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Quantitative Analysis of Veterinary Pharmaceuticals in Brown Rice
using Liquid Chromatography-Time of Flight Mass Spectrometry
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Abstract SPE cartridge clean-up method for simultaneous determination of veterinary pharmaceuticals
(VPs) in brown rice was developed and validated by LC-QTOF-MS. The clean-up method was established
with HLB (500 mg, 6 mL) cartridges for VPs in brown rice, and the eluate was analyzed to quantify the
compounds by LC-QTOF-MS. The developed method was validated, and the recovery, RSD, and LOQ of
VPs were 70.3-112.0%, 1.1-5.7%, and 0.076-7.6 pug/kg, respectively. These results showed that the developed
method for simultaneous determination of VPs contribute to monitoring of it in agricultural environment and

agriculture product.
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TEE Q%k%(veterinary pharmaceuticals)> &2 9]
ot 8l ARE foto] ARole g oR, 8, it
&, TG B ol kS 2T duEEER
o} FYSAF AR wh=d 20159 A S-uketell

+ tetracycline, penicillin, sulfonamide, macrolide, quinolone,
ionophore, polypeptide, phenicol, aminoglycoside, pleuro-
mutilin, lincosamide, cephem, strptogramin, orthosomycin,
glycolipid, quinoxaline, nitrofuran ¥ 7]EFF 7002 &2
Segolokgol s7tEe] W EAL(CF 6,661 9), o] T
67.9%7} AE3sHA zﬂ;q] ALEA 7};1] B QA] ok0 7 ALR-

HooH, dA i FE%E T AR sEFY
9 9790 v]§L 7tz 87, 89.5 X 1.8%= ThEEo] B&
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fFofol] ARE-E|QIT.

Sguet 7R BAEE 201349 A 72,103 F7HE
7Hd 17,115 &7}, Al 54,988 57hellA 173,052

m¥/d AE 9o, dd ek wel 201235 75

S FF717F AW FA E o] WA 6.6% (11,476
/) wro] 101709 71 T A lA A=
ol’: A7 o]ti(Ham et al., 2011; Environmental Statistics
Yearbook, 2015). 5= Fol¥ FEE%E & FTe
Aol A thAbE]A] o 90%714] Z3letE FEHE

‘_LL

o

=5 BaA MEEL, o5 159 wldE B3 BxA
o AH FAHAY ABHEE 53l 7HEFe Fd F

o} ¥ th(Huang et al., 2001; Boxall et al., 2002; Kulshrestha
et al., 2004; Sassman and Lee, 2005). & - 7+44 o2 37
o FAH FE&oFES EY] AHAOE FdHAY
WG 2§25 o) S 2 FAA) §UE L, £
o &J3)] Akl §-YEth(Hirsch et al., 1999; Kim et al.,
2008; Park et al., 2010; Kim and Myung, 2010; Huh and

Myung, 2010; Zhao et al., 2016; Ide et al., 2016; Chen et
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al., 2016). < 5737l Y% chloramphenicol, chloro-
tetracycline, enrofloxacin, erythromycin, lincomycin, norflo-
xacin, oxytetracycline, sulfadiazine, sulfamethazine, sulfame-
thoxazole, sulphathiazole, tetracycline, trimethoprim, tylosin

5] $EEIORF] WA, TFE, T, F2, T, W, M,

/\}ﬁ

Al a—]ﬂ

02510 pghkg 5702 F

/\] ‘:Li] Q 0] 'Q—T_T, —erH, EU]—EOH}\i 0.02-
o] BAEA

Atk Boxall et

al., 2006; Dolliver et al., 2007; Hu et al., 2010; Seo et al.,
2010; Sabourin et al., 2012; Kang et al., 2013; Wu et al.,

2013; Goldstein et al.,

2014; Malchi et al.,

2014; Pan et

al.,, 2014; Wu et al., 2014; Hurtado et al., 2016; Chung et

al., 2017; Lee, 2017).
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Fig. 1. The structure of veterinary pharmaceuticals.
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(Madaz, 1983; Muramoto and Kawamura, 1991; Champnagne

and Hron, 1992; Chun et al.,

1995; Choi et al., 1996;

Kang et al., 2006; Kim et al., 2012; Lee and Han, 2015).
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LC-QTOF-MSE

utor
ro

Bae 2R 8 27olee] ARHl0] Feslel FAA,
o

x%ak B u_ u];q/at' ] EHU]— E;Goﬂ }\]43_

'] ] oo

=|o] Sk} (Prieto et al., 2011; Broecker et al., 2012; Masi4
et al., 2013; Boix et al., 2014; Sirtori et al., 2014). W=FA
2 AFAE  liquid chromatography (LC)- quadrupole
time of flight (QTOF)-mass spectrometry (MS)E £-83}
dn] 5 W tARE A i TR FAEAE S
7hkstarat sigict.

ME 3
Aot % BEEE

-

of

ZAFN F 589 2E amoxicillin, ampicillin, ceftiofur,
chlortetracycline, doxycycline, erythromycin, fenbendazole,
flumequine, lincomycin, oxolinic acid, oxytetracycline penicillin,
spiramycin, sulfadiazine, sulfamethazine 2 trimethoprim 3%
$ES  Sigma-Aldrich (Saint Louis, USA), clopidol,
enrofloxacin, sulfadimethoxine, sulfamethoxazole, sulfathiazole,
tiamulin, tilmicosin % tylosin 35+%-2 Fluka (Shanghai,
China)= 78 Fste] AR&-sk3ith (Fig. 1).

A& AAE 93 ENVI-Carb (500 mg, 6 mL) 2 LC-Si
glass tube (1,000 mg, 6 mL) solid phase extraction (SPE)
cartridge= Supelco (Philadelphia, USA), NH, (500 mg, 6 mL),

SoloiZo| Hg &4 211

6 mL) SPE cartridge= Sillicycle (Quebec, Canada), hydrophilic
lipophilic balance (HLB, 500 mg, 6 mL) % Wax (150 mg,
6 mL) SPE cartridge= Waters (Massachusetts, USA), Silica
gel (1,000 mg, 6 mL) SPE cartridge= Applied Separations
(Pensylvania, USA)= B FY3ste] ARESIATH AR 5
FEGHE 35, 4§31 2 /VIRAS A WRES
£ umbelliferone} triethylamine Sigma-Aldrich (Saint
Louis, USA), methanol % ethanol> J.T. Baker Tedia
(Ohio, USA)®] A|&FS AH&-315 T}

0l

SPE cartridge S84 &

An] F AN FE-80oFE AT Y] AAl A&
gk ENVI-Carb, NH,, Florisil, HLB, graphite carbon, Silica
gel, LC-Si glass tube, Wax, C;s & PSA SPE cartridge &&
e s APeR AT ARE 1057 SPE
cartridgedl] ethanole- AFE-31S] 1 pg/lL SE-&2]okE &3
& A %3 o2 50 mL distilled water (DW)E 71513, o]
Z}zke] DWeF methanol2 2738} 3§t 247+9] cartridgeell
loading 3F5it}. 42te] cartridgel methanol 12 mLE 7}3}
T FEEFES YN F w3, o] W
%FEZ umbelliferone (1 mg/L) ¥ ethanol 5mLZE

£3)|5led LC-QTOF-MS (DE/Impact II, Bruker Korea,
Seongnam, Korea)2 &A% o §]T‘F—IE skt

graphite carbon (500 mg, 6mL) % primary secondary (Table 1, 2, 3). °]25H 7P 4353 35& A4E YEr
amine (PSA, 500 mg, 6 mL) SPE cartridget= GL Sciences WA cartridges AV T T=&%E AFS A% AE=E
(Tokyo, Japan), Florisil (1,000 mg, 6 mL) 2 C (500 mg, ekt
Table 1. Analytical conditions (HPLC-QTOF-MS) for veterinary pharmaceuticals in brown rice
Items Analytical conditions
LC instrument DIONEX Ultimate 3000
MS instrument Bruker, DE/Impact I
Column ACQUITY UPLC BEH Cyg, 1.7 pm, 2.1 x 100 mm
A: Water with 0.1% formic acid, B: Acetonitrile with 0.1% formic acid
Time (min) A (%) B (%)
0 99 1

Mobile phase 1 99 1

25 1 99

28 1 99

28.5 99 1

30 99 1
Flow rate 0.25 mL/min Dry gas 10.0 L/min
Column temp. 35°C Dry temp. 200°C
Injection volume 10 pL. Ion energy 6.0eV
Ionization mode ESI Positive Collision energy 8.0eV
Scan type MS (TIC) Mass range 50-1600 m/z
Run time 30 min
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Table 2. The alignment process and parameters for LC-QTOF-

MS
Items Contents
O Detection parameters
* Retention time tolerance: 1.5 min
* Extracted ion chromatogram width: £5 mDa
Target

* Create chromatogram time slices: £0.75 min
Identification parameters

* Identification m/z tolerance: £5 ppm

» mSigma threshold: 50

O Molecular features
* S/N threshold: 3
* Correlation coefficient threshold: 0.7
* Minimum compound length: 20 spectra
* Smoothing width: 10
O Chromatogram
* Algorithm: version 2.0
* Sensitivity: 99%
* Minimum peak valley: 10%
O Smoothing width: 0.2[s]/Cycles : 1
O Baseline subtraction of chromatogram
* Flatness (0.0-1.0): 0.8
O Smoothing of mass spectra
* Smoothing width (m/z): 0.2[Da]/Cycles: 1
O Baseline subtraction of mass spectra
* Flatness (0.0-1.0): 0.8

screening O

Find

Process

2801 278 548 Uth| - Wz
MY #E2Yd A3

Hr] & S=8&%F IRE TS AT BAEY a2

e AFAY AAA, e AF, B A (limits of

quantitation, LOQ) % “Jt} ¥ FH}(relative standard devia-
tion)= AFsIith A A AIFdUY =89
OFE ¥FES ethyl alcoholodl] 217} &3j5le] W HREFER
umbelliferone (1 mg/L) -7 0.1-1,000 pg/L <=2 %+
A& XA T Table 19] 7171271004 43 v W
FEFEAI A7te] A7 930 AAnERE A% S
2] AAS RIS At FAA 7F AR
LOQE S/N (signal to noise ratio) H|7} 100] S& &%
sto] the] Ao 2 RE A=

324 E F(pg) x A -3l F(mL)
71715 ) #H(pL) x A 5 FH(mL)

Of

fu lo

e NS SFEFEAS ARl 10 goll 259k 50 pg/
kg FEOE A2g v Fig. 29 Wl wef 3nkEo =
ANEAIL, Zhzte] AR S FARA S Zizke] Hgde] tiY]
gt AFEd sxot HrksEe

=3kt

Table 3. Mass spectrometer characteristics of veterinary pharmaceuticals

Name Protonated Retentign time Theoretical mass Detected mass Error
molecular formula (min) (m/z M+H)") (m/z M+H)") (ppm)
Umbelliferone C,H,0;4 7.8 163.0390 163.0384 34
Amoxycillin C,6H5N;05S 1.3 366.1118 366.1110 0.8
Ampicillin C,6HyN;0,48 6.5 350.1169 350.1154 44
Ceftiofur CoH;sN50,S; 9.8 524.0363 335.1037 6.1
Chlortetracycline C,,H,,CIN,Oq 8.8 479.1216 524.0352 1.1
Clopidol C,;HzCLNO 5.4 191.9977 360.1704 39
Doxycycline C,H»sN,Oq 9.3 445.1605 262.0855 74
Enrofloxacin CioHp3FN;O;4 7.3 360.1718 262.0703 2.5
Erythromycin C3;HesNO 5 10.9 734.4685 479.1204 2.5
Fenbendazole C;sH4,N;0,8 12.6 300.0801 445.1596 2.1
Flumequine C;H5sFNO; 11.6 262.0874 461.1534 44
Lincomycin C,sH3sN,O6S 6.0 407.2210 407.2196 34
Oxolinic acid C3H,NOs 9.4 262.0710 734.4648 5.1
Oxytetracycline C»,H»sN,O, 6.8 461.1555 843.5180 3.9
Penicillin CisHsN,O,S 11.8 335.1060 869.5699 39
Spiramycin C4;3H75sN,Oyy 8.7 843.5213 916.5208 6.1
Sulfadiazine CioHN,O,S 5.4 251.0597 251.0590 3.0
Sulfadimethoxine C,H;sN,O,S 10.1 311.0809 311.0799 3.1
Sulfamethazine C,H;sN,O,S 7.0 279.0910 279.0897 49
Sulfamethoxazole C0H;5N;058 8.7 254.0594 254.0588 2.1
Sulfathiazole CoH,N;0,S, 5.9 256.0209 256.0198 44
Tiamulin C,sH sNO,S 12.1 494.3299 291.1438 4.5
Tilmicosin C4HgN,O 15 10.0 869.5733 494.3269 7.0
Trimethoprim C,HoN4O5 6.6 291.1452 191.9973 2.5
Tylosin C4H7%NO,, 11.3 916.5264 300.0774 92
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Brown rice (10 g)
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-
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L (Methanol 150 (100+50) mL including 0.1 M triethylamine) J

-

4

Filtering & Concentration
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Fig. 2. Flow chart for analysis of veterinary pharmaceuticals in brown rice.

dn] F FEEYFE FF B4 S A% A E dAEe
AE(10g)el 0.1 M tricthylamineS 23S methanol 150
(100+50) mLE 7}t 230l AA 2X]7F &<t 1”8t 5
Z3Ith. Methanol 2915 74SF o #gh tha 40°Cell A
245 (KA RV 10 Digital, Staufen, Germany)3}al, -
Z*(distilled water, DW) 50 mLZ 7}ate] A g3ttt o]
methanol 3mL ¥ DW 3mLE S50 &3} g
HLB cartridge (500 mg, 6 mL)°l| loading g+ T} methanol
12mLE cartridgee] §2¥ 5E=8°FES ST &
NS 7A4EE3A, ethanol 5 mLE AREsle] A 833k
& LC-QTOF-MSZ #4313 th(Table 1, Fig. 2).

(i

SPE cartridge &

dnl A8 T TEENE WA Al AAl A
cartridgeE Aslr] flgte] & AFoA AEE ENVI-
Carb T 10719 cartridgee sHH<7, 3, 2=, A, 9,
H, B 5 O ARdA w5, A, 3] S4
(mycotoxin), polycyclic aromatic hydrocarbons (PAHSs),
persistent organic pollutants (POPs) 52] ¥4 A] FA| 74
o AFE-Eo] ZtHTsubouchi et al., 1988; Sannino, 1998;
Doong and Lee, 1999; Sheridan and Meola, 1999;

5
o
T

Fernandez et al, 2000; Moret and Conte, 2000;
Jaraczewska et al., 2006; Karthikeyan and Meyer, 2006;
Xu et al, 2009; Yoo et al, 2009). A& 10572
cartridge &4 1 pg/L 79 2459 sEGO%F &
FelS RSl 3FEAITS St AR 105/
9] cartridge 5 HLB cartridge= chlortetracycline, clopidol,
doxycycline, oxytetracycline 2 tilmicosin 552 §&8<]
ofFollA] BlFgo] tha e 39.6-63.8%% ©| oL, o|E
= AT 1950 3lFEo] 71.0-112.7% HHIE &
A AFs= T 70-120% 7S TS
(RDA, 2016, Table 4). WA dr] T FE822%FE oy
T RN A% AAE =72 HLB cartridges A7

A
B AFdME B4 AFAS Eo)7] St uREE
S Ao, R RFEEARE FEEE

AREEATH WU et al., 2008). T2
OJokE 24% 0] AL (.1-1,000 pg/L EFFEFE(1.000
mg/L umbelliferon® - $)S #2313, Table 1, 2 ¥ 39] LC-
QTOF-MS 7104 #4938 oy WH-FFEd 3 7F A2t
39 HWANGERE et 7 R HEEAZ
© amoxicillin 1.3 (y=0.0019x+0.0292, R>=0.9862), ampi-
cillin 6.5 (y=0.00104x+0.0355, R>=0.9929), ceftiofur 9.8

2
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Table 4. Recoveries of veterinary pharmaceuticals in selected ten cartridges
Recovery (%)
Veterinary pharmaceuticals
B C D E F G H I J

Amoxycillin 18.8 294 18.0 724 15.4 154 27.7 25.5 31.0 15.4
Ampicillin 34 34 34 74.8 34 5.0 34 34 11.1 34
Ceftiofur 0.8 0.8 25.5 72.5 0.8 2.1 2.1 0.8 27.5 0.8
Chlortetracycline 04 0.4 0.4 445 0.4 04 0.4 1.7 0.4 04
Clopidol 1.4 1.4 52.5 63.8 1.4 8.9 8.7 63.8 45.6 1.4
Doxycycline 2.5 2.5 2.5 48.4 2.5 2.5 2.5 6.2 2.8 2.5
Enrofloxacin 2.3 2.0 1.9 73.2 2.0 2.0 34 57.8 6.0 1.9
Erythromycin 2.9 29 62.6 99.0 3.0 50.9 2.9 62.5 11.3 3.2
Fenbendazole 2.4 2.4 55.1 86.8 2.4 534 29.9 75.6 75.0 2.6
Flumequine 4.1 4.1 4.1 93.1 4.1 13.3 12.5 75.6 58.1 4.1
Lincomycin 97.9 87.8 79.8 112.7 98.5 99.4 92.3 60.8 86.3 91.3
Oxolinic acid 1.5 1.5 1.5 71.0 1.5 4.7 23 68.6 53.0 1.5
Oxytetracycline 2.3 2.3 23 442 23 23 2.3 9.3 23 23
Penicillin 21.0 21.8 27.0 109.5 33.6 25.6 22.1 20.3 435 24.6
Spiramycin 21.1 21.1 33.2 73.4 21.1 38.6 35.6 41.0 21.1 21.1
Sulfadiazine 10.6 24 2.4 103.9 70.0 3.0 5.8 74.6 43 2.4
Sulfadimethoxine 1.7 1.7 113 89.0 1.7 43 54 69.2 19.3 1.7
Sulfamethazine 39.1 31.1 11.1 97.4 83.0 10.9 133 76.5 35.0 7.8
Sulfamethoxazole 2.7 1.4 4.8 102.8 19.4 45 4.7 78.1 49 1.4
Sulfathiazole 1.1 1.1 22 109.3 3.8 1.1 4.7 75.1 7.3 1.1
Tiamulin 4.4 43 59.6 72.0 43 81.3 67.1 68.0 65.0 4.7
Tilmicosin 3.2 32 21.9 39.6 32 43 3.2 43.8 32 32
Trimethoprim 1.3 42.6 67.5 99.6 1.0 90.7 76.8 73.0 75.1 94
Tylosin 1.1 1.1 51.9 74.7 1.1 56.8 49.8 50.9 48.4 1.2

A: ENVI-Carb, B: NH,, C: Florisil, D: HLB, E: Graphite carbon, F: Silica gel, G: LC-Si glass tube, H: Wax, I: Cj5, J: PSA

(y=0.0165x-0.0125, R*=0.9958), chlortetracycline 8.8 (y=
0.0247x+0.0107, R*=0.9971), clopidol 5.4 (y=0.0181x+
0.0251, R*=0.9912), doxycycline 9.3 (y=0.0691x-0.171, R*=
0.9982), enrofloxacin 7.3 (y=0.0751x+0.1399, R>=0.9946),
erythromycin 10.9 (y=0.0263x+0.6024, R?=0.9941), fenbenda-
zole 12.6 (y=0.3188+0.7697, R>=0.9957), flumequine 11.6
(y=0.0463x+0.1887, R*=0.9959), lincomycin 6.0 (y=0.0573x+
0.0977, R*=0.9946), oxolinic acid 9.4 (y=0.0418x+0.0639,
R?=0.9961), oxytetracycline 6.8 (y=0.0142x+0.0322, R’=
0.9928), penicillin 11.8 (y=0.0067x+0.1034, R?=0.9936),
spiramycin 8.7 (y=0.0124x-0.2619, R’>=0.9980), sulfadiazine
5.4 (y=0.006x+0.0143, R*=0.9901), sulfadimethoxine 10.1
(y=0.1019x+0.1685, R*=0.9955), sulfamethazine 7.0 (y=
0.0399x-0.1427, R*=0.9939), sulfamethoxazole 8.7 (y=0.0314x+

0.0425, R>=0.9950), sulfathiazole 5.9 (y=0.0051x+0.0056,
R’=0.9947), tiamulin 12.1 (y=0.3806x+1.6423, R>=0.9930),
tilmicosin 10.0 (y=0.0207x-0.0671, R?=0.9970), trimethoprim
6.6 (y=0.0926x+0.6609, R>=0.9894), Tylosin 11.3 (y=0.0903x+
0.1033, R>=0.9960) & o], Aekn ] Mo AaAs
(R%7} >0.9862 0.2 %33} tH(Table 3, Fig. 3).

Ar] 5 FEEo|oFE tig 35 AE2 259 50 ny/
kg FFM S92, 2 AFHE Table 59 FERATH
Erythromycin, fenbendazole, penicillin 2 tylosing A £] 3t
dr] T FEL%E 20 A% 3]5E, RSD ¥ LOQ=
7Yzt 70.3-112.0%, 1.1-5.7% 2 0.076-7.6 pg/kg HI=Z 1}
E}SITH(Table 5). ©]7d<] @v] & 3]+&3 RSDAH+= 3|5
& 70-120%, RSD 20% o|3t= AW 715l A3tst
ATHRDA, 2016).
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Fig. 3. Standard chromatogram (A), representative ion chromatogram (B), mass spectrum (c), and recovery chromatogram of LC-

QTOF-MS.

2 Oq"_rLl“* dAn] & FE8&ookF BFS flsl HLB
cartridgeE &8-sto] GAIstal, LC-QTOF-MSE HM;}'L‘
e fFade AT AR, 8] F FEdeE 2

‘]

e BA0] BASE TR SRS Azl B
olth. o] BAMe FUVA U FAE F SEEIoRE
A8 LS A 489 3

855 Ee FYNEY AFRIAE 7]‘\":(MRL, maximum
residue level) A7 4217 02 MRLo] AAE &oF o|9]dl=
A E7]E(0.01 mgkg)o-2 A Sl= positive list system
(PLSyS BE F4HEo] A&t} A FookatdA e 4%
A ATZ3CsF T AFREE A8 8 Tl
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Table 5. Recovery, LOQ, and RSD of veterinary pharmaceuticals in brown rice
. . Recovery rate (%) LOQ RSD (%)
Veterinary pharmaceuticals
25 ug/kg 50 ug/ke (ng/kg) 25 ug/kg 50 ug/kg

Amoxycillin 95.7+£24 88.2+2.0 7.6 2.5 23
Ampicillin 973+32 90.2+1.8 7.6 33 2.0
Ceftiofur 85.7+1.8 924+26 7.6 2.1 2.8
Chlortetracycline 77.4£2.0 80.2+£3.2 L5 2.6 4.0
Clopidol 703+ 1.8 784+ 1.8 7.6 2.6 23
Doxycycline 853122 80.2+2.9 1.5 2.6 3.6
Enrofloxacin 772132 82.4+3.0 1.5 4.1 3.6
Erythromycin 583%1.4 504<£1.6 0.15 24 32
Fenbendazole 40.0+1.0 424+2.0 0.15 2.5 47
Flumequine 90.8 2.8 84442 L5 3.1 5.0
Lincomycin 93.8£2.0 90222 0.15 2.1 2.4
Oxolinic acid 1069 +3.4 844+19 1.5 3.2 23
Oxytetracycline 86.7+£2.2 90.2£1.0 7.6 2.5 1.1
Penicillin 549+1.9 504+23 7.6 3.5 4.6
Spiramycin 99.7+32 80.4+2.7 7.6 3.2 34
Sulfadiazine 107.3+2.4 926+ 1.5 7.6 22 1.6
Sulfadimethoxine 90.6+1.9 884+2.6 0.15 2.1 2.9
Sulfamethazine 97.0+34 90.2+32 1.5 3.5 3.5
Sulfamethoxazole 109.4+2.6 90.8+2.4 0.076 2.4 2.6
Sulfathiazole 953+54 912+1.8 7.6 5.7 2.0
Tiamulin 112.0+2.8 1024+ 1.6 0.15 2.5 1.6
Tilmicosin 96.9+3.2 844+1.0 1.5 33 1.2
Trimethoprim 91.0£2.6 85.7+£22 0.76 29 2.6
Tylosin 43.1+£1.0 56.8+1.7 0.76 23 3.0

5 I'Al- °| = Sf:reening ?'n hair by liquid chromatography-hybrid quadrupo?e

aNMN—= =2 time-of-flight mass spectrometry (LC-QTOF-MS). Forensic

B aTE $EA54 FEATR] ¥ TR
(PJO12600, PJ010922, PJ012092, PJ010822 ¥ PJ011435)
o) A9 93} ol Fo AU,
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