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Method Development and Validation for Simultaneous Determination of
Nitrofurans, Nitroimidazoles and Amphenicols group

in Animal Drinking Water from Livestock Farm by LC - MS/MS
Sunan Kittijaruwattana, Chusak Ardsoongnearn, Ongart Boonbanlu

Abstract

Method development and validation for simultaneous determination of 13 compounds of
nitrofurans (nitrofurazone, nitrofurantoin, furazolidone and furaltadone), nitroimidazoles (metronidazole,
ronidazole, dimetridazole, ipronidazole, ternidazole and omidazole) and amphenicols
(chloramphenicol, florfenicol and thiamphenicol) in animal drinking water from livestock farm was
conducted using liquid chromatography tandem mass spectrometry (LC - MS/MS). Animal drinking
water samples were extracted and purified using solid - phase extraction (SPE) Hydrophilic - Lipophilic
Balance (HLB). The amount of analytes were quantified by mean of the matrix - matched standard
calibration curves. The developed method was validated according to Commission Decision
2002/657/EC. The linearity and range were evaluated over the concentration range of 0.0015 - 1.3440
Mg/L. The coefficient of determination (rz) were between 0.9954 - 0.9995. The accuracy in term of
percent recovery and intermediate precision were between 92.21 - 110.92% and 1.33 - 10.24%
%RSD, respectively. The decision limits (CCQL) and detection capabilities (CC) ranged from 0.0005 -
0.0411 and 0.0007 - 0.0575 pg/L, respectively. The results showed that the validated method is
sensitive, accurate and suitable for quantitative determination of nitrofurans nitroimidazoles and

amphenicols group in animal drinking water from livestock farm.

Keywords: Nitrofurans, Nitroimidazoles, Amphenicols, Validation, LC - MS/MS, Animal

drinking water

Veterinary Drugs and Hazardous Substances Assay Division, Bureau of Quality Control

of Livestock Products, Department of Livestock Development



WRILIAEILATISRULASNARAUANN LT L ATDIIEILATISNANTNAN
Nitrofurans, Nitroimidazoles Waz Amphenicols

luiagsdnianvhsndadnilaawmaiian LC-MS/MS

L
a o v a a

UNAUWA IRFANIL WIBIANA 81949HU WI8D987R Y1999
UNUN
. < o N Ay y o PR o o

Nitrofurans Lilugnfinugadniliainnisdansei dedlaseaieluanatsznasdiae

5 - nitrofuran ring (Rupp et al, 1994) nitrofurans ﬁﬁmﬂ’fﬂmqm@ﬂqﬁmf Aa furazolidone,
. . . o & dl' v o £ o
furaltadone, nitrofurantoin WA nitrofurazone el dnUsrasmnaldlunisine uazileaiu
Tsaniamnanmenuaneuazidslndalugns In dndin nezsineg uazilan wanannidaldine
nszfunsiasuiutalugll feed additve Bnfiael (Kumar et al, 1994) LW31zuANAN
. = a a o 1 a v | v dl a dy

nitrofurans azdtlsz@nsniwluniadnenetnenuan geilantatiaanaziinnisnaen

faquiuengululngyusud (nitrofurans)  gniianldludndnlinananinanisiztna
(food - producing animal) (Rupp et al, 1994) 7istiilasainuaaasnisanswudnsann lugl

| dl 1 (3 A a‘l o % . .
parent drugs uansnatnnsanensidevisalanunlasiugnesnls (carcinogenic  or
mutagenic compound) 4ANANT AOZ (3 - amino - 2 - oxazolidinone) gaifluanaumualast
, . d' , , “

984 furazolidone  flagurawAagunLlag (Biotransformation) Lihilu (B - hydroxyethyl)
hydrazine GRS mutagenic WAL carcinogenic compound aqﬁﬂﬁﬂﬂuﬂ@ju nitrofurans N
winanag utlszinnenldanunsnin 1 ludadn ldnanaainanisizinals (Ban compound:
zero tolerance for residues) ngl furazolidone 1Hluanatingaiinananninglstdsznimdsinali
11Tl 1997 #&3aN7 nitrofurans aHmaugniitaliiauuiingu (Kennedy et, al 2000) lTuilaqily
dszmaluanninglsl uazanigawiiniazinnisnsaasuendndnnAnglugusidadndning
Uszmatesoniaanlungu nitrofurans fog wiannauldialesrasengutneladingsenie

AndudnazinanisdusilasunlasiaseaiieliifumniualaiasttemaiGanilidnngaalu

WU parent drugs 194 nitrofurans Tuszeiziaandudis (Rupp et al, 1994) saxniauninglsills
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1. dngiszaea
e aansiiaznaaeunu1¥li1eiainmziarmau nitrofurans,
nitroimidazoles Wa% amphenicols "LuﬁyqLaymﬁmi@’m%lﬁmﬂqﬁmﬁmmﬂﬁﬁ liquid
chromatography tandem mass spectrometry (LC - MS/MS)
2. waulng
TEd1mFuAAsILIiaN9NgN nitrofurans, nitroimidazoles Wag amphenicols 13 5Tinluiin
Lﬁwmzﬁ”mimﬂvdﬁuﬂﬁﬁmﬂmmmﬁm LC - MS/MS uazn1sanasaetineiluy Solid phase
extraction (SPE)
3. dsslagdiaadnazlézu
AR R mageuAN i lFre9iauda anmnsansaaiamziansngs nitrofurans,
nitroimidazoles Wwaz amphenicols W3axriw 13 1iin ”LuﬂyﬁL?;mzﬁvm{mnvxlﬁmﬂ@ﬁmﬂmﬂmﬂﬁﬂ
LC - MS/MS
4. whzasilauazianInenmans
4.1, \fveeile
- liquid chromatography tandem mass spectrometry (LC - MS/MS) ﬁlﬁﬂ
Shimadzu §1 LCMS-8050
- pH meter ﬁﬁﬂ Mettler Toledo @'u SevenExcellence
- \wiresdanedian 5 fusiks Bffe Mettler Toledo $14 XP205DR
- Lﬂdﬁj‘mﬁﬂﬁ/’]ﬁ‘qwé fi%a Thermo 714 Genpure
- Vacuum manifold alﬁ'a Supelco
4.2. JARINLNAERT
4.21. @13NATFIY
- Metronidazole éﬁ’a Dr.Ehrenstorfer
- l\/Ietronidazole—13C2—15N2 éﬁ’a Dr.Ehrenstorfer

¥

- Ronidazole fisia Dr.Ehrenstorfer

- Ronidazole-D, fifia witega

- Dimetridazole fi%a Dr.Ehrenstorfer



4.2.2.

Dimetridazole-D, witega

Ipronidazole éﬁ’ﬂ Dr.Ehrenstorfer
lpronidazole-D, witega

Furaltadone ﬁlﬁ@ Dr.Ehrenstorfer
Furaltadone-D, witega

Ternidazole alﬁ‘ﬂ Sigma

Ornidazole ﬁﬁ'ﬂ Dr.Ehrenstorfer
Nitrofurazone alﬁ‘ﬂ Dr.Ehrenstorfer
Nitrofurazone-w’C-wN2 witega
Nitrofurantoin ﬁlﬁ@ Dr.Ehrenstorfer
Nitrofurantoin—mc3 witega
Furazolidone ﬁlﬁ'ﬂ Dr.Ehrenstorfer
Furazolidone-D, witega
Chloramphenicol ﬁlﬁﬂ Dr.Ehrenstorfer
Chloramphenicol-D, ﬁlﬁ@ Dr.Ehrenstorfer
Thiamphenicol ﬁlﬁﬂ Dr.Ehrenstorfer
Florfenicol ﬁlﬁﬂ Dr.Ehrenstorfer

Florfenicol-D, &ifia TRC

AANLATIANINNAERT

Acetonitrile, HPLC grade

Acetonitrile, AR grade

Methanol, AR grade

Formic acid, AR grade

SPE «fin Oasis” HLB 6 cc 200mg &i%a Waters

ABANU Kinetex C18 2.6 MM 1503 mm g%ia Phenomenex
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51. NAKUANIICURITEUL mass spectrometer ?immmﬂumﬁLquﬁmamju
nitrofurans, nitroimidazoles Wa¥ amphenicols 13 a7im LAY internal standard an
10 1l

5.2. NARAUANIITAANTELU LC ﬁLWJ’]::ZQNTLm%‘?JLﬁi’]:ﬁﬁﬂ’]ﬁ‘ﬂ@:ﬂ nitrofurans,
nitroimidazoles Was amphenicols 13 4liA

5.3. AaaniukuLaznadaunuliliaedaniiamedilaaliuwan1aniu Commission
Decision 2002/657/EC.

v
o

5.3.1. dusaunisainsiatinaiaednsanwn il Aded augiln 1
Condition SPE el methanol 4 mL

Equilibrate SPE Anelin deionized 4 mL

19 50 mL

[ni

Load 879

=

Elute @28l acetonitrile 4 mL

=

=)

TurboVap 7130 C auudia LazLiin 20% acetonitrile in water 0.5 mL

o=

=

Mix 8198 vortex mixer 15 31417 w1l sonicate 1 w17

=

N729611 nylon filter 2UNA 13 mm, 0.22 pm AU vial

4

APTLIIAE LC-MS/MS

317 1 dunaunisannsetingfiaeis SPE



5.3.2. ﬂ’]ﬁ‘L[ﬁﬁﬂN@’]ﬁ‘@tﬂ’]ﬂZQZZWEIN’W]?:«Z’]%

5.3.2.1.

5.3.2.2.

Stock standard solution AN 500 mg/L (metronidazole,
ronidazole, dimetridazole, ipronidazole, ternidazole, furaltadone,
ornidazole, nitrofurazone, nitrofurantoin, furazolidone,
chloramphenicol, thiamphenicol, kag florfenicol): -fqmimmgm
25 mg (azl@eAne 0.1 mg) a9l volumetric flask 50 mL 15y
15u1m9498 acetonitrile, AR grade

Stock internal standard solution A21uLdNgwW 1000 mg/L: %ﬂ@ﬂ?
NIM3gIU 10 mg (@u%mﬁq 0.1 mg) a9k volumetric flask 10 mL
Usuilsuamsmag acetonitrile, AR grade antiTila stock internal
standard solution A2NLENTW 1000 mg/L 11 100 pL @<lu
volumetric flask 10 mL U5uisunmsfae acetonitrile, AR grade &

ANLEWdL 10 mg/L

5.3.3. NI9ATEN working standard solution

5.3.3.1.

5.3.3.2.

Working standard solution A: Tli@ stock standard solution
metronidazole, ronidazole, dimetridazole, ipronidazole,
ternidazole, ornidazole uag furaltadone mANNLdWdL 500 mg/L {1
400, 1000, 400, 100, 1000, 800 Laz 1000 uL AINAIAL A9l
volumetric flask 1115 25 mL azansuazliuiFunmnsae
acetonitrile, AR grade timanudindu 8, 20, 8, 2, 20, 16 uaz

20 mg/L AMNAAL

Working standard solution B: Tlils working solution A 117 600 pL
avlu volumetric flask AUNA 25 mL azansuazliuiFunnssae
acetonitrile, AR grade I5Audindi metronidazole, ronidazole,
dimetridazole, ipronidazole, ternidazole, ornidazole LAY
furaltadone Winfiu 192, 480, 192, 48, 480, 384 LAz 480 ug/L

ANNAAL



5.3.4.

5.3.5.

5.3.3.3. Working standard solution C: Tiil# stock standard solution
nitrofurazone, nitrofurantoin, furazolidone, chloramphenicol,
thiamphenicol ua¥ florfenicol AN 500 mg/L 111 300, 150,
300, 50, 300 L&z 20 uL MNAAL a9k volumetric flask 211
50 mL azanauazliuiBumsdog acetonitrile, AR grade liAau
dindi 3, 1.5, 3, 0.5, 3 waz 0.2 mg/L ANNAIAL

5.3.3.4. Working standard solution D: Tli1l# intermediate standard
solution B 11 200 pL uaz tliim intermediate standard solution C
11 400 pL a9l volumetric flask 2114 25 mL azatguazilsy
1Fum3Aae acetonitrile, AR grade

AT working internal standard solution

5.3.4.1. Working internal standard solution A: Tlitl@ stock internal
standard solution dimetridazole-D,, furaltadone-D,,
metronidazole-D,, ipronidazole-D, iag florfenicol-D, AN
10 mg/L 11 200, 200, 100, 100 LAz 200 Pl AINAIAL Al
volumetric flask 7115 25 mL azansuazliuiFunmnsaae
acetonitrile, AR grade

5.3.4.2. Working internal standard solution B: 1lils working internal
standard solution A, stock internal standard solution
furazolidone-D,, ronidazole-D,, nitrofurazone 13C15N2,
nitrofurantoin °C, W% chloramphenicol-D, 1 200, 100, 300, 200,
50 way 20 uL AINANAL A9k volumetric flask 2U1A 10 mL azang
wazLl5uiFunmsfiag acetonitrile, AR grade

NTLATEIN calibration solution Titlm working standard solution D {1 200, 400,

600, 800, 1000, 1200 Haz 1400 uL ANNANAL aslugaginainBunas 50 mL

uazililm working internal standard solution B 81200 pL s lafanns

g1l 1



5.3.6.

NAEeUANNLTIEAUATNUAS TN TBIN1TILATIEN (linearity and range) Tag
W78l matrix-matched standard calibration curve %M’]a‘ﬂ@:u nitrofurans,
nitroimidazoles Uaz amphenicols 13 Tl ”Lu%ﬁ@wﬁ“mimnﬂﬁuﬂﬁﬁmi
AN 1 Anudiiiuag 7 91 innnsmegen 3 u afpEw SPE 1Tin HLB
watinlInsaaimesidag LC - MSMS tindasdauiuiiléifiasziring
standard iU internal standard LaZ8MINAIRANNENTWTZIINN standard AL
internal standard l&%19n3mu1en coefficient of determination () tNaWiN13

218K 12 0.995 (43aAR31, 2555)

F119999 1 doaponudindiunldlunamaasuansngy nitrofurans, nitroimidazoles uay

amphenicols 13 a8 lutinaendndannnnfuladeng

-3

AUARS

daepaadnduinagay (ug/L)

Metronidazole
Ronidazole
Dimetridazole
Ipronidazole
Ternidazole
Ornidazole
Nitrofurazone
Nitrofurantoin
Furazolidone
Furaltadone
Chloramphenicol
Florfenicol

Thiamphenicol

0.0061 - 0.0430 (0.0061, 0.0123, 0.0184, 0.0246, 0.0307, 0.0369 Wax 0.0430)
0.0154 - 0.1075 (0.0154, 0.0307, 0.0461, 0.0641, 0.0768, 0.0922 UWax 0.1075)
0.0061 - 0.0430 (0.0061, 0.0123, 0.0184, 0.0246, 0.0307, 0.0369 Wax 0.0430)
0.0015 - 0.0108 (0.0015, 0.0031, 0.0046, 0.0061, 0.0077, 0.0092 Lax 0.0108)
0.0123 - 0.0860 (0.0123, 0.0246, 0.0369, 0.0492, 0.0614, 0.0737 LAz 0.860)
0.0154 - 0.1075 (0.0154, 0.0307, 0.0461, 0.0614, 0.0768, 0.0922 WAz 0.1075)
0.192 - 1.344 (0.192, 0.384, 0.576, 0.768, 0.960, 1.152 uaz 1.344)

0.096 - 0.672 (0.096, 0.192, 0.288, 0.384, 0.480, 0.576 uaz 0.672)

0.192 - 1.344 (0.192, 0.384, 0.576, 0.768, 0.960, 1.152 uay 1.344)

0.0154 - 0.1075 (0.0154, 0.0307, 0.0461, 0.0641, 0.0768, 0.0922 ILax 0.1075)
0.032 - 0.224 (0.032, 0.064, 0.096, 0.128, 0.160, 0.192 Az 0.224)

0.0128 - 0.0896 (0.0128, 0.0256, 0.0384, 0.0512, 0.0640, 0.0768 LLaz 0.0896)
0.192 - 1.344 (0.192, 0.384, 0.576, 0.768, 0.960, 1.152 uay 1.344)

53.7. MAABLAITNUNULEYTT (accuracy)  IAENITLANAITNIATTIUNGH

v v
nitrofurans, nitroimidazoles LA amphenicols 13 TRA a4 lABEN91LALN
&ndanninladng mnadindu 3 vl muni919n 2 Anudindiuas 7 99
WNIIMAGRL 3 TU AU %recovery ANNINLAURTITBIANTNINTFI

\NEUTINaNTU Yrecovery faaatlutad 50 - 120% (AOAC, 2016)
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FA19NN 2 ﬂfnume‘ﬁu‘wLﬁm@ﬂumﬂmﬂu%@ﬂmmmﬂ‘lf\hﬁ‘uﬂﬂﬁm AMNINLU 3 72AU

FUARG FEAUAMNIINTY (ug/L)

Level 1 Level 2 Level 3
Metronidazole 0.0061 0.0123 0.0184
Ronidazole 0.0154 0.0307 0.0461
Dimetridazole 0.0061 0.0123 0.0184
Ipronidazole 0.0015 0.0031 0.0046
Ternidazole 0.0123 0.0246 0.0369
Ornidazole 0.0154 0.0307 0.0461
Nitrofurazone 0.1920 0.3840 0.5760
Nitrofurantoin 0.0960 0.1920 0.2880
Furazolidone 0.1920 0.3840 0.5760
Furaltadone 0.0154 0.0307 0.0461
Chloramphenicol 0.0320 0.0640 0.0960
Florfenicol 0.0128 0.0256 0.0384
Thiamphenicol 0.1920 0.3840 0.5760

5.3.8.

5.3.9.

-

NARDUAINNLTAEN 09D (precision) AtAgnzdannimaaeuluia 5.3.7
FALIDINAANN %RSD 189NNTAATLITEN HaTt e laiAu %RSD RlFan
N1TANUINL ANNNT Horwitz's (AOAC, 2012) GinailAn %RSD Tuifiu 21%

nAgeLLilamAT CCOL Uaz CCP AtAzianANNANNUSIa9NI W IAWA
294 standard fortified %4 3 7AUAMNENTULALNNTIATIEIGN 3 4 AN

SD, y - intercept A% slope Lmuﬂ'ﬂuqm (1SO11843 - 2:2000)

6. HNANITNAARY

6.1.  HANIVNARALANTIIZURNTZUL mass spectrometer NUNNZAN ANANTNN 3 - 5 Teanslu

ﬂ@;il nitrofurans, nitroimidazoles  Wa¥ amphenicol azuiiaifli 2 mode NMMAZaL A

positive mode (metronidazole, ronidazole, dimetridazole, ipronidazole, temidazole,

omidazole, furazolidone LAY furaltadone) Laz negative mode (nitrofurazone, nitrofurantoin,

chloramphenicol, florfenicol Lag thiamphenicol)



m19149% 3 condition A89AN ESI interface

Parameters Value
Nebulizing Gas Flow 3.0 L/min
Drying Gas Flow 10.0 L/min
Heating Gas Flow 10.0 L/min
Interface ESI
Interface Voltage 4.0 kV
Interface Temperature 300 oC
DL Temperature 250 oC
Heat Block Temperature 400 C)C
CID Gas 270 kPa

m13799 4 Positive mode MRM working parameters

No. Compounds Precursor  Product Dwell Q1 Pre Bias CE Q3 Pre Bias
ion ion Time

1 Metronidazole 172.05 128.10% 47 -20.0 -15.5 -22.0
172.05 82.10 47 -19.0 -23.6 -18.0
2 Metronidazole-"C,-N, 17615  128.10 97 -13.0 -16.3 -24.0
3 Ronidazole 201.10 140.15* 34 -15.0 -12.6 -22.0
201.10 55.05 34 -23.0 -22.1 -21.0
4 Ronidazole-D, 204.05 143.05 71 -23.0 -11.2 -14.0
5 Dimetridazole 142.10 96.10* 34 -10.0 -17.8 -19.0
142.10 81.10 34 -15.0 -28.9 -14.0
6 Dimetridazole-D, 145.20 99.0 71 -11.0 -17.3 -18.0
7 Ipronidazole 170.15 124.15* 46 -19.0 -20.8 -23.0
170.15 109.10 46 -19.0 -27.1 -21.0

* indicates MRM ftransitions for quantification



m13719% 4 Positive mode MRM working parameters (58)

Precursor  Product Dwell
No. Compounds Q1 Pre Bias CE Q3 Pre Bias
ion ion Time
8  Ipronidazole-D, 173.20 95.00 95 -13.0 -20.0 -23.0
9  Ternidazole 186.10 128.10* 34 -14.0 -16.0 -12.0
186.10 82.10 34 -13.0 -27.0 -14.0
10  Ornidazole 220.00 128.10% 34 -11.0 -16.0 -12.0
220.00 82.10 34 -11.0 -29.9 -14.0
11 Furazolidone 226.05 122.10* 34 -17.0 -21.6 -26.0
226.05 139.10 34 -16.0 -14.9 -22.0
12 Furazolidone-D, 230.10 117.00 71 -17.0 -12.8 -11.0
13 Furaltadone 325.15 252.15* 34 -12.0 -17.1 -25.0
325.15 281.15 34 -12.0 -12.4 -13.0
14 Furaltadone-D, 330.10 286.15 97 -13.0 -12.8 -19.0
* indicates MRM transitions for quantification
miwﬁ 5 Negative mode MRM working parameters
Precursor  Product Dwell
No. Compounds Q1 Pre Bias CE Q3 Pre Bias
ion ion Time
1 Nitrofurazone 197.05 124.00% 34 14.0 9.3 14.0
197.05 150.00 34 22.0 8.1 17.0
2 Nitrofurazone “C"N, 20010  153.00 71 23.0 10.5 10.0
3 Nitrofurantoin 237.05 152.10* 34 16.0 10.2 27.0
237.05 123.85 34 26.0 15.5 12.0
4 Nitrofurantoin "°C, 240.0 151.95 71 13.0 10.3 16.0
5  Chloramphenicol 321.05 152.05* 46 12.0 16.9 23.0
321.05 257.05 46 16.0 10.8 18.0

* indicates MRM transitions for quantification



A5197 5 Negative mode MRM working parameters (#ia)

Precursor  Product Dwell
No. Compounds Q1 Pre Bias CE Q3 Pre Bias
ion ion Time
6  Chloramphenicol-D, 326.20 157.10 95 12.0 16.3 10.0
7 Florfenicol 356.15 185.05* 46 13.0 19.2 12.0
356.15 336.00 46 13.0 9.8 16.0
8  Florfenicol-D, 359.20 188.05 95 13.0 18.5 12.0
9  Thiamphenicol 354.15 185.05* 34 13.0 20.0 12.0
354.15 290.00 34 13.0 12.6 14.0

* indicates MRM transitions for quantification

6.2.

nitroimidazoles Was amphenicols 13 4liA

m1519% 6 condition LC dAaanil Kinetex C18 2.6 um 150x3.0 mm

HAN1INAFaULFU condition LC limunand1miunsawmsnziansngs nitrofurans

Parameters Value

Mobile phase: Time 0.1 % FAin water 0.1 % FA in acetonitrile
0.0 85 15
10.0 70 30
11.0 70 30
12.0 85 15
20.0 85 15

Flow rate: 0.2 mL/min

Column temperature: 30 OC

Sample temperature: 25 oC

Injection volume:

10 L




m1519% 7 condition LC 1dAaanil Kinetex C18 2.6 um 150x3.0 mm

Parameters Value

Mobile phase: Time 0.1 % FAinwater 0.1 % FA in acetonitrile
0.0 80 20
5.0 50 50
6.0 80 20
10.0 80 20

Flow rate: 0.2 mL/min

Column temperature: 30 oc:

Sample temperature: 25 0C

Injection volume: 10 pL

1:Metronidazole 172.05>128.10(+) CE: -15.5
2:Ternidazole 186.10>128.10(+) CE: -16.0
60000 |3:Ronidazole 201.10>140.15(+) CE: -12.6

“l4:Dimetridazole 142.10>96.10(+) CE: -17.8
5:Furaltadone 325.15>252.15(+) CE: -17.1
16:Dimetridazole-D3 145.20>99.00(+) CE: -17.3
7:Ronidazole-D3 204.50>143.05(+) CE: -11.2
50000 —8:Furaltadone-D5 330.10>286.15(+) CE: -12.8
[9:Metronidazole-D4 176.15>128.10(+) CE: -16.3
10:Ornidazole 220.00>128.10(+) CE: -16.0
11:Furazolidone 226.05>122.10(+) CE: -21.6
40000 —{12:Furazolidone-D4 230.10>117.00(+) CE: -12.8
15:Nitrofurantoin 237.05>152.10(-) CE: 10.2
16:Nitrofurazone 197.05>124.00(-) CE: 9.3
17:Thiamphenicol 354.15>185.05(-) CE: 20.0
30000 _18:Nitrofuratoin 13C3 240.00>151.95(-) CE: 10.3
19:Nitrofurazone 13C15N2 200.10>153.00(-) CE: 10.5
13:Ipronidazole 170.15>124.15(+) CE: -20.8
14:Ipronidazole-D3 173.203127.00(+) CE: -20.0
[20:Chloramphenicol 321.05+152.05(-) CE: 16.9
20000 1>1-Forfenicol 366.15>185.06(f) CE: 19.2

10000 ~

o]

4.0 5.0 6.0 7.0 80 9.0 100 110 120 130 14.0 150 min

317 2 chromatogram @131 A3 1UNGH nitrofurans, nitroimidazoles

AL amphenicols condition LC ANNANT19N 6



120000
110000 5
100000

90000

70000

60000

3.

6.3.

1:Furaltadone-D5 330.10>286.15(+) CE: -12.8

12:Metronidazole 172.05>128.10(+) CE: -15.5

3:Furaltadone 325.15>252.15(+) CE: -17.1

J4:Metronidazole-D4 176.15>128.10(+) CE: -16.3
I5:Ternidazole 186.10>128.10(+) CE: -16.0
J6:Ronidazole 201.10>140.15(+) CE: -12.6
J7:Ronidazole-D3 204.50>143.05(+) CE: -11.2

8:Dimetridazole 142.10>96.10(+) CE: -17.8

19:Dimetridazole-D3 145.20>99.00(+) CE: -17.3
_115:Nitrofurazone 197.05>124.00(-) CE: 9.3
116:Thiamphenicol 354.15>185.05(-) CE: 20.0
117:Nitrofurazone 13C15N2 200.10>153.00(-) CE: 10.5
~J18Nitrofurantoin 237.05>152.10(-) CE: 10.2
J19:Nitrofuratoin 13C3 240.00>151.95(-) CE: 10.3

10:Ornidazole 220.00>128.10(+) CE: -16.0

{11:Furazolidone 226.05>122.10(+) CE: -21.6
_12:Furazolidone-D4 230.10>117.00(+) CE: -12.8
120:Chloramphenicol 321.05>152.05(-) CE: 16.9
121:Florfenicol 356.15>185.05(-) CE: 19.2

22:Chloramphenicol-D5 326.20>157.10(-) CE: 16.3
J23:Florfenicol-D3 359.20>188.05(-) CE: 18.5
30000 13:Ipronidazole 170.15>124.1! :-20,
{14:Ipronidazole-D3 173.20>127. .
20000
[ B e B B B
6.0 7.0

0 4.0 5.0

8.0 9.0 min

= : , .
gﬂ‘V] 3 chromatogram @17H1ATFIUNQN nitrofurans, nitroimidazoles

LA amphenicols condition LC ATNANGIN 7

NANTNAARL matrix - matched standard calibration curve m@qmaﬂ@:u nitrofurans,

o &

nitroimidazoles WAz amphenicols 13 1iin Tudaatinsinassdmnianniiuladndg

AINANNA 8 WUINNINARDLANNLTIWLEURTT HAN - (coefficient of determination)

11NN 0.995 avagfluinasinisaeniy

F11999% 8 HANNINAABLANLTIWAUATIUBIANINGN nitrofurans, nitroimidazoles waY

amphenicols Y14 13 TR

Compound Slope Intercept r r
Metronidazole 0.719083 0.186374 0.9975 0.9987
Ronidazole 101.414 0.868750 0.9991 0.9996
Dimetridazole 1.10565 0.218100 0.9989 0.9994
Ipronidazole 1.30120 -0.0524616 0.9986 0.9993
Ternidazole 2.58104 -7.63429 0.9954 0.9977
Ornidazole 136.749 0.642147 0.9977 0.9988




5113797 8 N@m‘a‘wm'&@ummLﬂulﬁum\‘lmﬂmﬁimjm nitrofurans, nitroimidazoles WAz

amphenicols Y14 13 €ila (5ia)

Compound Slope Intercept r r
Nitrofurazone 1.41497 -0.0486017 0.9995 0.9997
Nitrofurantoin 1.27151 -0.0422179 0.9991 0.9995
Furazolidone 2.19054 -0.231521 0.9992 0.9996
Furaltadone 0.861474 1.70222 0.9991 0.9995
Chloramphenicol 0.951744 -0.05637352 0.9988 0.9994
Florfenicol 1.17087 -0.0275381 0.9974 0.9987
Thiamphenicol 0.546603 -0.588089 0.9968 0.9984

6.4. WANIINARBUALNNUNULEIAD (accuracy) iNWTIN1988NTY %recovery  Finvas
Tugae 50 - 120% (2002/657/EC) LL@%N@H’W‘V}@@@UﬂﬂNLﬁﬂWﬂﬁ%(precision)
ANUATINAANN %RSD U84 intermediate precision #a413iAu %RSD Al&annns
AU ANNIT Horwitz's (AOAC, 2016) Wiy 21% ANATT 9 HANNINAADL
accuracy LRg precision fmﬂummsﬁmaﬂ@ﬁu

A171997 9 NANNINARAL intermediate precision and recovery lusaagnaiaeadRIanni Ty

UAdnd
Analytes Concentration (pg/L) Intermediate precision Mean recovery (%)
Mean conc. (ug/L) %RSD (n=21)

Metronidazole 0.0061 0.0065 5.42 105.83
0.0123 0.0125 1.64 101.44
0.0184 0.0187 2.05 101.78

Ronidazole 0.0154 0.0171 1.50 110.92
0.0307 0.0324 2.99 105.45
0.0461 0.0466 2.74 101.13

Dimetridazole 0.0061 0.0061 6.36 99.41
00123 0.0117 3.80 94.93

0.0184 0.0179 3.30 97.09




b

A1519% 9 NANNINARRL intermediate precision and recovery MdsaagNaiNaeadRIaNnnn TN

UAdnd (sie)
Intermediate precision
Analytes Concentration (ug/L) Mean recovery (%)
Mean conc. (ug/L) %RSD (n=21)
lpronidazole 0.0015 0.0016 6.30 103.57
0.0031 0.0031 8.14 99.26
0.0046 0.0046 3.64 100.58
Ternidazole 0.0123 0.0132 10.24 107.58
0.0246 0.0227 4.70 92.21
0.0369 0.0341 5.53 92.54
Ornidazole 0.0154 0.0156 4.20 101.18
0.0307 0.0319 8.55 103.97
0.0461 0.0474 517 102.78
Nitrofurazone 0.192 0.1994 3.01 103.83
0.384 0.4029 3.53 104.91
0.576 0.5977 1.33 103.76
Nitrofurantoin 0.096 0.0985 6.58 102.57
0.192 0.1983 2.74 103.26
0.288 0.3049 3.25 105.88
Furazolidone 0.192 0.2028 4.46 105.65
0.384 0.3984 2.84 103.75
0.576 0.5882 247 102.13
Furaltadone 0.0154 0.0158 7.82 102.72
0.0307 0.0309 517 100.76
0.0461 0.0446 7.25 96.75
Chloramphenicol 0.032 0.0332 3.12 103.84
0.064 0.0643 3.53 100.43
0.096 0.0973 3.87 101.38
Florfenicol 0.0128 0.0128 5.87 99.72
0.0256 20.045 2.49 95.86
0.0384 0.0374 2.83 97.48
Thiamphenicol 0.192 0.2071 2.60 107.85
0.384 0.4087 4.91 106.44

0.576 0.6068 5.68 105.34




6.5. HANMIMAABLLAEWAN CCOL LAY CCPB MATZAANNANNANNUSTRINTINLEUAT
194 fortified sample ¥4 3 32 AUANNENEULAZ NSRS 3 54 AN SD,
y - intercept kA slope WnuA1lWGAT (1ISO11843 - 2:2000) ANANINT 10
m?%‘l‘ﬁ 10 HANNINAGBLAT CCOL WAz CCP 18941TNGN nitrofurans WAL amphenicol 13 THA

Tusnasinaaeegng

Compound CCa (ug/L) CCP (ug/L)
Metronidazole 0.0027 0.0038
Ronidazole 0.0022 0.0031
Dimetridazole 0.0013 0.0019
Ipronidazole 0.0005 0.0007
Ternidazole 0.0067 0.0094
Ornidazole 0.0038 0.0053
Nitrofurazone 0.0112 0.0156
Nitrofurantoin 0.0218 0.0305
Furazolidone 0.0158 0.0221
Furaltadone 0.0041 0.0057
Chloramphenicol 0.0021 0.0029
Florfenicol 0.0009 0.0013
Thiamphenicol 0.0411 0.0575

7. agUnan1snmaas

mm?‘wM@ummLﬂwﬁumwmmiﬂzﬁu nitrofurans, nitroimidazoles A
amphenicols 13 mﬁmiuﬁ”ﬁLﬁbﬂqzﬁ”m%ﬁﬂWﬁmﬂ@ﬁmi°Lu°ﬁf3\1m@751,ﬂmzﬁwmmmqﬁ 1 97013
yedeL 7 97 HAN coefficient of determination () anN<n 0.995 fealunneinisteniy
(NUTNIFLANTL r >0.995) (qammﬁ, 2555) ANNNIINAFALAIHNLNUIBRT TAEIAIUITL
%recovery 1B4@19NQN nitrofurans, nitroimidazoles WA amphenicols 13 mﬁmiuﬁ”m,?:mzﬁ“mf
NN FNLUAGRT innmaaey 7 i1 Minnsmaden 3 Au @q’luﬁhﬁmu%ﬂﬁﬁ@ 9221 -
110.92% WAZAINNIINARBLAIHIAENTBIRIALATUINAN %RSD AnMsngnszminedud

A1 %RSD aglutag 1.33 - 10.24% Beaglunneineanivld  annisAtuaimInannig



Horwitz's (AOAC, 2016) Aanuidindiuiszmu decision limits (CCaL) waz detection capabilities
(CCP) otfluag 0.0005 - 0.0411 TulasnFusiadnsuay 0.0007 - 0.0575 lulasniusedans
AINANAL
o :// v a o dl A v £ a oa
muumﬂlmiﬂumiﬂgummmmuﬁmm ATENNA AN1IZUIAREN 19TesL])URN"T
1 o & [ % o % [ e adal v v aa
NANATIRADUAUAMNENERTLALTRNEURTIEAIUNTU AL RS AinndeumI N1t li1e9ds
a [y ' . . . . . o” dy v & e o &
WATIENANTNQN nitrofurans, nitroimidazoles LAz amphenicols Mummmmmnmﬁmﬂ@mm

ada

Taamalia LC-MS/MS  dauntsnsaadauaduldlfiaesdsameed wazlduadulilnig
FanmunveaNAAMNIsNEN19Y 19l 2002/657/EC Lmzmiquqﬂizmﬁmuﬁ9‘1%1?’5 @119
S Wlumsinneifethaidasdnianrifudadadli

8. dalRuaLuL

a

9. nmAngsNUsznA

1
[ el a

21870 UAMES1UIEN1IAINATRaRLAMNINAUALAFRINNAN T TR HWA 9 T
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