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ABSTRACT

Groundwater pollution has been concerned in the agricultural area due to release of fertilizer, pesticide, and
veterinary antibiotics (VAs). Especially, emerging contaminants such as VAs can cause adverse effect not
only on ecosystem but also on human health. Main objective of this research was to examine groundwater
near at the animal feeding operation for evaluating occurrence of VAs. Groundwater sample was collected
from five different province and three sulfonamides antibiotics (sulfamethazine: SMZ, sulfathiazole: STZ,
sulfamethoxazole: SMX) were measured. Extraction of antibiotics was conducted with solid phase extraction
and HPLC/MS/MS was used for quantification. Recovery of three antibiotics was ranged 88-126% and R?
value of external calibration curve was 0.99 for all three compounds. Among 3 VAs, only SMZ was detected
at the range 0f 26.6-40.0 ng L'. Comparing SMZ concentration between control (no animal feeding operation
within 2 km radius) and sampling points (animal feeding operation within 0.5 km radius), no difference was
observed. This result might indicated that occurrence of VAs in the groundwater can be originated from
compost spread in the agricultural field and released into groundwater after rainfall as a nonpoint source.
However, more detailed analysis is required for better understanding of VAs occurrence in the groundwater.
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Introduction
FYBLL a2 A7k} 7150] W o, 20| BA O ALGE|Y 1 Qo= 715] A4 71§05 ol A}

-8 =]o] 7tk (Kim et al., 2018; Seo et al., 2018). 12| 87 Fof| A 7= QIR PIE4 A3} vfH|2o}
A -2 AP EAYsHHA 1980 HRE PBEES 41E LA=4 (emerging contaminants) = THESHITH
(Kivits et al., 2018).

I7h} 7 RS0l A] Fof = = E-2 10-20% 0| A tlofl 4] Z-8-5] 17, 80-90%7+ AH, HHH 5] i O] )
2 &t (Kumar et al., 2005; Masse et al., 2014). HiEH A= v)H L G0 Fei= ~,—7ﬂ§ Lolu]H Y=
o] gH4 Ujof| ZHR5HA| T8 2= QI 715 ARSE § eH ol vilEE = A=, Ao R AR E=
AEdo] PA U= R °1Q% A=, 1= AEH] it TN A e HE T A 37 = v
= It} (Blackwell et al., 2009; Spielmeyer et al., 2017).

o

20154 110 ZAL AR FA SJshA -2uet = 156N WA ollA AE A Aot o188 40.9% m’ yr'!
FO1HE O R ARG E = Aol 2 oF21.1 m’ yr ' 0= Xﬁﬂ o872 51.6%E ol-8kL ATt kAR 2015
bl 110 ##Z‘QW} At EEA A Asta 3 29 71 27HE0] 9F 17.8%2 AR (6.3%)°ll H]3] oF 3uH2] 2
A 71% e e 531201120123 A St AL 5ol 25l 3= 2F 4,679 740 715 w2217 A
HEzpol] oot 1 g A]sta=of b el iRt 2471 okA|aL Slot
= A4

5T AJokr0] 78 @ HYL TR o AR Hlm B 5ot T18|al 4l Bl 7K e ol AR 2
FAEA = PAEZ A -3} (ARG, Antibiotic Resistance Genes) 2t -2 2150 A=29] 5& X5l 7Y
Jo] ot 2|21 It (Kemper, 2008). 55] SAFF-H0] 129t Z[5}=0] 749 A A4 T A=
A} 7Ee. @ JAE20] G2 Zagh 4= ATt (Burri et al., 2019). B]=2] 749 Tk 715 ARS: 57 Q1L 2|51
A] A ZEolato] = Al 9] sulfamethazine®] 3.6 ug L' 9] 52 AEE oM EU 0] A9 5Ex]H 9] 1057 A5l
of tfafl +24-S AR AT} 22572 558 FAAZE A 041 pg L' =2 AEEQICH (Watanabe et al.,
2010; Sacher et al., 2001). FHE] %% 52 2]90] A3 o = 3379] OJoREe] thoh At Ak oF 3155
©] oJefEo] not detected-49.3 ng L' §19] 2ol 4] AZEI ATt (Lee et al., 2019).

2 Aoz TE A Aol 74 T FE8 AN 2R E8S BUEHD & S 1S o RRE QI

Aotz T=8 A 7 7Fsd= B7Iskeilch

Materials and Methods

Aot & HE 2 AFolA ARGE FABLL AEOMIOIE (sulfonamide) A2 YA 3521 Adoteler]
(sulfamethazine, SMZ), AA1}E|0}Z (sulfathiazole, STZ) 12|17 AuH|| E2}ZE (sulfamethoxazole, SMX)©|$.©.H
FLUKA (USA) 2] Al&-2 8513t} (Fig. 1). T2 2] TS st i F =2 2= Accustandard 12 Simeton
(673-04-1, 100 pg mL™', USA)S AF85199tt. 717] B44-& $1al AF8_t 7] 802l #|EhE (methanol, MeOH), ©F
MELO]EH™ (acetonitrile, ACN), 131 &2 5 HPLC 532 AMEs3t

7= MEX] M™  MEMF AR A A= 570 A9 (G, 471, S, 5 Aol 558 (|,
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Fig. 1. Structure of sulfonamide antibiotics (a: SMZ, b:SMX, c:STZ)
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Fig. 2. Sampling location for analysis of veterinary antibiotics in groundwater.

A, 742R) S570] 918 e A0 2 24 ¥ 500 m oluo] Y= Aald Tl AHeiA.om tET A
2= 24 5 2 ki o] jo] 71 35go] 911817 92 e Aleistol 2fel ‘:’r(Fig. 2). Al A2 Ak v
2] (bailer) 2 0] 85110 5 A2 A5 500 mL A2 A7 Mol T 5 AFAR $AA 4°CoIA WIS
shart

FXE H UM FE P ZAHS HR AR AAE = Al 120 mLE 0.45 pm RS o]-8-51e] 249t
o1} 250 mL QAPEE}_:LOH 3kt ok Al 2ol 40% H,S0,4 (viv)E ARRSH] A& 0 pHE 2.5+ 0.1 2 %
A5}l 5% EDTA (w/v) 500 L2 71_F 9, Ak2of|A] 150 rpm 0.2 15 E7F wht s}ict,

A 2] H A== 1184 521 (SPE, solid phase extraction)S ©]-8-51] 23130t Mgk, 0.5N HCI, 32 5
FE SAHE 3 mLA 3 cc 60 mg -85 HLB 7HE 2] A] (Oasis, Waters, USA)°l| S U] 71E | A& &3} o5}
At Al=2E ZFEE| A BA]7]7] $150 Teflon tube s 51 72452 2 mL min' & Z4As}o] A|2E H7}s}
ROH A g7t 7FERAE R Fatsh 127t B At sto] 7FE A& eHs] XA &, S5/ 3 mLE 32
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S HU| A1A steick ZEE 2] x]of S2HE e wEE 5.0 mLE ©]-85te] ZEE S #|olA] E2gt
T FEdo] £3H SH YR EFE2Q simeton 50 pL (0.24 mg L) & 4ol 7FEA| E501F00t). 29 Ala
£ A 4%Z%7] (N-EVAP-11, 0ASYS)°A 50°CE -F-A18HEA] 50 uL7kA] ‘553 5 Mobile Phase A (0.1% formic
acid +99.9% Z5&5= 5759 70 uLE 7ote] |FH 02 120 uLE Vial insertel] F8f| -20°C o4 W-sH 3 513t

LC-MS/MS 2M I BEAo| ARgH 7)7]= SEishy 35434532 High Performance Liquid
Chromatography Tandem Mass Spectrometer (HPLC/MS/MS, 4000 Q trap, ABSCIEX, USA)E AF85152H, o]
B 232 A, 99.9% HPLC grade water + 0.1% formic acid(v/v); B, 99.9% acetonitrile + 0.1% formic acid(v/v)
E ARSI A Ao AR A2 F= 7] (pore size)7} 3.5 um©]H, W] 4.6 mm<] Zorbax Eclipse
Plus-Cis (Agilent Technologies, USA)2 ARSoltE A B4S 9IS HPLC/MS/MS 742 th2a ot
(Table 1).

SN 2Mofl g QA/QC A w5k & 91eH 4

5197 0.01, 0.02, 0.05, 0.10, 0.25, 0.50, 1.00 mg L' 9] 5= 2 A| 23t & 2Adotoict. =2 2 A=l tigh
= EH—ZL T (FAYEEO] E0IA G2 4R 57001010, 1.00 mg L 58] PYEES Ql9jH or 3t &
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Table 1. optimized condition of HPLC/MS/MS for VAs analysis.

Agilent 1200 High performance liquid chromatograph-

Equipment API 4000 liquid chromatograph Tandem Mass spectrometry
Column Zorbax Eclipse Plus-C18 3.5 um (4.6 x 150 mm)
Guard Column Security Guard catridge Kit
Column temperature 25°C
Mobile Phase A :99.9% HPLC grade water + 0.1% formic acid (v/v)
B : 99.9% acetonitrile + 0.1% formic acid (v/v)
Flow rate 0.7 mL/min
HPLC Inject volume S5uL
Omin: A 90% + B 10%
2min: A 90% + B 10%
8 min : A 50% + B 50%
Gradient condition 10 min : A 100% + B 0%
11 min: A 0% + B 100%
11.1 min: A 90% + B 10%
15 min: A 90% + B 10%
Mode Electronic Spray Ionisation (ESI)
Drying and Nebulizer gas Nitrogen gas
MS/MS Drying gas flow 10.0 L/min
Drying gas temperature 350°C
Capillary Voltage 5,500 V
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Results and Discussion

AlZO| 0|35t SA AR ofateld EALS Table 20 Aelstgich, 2k Az 715 o] oJake kg
OFe jFTE AR HABI.0 0] 57 /12 A elo] A5l B HATSIATE 4-40] pH M= 62-7.6 0.8 58
Aeiee] 428 7129 6.0-8.5 W) ol EAISIeITE HoIHE R ECet otmuiole] Hao] i ok 27t

0.1-0.6 mg L'9.0™, o] 20161 R4 ZALSE A6l 42 S49] A1= (EC:
#£437 uS em™) @ HIWSHIES 73 HE A9 Aok 44 BTt 2 Zpol 7} glgiet. A4
ol 2 (NOy)9] 5 M= 212+ 3.1-132.37 1.1-83.0 mg L' L™, 5H-8 Asl] 4
713} Bl WSS 73 A4 o] 22 R 15 ofoh i Hate] WA 0] 0] - 73 A|Y 5 AL AetE A
Qlotal= R 7|5 ool A 0 & ZAbE| ek A3 Ao B QI Al5k2] 73 715531 20.0 mg L of] H5H oF 41

ol E283.0mg Lo A A Frt HEE Lo H o] A2 SAk ol Alstr g o] /A1l Qo] F4t 2

_4
==

MM 2Mo| slag  AdEoto|t AlE o] 37 AA | it AR A A3t 7= B 0.99=2 S79]
o™ 382 SMZ, SMX, STZ ZFZ}He] Ao tfaf] 129, 106, 88%2] Sl=8-2 LFERHITEH (Table 3). EHgF-of|A]
AARFQA/QC HEE] oot 7] L H 42| 2l4-& H]=70-130%= F]o] Lo 37Ex] opAA| 5 518
9 el EAsk3A

Table 2. Summary of chemical properties of sample.

EC NH, cr NOy

Region pH 3 3
uS cm mgL

Gangwon A 7.1 122.3 0.3 3.1 5.4
Gangwon B 7.5 394.0 0.2 37.9 83.0
Gyonggi A 7.4 203.9 0.4 12.3 1.1
Gyonggi B 7.5 376.0 0.6 19.7 16.5
Chungnam A 6.9 274.0 0.3 15.1 10.2
Chungnam B 6.4 202.9 0.1 10.1 5.3
Chungbuk A 7.1 2444 0.1 14.2 3.5
Chungbuk B 6.2 175.5 0.1 16.4 45
Cheonnam A 7.6 809.0 0.2 108.8 13.6
Cheonnam B 7.0 297.0 0.2 1323 2.5
Groundwater quality in agricultural area 6.0-8.5 - - below 250 below 20

Table 3. Coefficient of determination and recovery of three sulfonamide compounds.

Sulfonamides
SMZ SMX STZ
Recovery (%) 129 106 88

R® 0.99 0.99 0.99
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Table 4. Concentration of Sulfonamide in the groundwater.

. SMZ SMX STZ

Region 1
ng L

Gangwon A 35.0 BDL BDL
Gangwon B 26.6 BDL BDL
Gyonggi A 40.0 BDL BDL
Gyonggi B 40.0 BDL BDL
Chungnam A 39.0 BDL BDL
Chungnam B 35.7 BDL BDL
Chungbuk A BDL BDL BDL
Chungbuk B BDL BDL BDL
Cheonnam A BDL BDL BDL
Cheonnam B BDL BDL BDL

BDL: Below detection limit (Detection limit for SMZ, SMX, STZ was 0.01 pg L™")

XISt MH| 2R sE  F35FO AEomtol|t Ald Aol et 2H kA= Table 40l A
. 35-70] YA 5 e (SMZ) TH0] 26.6-40.0 ng L 2] ‘5= H ol A HEE|Qlom L] 25-7-9]

A9l SMX 2} STZ = W HE SHA n|gko 2 B L]ict Hannappel et al. (2014)2} Balzer et al. (2016)2] A+
| oJshH 715 57 LA A9 9] Z[slollA] AdEotmto] E AlF o] PYAIE A Axt dufelzl (SMZ) ) At
T]oFH (sulfadiazine)©] 12 ng L 0[7He] B2 HEE| Q] o AutEARE (SMX)©] 2F 950 ng L& Z 53Tt
HldRtE 0] 739 A Zofato] = A G 2] YA 5 SMZ2 SMX Q] H|t & 5571 27} 21, 50-75 ng L' 2 ZAFE|S)
o dutrjobl o] A-¢ A& | 57130 ng L' 2 E E| ATt (Chitescu et al., 2012). 2 A4 HEH YA
O] Fo} A18) Ao AME WSS -5 AlokrollA HERE A&l E AF e A Bt Fk= 100
ng L' 0]9ko g Az ot
=8 A= A el Eel w2l f-9E A9 ol 2 A5 eV 2L AEohtolE A
A o] A= THE AlE 2] 558 YA (Tetracycline, Macrolide, [-Lactam, Lincosamide, Quinolone etc)]l H]
ol F2HAS (Kd) H91710.2-3.1 Lkg' 2 w9 o o] =273 542 4% 133l S2 == FH) Brl=E9
§EH o] AskrE fE o Sl 7ol w2 AAelth o]9f I tetracycline (Kd: 400-1,620 L kgt
quinolone (Kd: 310-430 L kg™) A9 <] AYAI= S0l s F a1/l S2t=lo] A|str22] F4 71s/do] uf
© Ut} (Kivits et al., 2018). THEPA] 2 A Lo|A] AEH A Eolmjo| = A
Q|2 uiEE & 9ot 22 R e H Yo FHIE AokrE FUH A o= TekErh

7, 771, B Ao izt 71 B 9 Aol He] SMZ F & Bl sHS A s gl Ao s
ZAFE] Q. o= Aok FYEe= AL B 71 T elA fEEe = &
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Conclusions

S A Aol W9 528 A &7 7 /de Brel] Sl AdEottel = Al A1 SMZ, SMX, STZ
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