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Abstract  After application of veterinary antibiotics, they may be
partially metabolized before they are excreted by feces or urine
either as unaltered form or as metabolites. Residual antibiotics
enter the adjacent agricultural environments by spraying manure-
based compost and liquid fertilizer on farmlands and lead to
secondary pollution. The objective of this study was to compare
the residual concentrations of 6 veterinary antibiotics by different
production stages of liquid fertilizer from livestock manure
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recycling facilities. The relationship between concentration change
of the residual antibiotics and the amount of liquid fertilizer
component was also assessed. Pre-treatment showed the recovery
of 63.4-106.7% at ppb level and the limit of quantification of
0.009-0.037 pg/L. As the result of analyzing the relationship between
the residual concentrations of antibiotics and the amount of N
component in liquid fertilizer by different production stages, the
residual concentrations of antibiotics and N tended to decrease as
the stabilization period elapsed during the liquid fertilization
process. Average concentrations of sulfamethazine in raw materials,
middle and final products of liquid fertilizer were 40.85, 26.17,
3.54 pg/L, respectively. Those of chlortetracycline decreased from
2.32 to 1.25 pg/L. The other 4 antibiotics also showed a decreasing
trend by different production stages of liquid fertilizer. The
amount of liquid fertilizer component N decreased from 0.21 to
0.096% by production stages of liquid fertilizer. It is considered
that the correlation between residual antibiotic concentrations and
N content can be applied as basic data for setting antibiotic
reduction indicators.
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Z2H8 A= 7S] Yy 2 X859 EX A5
fo= go| AgH dom[1-4] FH e &4kg A AL
2 2020 736E0F o]F Y=L S01ESEA 50% oS
2SR AATE A 1097 F2 AvjE AL tetracycline,
penicilline ¥ sulfonamide A|E2] A2 ZAEIL[S] Y=
oflxe] Z4t FH FAA AMEFL & 45mgkg, B 148 mg/ke,
A 172 mg/kgE BILEJATHG.

7150 FojE 248 FAAE dRo] Aol AREE| o
iAksl E3 30-90%2] UHAlE s B3 AR &
ol Hivt ZHF A Aztsl 22 glo] HH] E dH|z
AR AEEY T FoE fYHE A 23 o
52 2T § vz LA Ju79]. = TEER] &

= 71EEE wiEAIAY] ARG wet St 4l Al
Troz fEsle] FEstal glor vt 9 At riEEs
HEA oA RS Bave T2 FAE AYsle 59
H A 2R3t FAe] w7F N AEAld 9 FEAdst A
e Ed) AHeH Jot 7EER fE EH-db)je] EHe
Mg 44 2 AH ) (EATHIA] A2016-26%)2
2 FEsa lor, FH2de /s Y9 Raw A E
Zdslsle] TER|IN|s|E & R 718 Bl A I (&

ZA5 A A2015-111E)00A MRS 2 7|2 52 IA
sl o 7R AYdE AdE AakE F-dbje] -
YA xRl glon FxAle BEY F FEoE AFH

-871% ARo] AR AUA k2 Al Tt

1SR &8 Y9 AR FHe T3 A F AR
a3= chlortetracycline®] % %714 Huls} 7oA 27.3-
9%E UEReH F2 2] JFS W HAETH 34
o] d¥e= By vk u10]. £ 7SER Hvst #-
oy A7Ase F4H8 Al oxytetracycline (OTC) HgF o}
U2H11] chlorophenol [12], pyrene3} simazine [13] 53 &
R 77199 EA (persistent organic compounds)®] 77 3}
& HAFI At F&He] g 7R vloleat Az 27
¥ tetracycline?} sulfamethazine (SMZ)2] A4 E314]9} A
2 e 484 v8Ql struvite A tetracycline]
e F2 A 5o A77F JgHe] ghr15].

7t AHs) AJAoA AAkeE H-dbls Al 3 F
YA A7Fsrt o) Fo] AR AL FEA el FYEH 2HF 3
AR gt 2 9@ W dEgel T 53 22 oY
o= A B AEAY] el 2R 28T 5 dTH16-18].

71 e B-gnle] £ S fBixe AL
R JgE 27 A = W3t 59 #H8y 3y 2
st A A7 g, , £
A7) N AFE T kT AA g AA™A F
Ale]t}.

B AFM = tetracycline 2 sulfonamide AIE9] ¥ 6%
PAAE R 7S FaAdst Al AL ofb] ALk
A A g wef A AR dEe] A Hrkes
EE 7EEs 28 94v] F 35 A Azs A5 A
< A sier sk M) Ko dAAY TAE A9
Azrsl AR N2AER 8-kt sl

e

il

A L WY

Ak R A=

2 Ao B4 i FAYAE tetracycline (TCOAIE 3% 2
sulfonamide (SA) AIE 3% & F 65 ARSI 2F 34
Al S SMZ (CAS no. 57-68-1 >99%), sulfadiazine (SDZ)
(CAS no. 68-359 >99%), chlortetracycline hydrochloride (CTC)
(CAS no. 64-72-2 >90%), tetracycline hydrochloride (CAS
no. 67-75-5 >98%), oxytetracycline hydrochloride (CAS no.
2058-46-0 >95%)+= Sigma-Aldrich (St. Louis, MO, USA)<]
AES AFREEA S, sulfathiazole (STZ) (CAS no. 72-14-0
>98%)= FLUKA (Ronkonkoma, NY, USA)2| A& A}g-3}
Ak AlE FEEuE ARE HERE(DAEJUNG, CAS no. 67-
56-1, Siheung, Korea)?} oM EUe|EZ(DAEJUNG, CAS no.
75-05-8, Siheung, Korea)> HPLC 552 AREalSith w34+
=% (solid phase extraction, SPE)Y AR-¥ FFEZ|A|:= Oasis
HLB 7}E & A (Waters, 30cc, 60mg, Milford, MA, USA)E
ARSI e U RFEEEE Accustandard (New Haven,
CT, USA)AFS] Simeton (CAS no. 673-04-1, 100 pgmL™', New
Haven, CT, USA)S AR&-3}3T}.

AE AH, F2 L 34
VEERE 8% 9] NEE AF JIEER FEAME Al
AolA 7HEERe] IA BE T 1z} AF N A ]
A5 84, 283 o|AS 71 F=95 A8 78 5 154
< AFASFL 22k AEE SR AE| oA Ak ]
B0 WA A vRs 109, 3714 g ge] B
571 204, F= €5 208§ 508S AER ARSI

A F 2 A FE 9 w5 P Hd A A
£ o] &3 TH10]. A EE 045um Cellulose Acetate
Membrane Filter (Adventec, Dundas, ON, Canada) & 7%+
o7 § 120mLE 250 mL A2 Sekiael] FHeRivh wa]
gulE Y 4olFAAM 40% H,S0; (vV)E ARSI A|89]
pHE 2.5+0.12 ZE3 Fo| tetracycline A8 AL}t AF
W =5 o2z ZAE IS 2] gk LHEEAR 5%
ethylenediaminetetraacetic acid (EDTA, w/v, Sigma-Aldrich)
500 LS 7Fskal 2(25°C)elA 150 ppme= 158 7+ iyt
% matrix effect®] 7S 3] 2P FEH(SPE)LZ A
5=

I FEHe 1A FF JIEZR(0ASIS®)E vacuum
manifolds®l] A2X]8}32 methanol, 0.5N HCI, HPLC & waterS
Ztzt 3mL £Z3}9 k. Tefron tube (Supelco®, St. Louis,
MO, USA)E o]&sle A5 JIEZA Y S3A1]7] & 4713]
ZAZA1713L HPLC grade waterS ARE-3le] F1EZIA] Yo
oRlE ANEE EF BIAHUG mLA F 33] AA]). 50 pLe]
WH EF AE(simeton 024 mgL ™S 15mL &3 vialol 7}
SF3 vacuum manifolds WH2] racke]l ¥ % methanol
25mLe 8EAA TIEEA FXE F2E FAEES JA
3] EElsATH23] AA)).

AAE ABE DA F27(N-Evap-11, USAYS o]-&3l] 50
puLE F53% & ol SN FHT 99.9%+ormic acid 0.1%)
70 uLE T3l FHE: B AEE 120 pLE: ARSI

flo
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guj9] 313y B4 24

oAnle] pHSF A7|HAE% (EC)E sk Hulel £4 EX 10g
o] 254 50mL 2 100 mLe ZHz}t 71t A7 Xg skl
Whatman No. 22 ¢33t & pH meter (MP220, METTLER
TOLEDO, Columbus, OH, USA)2} EC meter (Conductivity
Meter S230, METTLER TOLEDO)E ©]&3}o] =3It &
7% &2 Walkley & Black¥oll 3l 1N K,Cr,0:2 7}
3lo] WkS-A)1Z1 & UV/Vis Spectrophotometer (UV 240 Schimadzu,
Kyoto, Japan)Z I 610 nmol|A] H]4 st 7158 o
v W F HES FEHETEARYIE ES 04362, 1col wh
2t el sk e Mgl K,S,05 84S Wil st

S718471(120 °C, 30%)E o|&sl] 718 E3ls F ascorbic
acidZr IS o] &slHon, FAA e A HFHAT]
T ES 04363. 120l wje} E3wol oJsiA] b2 Au|e} &z

27 K;S,05 895 ¥ 1%‘%—7@#71(120 °C, 30%)E o] &
sted 71 EEleilaL, F91# & 4 B UV spectrophotometer
(UVmini-1240, Shimadzu, Kyoto, Japan)Z B]2 &3S T},

717188 =4 4%
FAA Ao AMEE 7]7]= High Performance Liquid
Chromatography Tandem Mass Spectrometer (HPLC/MS/MS,
6500 Q trap, ABSCIEX, USA)E ALg3l0om, o]5ake] =4
2 A, 99.9% HPLC grade water+0.1% formic acid (v/v);
B, 99.9% acetonitrile+0.1% formic acid (v/v)& A3t}
AREE AEe 47 A7(pore size)’F 3.5 umelH, Wo] 4.6
mm¢! Zorbax Eclipse Plus-C18 (Agilent Technologies, Santa
Clara, CA, USAYS ARE-sISith &AAl A4S 9% HPLC/
MS/MS Z71& Table 19 YERISITH

25 A BN a&S FUsshr] flsked compound

Table 1 LC-MS/MS conditions for the analysis of veterinary antibiotics

optimizations AAIBIATE FYA| EFHEE ImgL'e ¥F8
A& 2Ast] ARE-sIleH, 5“3**]4 S st A=
H exact masspte WYSIATE 2 § Aol (precursor ion)
o W Aol (product ion)yS FISIAIL, collision energy
(CE)¢} declustering potential (DP)ol] WH3}2 Fo] 2z 442
Agele] S F7MFeH EHEE0] e HF =4
< dHYath(Table 2).

QA/QC ¥ TAAF
A A W e] QA/QCE Hl3l 3g A& AHAls)
Ei]"" 24e g8 EHZ:—TL(??“@HV} S04 B &
Fre FAAE g T FAYAE AYHLS=E spikingsl= A

7—}7-} SPE A3 ¥= dEsiqitt. 348 & Alss 717
4‘01] SPE Z, & spikingsh= A& 21¥ 40, vfEA R 17
et SHE FHlskT). slrgdle A AE

0.l mgL'? I1mgL'8 ZAlsle] ATt 2
32 13} 3ol i

2
I

¢

(
-

nZi

o oo
ofN 1& usL
o o B
J> B S
o FiN tn off tlo o

rlo o ¢

SPE A AlFe] spikingsl] 7

51 2=9 (o =3
3TE (%)= SPE & AlF9] spikingsl] 7

AL 93 FBAY FTFE AL 0.01, 0.025, 0‘05, 0.1,
025, 0.5, ImgL'?] &= Azxsgen
o= AT

A3 2 xg

Yuje| 3514 4
7FEE AHsh AJAde] o] AR eA 1, 23F AlRe] 3}t

Agilent 1290 High performance liquid chromatograph-

Classification API 6500 liquid chromatograph Tandem Mass spectrometry
Column Zorbax Eclipse Plus-C 18 3.5 pm (4.6x150 mm)
Guard Column Security Guard catridge Kit
Column temperature 25°C
) A:99.9% HPLC grade water + 0.1% formic acid (v/v)
Mobile Phase .. L
B: 99.9% acetonitrile + 0.1% formic acid (v/v)
Flow rate 0.7 mL//min
Inject volume SuL
HPLC .
0 min: A 90% + B 10%
2 min: 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 Eletrospray ionization (EZI)
MS/MS Dry?ng and Nebulizer gas 10.0 L/min
Drying gas temperature 350°C
Capillary Voltage 5,500 V
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Table 2 Precursor and product ion masses, collision energy (CV), declustering potential (DP) of the tested veterinary antibiotics and internal standard in

LC-MS/MS
Compound Precursor ion [M+H]"(m/z) Product ion (m/z) CE (V) DP (V)

100.100 39.0

Simeton 198.125 124.100 27.0 66
128.100 27.0
410.000 25.0

Tetracycline (TC) 445.228 427.100 19.0 76
428.100 21.0
302.800 55.0

Chlortetracycline (CTC) 479.133 443.819 31.0 46
462.096 29.0
201.100 47.0

Oxytetracycline (OTC) 461.176 282913 49.0 41
426.200 29.0
156.000 21.0

Sulfadiazine (SDZ) 250.761 214.800 11.0 51
107.900 29.0
124.200 33.0

Sulfamethazine (SMZ) 279.068 156.200 31.0 31
186.100 25.0
101.118 39.0

Sulfathiazole (STZ) 256.019 108.100 37.0 1
156.014 27.0

2 EAL Table 3, 49} 7t} 12} 9H] YE (raw material, R)
9} H< gkE(final product, P) AlE9] pHES= 22 7.70-
8.92, 7.46-9.600 %A FA B OW%LFJ E*ég HoFEglon
Bt gkl 8329 8395 YEllo] F<5 @A pH W3kt {1
Ao WK (Table 3), 22 A8 AL 8] U8 HF pHEko]
898, ¥4 Z7I(middle product, M) A5 8.62, ¥& 59
AT 1625 YERo] 37 271 58 9% Eﬂi g A
Aeo] Akslapgol] oA H& TR olAs e
EPAtH(Table 4). SXER] 534 5 pHE —%% Cco,
71&9] 2ksl A=, HY, OH9] EA] ol wet Defitia B
28 bk AUH19]. A7IAEE (ECYE Table 3, 40 Uepd u}
of o] 1, 22k AR EF F=sl o] Xsige mEk A
st A3 JERITL

5 A 4 QAQC

AHdst Al o] LA Ajgol] thel A Ao B4
&, WHZAZE3H A (method of detection limit, MDL) 2 “d &gk
Al(limit of quantification)l] thet JR= Table 591 &
] 35g WYE 634-106.7%2 EPFOT, 51
< SDZ % sMze| AL A7 E4e s T
sulfamethoxazole—(phenyl-13C S o]gskTh Esl
AE 0.003-0.012 ug L', FFAEIAE= 0.009- 003 n
A5 vERlo] ALkl QEH] AR 5 H A %—Ev—‘}
AE R 22

qu] BAAAE 13} ANE T TR A 4
Table 6 Wehet wpel 3lo] 75 FaA-lst Alde] 13}

Table 3 Recovery ratio, method detection limit (MDL) and limit of quantification (LOQ) of selected antibiotics in liquid fertilizer

Liquid Fertilizer
Classification
Recovery (%) MDL (ug/L) LOQ (ug/L)
Tetracycline (TC) 823 0.004 0.013
Chlortetracycline (CTC) 71.1 0.012 0.037
Oxytetracycline (OTC) 106.7 0.011 0.036
Sulfadiazine (SDZ) 64.5 0.003 0.010
Sulfamethazine (SMZ) 63.4 0.003 0.009
Sulfathiazole (STZ) 80.4 0.003 0.010
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Table 4 Characteristic values of raw materials and final products of liquid
fertilization process, the 1% 15 samples from recycling facilities

Classification pH EC (dS/m)
SA1(R) 8.45 22.71
SA 2 (P) 8.21 23.50
SA 3 (R) 8.54 11.74
SA 4 (P) 7.46 12.23
SAS5(R) 7.90 22.28
SA 6 (P) 7.46 14.89
SA7([R) 8.48 26.10
SA 8 (P) 9.22 13.70
SA9([R) 8.21 11.49
SA 10 (P) 8.14 6.29
SA 11 (R) 8.19 15.55
SA 12 (P) 9.60 10.77
SA 13 (R1) 7.90 11.52
SA 14 (R2) 8.92 7.26
SA 15 (P) 8.64 10.43
Raw 7.70-8.92 7.26-26.10
Range of Materials (8.32) (16.08)
Characteristic -
value Final 7.46-9.60 6.29-23.50
Products (8.39) (13.1D)

The numbers in parenthesis denote mean values

aH] P8 P F& g5 JE AE T A HE AR F
T 989 A$TCA tetracyclineTC7F 292.5, CTC 233.1,
OTC 723 ug/L % 555 HoFom SAAE STZ 198.8,
SMZ 182.8, SDZ 7.28 ug/LE YERL) o] 95E AS
% AR A HHE FEE TC 244, CTC 39.9, OTC 229,
STZ 12.7, SMZ 14.0, SDZ 0.16 pg/LO.ZA] 9u] Yge} Hs
A8 AE £O7 683-97.8%2 I FE ﬂi A4S UERY
tHTable 6). ¥ YEZ WFgxo AZshs 2$ dutxo=w

[e)

25 A %0}04 6.371*3 *&EH«I %}L&TFA uﬂw é—z—
Akl 3 571 oHu] g xs b A8E olFAl7|= ARdst
Aol St} o]t wErks Aol Al FHR wEe WX
= S A AF Table 69] AR 13, 149 5 FEollA
Hie vlel o] G A 7|AA] &2 AoE wE g
HAE Fo A5 AF 5 WA AF FE== TCAL CTC
7F 399 ug/LoZA 7Y L JF L HoFlen o
<] A9 739 Martinez-Carballo S[71S LEw|oke] x|
oAl BEoA TCAIEY = CTC/F EY wiA|9} rlzvRE &
F 5= Q8 M 22 IAR{EEE UERYe] 100-46,000

pgkeel = HHAE ASFJTE BHAgh A A AIgS
YERATE

A8] AAFAE 23} NE F AF FAUA By

715 e As) Al 2z} 9v) 5, P T 2 7
< U8 AE T PAAY FF w=E 24 A3 9v] s
Z YA 25 FEE Table 7J+ 72t duzlow Edkw

EH] F JAA %Et ERHAR(K) #hel =2 TC
Alge] SAAEET E 73S eI 1o} ofnje] 7S
ol 1ot W= SAAIES] JAAE =& IR FES L}E}
Wor SMZ>SDZ>STZe=AE Kol FATh TCAPU 75l
E CTCHT #F &=7F 2.32, OTC 1.78, TC 1.20 ngkg &
=2 A& T3 TC A= &34 Martinez-Carballo
51713 Winckler 5[20]°] A7 ZAHE Kk vl ofshH
CTCH OTCE AREEF 739wt TC7F AE=HA R o] 2
A= XJ%W o F7te] ARdME AEFEHA 242 A
S ZAZ CTC 3-8 OTC/F TCE Eal 7FsA0] e Ao
2§58 % Ao AFM = FholA Zl% 104
ol TC7} &2+ A= F®E Hol glovt CcTCet
OTCo} Al AE=ReH ol ek CTCe OTCe] Hom] 2
EY T 238 diit A8 A-eEiA 1o Ade 4B/ 28
g Aoz e

Table 5 Characteristic value change of raw materials, middle and final products of liquid fertilization process, the 2™ 50 samples from recycling

facilities
Classification pH EC (dS/m)
RI-10 8.75, 8.48, 8.81, 9.71, 9.09, 24.40, 37.0, 28.60, 17.33, 28.70,
Raw 8.94,9.46, 8.45,9.44, 8.70 20.70, 19.52, 22.60, 15.13, 19.41
SA'10 Range of 8.48-9.71 17.33-37.0
Characteristic value (8.98) (23.34)
7.83,7.98, 7.93, 7.68, 8.24, 13.36, 8.77,9.90, 11.52, 16.92, 14.44,
M1-20 8.32,9.54, 8.57,9.09, 8.85, 17.55, 19.15, 11.60, 15.72, 18.95, 22.90,
Middle 7.80, 9.30, 8.76, 9.71, 8.49, 22.80, 18.25, 15.53, 23,0, 15.37, 26.40,
SA 20 8.56, 9.20, 8.80, 8.78, 9.14 11.41, 14.51
Range of 7.68-9.71 8.77-26.40
Characteristic value (8.62) (16.40)
8.62, 8.48, 8.40, 8.14, 8.44, 21.20, 11.02, 12.45, 12.35, 17.03, 10.0,
P120 6.40, 7.26, 8.92, 6.87, 8.14, 9.25, 10.16, 8.95, 8.96, 9.18, 14.21,
Product 8.85, 8.28, 8.71, 6.14, 7.52, 5.75,7.95,9.26, 15.92, 11.73,
SA 20 4.15,7.20,8.21, 5.03, 8.54 10.43, 10.37, 11.89
Range of 4.15-8.92 5.75-21.20
Characteristic value (7.62) (11.40)

The numbers in parenthesis denote mean values
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Table 6 Residual concentrations of antibiotics in raw materials and final products of liquid fertilization process, the 1% 15 samples from recycling

facilities (pg/L)

Tetracyclines Sulfonamides
Classificafion
TC CTC OTC SDZ SMZ STZ
SA1(R) 15.2 259 BLD BLD 69.7 95.5
SA2(P) 10.2 11.8 BLD BLD 82.7 75.7
SA3 [R) 15.8 40.2 BLD BLD 74.1 197.3
SA 4 (P) 5.50 2.20 0.60 BLD BLD BLD
SA'5 (R) 6.60 4.30 BLD BLD 1214 708.7
SA 6 (P) 4.90 3.10 BLD BLD BLD BLD
SA7([R) 1,457 302.1 2233 0.75 399.5 210.7
SA 8 (P) 61.4 24.8 623 0.12 0.34 4.61
SA9([R) 211.0 296.5 94.6 0.33 2.07 46.4
SA 10 (P) 223 14.7 28.0 0.15 0.32 2.67
SA 11 (R) 611.0 1,171 260.1 1.74 180.7 79.8
SA 12 (P) 63.7 222.7 70.3 0.88 14.5 5.66
SA 13 (R1) 11.9 12.7 BLD 27.5 309.8 139.9
SA 14 (R2) 11.7 11.5 BLD 279 304.8 111.8
SA 15 (P) 2.30 BLD BLD BLD BLD BLD
Raw 6.60-1,457 4.30-1,171 BLD-260.1 BLD-27.9 2.07-399.5 46.4-210.7
Materials (292.5) (233.1) (72.3) (7.28) (182.8) (198.8)
Conc. Range -
Final 2.30-63,7 BLD-222.7 BLD-70.3 BLD-0.88 BLD-82.7 BLD-75.7
Products (24.4) (39.9) (22.9) (0.16) (14.0) (12.7)

Abbreviatios of the 6 veterinary antibiotics are as follows: CTC, chlortetracycline; OTC, oxytetracycline; TC, tetracycline; SDZ, sulfadiazine; SMZ,
sulfamemethazine; STZ, sulfathiazole.
BLD denotes below the limit of detection, the numbers in parenthesis mean values

Table 7 Concentration change of antibiotics in raw materials, middle and final products of liquid fertilization process, the 2" 50 SAs from recycling
facilities (LLg/L)

Tetracyclines Sulfonamides TN
Classification y
TC CTC oTC SDZ SMZ STZ (%)
Raw 0.07-3.62 0.45-5.64 0.47-3.85 BLD-329.9 BLD-215.9 BLD-63.65 021
SA 10 (1.20) (2.32) (1.78) (32.9) (40.85) (7.60) ’
Conc. Range Middle 0.11-3.47 0.33-8.28 0.03-4.03 BLD-8.02 ND-174.7 BLD-67.99 0.16
- nang SA 20 (0.57) (2.03) (0.99) (0.40) (26.17) (7.52) )
Product 0.06-2.44 0.12-5.57 0.53-4.66 BLD BLD-25.40 BLD-13.74 0.09
SA 20 (0.52) (1.25) (1.56) (ND) (3.54) (0.81) ’

Abbreviatios of the 6 veterinary antibiotics are as follows: CTC, chlortetracycline; OTC, oxytetracycline; TC, tetracycline; SDZ, sulfadiazine; SMZ,
sulfamemethazine; STZ, sulfathiazole.
BLD denotes below the limit of detection, the numbers in parenthesis mean values
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