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ABSTRACT : There has been increased concern regarding the release of antibiotics to different environmental compartments due to
the possibility of the development of antibiotic resistant bacteria. However, limited information is available regarding the
occurrence, fate, and transport of antibiotics in Korea in both the aqueous phase and in solid phases such as sediment and soil.
Therefore, this study was conducted to monitor the concentration of released antibiotics in surface water, sediment, and soil adjacent
to a cattle manure composting facility in Korea. Specifically, the following six antibiotics were monitored: tetracycline (TC),
chlortetracycline (CTC), oxytetracycline (OTC), sulfamethazine (SMT), sulfamethoxazole (SMX), and sulfathiazole (STZ). To
extract and quantify the antibiotics from different environmental compartments, solid phase extraction (SPE) and high performance
liquid chromatography mass spectrometry (HPLC/MS) techniques were adopted. The concentration of the six antibiotics ranged
from below the detection limit (BDL) to 0.71 zg/L in surface water, from BDL to 27.61 pg/L in sediment, and from 0.12 to 157.33 »g/L
in soil. In addition, higher concentrations of antibiotics were observed in surface water and sediment at locations closer to the
composting facility indicating that composting is the source of the antibiotics found in the environment. Furthermore, higher
concentrations of antibiotics were observed in the solid phase (sediment and soil) than the aqueous phase. These findings indicate
that the possibility of antibiotic resistant bacteria is increased because such bacteria are more stable in the solid phase. Overall, long-
term monitoring of the aqueous phase and solid phase is necessary to gain a better understanding of the impact of antibiotics from
source on the environment in Korea.
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Table 1. Selected chemical properties of veterinary antibiotics used in this study29~32)

Chemical group Compound (Acronym) CAS number M.W. (g/mol) Solubility in water (g/L) Log Kow Primary usage
Chlortetracycline (CTC) 64-72-229 478.8931 0.631 -0.6231 Animal3?)
Tetracyclines Oxytetracycline (OTC) 79-57-230 460.4430 1.030 —-1,2230 Animal3")
Tetracycline (TC) 60-54-830) 4444330 1.730) —-1.1930) Human, animal29)
Sulfamethazine (SMT) 57-68-130) 278.3230 1.530) 0.8930 Animal31)
Sulfonamides Sulfamethoxazole (SMX) 723-46-629 253.2831 0.3932 0.8931 Animal3")
Sulfathiazole (STZ) 72-14-030 255.3230) 0.630 0.0530 Animal3")
A0 Table 1o & A70] A4 FHBAL 3 ¢4 2SN FASEOH o1F 2 mm L 75 um YA
8 545 Aoste] Uehsleh. Table 13} Zo] & 6%2 2712 A AFste] 23ty 24 2 FAEE B4 &4
FAEEL LR 7580 AME 8 5 eEdY 7} o|-g-sh3iet,
AEZH 9 A EZ 0] &5+ Log Kows tetracycline A€ ¢, AHES pHO EC= A& /48 1168 &%

o] -1.19~-0.62% sulfonamide A% 0.05~0.89% L&} sto] wuket % pH meter ¥ EC meter(Orion 3 star,
L30.30 sulfonamide A€ 9 s 7Rl iz ez Thermo, USA)E ©]&3}¢] 314'3}"‘11} T-N9 732
o= KA o o L HoO2-HoSO4E AIREE &3l $ oji}sto] 7]7] &4

FYEA FZLNC methanole ©]83} 100 me/L2] (Kjeltec™ 2300 analyzer unit, FOSS, Denmark)3}%l
stock solution A|Z3H & 4T oA YHEBSIHOH uf 1 t}, 47]&(0.M.: Organic matter)?] 7% 24HH2S04)
Meduteh 2 2A4 sk E3F A= 8N v & AHg Bt A S AFAPEE(KoCroOr) 2 &2 AFSHAI] & 29
A A mic) 8145 o] ARSI 33 o]AF SHIER] 25 W 7] Al S EA(UV-1800, Shimadzu, Japan)Z H[A &
7124 Aol A AMEE EE AR Sigma—Aldrich Al T, BEFY Fol2 A& F(CEC: Cation

¥+= HPLC-grade -&9-& ©]-8-3}3itt. Exchange Capacity)< Brown §& 0|83 E435142
o EA(soil texture) H|EAH(Hydrometer method)
2.2. A& AF Y 2M o B3} 34)

2 AFoA ABAH XY9eg AHYHE A9 FHEE 2 AR A9 pHe} ECE= A=A A @A ohat
Taktol] AT & ERl T FAA} SAR AR L2 AZA7](YST model 5000, USA)S A&s}o] 243519
AF A Qo] e} FA AFHol EEA o AR A GF AT Fto] T-N& 1}
(Fig. 1. A& A3 Al71&= 20084 442 545 0] A% A FFF e 3 T-Pi= ofAI =0 SHIH 39 SS+=

7] ool AAlsHAaL BEF Alme] Bfolle
A A (Site 1: =, Site 2: Y1, Site 3: T
3 5 7h QAR 50 RS YAt 28 ARt
Hugg e 544 % EuEgo e FYEAY §
Aol = Ae= FAH 37 AH(Site 11 EfR]5 of
100 m ©]Z A4, Site 2: M| oF 300 m °|FAH,
3 598 SR 247 1 LAS A5sigon oy
F52 AZ3 249 (amber glass bottle)ol o}
WUl Yo T AUAR 2] Lueheles)
FAANRE AN 1.2 um (pore size) GF/C
filter (Whatman®)& o135t & 4CoA B@stgict, g
PYEA) REEAE slelely] 93] $UARS AR
AA AHAE(sediment)E TA HHeH3ch &, ALEE
SPAHEIIIR) o Sold o= Qs 170 A3 (Site 1ol ARt

A7t FPsstsich AR B RE AR 29 , o |
Fig. 1. Location of sampling sites along the Nam Han river

% FgAAEAY FEd(photodegradation)E BA|5FLA}; (®: Soil samples; ®: Water and sediment samples).
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Table 2. Selected physical and chemical properties of soil, sediment and water used in this study

Samples Sampling location pH EC uS/cm T-N mg/L T-P mg/L SS mg/L NTU?
Site 1 7.99+40.11 109.80+0.28 2.95+0.37 1.52%0.76 9.70+0.42 5.39
Water Site 2 8.67+0.10 92.90+0.14 2.83+0.24 0.64+0.24 26.63+3.36 12.20
Site 3 7.58+0.05 146.40£0.85 2.12%£0.55 0.58+0.31 27.05%2.05 24.20
Samples Sampling location pH (1:5) EC (1:5) dS/m T-N g/kg 0.M.” g/kg CEC cmol+/kg Soil Texture
Sediment Site 1 7.57£0.43 0.05+0.00 0.28+0.04 2.53+2.84 >4.52 -
Site 1 6.49+0.03 0.13+0.03 1.05%+0.04 14.46+1.56 12.14+0.29 Loam
Soil Site 2 6.96+0.02 0.78+0.05 3.25+0.07 40.82+3.47 20.84+0.27 Sandy clay loam
Site 3 6.38+0.02 0.78%0.01 2.62%+0.06 18.51+1.75 21.66x0.11 Sandy loam
aNTU = Nepthelometric turbidity unit; bO,M. = Organic matter
HACH®, USA)Z 245 AA|str} o|F WA FEH AR}t Tt WY A|EL} FUSHA 1L
FHAANRY] - pHE 7.58~8.672 UERoH Site FATES AAEIT
1994 T-N % T-P9] 3+&Fo] z+zF 2.95 mg/L, 1.52 IFAEZ2 methanol 3 mL, 0.5N-HCl 3 mL,

mg/LE YEhY Site 29} Site 3] H|3)] =& Ao g XA}
% 9lth(Table 2). ©]+= Site 10] EHu]3Fo] ZAHHoz
ol 7] Wzl LHEA FFS o W] el A
o2 AdE At EYAIRS A9 Site 29 Site 394
F71&E 9 T-N9 geo] 747} 18.51~40.82 g/kg H
2.62~3.25 g/kg2 & Ueht} Site 10] H3 Bl E &
Ao &2 UettthTable 2). ol 2HEAH 2] 5474 Site

1(&=)3 & Site 29} Site 39 o= Hgoz A}
=] 7h5 Euo] EQule 9 o] Wopy] PjEo R %
e gl
2.3. SHEH F=

i AollA AE3 JHELY & E FAHS 2 At
Z19] A8 =& Kim 53] AAIE 8ol &3st5om 7HeF

(Whatman®)& o2l A& 120 mLE 40% (v/v) H2804%
ol g3l pH 2.562 =3I o|F 5% (w/v) NagEDTA
500 uLE A7Fekleh 4 Alae F2axolA 1587
150 rpm®} =2 WSO 1Y FEE(SPE, solid
phase extraction)< AAJSFTE 3

B 9 HHUEY Aol 75 imE AAET AR 1 g
50 mL E&|ZZZ ¥ (polypropylene) AH 2] UAlE2] T
%"‘45} % Mcllvaine 258 (pH 4.0) 20 mLE 7@.7}3}“‘ =3

1587} 400 rpm?] $E2 ﬂ“POWEP 1% 5 000 rpm]
A 1587 YAEE & 0.2 um (pore size) membrane
filter (Sartorius stedim biotech, Germany)S ©]-&3}o]
Zrorad ks AXEEL o1 & AR FAERAL 2E35)7)

913 A7) AT W AR 27k 25 AN

e

HPLC—-grade water 3 mLE A2 F3HA|#A HLB
(hydrophilic-lipophilic balance) 7IEZ|Z](OASIS®)E
g3}kl
Tefron tube (Supelco®)E ©]&3t] 2 mL/ming] £E=
ABE 7IEAR ofFsto] FAAZITH(Fig. 2).99 o] &
YR EEEA (simeton 0.24 mg/L) 50 pLo] T&-% vialS
vacuum manifolds W5l AX]8}1L methanol& 2.5 mL
| 23] 7helHA 7HEZ R ] 2t FAEES st
At ol Eejd FAELL AAeE7I(MG-2200,
EYELA®, JAPAN)E ©]-8-3}9f 50T IA 53Tt 39

I vacuum manifolds (Phenomenex®)9j

M

2.4, =3 2
HPLC/MSE ol &3t A=A B4 &7 (gradient) T4
2 o] &34 o o] FA A7} 99.9%2] D.1. water + 0.1%
9] Formic acid, B7} 99.9%%] acetonitrile (ACN) + 0.1%
9] formic acid, C= 100%2] ACN= AME-SF3ATE B4 o AL

Fig. 2. Photographs shows the experimental apparatus that
used for antibiotics extraction by SPE (a: HLB
cartridge(OASIS®); b: Tefron tube(Supelco®); c:
Vacuum manifolds(Phenomenex®); d: All apparatus
connected together for SPE).
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Table 3. Optimized HPLC/MS conditions for veterinary antibiotics analysis used in this study

Equipment Agilent 1100 High Performance Liquid Chromatograph—Mass Spectrometer
Column temperature 25T
Flow rate 0.32 mL/min
A-99.9% D.I. water + 0.1% formic acid
LC Mobile phase B-99.9% ACN + 0.1% formic acid
condition C-100% ACN
0 min-A:96% + B:4%
Gradient 29 min—-A:70% + B:30%
30 min-A:96% + B:4%
Mode API-ESI
Drying gas and Nebulizer gas Nitrogen gas
MS Drying gas flow 10.0 L/min
condition Dryng gas temperature 350TC
Nebulizer pressure 25 psig
Capillary voltage 3500 V

45 AHL pore size7} 2.5 mmol¥ W7ol 2.1 mm x50
mm?&l XTerra® MS Cis H42HWaters, USA)S A3
o1 tetracycline A8 ¥ sulfonamide AE FI=Z
2 SIM (selected ion monitoring) &4 BEZ B35}
Aot i FAEZY precursor iond fragment ione
CTC7} 479 m/z, 462 m/z, OTC7} 461 m/z, 443 m/z, TC
7} 445 m/z, 427 m/z, SMT7} 279 m/z, 204 m/z, SMX7}F
954 m/z, 188 m/z, STZ7} 256 m/z, 156 m/zo]H 39 7]e}
HPLC/MS 712 Table 30| Ueiglom, o2t 2=
S Eg) Aol ELEU}EJ.E“(Chromatogram) Fig. 3%}
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2}, B ArATe] Jr B 2 (quality assurance)= $I3t 3

Tl AFAE & AR Ao A=
o AR H3 PEE o4
9] % tetracycline Al€o] 100.2~124.8%, sulfonamide
Algo] 76.6~124.3%°1, HHUES
] 40.5~91.2%, sulfonamide A &o] 78,1~108 9%=2 ZA}E
AT} 33 AFHA(LOQ)E tetracycline AE¥ sulfonamide

AY FAEAANA FEAEE 0.01~0.02 /L, AEES] 3
0.5~1.9 pg/L= 247t Ha1EQlct 39

S(recovery)2 T2A|

79 tetracycline A%

d

L]

Fig. 3. Chromatogram for standard solution (1 xg/mL) of selected veterinary antibiotics (a: simeton (internal standard); b:
tetracycline; c: oxytetracycline; d: chlortetracycline; e: sulfathiazole; f: sulfamethoxazole; g: sulfamethazine).
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3. znt W o

3.1. &EAE F Tetracycline A¥ % Sulfon-
amide g SMESEC| B
SE HulgAd AT A AR EHAT}

tetracycline A€(CTC, OTC, TC) ¥ sulfonamide A€

(SMT, SMX, STZ) FAEdo] Be A=A HEE U
(Table 4). Tetracycline A€2] %$o= CTC, OTC, TC
7v 2 0.54 pg/L, 0.39 ug/L, 0.50 ug/L7HA HEE AL

™ tetracycline A€ 2] THTCs)2 0.88~1.43 ug/LE %

ALE]QlEE, @ sulfonamide AE FAYEZ Q] A=

SMT, SMX, STZ7} & 0.71 ug/L, 0.36 ug/L, 0.60 u
g/L7HA AZE9em sulfonamide A82 £EH(SAs)S
0.66~1.67 ug/LZ YEM} tetracyline AE Rt} tha =7
AEEHE Ao e o]et §AHA Christian 519
< 59 L2EfRI-HAEZ ol () EFA A®S
%9 tetracycline A€ ¥ sulfonamide A28¢ FY=2

< 2439 At tetracychne A9 3"‘“%@3 AEHA
o)

A %‘%Q‘:% Hgk b O]E} olggt A= tetracychne
A PSR BEoF U 97|22 U =zl 7354 A
A FAEEE] Pl AR dejA glon o2 ¢l
3 2| #4> 0| A= teteracycline A2 FAEZ o] Ao 4
257 g Ao a Wt} 19

Hirsch 5302 5% stA Ao WE49F A x5
gt Y EA B AT A tetracycline A€ FAYEZ
e HEHA &on sulfonamide AE 2] SMX0o| W&42}
Aol A 23 2.00 pg/L, 0.48 pg/L 7HA HEde Bl
g} v} Qltt, Hirsch 5302 o]28t Z3}E tetracycline 7
FAEH| dat 22 o253 oA 2T F Hggt
EAAE A7) ol AHEAE EASHA] ghon F
FEAT AAES} Aol AoA 718 Aer siAst
UTH360) o] Fe] =] AT AME EYE & AFAT oA
sulfonamide A8 F3HSAs)0] tetracyline AIEETH
o =7 HEEE A B3 5Ut ol f& wE i

2 Ao HEE PR F IEEEY v Hele
i HHlS ol 54 ol w3E AHolER
FE ohokgt Aol gt HUE o] aErh o] gt of
4=
ol

=

rl

=

i

Table 4°f AAE =i o] A7 Abeef] wls) & A7)
Ao FMNER rl Aoz = 2 &g £
u} 16~19.87~10) Q& 2 Fol| A Choi F100] K113k A4
& AN AN A= érél Al§4 SMX 5%

glo])sF 2~ o]

ln rlo
|

vm

r°1'

0.013~0.082 pg/Let Hlaste] 7Rl XE & &
FA) 24 AR F AR St o) av o)A
2 A & 4 9tk ololel Kim 5= W4, H54, o
A = A REEE SMXO] 0.02 pg/L =282 A&
He wag gk £ A7olAet gol Hul 34 % o
2 5440 £ F AR SEh AdHeR B &
AR e £oke] £Y8 1% Biol TeE AR
Aoz TpEolng oo o) R WSS & 4
1.

3.2. EY¥ U NHEE F Tetracycline Ag %
Sulfonamide Alg SMEEQ| 22X

T2 NRE AYF7E AR NA AHFTE A-ESite DO 7
£ tetracycline A182 CTC, OTC, TC®| Z}Z} ND, 3.58 1
g/L, 1.33 pg/Le £&2 2 HE% UL sulfonamide AY
2 SMT, SMX, STZo] Z¥Z} 27.61 ug/L, 8.72 ug/L, 23.81
pg/LE2 AEE I cHTable 4).

AgdE FFOZE sulfonamide AEo] 60.14 pg/LE
tetracycline 4189 &+ 4.91 pg/L B} A3 =2 7loa
ZAHESIT ole 4 AR FAEE HUEY Anele
—1‘%559} Y A SelA
HFe ALE 5o FAEE Ttolls 43 dAwo] e A2
2 gohEo 294D E3F tetracycline Al ol H] 3
sulfonamide AEe FHELE &4 FolA FA
(runoff)& &3l A#xF=E o|FsHAY EY & &S 5T
AstrR o] fY7Hsd0] =2 AR dEA qlof o] gt
o7k QW) 61D

S AHES FAEH

. J\f
A A RET 5 FEOE RAMER

01;2]5}_}_- Aoz £A = JAPER o

-

1}

L AFANA Hd
l OIE¥E1 =

& oA5e %

1=
i

S99 A —’F—% s Riste| wheh A= oA WE
T U5 Hasglet 29
EQARE tetracycline A¥Y 4 CTC, OTC, TCO|

3
Z¥7y 0.12~1.72 ug/L, 2.06~20.56 ug/L, 2.06~ 971/1g/L
A&FR e sulfonamide A8 SMT, SMX, STZo| Z}

Z} 3.16~119.48 pg/L, 0.76~41.33 ug/L, 2.13 ~157.33 u
g/L AZEEUTE, o714 HEH tetracycline AFY
sulfonamide €9 AF3 Fratol= B EUEH F
3l Woll Z3He FAEE Y] o] Apolof 7]elsklE AL
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Table 4. Average concentrations for selected veterinary antibiotics in soils, sediments and water adjacent to a cattle manure

composting facility in Korea3.11.12,16~19,37~40)

Samples Sampling Average antibiotic concentrations (xg/L, rg/kg)
location CTC 0TC TC TCs (sum) SMT SMX STZ SAs (sum)  Reference
Site 1 0.54 0.39 0.50 1.43 0.71 0.36 0.60 1.67
Site 2 ND? 0.38 0.50 0.88 0.30 0.36 ND 0.66 This study
Site 3 ND 0.39 0.50 0.89 0.41 0.32 0.37 1.10
u.s. 0.42 0.34 0.1 0.22 0.066 ND 19
Luxembourg NE® ND~0.007° ND~0.085° ND~0.002°  0.013~0.155° ND~0.002° 16)
Australia 0.003 ND ND NE 0.008 ND 37
Water Germany ND ND ND NE 0.098° NE 18
Vietnam NE NE NE 0.015~0.028° 0.020~0.033° ND 40)
Japan NE NE NE ND 0.004~0.023° ND 40)
ltaly NE  0.00019~0.01920° NE NE NE NE 38)
Korea NE NE NE -4 0.013~0.082° -4 1
Korea NE NE NE NE 0.020 NE 39)
. Site 1 ND 3.58 1.33 4.91 27.61 8.72 23.81 60.14  This study
Sediment = s s s s
U.s. 22.0 56.1 102.7 1.7 ND 4.7 12
Site 1 0.76 2.06 2.06 4.88 3.16 0.76 2.13 6.05
Site 2 1.72 2.10 2.05 5.88 12.61 1.16 6.98 20.75  This study
Soil Site 3 0.12 20.56 9.71 30.39 119.48 41.33 157.33 318.15
Germany  4.6~7.1° NE 43.4~198.7° NE NE NE 3
Turkey 100’ 500 NE NE 100' 400’ i
®ND=Not detected (Below detection limit; BDL); °NE=Not examined; °Range of concentration; °~= Not available; “Maximum value;
Approximate maximum value
2 ghebe, Mg tppo g 4del WYL s BeAol 9l
2 dqAned AdE Y o Are] YR £4 & Ao wwrdh
Aol FABAEG dor AEES AlslAT o F
A AA 9] Eej3lsta] Solidof 7191t Ao ® T
At %, tetracycline A9 YA A= 2 ol Al 4. 2 E
E7](Ketone group)s 23t 9lof 271 W 3719] o] &3t
AT FAHE HFol ] wo|ch ) B A AT A el B84 FHEAE oo} vjwdt v FEs)
% tetracycline #129) FYEH0) B U EAst= Ca D A ARSEIT Q= Aolnk, S| H4g FHBH B¢ 7}
Mg 59| 27} Fol&1} 7siA| Ajtsto] A= f-9)o] H] 5 W =ol 23E o] 3 FOo= wiEH & FAEE WA
WA HA oo] A7| jie] FAARRT O AEE A uhe|lol A4 S A Qo & ek, e ARt
° 2 grhEr) =UollA g+ & 2HRche FEEEY BYEP ggk o
3% Hamscher 59-& 59 B8 oF 22 weixlele & Adaon Rag 4o, ol & s JujdA
o=z FAEAS BYEFET 23 HH[(liquid AEEE 718 FEE T AR 7MY B2 ZloR
manure)’} A& 02 EE FAA| A CTC, TCo] z¢ 4%l tetracycline A8 FYEZ 3% sulfonamide Al
Zr 4.6~7.1 pg/L, 43.4~198.8 ug/L =74 HEES B d =4 3% digt B F AFFE ZYEHEH o
13 B} Qlth(Table 4). E3F Karci 5102 €7] North FT R FAAEAY AEA Arle 7 ‘:'a*% e 7124
Marmara A'goll 123k tif i 7F5A] o] QIR Eok 25 FEFLA sHoiT RAA 2 Y] S5 E8|3E Al
A OTC, CTC, STZ, SMX¢| HH&Es%=7t 212+ 0.5 TR e FAAL} FAE e skglon A=A
mg/L, 0.1 mg/L, 0.4 mg/L, 0.1 mg/L 71X HA&E& & O] X577t oAl == A9 AR Alm A5 * 14
%k vt 9ltk(Table 4). o9 d--dxtel vlwed ff £ 1 FE(SPE)T LC/MSO| o3t daadadel 2423 +3d
TolAl ZARE A9 9ol FEEEY sEt - A& A CTC, OTC, TCE gt tetracycline A9 9
W2 A0 AP wPEES A6 R R Z%17} 0.89~1.43 pg/LE LERF OB SMT, SMX, STZ
= 7HEEH7 3 59 FAEL s FS7He FYQlol 2 S 235l sulfonamide AEY F5%E= 0.66~1.67 1
4 90&o] F55] RABWERL Qon FF Bef FAAF  g/LE UERY tetracyline AR} o7t 7] BEEE A
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oz Ueyt ALEgAE=
sulfonamide A8 9 F5=7} 22 4.91 ug/L, 60.14 ug/L
2 Yeh AA R 7R 2 sulfonamide Al ¥ o]
tetracycline A|9Rc} B oFo] AZEQIH EFARE
tetracycline A1€9%] A S5 =7 2+ 4.88~30.39 ug/L
A&E 92 sulfonamide Al8-E 6.05~318.15 ug/L A%
Hdck o]t A= tetracycline A9 FYEZ 0| BF
71, ool oA Addste] A or AA
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