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Development of a Method for the Determination of Nitrofurans, Nitroimidazoles, and

Amphenicols in Potable Water for Livestock Farms Using LC - MS/MS

Lapad Khaojaturas Phetsurin Huanjit Paruch Poonkwan Naraya Tangsirisap

Abstract

This study aimed to develop an analytical method for the determination of 14 veterinary
drugs belonging to the nitrofurans, nitroimidazoles, and amphenicols groups in livestock farm water
samples. The target compounds included nitrofurazone, nitrofurantoin, furazolidone, furaltadone,
nifursol, metronidazole, ronidazole, dimetridazole, ipronidazole, ternidazole, ornidazole,
chloramphenicol, florfenicol, and thiamphenicol. The analysis was performed using ultra-high
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) coupled with
solid phase extraction (SPE) to enable the simultaneous determination of all 14 compounds within
a single run. The method development involved optimizing chromatographic and detection
conditions using a C18 column with a mobile phase consisting of 0.1% formic acid in water and
0.1% formic acid in acetonitrile. The results demonstrated that optimal conditions were
successfully established, allowing the accurate identification of the precursor and product ions for
all 14 target analytes. Furthermore, system precision was evaluated by triplicate injections of the
standard solution, yielding retention time variations of less than +0.1 minutes, which confirmed the
stability and consistency of the system under the developed conditions. In conclusion, the
developed UHPLC-MS/MS method is appropriate and serves as a reliable framework for analyzing
these 14 drug residues in livestock farm water. It is fully prepared for subsequent method validation
to assess its performance parameters, ensuring its suitability for monitoring and surveillance of

residues in livestock water supplies.

Keywords: nitrofurans, nitroimidazoles, amphenicols, Potable Water for Livestock Farms, UHPLC-MS/MS

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

Department of Livestock Development

9 2 910 21



unii
ann1nglsuinnsnisinnlenis insaaiswavarsanas ludniddinuasndndueiandnd
ieruasesguamiuilnauazaudasafovesemnsdnd nouflziimsiilumeniedmielunainves
awqu‘[iﬂ (European Commission, 1996) miﬂfcj:u nitrofurans, nitroimidazoles Wag chloramphenicol

1% = L J a

anviuldidudiunanlue1nisdn 9dassidunisidnseTia1snna1aretanssanadtudninidianay

Y

I3 o

wAnSuTndn s Inevllurhiuuadnd gninanldiflentsinvesdnt nmswavemnslidng msvhennu
avangUnanl uazRanssunisdaniswidueing q ARnduserinanssuiunsdesded mmidnsiudeu
vesdnd Tnsamzeniigniinald enaduundsindavesansandnsludninazndniasiandnd dma
nsgnUReguaTNIYES o1avilviAnNsAes1RIgaT uazmmiTeievassrutauanafuoimsiiie
Auvasndsvesyuilaauazii ol ulumudedimualunisd seendudrludaussinag fn
Tuamnnglsy (Ussmensensaununsiazannsal w.a. 2559)

N15t15E TAEATIAUATANAI9VBIEINAY nitrofurans, nitroimidazoles ag amphenicol
Tudldd s finadnidainnusidu WeldifudeyalunisUssiiuanudes msmuguundsuuiou
wazatvayunsuuRnudeivuaiunguunewazunsguaInasuaulasndeemis sg1alsiniy
nseneiasnndrsesngudanaludilddmiviudadniiaiaruime Wesmnssduaniu
duduiisnunn (5eeu pe/ke wieasngn) Tassadsmaadifiuand ety wazenusndudeddisifianuls
LAZATLTLINZES TIusannsadudurinvosansldegagniasnuinasinisfuduna (European
Commission, 2010)

vnAi A Ultra-High Performance Liquid Chromatography coupled with Tandem Mass Spectrometry

v & A

(UHPLC-MS/MS) 1uAsaias1eiatlasuni138ou5ua819n 190219 UN19M5199a159nAN9uaedad 11930

finulige anudunngd wavanunsadinsisiarsvatevilandeuiuldnielun1siiasesivied (multi -

(%
C Y 1%

residue analysis) BNN9G980AARBINUTDARUAANTUNITE LT UNALATANTIOULVOIIDUATIERMIULUING
Ya3annmelsy (European Commission, 2021)

Ardsoongneam et al. (2014) IfmunnsTesesininuasandnsaneidugadnludlddmsy
dnd lauwn na'u nitrofurans (NFZ, NFT, FZD, FTD), na 'y nitroimidazoles (MNZ, RNZ, DM2) wa¥
chloramphenicol (CAP) shvaviue 8 wilamden iy (eight multiclass antimicrobial drugs) Arewmalia liquid
chromatography ion trap mass spectrometry (LC-MS ion trap) Iagld SPE wag in1514 isotope-labeled
internal standardsdmiuansusiazyiin NMsliTeimelasninniveavadaussaurgs (HPLO) lneldnadun
Prodigy ODS-3 411¢ 2.0 131. x 150 1y, yu1neyn1a 5 LlAsuns wieu guard cartridge Aignsnisiva
0.2 8/t guunglinedin 40 °C afndan SPE a3 8 sinannsouenldinigly 18 wift Tnglénmesnalua
wuuldsziureserdlalulnsdluddivinlvidunsa (pH 5.0) mansraTadae Ms 1Hiedes ion trap MS ARy
MsuanAEEUsE WA (electrospray ionization; ESI) Tulnuaunuwmuuaanlasiing (MS/MS) Ineldismu

wila nebulizer 35 psi §n3 N5 aveAEIIL 9 Gas/unl uazgamaiinsviliu 325 °C T5IATIE9TN
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g uf B udaduiia (2 = 0.979-0.999) TAraruiies (precision) o luinmusisonsuls (%6RSD
= 3.0-26.6%) UaLANLYNFHDI (accuracy) aglur %recovery 88.4-110.1% annsansrainliluseiusiunn
Ineddnadnianisnsiany (LOD) agluya 0.002-0.06 lilasnu/ans uazliadnianisvnusuia (LOQ) egluyas
0.005-0.25 lsllAsn3w/ans

a

F. Moragues et al. and Heliyon 10 (2024) lé Waunuazasinaeuanuldlivedisimseiiiionis
m593911813 non-allowed nitrofurans I1UU 8 ¥HA tAWA nifurpirinol kag metabolites a4 furazolidone,
furaltadone, nitrofurantoin, nitrofurazone, nifursol, nitrovin, and nifuroxazide 1UL5EJL?JIE15JW5 Town ﬂa’ﬁmﬁa
@300 Ia wnz ans nszene wazda) o (e wng wazans) wagly Teeanliunmsaudenmunvesssidey
annmglsy Regulation (EU) 2021/808 F5msnandniendienmsineuiiusaie 2-hlasiuumnailenluanmiznsa
Mniwihnsasaveunar-veuralneTIes dnsEUIesWing wazvhnsartiadae SPE (solid phase
extraction) 1% 8¥i 19 28 19uT A m §nounisTiasievdaemalA ultrahish performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) melgdeulafidaden aﬁﬂfﬂhumimwaau
rulalaTelinaniumelalug unansenure s ngduimg (relative matrix effects; CV < 20%) Aty
By (R? = 0.98) ANUQNADAUTITI (trueness Lallfin 20%) A1uUiUEN (accuracy 83-120%) Auanansaly
ENARA (repeatability 1.7-19.9%) AnLEnsaluNsg1sErnan sy (reproducibility 1.9-25.7%)
AN (specificity Tnedayaiasaindieene blank <30% fisesu LCL) wasAnumumuuedds (ugsedness)
Adnsniansanaulaiionstuduna (decision limit for confirmation: CCOU vosansimaneeglug 0.27-
035 lalasniudenlanty Seismasninaqgagnsdsdmsunssudiunig (reference point for action; RPA)
tlaqtiuit 0.5 lulesniusienlansy

Xinyi Wu et al. (2021) e W17 5 71A5189% amphenicols Way metabolites IuLﬁVBQﬂi il ola
\euns \eld uasrandasianidledns Tnemsld solid-phase extraction (SPE) Sauifumalin UHPLC-MS/MS
Fatisagnagnarings ethyl acetate war ammonia (98:2, vA) Mnturiliuiaviasasnedul SPE wiin CNW
Si udnlasiugig n-hexane 7191 acetonitrile wathans3nswwflalunsades1eiae UHPLC-MS/MS @
PAAANI5MTIINU (LOD) ﬁummﬁLﬂﬁwﬁiuﬁaﬂqé’miuazé’miﬂﬂagﬂuﬁm 0.03-1.50 pg/kg WazAUAINAA
AU U (LOQ) aq’iuﬁzﬁ";q 0.05-5.00 pg/kg AL 1T UV chloramphenicol, thiamphenicol kag
florfenicol finududadulugag 0.50-50 pg/kg (r > 0.9990) LagALlutuVas florfenicol amine S
B adulugag 5.00-200 pg/kg (r > 0.9990) ArnsiAuvesiieg1ef lALaTIIMTg LY 52313 72% T
120% ArAuwUsUTINENRNS neludu (intraday RSD) ogluyae 1% 89 9% wagArAuLUsUTILAUNNG
59 Tu (interday RSD) eglutiag 19% fis 12%

sl Commission Regulation (EU) 2023/411 l&fwiua RPA vasansngalulasyusudiuniuelas

-

wiriu 0.5 lulasnsuseflansuuiy uwinsounquudavesasdrdqyindudu 5 ¥da lnsarswmivelad

a

Ffiatuan T8un 3, dinitrosalicylic acid hydrazide (DNSH) e?fw“flummualaﬁsuaqmluvjezjaa (nifursol) &4

dnegluengululasyusudiuiu
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N3ANYINTNAFBUMNENTANAWNAN nitrofurans NG Y nitroimidazoles wae chloramphenicol Tuw 14
dmsurhsudadnisieiases UHPLC-MS/MS Tupssll fifngussasdiioimunisinsgindaiuls A
anfed ANuKug uasiiwvilaansiinseurguansgninuldludnliewnndsdu ivelviieanedmiunis

wsyisnaunindiluvsy advayuniseivauaulaendenaaniialdonng wasasuasiennueiuly
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Fig 1. Structure of metronidazole
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Fig 3. Structure of dimetridazole
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Fig 5. Structure of ternidazole
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Fig 7. Structure of nitrofurazone
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Fig 9. Structure of nitrofurantoin
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Fig 11. Structure of furaltadone
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Fig 13. Structure of thiamphenicol
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Fig 10. Structure of furazolidone
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Fig 14. Structure of florfenicol
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1. dnguszena

Lﬁ'aw”muﬁﬁ’?mswﬁmmiﬂaﬁ'm nitrofurans 91UIU 5 FHU AT (nitrofurazone, nitrofurantoin,
furazolidone, furaltadone wag nifursol) ﬂq'aJ nitroimidazoles 91424 6 YU Ad1S (metronidazole,
ronidazole, dimetridazole ipronidazole, ternidazole wag ornidazole) LLazﬂa;iJ amphenicols 371U
3 9¥1nans (chloramphenicol, florfenicol kag thiamphenicol) 1msfﬂsi7ﬁ’mé’uvxh§wqé’mi FUTIUIU
14 vinans Tuﬂﬁgﬂlﬁmﬁu lagwwaila ultra-high performance liquid chromatography-tandem mass

spectrometry (UHPLC-MS/MS)

2. YUY
ldmsuiasigieInay nitrofurans, nitroimidazoles kag amphenicols 314U 14 viialuully

dwsunsudadailaemailn UHPLC-MS/MS wagnisarindiaeakuy Solid phase extraction (SPE)

3. Uszlewinaindnazlasy
laasnagaudmsuiimsieiengu nitrofurans, nitroimidazoles wag amphenicols 91W3u 14 ¥iin

Tunlddvsursudadailaewmaiia UHPLC-MS/MS wagilldlunisnsiaasuninuldlavesisdely

4. /AU
4.1 \n3esilouavgunsnl
411 19383 UHPLC-MS/MS Bt Thermo SCIENTIFIC $u Vanquish UHPLC — TSQ Plus MS/MS
4.1.2 1p389 UHPLC-MS/MS 8o Shimadzu u 8060
413 ypwAminiavsamnmgemieugunsal B Thermo
4.1.4 wiestamadlen 5 duvs 89 Mettler Toledo u XP205DR
4.1.5 ﬁ@@ﬂfu (fume hood)
4.1.6 vacuurn manifold 8¥e Supelco
4.1.7 \n3easzesegseielulasiau 8% Zymark u TurboVap LV wag 8ve Caliper Life
Sciences 3:‘14 Concentration Workstation
4.1.8 beaker ¥U19 10 waz 50 Uadans
4.1.9 volumetric flask VU9 25 Uagaans
4.1.10 1eihdandluila
4.1.11 \3ssnauasazans (vortex mixer)

4.1.12 Yanedeasaraednlulf (micropipette) ¥W1m 10 - 100, 20 - 200 Uag 200 - 1000 L

4.1.13 Aeautl HPLC ¥l Cig VUMM 2.1 X 150 mm 8ynIA 1.7 um Ejﬁa phenomenex

4.1.14 solution bottle ¥u1M 100 kag 500 mL N5oUH
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4.2 TanInereans
4.2.1 LC sample filter: nylon syringe filter 9u1® 13 mm, 0.2 um
4.2.2 SPE column %iia polymeric HLB sorbent ¥u1a 200mg/6mL
4.2.3 syringe luifiWidu au1m 1-3 mL Cylinder
4.2.4 WanaRnvum 50 mL
4.2.5 evaporation Tube 9u1m 15 mL
4.2.6 vial la with screw cap 911a 2 mL
4.2.7 insert ¥u1a 350 pL
4.2.8 pasture pipette
4.2.9 NYNUAILATNLNTALAY
4.2.10 Foudnansialiastousinalsuinggiu
0.2.11 thuFananudumulsitosndt 18.2 Ma.cm (th DI)
4.2.12 acetonitrile (CHsCN) ¥iia AR grade, HPLC grade uag LC-MS grade
4.2.13 methanol (CH;OH) %1l HPLC grade
4.2.14 formic acid (CHOOH) %ila LC-MS grade
4.2.15 sodium thiosulfate pentahydrate (Na,S,05.5H,0) %ia AR grade

4.3 ﬂ'ﬁll’mii']u
4.3.1 nitrofurazone (C4HgN4Oy), reference material grade
4.3.2 nitrofurazone->C->N, (**CCsHs04°N,N,), reference material grade
4.3.3 nitrofurantoin (CgHgN4Os), reference material grade

4.3.4 nitrofurantoin-12C5 (*C5CsH¢N4Os), reference material grade
4.3.5 nifursol (C;,H;NsOg) reference material grade

4.3.6 nifursol-*C4 (C4°C¢H/N5Os) reference material grade
4.3.7 furazolidone (CgH;N50s), reference material grade

4.3.8 furazolidone-D4 (CgD4H3N5O5), reference material grade
4.3.9 furaltadone (Cy3H4N4Og), reference material grade
4.3.10 furaltadone-Ds (Ci3H;1D5N4Oy), reference material grade
4.3.11 metronidazole (C¢HyN303), reference material grade
4.3.12 metronidazole-Dy(C¢D4qHsN305), reference material grade
4.3.13 ronidazole (C¢HgN4Oy), reference material grade

4.3.14 ronidazole-D; (C¢DsHsN4Oy), reference material grade

4.3.15 dimetridazole (CsH;N30O,), reference material grade
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4.3.16 dimetridazole-D; (CsD3H4N50O,), reference material grade

4.3.17 ipronidazole (C;H;;N30O,), reference material grade

4.3.18 ipronidazole-D; (C;D3HgN50O,), reference material grade

4.3.19 ternidazole (C;H;1N505), reference material grade

4.3.20 ornidazole (C;H;,CIN;Os3), reference material grade

4.3.21 chloramphenicol (C;;H;,CLN,Os), reference material grade

4.3.22 chloramphenicol-Ds (C;;DsH;CL,N,Os), reference material grade

4.3.23 thiamphenicol (C;,H;5CLNOsS), reference material grade

4.3.24 florfenicol (C;,H14CLFNO,S), reference material grade

4.4 JuURBUNISNAUIID

4.4.1 w3 stock standard solutions uenAuns 14 vila danudududszana 400 - 1,000 me/L

Tnedeansunnsgiussasyinlilailioarsuszunns 10 - 20 mg aslu volumetric flask vu1n

10 - 50 mL agaeuazsuUinIngaae acetonitrile (NuTgaumnll -20 oA iwaTed)

UAZLDYA FIANSIN 1

M15199 1 w38y stock standard solutions

v

i Name 4o oo Purity o Y ntin U‘jmmﬁ aadudy
% mg WMIBU mL mg/L
1 metronidazole HPC 808836 99.87 171.15 20.10 50 401
2 ronidazole HPC 810670 99.30 200.15 20.12 50 400
3 dimetridazole HPC 821761 99.60 141.13 20.15 50 401
4 ipronidazole Dr.Ehrenstorfer G1281904 99.50 169.18 20.41 50 406
5 nitrofurazone HPC 825773 99.56 198.14 20.16 50 401
6 nitrofurantoin Dr.Ehrenstorfer G1195567 99.20 238.16 20.26 50 402
7 furazolidone HPC 823933 99.95 225.16 20.06 50 401
8 furaltadone HCL HPC 810805 99.81 360.75 20.26 50 404
9 chloramphenicol  Dr.Ehrenstorfer G1399096 99.90 323.13 20.21 50 404
10 nifursol HPC 804496 93.70 365.21 12.15 25 455
12 ornidazole Dr.Ehrenstorfer G139152 99.79 219.63 10.13 10 1011
13 ternidazole HCL Witega 90216 99.00 185.18 10.15 10 1005
14 thiamphenicol Dr.Ehrenstorfer (G988144 99.31 356.22 10.17 10 1010
15 florfenfinicol Dr.Ehrenstorfer 90626 99.00 356.22 10.18 10 1008
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4.4.2 optimize mass miﬂg\‘i 14 %@ (nitrofurazone, nitrofurantoin, furazolidone, furaltadone
ey nifursol) ﬂaq':u nitroimidazoles 91U3U 6 YU A@15 (metronidazole, ronidazole,
dimetridazole ipronidazole, ternidazole Wkae ornidazole) LLazﬂq'JJ amphenicols IUIY
3 ¥1imans (chloramphenicol, florfenicol wag thiamphenicol) TnewnSeuansita 14 ¥ila
wenfufinanandudu 1 me/L Tu acetonitrile wagiily optimize

4.4.2.1 optimize mass a9 14 ¥iadaB1ATa UHPLC-MS/MS B3fa Thermo SCIENTIFIC §u
Vanquish UHPLC - TSQ Plus MS/MS leinadisnnsnedl 2

AN$19T 2 Han3 optimize mass VaENII 14 % FeLASes UHPLC-MS/MS 8% Thermo SCIENTIFIC
Precursor Product Collision
No. Compounds MW Polarity RF Lens (V)
(m/z) (m/z) Energy (V)

1 metronidazole 171.16 positive 172.02 81.967 25.77 111
127.967 14.45 111
2 ronidazole 200.15 positive 200.98 54.967 23.76 89
139.967 11.87 89
3 dimetridazole 141.13 positive 141.98 80.72 27.84 117
95.72 17.32 117
4 ipronidazole 169.18 positive 170.07 108.967 25.98 139
123.967 18.32 139
5 furazolidone 225.16 positive 225.98 121.883 22.54 127
138.883 15.81 127
6 furaltadone 324.29 positive 325.03 252.05 16.17 142
281.05 11.23 142
7 nitrofurazone 198.14 negative 196.88 123.883 8.72 88
149.883 7.65 99
8 nitrofurantoin 238.16 negative 236.93 123.883 15.81 123
151.883 12.16 123
9 chloramphenicol 323.13 negative 321.02 151.967 16.39 167
256.883 10.66 167
10 nifursol 365.21 negative 363.7 181.9 20.0 216
182.9 28.0 216
11 ternidazole 185.18 positive 185.88 127.8 16.0 130
81.97 27.3 130
12 ornidazole 219.63 positive 219.88 127.8 17.2 155
81.88 30.6 155
13 florfenicol 358.21 negative 356.17 3359 9.0 162
184.9 19.0 162
14 thiamphenicol 356.22 positive 356.0 307.9 25.0 147
228.8 16.0 147
15 thiamphenicol 356.22 negative 354.3 290 21.0 191
184.9 13.0 191
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4.0.2.2 optimize mass a3 14 wnfeLAIns UHPLC-MS/MS Bifa Shimadzu §u 8060

Y o ~
lAnanIe1s197 3

A15199 3 WAN"T optimize mass Yosas1I4 14 ¥liadeiATe UHPLC-MS/MS 89 Shimadzu $u 8060

compound MW Potarity Precursor Product Dwell Time Q1 Pre Bias CE Q3 Pre Bias
m/z m/z (ms) (% V)
metronidazole 171.16 positive 172.05 128.1 ar -20 -155 -22
82.1 ar -19 -23.6 -18
ronidazole 200.15 positive 201.1 140.15 34 -15 -12.6 -22
55.05 34 -23 -22.1 -21
dimetridazole 141.13 positive 142.1 96.1 34 -10 -30 -28
81.1 34 -15 -15 -14
ipronidazole 169.18 positive 170.15 109.1 46 -19 -27.1 -21
124.15 a6 -19 -20.8 -23
ornidazole 219.63 positive 220.0 128.1 34 -11 -16 -12
82.1 34 -11 -29.9 -14
ternidazole 185.18 positive 186.1 128.1 34 -14 -16 -12
82.1 34 -13 -27 -14
nitrofurazone 198.14 negative 196.8 124 100 21 9.5 20
149.9 100 22 10.2 10
nitrofurantoin 238.16 negative 236.75 124.1 90 25 13.4 24
151.9 90 25 12.4 27
furazolidone 225.16 positive 226.05 122.1 34 -17 -20.2 -26
139.1 34 -16 -14.4 -22
furaltadone 324.29 positive 325.15 252.15 34 -12 -17.1 -25
281.15 34 -12 -12.4 -13
nifursol 365.21 negative 363.8 181.8 30 18 20.5 18
182.9 30 18 25 18
chloramphenicol 323.13 negative 321.05 152.05 a6 12 16.9 23
257.05 a6 16 10.8 18
thiamphenicol 356.22 positive 356.0 307.9 34 -14 -25 -12
228.8 34 -13 -16 -14
thiamphenicol 356.22 negative 354.15 185.05 34 13 20 12
290 34 13 12.6 14
florfenicol 358.21 negative 356.1 336 30 18 9 22
185 30 18 18 18
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4.4.3 Sumeunn3USu condition &1y HPLC

4.4.3.1 W3sNAITALANBUINITINEMTUNAGDU condition HPLC menseuain stock

M15199 4 w383 mixed intermediate standards solution A

standard solutions U8 4.4.2 5198LL8ARIR1519 4 hay 5

Stock std. Volume of stock Intermediate std.
a6 Name solution std. solution Final volume  solution A concentration

concentration (mL) (ug/L)
1 metronidazole 401 0.039 ) 625
2 ronidazole 400 0.195 3125
3 dimetridazole 401 0.039 625
4 ipronidazole 406 0.038 625
5 furazolidone 401 0.390 25 6250

—

6 furaltadone HCL 404 0.116 1875
7 nifursol 455 0.052 937.5
8 ornidazole 1011 0.155 6250
9 ternidazole HCL 1005 0.156 6250
10 florfenfinicol 1008 0.155 — 6250

A13519% 5 10383 mixed intermediate standards solution B Wag mixed working standards solution

Intermediate std. solution B

Mixed working std.

Stock& Volume of
. Volume of
a0y Name Intermediate stock& Final concentration Final concentration
Intermediate
std. A Intermediate  volume (mg/L) B (mL) volume (pg/L)
m
conc.(mg/L) A (mL)
1 metronidazole 625 — ) 25 ) ) 1
2 ronidazole 3125 125 5
3 dimetridazole 625 25 1
4 ipronidazole 625 25 1
5 furazolidone 6250 1(A) 250 10
>‘
6 furaltadone HCL 1875 75 3
7 nifursol 938 25 37.5 1(B) 25 1.5
— — —
8 ornidazole 6250 250 10
9 ternidazole HCL 6250 250 10
10 florfenfinicol 6250 — 250 10
11 nitrofurazone 401 0.047 625 30
12 nitrofurantoin 402 0.016 3125 10
13 chloramphenicol 404 0.015 625 10
14 thiamphenicol 1010 0.062 625 100
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4.4.3.2 2n mixed working standards solution {uABaNT HPLC %tin C18 A 2.1 x 100

mm aun1A 1.7 pm agld SRM working parameters 31nAN51991 3 Uag 4 WAZAIAT

LC condition wag ion source properties AI915199 6 Way 7

mi’Nﬁ 6 LC condition

parameters value

mobile phase: Time A:0.1 % Formic acid in water  B:0.1 % Formic acid in acetonitrile
0.0 88 12
5.0 20 80
8.0 20 80
10.0 88 12

flow rate: 0.3 mL/min

column temperature: 35 OC

sample temperature: 15 OC

injection volume: 10 pL

A579f 7 LC condition fvin1sufudmiudnseiaies UHPLC-MS/MS 89 Shimadzu $u 8060

parameters value

mobile phase: Time A:0.1 % Formic acid in water  B:0.1 % Formic acid in acetonitrile
0.0 88 12
6.0 20 80
7.0 20 80
10.0 88 12

flow rate: 0.3 mL/min

column temperature: 35 °C

sample temperature: 15 OC

injection volume: 10 pL

15197 8 A1 ion source properties (L?’ﬁlax‘i UHPLC-MS/MS 8% Thermo SCIENTIFIC iq'u Vanquish

UHPLC - TSQ Plus MS/MS)

parameters value
lon Source Type H-ESI
Spray Voltage Static
Positive lon (V) 3500
Negative lon (V) 2500
Current LC Flow (L/min) Taisaen
Sheat Gas (Arb) 50
Aux Gas (Arb) 10
Sweep Gas (Arb) 1
lon Transfer Tube Temp (°C) 320
Vaporizer Temp (°C) 300
APPI Lamp Not in Use
FAIMS Mode Not Installed
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5.

151991 9 1 fon source properties (1383 UHPLC-MS/MS 8% Shimadzu U 8060)

parameters value
Nebulizing Gas Flow 3.0 L/min
Heating Gas Flow 10.0 L/min
Interface ESI
Interface Voltage 4.0 kv
Interface Temperature 300 C
Desolvation Temperature 526 OC
DL Temperature 250 °C
Heat Block Temperature 400 °C
Drying Gas Flow 10.0 L/min

NEN1INAED

5.1 wansnaaeslagliiaies UHPLC-MS/MS 8% Thermo SCIENTIFIC §u Vanquish UHPLC - TSQ

Plus MS/MS

5.1.1 wan1s optimize mass @599 14 wia loAm1ua5199 3 Felimadulunuienaisensdei

\AYBsunLIY thiamphenicol N@A1NATS optimize LUU negative mode 161 intensity @1

171 WUU positive mode 331473 2 mode Tun1swmunisvageusely

5.1.2 wan13am mixed working standards solution W uABANY HPLC ¥iia C18 vu1a 2.1 x 100

mm aYNIA 1.7 um AU MS condition AINAIT1N 3 ey LC condition MIUAISISN 7 WU

peak precursor kg product ion Y@1Y 14 wila fagu 1 - 16

8 606318.0el niva-1 1 Wi 48 14 Compounds Wr 183
::::::

4D

3.0

20w — T — — [Mitrofurazone)

Thiamphenicol tiegatvel
N X
1.0 — .
ehonidarciel— h
LN A Forodonel— [Teradacoicl
1084
100 1.60 200 280 300 360 400 450 600 BB 600 (1] T.08

5U# 1 Chromatogram 84@15aEA8NIMIFIUVRENTNS 14 vila
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31]1'7; 2 furaltadone

it lon = 281 05 o= 12797
2 fon = 2520% fon = 81,47
4q sy rasane 430 mi =077 i =
- n&‘_ acange 1 3 min-Asea = 57 Metranidnpaie 1 48 min Aoeg = 1853
iz f A
w28 Il |
I et ||I
|
. [
I
1004 | |I
AN
53] I '.\
] 0t
min A
heh : fmia
B AT e R R s e e e e R T T =y
J [} i 5 0 5 23 firy m y The y i

3‘!.]17; 3 metronidazole

| EF [ fan = 13997
4 e fan = $467
r‘l'r......-h.,-:;. TFime & 7 Ramaazae 192 min Ama = 4873
|I | l!"|I
\ I
| | ||
|| |I Lol | |I
edd | lII Pt || ‘
28t I|I \ | a |I ll'\
f \
[12 _/\_
5 i 15 15 178 200 2% ! 0k | 13 175 200 13 1) —
= . = .
3UN 4 ternidazole 3Un 5 ronidazole
lon = Ea7d
fgn = 60.72
iT nampheracol posdne o

Dhimetedapoie 2 05 mn Ares = 174

1004
1
/I | I\l
\ I\
o
min mn
N0 T T T T T
H 1h 1% 17 25 25 175 b2l 147 Fi5 10 15 4T

31]17; 6 dimetridazole

gﬂﬁ 7 thiamphenicol-positive

Kon = 7000 [ .86
k= 1450 I = 123 86
CE Fmin Aira = 964
Thiamphen col Nagatve. 248 min. Awea = 204 fll
|
|
2%
1k 1%
s a
T i
e e P e s R ot T r T T T T T T
) 15s Ty 17 b 17 a5 347 i 175 200 225 2% 215 1t 1ls 347

g‘dﬁ 8 thiamphenicol-negative

5U# 9 nitrofurazone

Wi 14 910 21



[ TED
AR
Ritriduratod n Area = 106 Cordarele. 3 B2 min. Alea = 5523
A
3 I ,ﬁ-
|'| [l
| [
| | | |
i II ! | !I
|
10 |I | ety |I l
" ) i\
g AL i
60 ——
o mrn | - mif
e el b afs | am O sks ko al 100 o 1 I T 5 V) "3k

sUR 10 nitrofurantoin

AY]

gﬂﬁ 11 ornidazole

S T
lon = 134 88 |

(2
0 De
1h 205 20 225 250 ars Ir'l:..'- i 1l 2d50 ) 2500 148 1780 = 50,
=] . =] ..
3UN 12 furazolidone 3Un 13 florfenfinicol
o= 15157
i Jon = 256,86
A Enramphanionl 185 min, Ara = 25 ' i
10 20e
s ik aly ik 2% alo ks o 3 o i i als : JI

gﬂﬁ 14 chloramphenicol

31]‘17i 15 Ipronidazole

B’ 1 - [manually integratec]
ol

lgn = 18190
lon = 182.50

1084
counts

ERIEEE

G063

40e3-

2 0e%4

Nifursal. 548 min. Area = 1212

00e0]
min
! U(‘:\_\ T T T T T T 1
450 475 500 525 550 EXi 500 525 650

3‘1]1'7; 16 nifursol
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5.1.3 NAN1SAIUIAL precision U835EUU 1AEN152A mixed working standards solution 411U
3 41 1ag retention time 989N153AL1U84 3 injections AoglilAy + 0.1 min

A13197 10 Nan132a mixed working standards solution 91U 3 41

retention time

compound A RT< £ 0.1 min
1 2 3
metronidazole 1.477 1.464 1.464 0.013
ronidazole 1.916 1.904 1.903 0.013
dimetridazole 2.053 2.04 2.053 0.013
ipronidazole 3.557 3.554 3.554 0.003
ornidazole 2.819 2.818 2.818 0.001
ternidazole HCL 1.728 1.703 1.715 0.025
nitrofurazone 2.457 2.457 2.457 0.000
nitrofurantoin 2721 2721 2721 0.000
furazolidone 3.057 3.044 3.057 0.013
furaltadone HCL 1.303 1.303 1.303 0.000
nifursol 5.460 5.460 5.460 0.000
chloramphenicol 3.524 3.521 3.524 0.000
thiamphenicol-positive 2.469 2.468 2.468 0.001
thiamphenicol-negative 2.462 2.461 2.461 0.001
florfenfinicol 3.366 3.366 3.365 0.001

5.2 wansnaaeslagldinies UHPLC-MS/MS %8 Shimadzu u 8060 vhnsiasuiedesiiodiviy
WauISnaaoy 109910103 09 UHPLC-MS/MS §%a Thermo SCIENTIFIC fnn5ld91unsae

o

512819 UL UYUTEI T Wusuuunnylldaunsastunissale

5.2.1 wans Optimize mass @139 14 wila laeaunsedt 4 Sddinadulumuienaissnddail
Aededlag thiamphenicol 1§ sensitivity 91nA1% optimize WUU negative mode gmﬂ’j’l
WUV positive mode FaANF193INNTS optimize FeLA3os UHPLC-MS/MS 8% Thermo
SCIENTIFIC

5.2.2 nan15am mixed working standards solution HuABaNI HPLC viia C18 ww1a 2.1 x 100

mm BUNIA 1.7 um A1a MS condition AUANS99 4 ey LC condition m1Un15199l 8 wu

peak precursor kg product ion Y8eETNe 14 ¥ila fagun 17 - 32
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1M SMARITT IR
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6. @3UNANIINAADY

6.1 agunanisnaaedlagldinios UHPLC-MS/MS 8% Thermo SCIENTIFIC §u Vanquish UHPLC -
TSQ Plus MS/MS
6.1.1 1635 MS condition @ vSunnaeuatsansa 14 vin (nitrofurazone, nitrofurantoin,
furazolidone, furaltadone ag nifursol) n aq' 1 nitroimidazoles 91U2U 6 YU AES
(metronidazole, ronidazole, dimetridazole ipronidazole, ternidazole k@& ornidazole)
wagna 4 amphenicols 314U 3 YW AA1S (chloramphenicol, florfenicol uay
thiamphenicol)
6.1.2 1§35 LC condition dnsunageuasansia 14 siladredu eradeinisususasiay
mobile phase MiléfinTiaummsanTy
6.1.3 M15731m05909 LC-MS/MS condition da213ies 1ng retention time ¥83n138A%1904
3 injections W 14 wieans Tidy = 0.1 min
6.2 agUnanmsnaasdaglfiaies UHPLC-MS/MS e Shimadzu u 8060
6211635 MS condition @1vSuNAdeUa1TaNs e 14 vila (nitrofurazone, nitrofurantoin,
furazolidone, furaltadone k@ nifursol) Na 3 nitroimidazoles I1UIU 6 VU AF1S
(metronidazole, ronidazole, dimetridazole ipronidazole, ternidazole k8¢ ornidazole)
wagna 4 amphenicols 3MUIU 3 YW A#15 (chloramphenicol, florfenicol ka
thiamphenicol)
6.2.2'147% LC condition dwSunageuansansie 14 siladnedi
6.2.3 151fimosuas LC-MS/MS condition fimanandiss Tne retention time v83n138n%109 3

injections 914 14 afinans LAy + 0.1 min

YDLEUDLUL
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2569 Y0YDUAMUIBFNIUNNEYANA 819894 TIU KL¥LIYIYAIUNIINTINABUAMN N ULLAENENTDUTIUY
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