim and Carlson, 2007b; Lee et al., 2009; Lim
et al., 2009).
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Table 3. Condition of HPLC/MS setup (from Kim and Cadson, 2007b).

Equipment LC MS/MS(TSQ Quantum Ultra, Thermo)
Column temperature SAs, T?S’ tPs M]:S
15C 45C
Column Flow rate SAs, TCs, MITS IPs o
300 4L min 250 L min
Injection volume 20 uL
LC Mobile phase A: 99.9% Water + 0.1% formic acid
B: 99.9% ACN + 0.1% formic acid
SAs, TCs MLs, IPs
Gradiont A: 96% + B: 4% (0 min) A: 70% + B: 30% (0 min)
A: 70% + B: 30% (29 min) A: 10% + B: 90% (26 min)
A: 96% + B: 4% (30 min) A: 70% + B: 30% (29 min)
Ion source ESI, positive
Spray voltage 4500V
Vaporizer temp. 320C
MS Drying gas flow 10.0 L min"
Drying and Nebulizer Nitrogen gas
Sheath gas pressure 40 psig
Aux gas pressure 20 psig
7E:'J_.'.|' ol =k 120 { Tune 2008
o]
EQ 5 SMBNC 55 &9 A A4 3 L -
B F TCsot SAs9] w7t ThE B Adw : ]
o ARAoR A A4St (Fig. 2. Tossh SAs L don . ﬂl il |
L Iy oA 71E2e so,a 243 7% o] AH QL A g 6000 ] September 2008 -
dz FHH|o FHE AR tger FPEME At g =1
g
et g zoi'::: ot
6ol 7L TCsO| Bkl TC 17.43~90.45 pg kg ', SN
CTC 0.02~0.21 pg kg ' ¥ OTC 0.34~0.87 ug kg ', 05 1
9%01]“5 TC 152.22N592.43 Ug kgil, CTC 0.48N " TC CTC OTC SMX STZ SMT LSL MNS SLM TYL
1.25 ug kg ' % OTC 0.41~0.64 ng kg '& vebgic) Fig. 2. Concentrations of antibiotics in soil samples
SAs?] EEX= gYo] SMX 0.19~0.58 ug kg ', STZ (TC: tetracycline, CTC: chlortetracycline, OTC: oxyte-
0.04~0.10 ug kg_l 2 SMT 0.18~0.31 ug kg_l, 9% tracycline, SMX: sulfamethoxazole, STZ: sulfathiazole,

SMT: sulfamethazine, LSL: lasalocid, MNS: monensin,

= SMX 0.82~1.06 ug kg ', STZ 0.25~0.33 ug kg '
° ’ 06 vg kg , STZ 0. 00 g K8 SLM: salinomycin, TYL: tylosin).

2 SMT 1.02~1.05 ug kg '2 UEPITE 1Ps 6Y0]
LSL 0.05~0.10 pug kg, MNS 0,03~2.03 pg kg ' 4
SLM 0.08~12.08 ng kg ', 9€<] LSL 0.01~0.07 ug
kg ', MNS N.D. (not detected)~0.45 pug kg ' = SLM
0.39~1.05 nug kg & YEPGTE MLs®] A< TYLO] 6
0.70~1.14 pg kg ', 99Y 0.14~0.49 pg kg '& et
Wt ZRkH o s ol 9YR oF 90do] At w
2t 52t oA S7RRET ol 69 EeA9el ¢
veke] JHE457F AR (69 Hat 79 136.7 mm,
9Y Hat 79T 52.7 mm; KMA, 2009)°] wje} EoF

wgzﬂbﬂi— 1059 %

=2 T2 HEEHSET o
7] (ketone group)@t =kl *XHO% 27F W 3719
JoleEate] ke AFHOR slolat Aoz HekE
(Diaz—Cruz and Barcelo, 2006). Lee et al, (2009)
o Eopom 2AE AL ool TCs L 5As| o
FEAAS B =T TCse EE (0~5em)oA] i
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Z2E oY SAsO] A9 TCsol vlsto] Ajgoz
2 FRAIS (K)E Qs HEZ7HA] o]Fshs 2R
I3k AMd oz Aujgko] AL [Ps¥ MLsO
9 TCs % SAse] H]3] EFUHe] A&s=7t W2 A
2

ok

lg_
E7} 3|4, gt ZAow wekE (Fig, 3). fARE 2
I}+=2 Arikan et al. (2008)-2 uw|= Maryland F (JM)
=) 9ol| 91-3t Choptank7r 770 {3t FHal=
S Ak 1570 X]Zu TCs @ SAs—E— U E s 7;_1

FAEL =7t *PEH& oz °E'§°] A2 FH A5k%
9] FrHETh W3- ®gh vp 9lr}

}o =0 eyl AZE TCsL 64 TC 1.5~33.03 ug

, CTC N,D.~0.01 yg L™ ¥ OTC N.D,~0.06 pug L,
9% TC 18.00~93.19 pg L', CTC 0.19~0.23 pg L~
2 OTC 0.11~0.48 pug L'& Uehton, SAs? =
L 6% SMX 0.08~3.01 pg L', STZ N.D.~0.01 pg L™
2 SMT 0,01~0.05 pg L™, 99 SMX 0.20~1,04 pg L,
STZ 0.03~0.05 ng L™" & SMT 0.15~0.26 pg L
FEos HAEE 1Ps] 9 69 LSL N.D,~0.02 ug
L', MNS N.D. ¥ SLM 0.06~0.66 ug L™, 99 LSL
N.D.~0.01 ug L', MNS N.D. ¥ SLM N.D.~0.02 ug
L' $zol9lon, MLs2 69 TYL 0.01~0.04 ug L7,
99 0.03~0.11 g L' 202 HAEEHh ANkze

&
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30.00 |
20.00 o
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Antibiotic concentration, pg L!
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200 «ln

15
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0.0 - gl T T rt
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Fig. 3. Concentrations of antibiotics in water samples
(TC: tetracycline, CTC: chlortetracycline, OTC: oxyte-
tracycline, SMX: sulfamethoxazole, STZ: sulfathiazole,
SMT: sulfamethazine, LSL: lasalocid, MNS: monensin,
SLM: salinomycin, TYL: tylosin).

2 SAs, IPs U MLs®| FEFYEA erl TCsHTh
AdFoz WA HEEQed ol AR B
o] 374 F FAEHEY AFsrol A FFE uA|
L ZAor =tk §ARE A3kE Arikan et al. (2008)
L TCs (TC, CTC % OTC)o] t}2 =R} HZE
e 9 GFsert w2 A28 Hiskeon Kolpin
et al, (2002)9] A-7+ZAZ} ul= 1397§ FAUHE] TC7}t
0.11 pg L', CTC 0.42 pg L', OTC 0.34 pg L7,
SMX 0.07 pg L™', SMT 0.22 ug L', STZ N.D, ¥
TYL 0.04 pg L' 4202 #A&2ES ®Busicy, =
20| A= Feitosa—Felizzola and Chiron (2009) 4
oAl ArcZe] OTC7} N.D.~0.68 pg L' o=

pu [}

)

A2Ee Wustgc Aela Aot $EFY A2
U 7be w AT ATET A wlms 215
SR

\=! fE
U oE a7E Fole Sy 19 B AR
5

>

X
o
oot

S| SRS S5 AEE A9 £4
At Eof U AR} FABHA TCs2| TCY| s&7}
2 Ao8 Yyt (Flg 4), 699 A% TCs &

- TC 16.25~18.15 pg kg ', CTC 0.03~0.06 pg kg '
2 OTC N.D.~1.15 g kg ', 9€oll= TC 46.73~82.97 ug
kg™, CTC 0.09~0.89 ng kg~ % OTC 0.33~0.54 g

kg ' $E02 HAEFQCE SAs e 690 SMX N.D.~
0.85 ug kg ', STZ N.D.~0.01 pg kg~' = SMT 0,07~
0.27 ug kg ', 9¥o] SMX 0.27~0.65 pg kg ', STZ

0.16~0.21 ug kg ' 9 SMT 0.36~0.91 ug kg = 4=
o2 AZE 9t IPse] #$ 6Yo LSL 0.17~ o 31 ug
kg ', MNS N.D. @ SLM 0.05~0.06 ug kg ', 9¥]

s

20.0 June 2008
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1.5 1

1.0

0.5

0.0 4 =0 mfl
100.0 - September 2008

I 1
/3 2

g g
> o
]

1.5 4

Antibiotic concentration, pg kg

1.0 1

0.5 4
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Fig. 4. Concentrations of antibiotics in sediment samples
(TC: tetracycline, CTC: chlortetracycline, OTC: oxytetra-
cycline, SMX: sulfamethoxazole, STZ: sulfathiazole,
SMT: sulfamethazine, LSL: lasalocid, MNS: monensin,
SLM: salinomycin, TYL: tylosin).
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Table 4. Frequency, minimum, and maximum concentrations of tested antibiotics.

o June 2008 September 2008
Antibiotics ; .
Freq. Min. Max. Freq. Min. Max.
% ug kg' or pg L % ng kg or pg L
Tetracycline 100 1.50 198.33 100 18.00 943.70
Chlortetracycline 70 ND. 0.34 100 0.09 2.63
Oxytetracycline 70 N.D. 1.52 100 0.11 1.14
Sulfamethoxazole 85 N.D. 3.01 100 0.07 2.01
Sulfathiazole 90 N.D. 0.13 100 0.03 0.62
Sulfamethazine 95 N.D. 0.43 100 0.15 1.87
Lasalocid 95 N.D. 0.31 60 N.D. 0.24
Monensin 70 N.D. 8.91 45 N.D. 1.58
Salinomycin 100 0.03 60.20 80 N.D. 1.94
Tylosin 100 0.01 1.80 100 0.03 1.12
"Not detected.
LSL N.D.~0.08 nug kg ', MNS 1.20~1.58 ug kg 07 =2 AHF hEe] Aor oyt
2 SLM 0.85~0.86 pg kg '@ UERFOD, MLse
TYLO] 6€9] 0.62~1.80 pg kg ', 99l 0.24~0.58 g 7E:| =2

kg FEOE AZEQTE Pei et al. (2006) ALolA]
"] Colorado §= (M) Cache La PoudreZd A2 EofA
TC N.D.~102.7 ug kg ', CTC N.D.~22.0 ug kg ',
OTC N.D.~56.1 ug kg ', STZ N.D.~4.7 ug kg ' U
SMT N.D.~1.7 ug kg ‘9 =202 AHZE oW TCs
o] SAso| M3l ¥ FEE JFFTS Hgh vb 9,
Kim (2006)2 ¢l A o4 MNS7} Xt 815 ng ke,
SLMe] Ht| 30.1 ug kg 2 GFFE Husgch £
ATolA BAE ALES ARIJYEL = YA
Aol AQFHE AR v T 2 Ao=E UE
el ol FH FAAREE R Qg fAl 9
3] shoR FdE FAEHo] AHHoRE AHE
FHEL 9SS Yehle Al AR Kim and
Carlson (2007a) AoA =3 F9o 7 JAEZH]
AR A&HHoR ZHE|o] AT 22 5
ZFFAELe] 2AE Bastal e AR 4
I 52 AAxe] mEt £EUR oA H 2>
154e E 5 e Husiyoh
2 AollA 20089 6T 9ol AFHE B, 4
AAE A5 FFFgYEL] HavE, 4 4
HEEEE Table 40| YepQIct =447 649
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