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A Study of the Migration of Bisphenol A,
Phenol and P-tert-Butylphenol
from Polycarbonate Child Utensils Under

Various Conditions

Uma Boriboon Sasitorn Homdumrongvong and Passarin Saysuwary
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi
11000, Thailand.

ABSTRACT Bisphenol A belongs to a group of endocrine disruptors with potential adverse effects
on the reproductive system, development and growth was observed in exposed experimental animals.
Due to the use of bisphenol A as a base substance in the manufacture of polycarbonate (PC), consumers
are concerned about the health impacts of its migration. This study was conducted to observe the migration
of bisphenol A, phenol and p-tert-butylphenol from PC child utensils. Furthermore, the migration was
performed under various conditions that reflected realistic conditions of use. During the year 2011, a total
of 32 child utensils with a focus on PC were collected in Bangkok and Nonthaburi provinces. Migration
tests were conducted at 95°C for 30 minutes using water and 4% acetic acid solution as food simulant.
The sample solutions were cleaned up and concentrated using solid-phase extraction (SPE).
The determination of migrants in the simulant was carried out using HPLC-FL. The migration of
bisphenol A, phenol and p-tert-butylphenol were found in all samples. Their contents in water ranged
from 0.73 - 2.54 ug/L, with a mean level of 1.41 pg/L, and the migrants in 4% acetic acid solution
ranged from 0.72 - 3.68 pg/L, with a mean level of 1.58 pug/L. From both food simulants, the levels of
p-tert-butylphenol migration were lower than bisphenol A and phenol. When comparing the amounts
of migration under various test conditions performed on 120 cycles, it was observed that at 100°C for
15 minutes, under autoclave condition the levels of migrations were higher than other test conditions.
The migration of substances significantly increased with higher temperatures and contact periods.
However, the levels of bisphenol A, phenol and p-tert-butylphenol migrating from PC child utensils were far
below the restriction limit (2,500 ug/L) set by the ‘Notification of the ministry of Public Health No 295’
( BE 2548) and bisphenol A levels were also lower than the limit level (30 pug/L) pertaining to ‘European
standard EN14350-2 (2004).

Key words: bisphenol A, phenol, p-tert-butylphenol, PC child utensil, migration, HPLC
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NSNNUIIDNIIILATIEH LazNITanUS NI UE1IIN
witaluslualusuuaslusludatiun3ananan

v P-N (% =y
Tugnasleawmeiiawnalasuiinni i

'ii:gsﬁ IneiuY  wadT e AWMU

o o

SNAUMNUALANNYBDANEDINTS NINTNENMFNTNITUNNE DUUGTIIUUYT WUNYS 11000

unantda wialusludiduassn (Fumigant) é’awquﬁﬁﬂmfhNﬂﬁ‘lumstﬁu%’ﬂmﬁnaﬁﬁqﬁauuaswé’wsmqq
ﬁauﬁwaamﬁwﬁmLﬁaﬁﬁmmamazﬁmgﬁw Lil"aﬁmsswgmmﬂﬂ%ﬂ%ﬁﬂﬁtﬁﬂmimnﬁ'wwmmsé’mdwﬂugﬂwaq
Tusludaiiunsg (inorganic bromide) 5qlﬁﬁwuﬁiﬁﬁﬂ%’uﬂ$mn Stijve method 1¥l#5ianzviUSinamanue
°11aﬂuﬂuﬁaﬁuw’%ﬂuﬁnmstﬁammaauQmmwﬁnmsﬁmumisumsﬁqna'n Tusludafiunddluaiaegagmans
fuaudrazannsaazarseansnluhiiianziunse wasUjAseniu propylene oxide lvidusywus
1-bromopropane-2-ol (@ 2-bromopropane-1-ol LLé’Jaﬁ"miﬁ'ag"luehuwmé’fw‘hazmtlﬁuw%'ﬁl,ﬁammﬂ%mmﬁm
wisauialasnTnnnilafiolalassdd (GC-pECD) snsaanaiaanslusludeiunidlasiiioniaeimansany
(limit of detection, LOD) waziasnazasmsiadasina (limit of quantitation, LOQ) 7 2 was 5 Naan3w
danlansy muaeu Taaanuuly (accuracy) UEMIRBAIRAAEYDY %recovery 152U 5, 25 WA 50 AaANTNAD
Alansa e neduuuldansinaspumeuan (external standard calibration) Wiy 96.9, 93.4 UaZ 94.3% M3l
seu waztileld s-bromopropane-1-ol lumsinziuuuldmsanasgumely (internal standard calibration)
WNAY 94.5, 89.2 UAY 86.9% MNANU HANNTiEUEasdIsa HORRAT vasni 2 s‘?;qagﬂummsﬁﬂaaﬁu WO
ezdiiszeu LOQ ﬁqaaqnicﬂlsjﬁmmu,mm;hmhqﬁﬁ'ﬂﬁﬂﬁ'ﬁquaﬁaﬁi:ﬁummL%'as‘i"u 95% (OC = 0.5) HANN
Huduaseuaziamsienz (linearity and working range) Tuzne 5-75 fiadnSuaeilandy feduuszans
anaunuszasilesdy (r) Wy 0.999 3’5ﬁﬁ'ﬁumﬁyﬁqﬁmmmmzauﬁazﬁmﬂ%‘lumsmaaﬁLﬂswzwﬂuﬁaqﬂﬁﬁaﬂWi
LATEINITOIDNTUAININTTIUMNAINMWUAYBIAUZNTINIDNITDIMITIzWINYSzIna (CODEX) waziszne

NIENTNNFITUGY (AUUN 361) W.A. 2556 (340IMNINTANINBANANN 50 HadnTueanlansn
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o

Unu

witalusludfuanssy (fumigant) ienilsiGuiinsnumsldnuadusndle w.a. 2475 fivszme
H5aaa® lasnniiannadlufeiigavafiung Lifdusznau Tudal lisside denusansounsndug
adasiiis Seflsnlddastuuasidaunasazdaildlunnszazmadulalddawuduluiuaoy
mitwwﬂgﬂLLaﬂ‘ﬁsuwﬁmﬁmsﬁmqm‘smw{luﬁgumaumiLﬁU%’nm ADUMIIUTUALMTIONNINLHEA AU
u awnsuasieiiined uaslisulasahelinoumstanasummaiiallasiuusasiofuiald® ? duase
daauaziannmmelaranuszmedssdalsauazfiufivaaszuulszam luszozduaziionms laud
tha aauld ondeu maduiiveshadauwauinliiiusume n mnemsguusienatauddia® o "

Uszinalnesidwialuslud (asiden) warluguaswanzaaniialusludnuaaalsiaiy
(methyl bromide+chloropicrin) Tuzas w.6. 2550-2555 Usanauade 357.69 uas 103.85 Gudadlmuaeu
Faanacanangnialiiigduanesiion 3 munssneiygaingsuansmuanlasnsninmanyes®
wasihimsiwanmeanniagauamememainsaslummaiissyluin@ivanees 1 Ussmeanssnaenssog
(AUT 361) W.6. 2556 (399 1NN GSRBANAN (RUUT 2)© uaiiasndszmdlnalalidnentushs
Hlumgandniiaasuaunsans (Montreal Protocol) enamsunilastuussenmelalzuiioll w.a. 2532
lidanficmuiusnsd fa muaulSmamahdhaswialuslud daued we. 2545 LiliAussdy
AnasasUsnumslduadd w.a. 2538-2541 wazludl w.a. 2548 TWanasdasay 20 uazanidnmsldmely
1t w.el. 255800

Usznalnenfugudo guslne uazidieandnnelvguedlon tadnnammwessndnsasiadu
ﬁaﬂﬁmsmﬁa’lﬁuﬂm&lumsmuqumeﬁmgﬁwé’qmsLﬁmﬁ'mtl,amwiwﬂﬁwudqLLazﬁ’ﬂﬁmﬂwﬁn M3l
Mssudnanmmmeasaniiiiemsasauuasandnagluglaasanslusludaiiunidiannsoanainney
Tosmsdaauaznuadenzieionios X-ray fluorescence”” Tagi5 neutron activation analysis"®
1083 selective ion electrode™ upnNLEIiMInNTIAmEAIsIdalasIN TN (GC) wu F3Tiwann
2ulae Mitsuhashi® ™ 1ila w.¢. 2530 Tngdasntmomaudihllunlidudroumsasniencd
deadasudalasinInnny (GC) Fammilinunauidudey gunsalonaioneriiafinegs ldmlums
anVIANRNY wasiiTaiaEateuszizas (specificity) 39lahmswanndsdenziuaznms
nasaurnNgndasasisiiialilumsmuauanmwsasinasinmhglulsanalnewssfomuaaunsal
msanaaslusiudaiiunid lagliHisienzduasiaslfuinsdndisnsananannasmindaggues
armnglsU"® (European Reference Laboratories, EURL for Residues of Pesticides) waARHmMaa
gmaua’lﬁ' Codex Alimentarius Commission Sutiluifuuzihomu CL 2005/52-PR, December 2005,
CX 4/40.2 Humsanadenzinanddsfinamniules Stijve’ Wa w.a. 2524 Taamsvnliluslue
aﬁuw'%si’ﬁmﬂﬁwﬂ,umﬁmﬁ'nmnﬂuaqﬁuﬁ‘lugﬂwm 1-bromopropane-2-ol Waz 2-bromopropane-1-ol
AaumsnnRieNisnamenias GC-puECD eansannadnnsdldetnnadiuaziianusmnzmzas
g«ﬁmmnagﬁuﬁ'ﬁlﬁ%ﬁaamﬁﬂ A8 1-bromopropane-2-ol 8z 2-bromopropane-1-ol LazNdHTEIU
Wy 3 de 1 w@we (il 1) inlduamdenzifiidsdelealinasndaeiasiialumsasiabudu
fidugauuasiinmung
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msnaMTIeneitazmsaaUsinalusludaiiundgluings

Toswmatiauialasanlnanil AT IMEUUN - Uazhtie
H =
HEr I - B
o H XO\.O‘H w OH HO
< > o 1l + il
o] Er Br
— 76% 247,

AN 1 U§A38n nucleophilic addition %ila SN2 284813 propylene oxide fitflu enantionmers (R, S)

v
o [} v

Aulusludatiunsdluannznsalilalbiwas 2 sllanidadiu 3 da 1

359181989° 6asld 3-bromopropane-1-ol Wlussuasgrumealu (internal standard) dwsu
° a PR 3 P2 o . P v v @ o~
MIMUIUNE MNeNaaelFaNuiiasnniesad internal standard aziilamadaununuiesasans
naula Mm@ NeiLuu external standard calibration §13N30805z8zNIMINANZA Uszndamsialiuay
Mg JmMmsnedgauaNNINeHAYNNEIATEHINMIAUIUNGLUL internal standard calibration
(ISTD) nu external standard calibration (ESTD) #15:@U limit of quantitation (LOQ=5 Jaan3iuee
Alansy) anmsanamsaasuuuliianuuandsagelitadagmeadfnasnsesaiumslyd internal
qg' 2= = =l = o ] a o v ] v & [~ [ a

standard uannniilad@nwidsauiiaumsiasauaagnlasnisienziaiadamnasninaanuyiie
dﬂ' = = | S a = e‘nﬂ' v [~ Vv nﬂ' J v 1 vV %’ vV |
nueszdae dnnmsandsunalusludeiiunidnanmeluadamasnanmean g laun mssahmedsunm
UazNIUATINANAY MItAUTguu sy maamzusinlinnaee g du tiafnnnsesd wasiive
[ E Y a o Y a v d _a o o 1 4 [
WudssTamiaauslnalumsmlvddsmnamsandnzasdusludafiunidanasnaunmsmednuazUanans
@amsuslne

mimﬁuazmimmgm
§1301035)U : potassium bromide (purity 99.999%) U5HN Merck KGaA Uszinetgasuil
@sad ethyl acetate HPLC grade, 3M sulfuric acid, 3-bromopropane-1-ol (for synthesis),
ammonium sulfate (for analysis) ttaz sodium sulfate anhydrous (AR) granular 216 12-60 mesh
(Lmﬁ'qmw{]ﬁ 600 DNFLTBLTE WU 4 %"'J‘[m), 1, 2-propylene oxide (for synthesis) Lﬁ‘lJ"?ll(ﬂé’lﬂ’j’l 11 aNFN
walded lHesew propylene oxide solution Togazane 1, 2-propylene oxide 4 N3N W3aUSNINT 4.8
findansluhnauuasususinesilu 100 fiaddes Fasdashmawienlwideumsldnunnaie

MIOIVNAITAZAIININTFIY

1. potassium bromide stock solution: t@3euasaraeAnluaNNENTUYDY bromide ion
1,000 lulasnSuaiiaddng Toamstaans potassium bromide 149 Haanu azneluthnay 100 1adans

2. potassium bromide working solution: t@3snansazamedniuaNNNTUYa9 bromide ion
50 lulasnSudaliadans laansi@aae stock solution 5 fadans warUSudsinasitlu 100 Haddns
Frenhnau

3. internal standard solution: 138919 3-bromopropane-1-ol U3aa 0.637 Hadans (LNu

a aa

1 N3%, density=1.57 nSuGBNARNNT) 018 ethyl acetate IUATU 100 NaAANT LNBLAIEN stock solution

NIEINIHINENANFATNTUNWNE
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WANNUUIN stock solution USuas 1 88805 WN@DINAIY ethyl acetate IUATU 100 Wadans LNBLAIHN
working solution (¢vnNU 3-bromopropane-1-ol Wxau 100 lulasnsunaiiasans)

wa3asiiauazgunsel

tw3psuailueIns (Waring Commercial, Model: HGTWT), 10399%3 3 enuwii shwsusasaaehs
wae 5 GhLmﬂqﬁm%'ui?qmsmmgm, micropipette, liquid dispenser, screw cap glass vial ﬁﬁ PTFE/
Silicone Septa 2419 60 ml, (glj'LL?.iLl,"fI\‘I -15 a9FBaLded, certified volumetric flask, shaker, GC- pECD;

Agilent Technology 6890N logld analytical column: DB-Wax, 30 m X 0.25 mm i.d., 0.25 pm

MSLAIBHAIDEN

iheehadmamsnnussyiaeiane 5 Alansu segnuanliluiiodenny udaduddunh q du
duatNaIsIhNANHENIUBNATY uaBtulaagUszang 500 n3 Tdlugawaadnlaatinluny
N a v = ' v & = Y & o v Y < s
Ngauniiennd -15 avFnadisd agnas 12 Ml ueszdaaliiluiisldginudenissuatuems
TWfisunadnni1 20 mesh Fauteainde Matay 2 n3u ey analytical portions waz@IpeaNE

lildhiniensizgninusnw luguduaeiigamgiionnd -15 aseaides

35AEH

m'iaﬁ'ﬂuazmsﬁﬂﬁ’t‘f]uagﬁuﬁ (Extraction and Derivatization)

N9m38N calibration solutions

LG¥ potassium bromide working solution USanat 0.1, 0.5, 1.0, 2.0 L8 3.0 H8AIAT WIBLINAU
bromide ion USaeu 5, 25, 50, 100 waz 150 LlASATN asluthnau 7.9, 7.5, 7.0, 6.0 LAY 5.0 NAAINT
auaeu ialilaUsunns s Gadans alu screw cap glass vials 2110 60 NAAINT UATLOIHY
method blank Tasmsiininnau s Haaans tileeathadien

s ldiueyius (Derivatization)

1@298%917 2 NSN (analytical portions) anldasly screw cap glass vials 211@ 60 ml

v J
a ° [ a

Wanay 8 fadans Uachuaudeegl 20 Wil 11epaNuIIFIRENUEWABANUTIINTNATTIY

v
= o

@3 calibration curve ¥LGN propylene oxide solution 5 188309 waza1sazans 3M sulfuric acid

A _aa a g 2 vd a v & <
1 4RI ﬂﬂ&l“"ll‘c’ﬂlﬁ'] i mh‘wqquuwmmunm 1 °Zi'JIN\1

nsanm (Extraction)

L% ethyl acetate 40 {93375 Uaz ammonium sulfate 4 n54 a4ly screw cap glass vials a0
M3Le38) calibration solutions wazmsIviluayWus (derivatization) weharsiiailunm 1 Wil
%3991 ammonium sulfate asaNENNA WaLMNME shaker ANNISY 90 spUADMNT (Tunan 20 W
Lﬁu%y'uaﬁazmﬂﬁuw%s‘f (organic phase) euuu mﬂﬁ?uﬁwmiaﬁ'ﬂwméhaaiwu,az calibration solutions
1 finddas Tdlu GC-vials Auhaandremsiiiu sodium sulfate anhydrous (Na,SO,) Uszanm 0.1 n3u
a9l GC-vials @% internal standard working solution Usua 100 lulasans atly GC-vials Apuih
Taarhieiss GC-UECD T,ﬂﬂhiﬁ'mshu%gumaumiﬁﬂﬁ'u%qw%{ (clean up)
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msnaMTIeneitazmsaaUsinalusludaiiundgluings

= a a % I'd
ol 2 990 ety wazane
Toswmatiauialasanlnanil :

msaniavsinalusludafiunidmainias GC-pECD

THadeaiia GC-uECD Tagilaaziadasiia fail

column: DB-Wax, 30 m, ID 0.25 mm, 0.25 um film thickness

temperature:  injector: 220°C, pulsed splitless mode,
oven: initial 50 C, hold 1 min, rate 5 C/min to 140°C, rate 30 C/min
to 180°C
detector: uECD with nitrogen make up 60 ml/min, 200°C

flow rate: helium (constant flow): 1.5 ml/min

injection volume: 1 pul

mamnudIna

anuENTuressasiinsany muwalesldinaiie internal uaz/wia external calibration
W3suiiguiu calibration curve (AMNBNTL 5 526U) MAFNAMSAUATI Y = aX + b USinasdshinsrany
(FadnSudanlaniy wislulasniudaniy) whiu (Y-b)/2a i X @a Ysinassinassiu (lulasniu)
Y denuilldiiazasnsnasgiu a Aernuduzasnawinassu 2 de Usinagmasildiensd (n3a)
udz b An IAAUAU Y

MINAFIUANNYNEBIABNTY

msa%aﬂﬂwmmgm (Calibration curve)

ihasazaefilannmsaden calibration solution a9MnIWMAITIUSENINANNENTUAY
Wuildite TosUsinaesTusludaiiundddanammasiianadasayius snunaumeduiszansanduius

2a9leSdu (Pearson’s correlation coefficient: r)

M53tA31:% Method blank waz Matrix blank

¥ method blank TagduiiumsmuisiiilueyiusiuasisatalasldmaniinmualasUnann
fMaENaUaz matrix blank lagaiiumsmaiddmvidusywusussisana (8 ) Toeldehathafiuinans
Alaisimsanswaslusludafiunid Mmiinsns193tesew method blank was matrix blank 1fieAs19a0U
msiumu‘ﬁ'mmmnﬂm‘sﬂuﬁjauwmmsmﬁLLazﬁnﬂqﬂnitﬁ‘ﬁ'ﬁ%ﬂmm‘jwanszmu&iamamﬁmswﬁ tilatlaaniy

ANNHANAINYDINAMTILAIEN

NMIMAANNAVBINITNIIANY (Limit of detection, LOD)

o

i LOD mndasiaaadallil Ssusnmmuae LOD Tasmupanndyanawes spiked sample
blank Tagtinansinasgiuiissau 2 faansudanlany 9 8 % AnueidsauuInasyu (standard
deviation, SD) us@muiua LOD :nanms LOD=3SD

A5ilaaarune LOD mﬂ'«gmm‘"ﬂwmﬂsw*vmwmgmﬁ w3gulagld sample blank damsasiansv
asgulegldis simple least squares method ﬁi:é’ummLﬁ'uﬁ'uqﬂﬁ'mwmﬁaashqfiaui’m Tagls 4 szau
anuidnduda 2, 5, 10 uas 25 Gedniudanlondy ssduas 3 1 sunamdsuuNes LYY Yintercept
(SDintercep

d‘ o d‘ v 3 ac = = a ° 1 v o
tN® x=0 uﬁNaﬂlﬂﬁ]’]ﬂ‘YNﬂ'ﬂﬁ’JﬁN']LﬂiEI‘UL‘YIEIULLaSWQW‘ijﬂW%u@Iﬂ’] LOD Gl']Nﬂ’J']NL%N']%ﬂNGIﬂﬂ']iHWIﬂ

) MFUMTN 1 uddnud) LOD nnaumsi 2 1089 v, .., AodQNUNEIUldULUNY ¥

T
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SDintercept = Z (yi_yA)2

(n-2)
........... NN 1
yi #a mdyanansunnesas GC-pECD mnaliiiluliadnsuaanlansu
yA  #e erdnananmsaziluvunnwinasgiu
A9 INNUIATEAUANNNTUVUNTININIATTIU
LOD =Yy intercept + 3S:Dintercept
........... annah 2

MIKITAPNAVBINTINTIUIHI (Limit of quantitation, LOQ)

mMuuam LOQ Mnwnast LOQ viasniwiklududin (LOQ<1/10) 2a3asnds (target value)
Tosdr MRL #imvualas CODEX vaslusludafiunidluinida so daansudanlansy dudud LOQ
Toatdnasnnsgiuluaind19d1ias (sample blank) AseduanuuTy 5 daansuaanlansy
AATIIUIL 8 1 udIuIn %recovery Mwuanaisaniuagluteiasas 80-110 usr HORRAT
(Horwitz ratio) mvuatnasiaaniumu AOAC, CODEX waz EU feiasndt 2 nanmsi 3

RSD
HORRAT =
RSD

observed

expected

.......... gumsh 3

MInaFauANNEUEEATILezENNITIATIEH (Linearity and working range)

@n¥ linearity @4 calibration curve Iﬂtlm'iLGI%EINﬂ’limGl'ig‘liéﬂ’l’ﬂﬂ’ilﬂﬁilﬁiJﬂ%ﬁﬂ%N'lmGl"N il
5 9¥AU laun 5, 25, 50, 100 waz 150 lulasniy WiumsnlnmedlueyWus 1-bromopropane-2-ol
ae 2-bromopropane-1-ol ﬁmmsmmgwmﬁwm‘%’m GC-pECD muamaxmémﬁaﬁs:qmwmﬁ'uﬁua::
s 1 FanPHmesPusEIa NIt uiuiuildiamuamadudssandanduiuseuiesdu
(r) MPUANUAYBNSU T AAININAT 0.995

@nwn linearity #a3 working range laamsiinasinasgiulusludafiunidludagieinms
(sample blank) fisz@duanuEndu 5, 10, 25, 50 uaz 75 Aaaninaanlansn IensWszauas 3 0
annvinaspusewinanududuiiduadludagiuanududuiionany mwamedulssans

andunusaaadesdu (Pearson’s correlation coefficient: r) MUUALNMIIEBNSU r IMNINAT 0.995

NMINAFIUANINUNU (Accuracy) wazANNEIE (Precision)

s snasgiuluaiageinims (sample blank) fiszeu LOQ, 5 x LOQ waz 10 x LOQ
femaududu 5, 25 uaz 50 fAaansudanlaniy muaEU SeNTistaua 8 1 U % recovery,
%RSD waz HORRAT laainausigansuanauiy (accuracy): mean recovery 80-110 % Waslntuigansu

ANNLNEN (precision): HORRAT di@aiaani 2
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msnaMTIeneitazmsaaUsinalusludaiiundgluings

= a a % I'd
ol 2 990 ety wazane
Toswmatiauialasanlnanil :

msusziinaanuliininaurain1siasey (Measurement of uncertainty)®
msUszdiumenuliuwiveuraimsiaamilidaumasanubiviuaunnounas asiumanu biviuay
MUNALAT MU AN LD UYENNTEAUANNTRNY 95% TUSINUETANUMINUNNMIINATER

loe GC-pECD wazenmualaanaila calibration curve

msnmaaum1Nﬁﬁ’aéhﬁ’mumqaﬁawmmﬁmswﬁﬁsxﬁu LOQ (5 fadnsueanlansy) sening
mAeNsiUSnalasis ESTD nuis ISTD?

Qmé’nwmzwaﬁ%’iLﬂswzﬁmlﬁ‘[mamsﬁwwaﬁlﬁmnmsﬁwmmﬁszé’u LOQ (5 #iadnsuaanlansn)
289MFIANHUSINAURIEHE ESTD waz ISTD lumsiteszasadiensy mmsussiiudiags (mean)
warAANNKWU5UTIM (standard deviation) agadd ‘[ﬂﬂ“fl'agaﬁg\‘lamﬂqngmhmmaaummﬁﬂ'ﬂﬁwﬁiy

MNEDH NadaumaNNulsUsIuAY F-test aznadauaadeee t-test

asAnmnsanaszastsinalusludaiunidluadagnamsiiannizen 9

SieneivsinalusludaiiunidiandsluwdasnasaianaudaSsuiauivriinuaazidon
WisuisuUsinamsanasasSinalusludaiunigluinmsimne 2 ndu fdumsardiahnay
WU 1 §19679Ehe 1 RS9 @AehnaY 4 T1858R5 LUUT 2 ddIethe 2 %1 dIEhnaY 4 183aAS Waz
Wi 3 $adhage 1 ad mehnay s fadaes wWisuieulnalusludeiivnidlugnasidiulii

1 [
Vv o a

aaungiannd -15 asnuades nuimssiilalingaamaivieadunm 7, 14, 30 uaz 120 u MNEIGU

We

namsansmsanTienzilusludaiiunidars GC-pECD meldammsimnue @ansaad
nINasIvEasasaanalalugag 5, 25, 50, 100 waz 150 lulasnsu Taadiean r AU 0.999 UazATIY
Tinusssumuillifinasaselndidsaiuasmnasyu Wenmsieszi method blank uas matrix blank

AMAAMNAYBININTIANY (LOD) ﬁlﬁmnmsﬁwmmmnmuwhwaqzhmﬁw,uummgm (3SD)
apamsiniszau 2 fadnsudenlansu mmsanziiun s 20 ila SD=0.07 fiaan3usenlaniu Hauhiu
0.20 fiadnsudanlandu Mnudmnamnadarasnninasuiiviealasld sample blank Tasashanswl
naspuiissduaMudNdugaherasiatunouiai 4 ssduamaudndude 2, 5, 10 uax 25 fiadnIude

AlanSu 520Uz 3 D 16 ¥, o0 = 0-3544 UWAE T = 0.9959 (MW 2)

30

y =0.959x + 0.3544
25 r=0.9959 /
20

15

1: /
/v

0 &) 10 15 20 25 30

Found concentration (mg/kg)

Spiked level (mg/kg)
2w 2 n59 spiked sample blank NSLAUANNANTY 2, 5, 10 WAL 25 NAANSNABNLANSH Nauns
WWUASIAD v = 959 + 0.3544 laadiA r = 0.9959 lFMmuias LOD
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anadidssuunesgee Yintercept Nnaumsi 1 9zld SDintercept = 0.771 HadnInealaniy
udIAN I LOD 1naNn5 LOD = Vintercept + 3SDintercept b6 LOD = 2.67 FadnIudailansy Mnuams
M LOD Mnnagadnsaiwuiniie 0.20 uas 2.67 fadnsusanlansy deileiiuandety dafiarsan
PNANURILFNFTDANE BINUMSIENUTIMNUAAT LOD iy 2 Hadnsuaadlansy uaamnisaudy
@ LOD Taamsitaezfiszeu LOD $117u 8 @ le serecovery uaz HORRAT (flu 93% waz 0.4
MuUMOU (mean + SD = 1.86 + 0.07 mg/kg) lagiainarasnsiadelsna (LOQ) Aevnu
5 Naansuapnlansy ANuUNY (%recovery) mﬂm'ﬁmswgﬁ“ﬁnmsﬁLaumsmmgm 10U 8 % PsEau
LOQ tNu 96.9% (external standard calibration, ESTD) uaz 94.5% (internal standard calibration,
ISTD) wazeaNNigean HORRAT whity 0.4 (ESTD) waz 0.5 (ISTD)

910 chromatogram (MW 3) aqﬁu'5“7;Lﬁﬂmﬂmiﬁwﬂﬁﬁ%ﬂﬁswdwhﬂuﬁaﬁuﬁﬁﬁu propylene
oxide A 1-bromopropane-2-ol uaz 2-bromopropane-1-ol lagil retention time (RT)=12.89 w1l
waz 14.27 wiimuaay Boalumsienzinamalszanm 20 it (i 1)

ECDT A, (A140822BRWAR007 D)
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G~ v

NN 3 KansaeNLlusludaliunddmeinias GC-pECD (a) amasnilu blank (b) finzas
internal standard (3-bromopropane-1-ol) § RT=12.55 W19 waz (¢) Blank iy bromide ion
Wy 25 Naansuaanlansy LLE{m‘vd\lﬂEl‘Lgﬁuﬁ( 1-bromopropane-2-ol Lae 2-bromopropane-1-ol

71 RT=12.89 1% a2 14.27 NMNAIOU
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= a a % I'd
ol 2 990 ety wazane
Toswmatiauialasanlnanil :

3799 1 @ Retention time (RT) 284 internal standard u,axm'imgﬁ'uﬁwaﬂusluﬁaﬁuw%ﬁ

Compound Retention time (RT) (min)
3-bromopropane-1-ol (internal standard, IS) 12.55
1-bromopropane-2-ol 12.89
2-bromopropane-1-ol 14.27

NANSNAFBUANNY ULEUATILBLTWNMNTIATIEN (Linearity and working range) Wu1"
mMsienzhlusludaiiunsgluinasianuiudunseludig 5-75 Jadnsudailansy dm r wihnu 0.999
(ESTD uaz ISTD) famuusiuuazanuifissadsnszeu LOQ, 5 x LOQ uaz 10 x LOQ fianuduiuy
5, 25 WAL 50 Aaansuaanlansy WuANMNWIY (accuracy) MUseidiuann % recovery v 3 seduidleie e
10835 ESTD wihfiu 96.9, 93.4 uae 94.3% MueU uaziiiaieszwlaeda ISTD Wiy 94.5, 89.2
AT 86.9% MNAIRU ANNLIEN (precision) #Useiiiughe HORRAT wiadeslaeds ESTD whiu

0w A a ot v w o o A
0.4, 0.4 ez 0.4 MUIINU LLagLNajLﬂi’lgﬁiﬂﬂ’Jﬁ ISTD tmnu 0.5, 0.4 ez 0.3 MNIOU ((51’1‘5’1\‘1"/1 2)

M5 2 ANNLNULazANNNE R TIWNLilusludafiunidludnasiszauenude 5 (LOQ),
25 (5 x LOQ) waz 50 (10 x LOQ) fiadnsuaanlansy Insesilagld ESTD waz ISTD

Calibration Spike level mean + SD % Recovery %RSD HORRAT
method (mg/kg) (n=8)

External standard 5 4.8 £0.2 96.9 3.29 0.4

25 23.3 +£0.9 93.4 3.64 0.4

50 47.1+1.6 94.3 3.35 0.4
Internal standard 5 4.7 £0.2 94.5 4.48 0.5

25 22.3 £0.8 89.2 3.53 0.4

50 43.4 £1.2 86.9 2.83 0.4

mimaaummﬁﬁ'ﬂﬁwﬁtquaﬁawmmﬁmmfzﬁﬁisﬁu LOQ (5 fiadnsuaanlaniun) seWiN
menzUsinalaeds ESTD fudd ISTD wurlalasmsnagaumeanuulsusiu (SD) wazALRae
(mean) waﬁagaﬁgﬁamqﬂ (fia@ mean + SD 2pamsienzwlusludaiiunidluinasfissauanus s
LOQ (5 #adnsuaanlaniy) 2aamsieseidsinalesds ESTD wasds ISTD winnu 4.8 + 0.7 uag
4.7 £ 0.2 MUDAU MMINAFDUANNT LI AUVDIANNUUANGENIZUINMANUUUIUTIU (variance) 2D3
doya 2 ¥alaeld F-test MUIMA Fegeutated NNINMIN 4 1A Foyouiareq = 1.760 110 n, =n,= 8
TasfuuaAIANNENUNINATY 95% (€ = 0.05) L@A Foea = 5.119 9216 Foyieatated HOENT
Foritical V30008 2 q@ﬁlﬁmﬂmﬁmiwﬂmﬂﬁ ESTD waz ISTD luifianuunnmezasmanuudsusiu
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(S])ISTD)2
(SDESTD)2

Fcalculated =

........ guMsh 4

mmsnadauanuiiveaealeals t-test lumsnagauaNuuanmINsEnINAI@Rag (mean) 284
Taya 2 40 LOEAIUA .00 DNINMS 5 Udz SD,; NAFUMS 6 Lila SD,; Nenwaldiiiu 0.187

Alaa t 0.32 iia degrees of freedom = n, + n, - 2 = 14 lAIMUUAAIANNTDNY 95%

calulated —

(€ = 0.05) @A t g = 2-14 16 tealculated W8N t,y,, V30908 2 FaNlannmIIanzd

Toe35 ESTD wads ISTD lifienuuanenzesmndsagniusdaynegda

(mean, - mean,)

calculated
1 1 2
/(Hl + le ) SD pooled

t

................. guMsh 5

SDpooled = /(nl_l) X SD; + (1’12 - 1) X SD;
(nl - 1) + (ng_ 1)

o
................. duNIIN 6

TevhmsdnsSeuisulsnalusludaiiunidionanuludaieinasiiiy incurred sample
szwdwﬁnm‘sﬁg\u&lﬁﬂ (whole grain) wazMmunastdaa (ground sample) Taghdaghesniiasiany
bromide ion ¥MsIazimnudafinannzuuuuly internal standard calibration Tagldanmsnunde
Afaliuanl3suidisusuimethadstuiunasden 91U 3 5 wumRasraImMsaIalusludaiunid
Tugnssmmdanhiu 24.4 + 1.5 Taansudenlandy lusaeilummsiuaazdaanwhiu 37.6 + 2.5 Taansu
donlansn wuhusinalusludaiiunidiasanuluimassiouaazBaaiisannniininie

MUY Nakamura uazanz® laszydawamsaaUsnalusludatiunidluinnnmnaaas
wuushe 9 uadelifinenueaninin nasnnmusldimsnesssdisudeulSinadusludafiunidssning
fhathetnueazdaaithunszuiumsitanzdmuUnd datheimithumsaeeehnaulsna 4 iasans
1 ﬂ%v'q, 4 105305 2 A5 WAL 8 HAABMS 1 A DENNBL 3 % WuMRAIEIMIATIINUTUSludaTiun3
Tuda15fAe 37.6 + 2.5, 19.7 £ 0.2, 8.5 + 0.4 LT 17.2 + 1.2 NadN5NGBN lANSNMNAIAU mssathUsina
4 93303 1 P59, 4 109305 2 A%1 wat 8 WaAaNs 1 A% MbUSnalusludatiunidinndelusnanas

47.6, 77.3 UDZ 54.2% MNAIOU (TN 3)
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P a s A o ol v A v '
AIINN 3 ﬂiﬂ']ﬂ!I‘UiIN(ﬂauu%ﬁﬂﬂ@li'}ﬂw‘Uiu"ll’]')a’]?ﬂlﬂﬂ’]ﬂﬂ"li‘ﬂ(ﬂaaQﬂﬁﬁ’;Lﬂ‘ﬂ@n\i i

U331t bromide ion (mg/kg) (3 ‘g’])

MINABBN

mean + SD
FEsNINEe 24.4+1.5
PMaETUNaden (<20 mesh) 37.6 + 2.4
FnansuAazEEn (<20 mesh) A1MELNNAY 4 ml 1 A%e 19.7 £ 0.2
FnansUAaLEEn (<20 mesh) ANAELNNAYL 4 ml 2 Ase 8.5 + 0.4
FnansuAaLEEn (<20 mesh) A1AELNNAY 8 ml 1 A%e 17.2 £ 1.2

dlamanesssdnmuazasgumgiiiiuinmdiedn TasnFauisuusnalusludaiunis
srhedeteinnsuaszdgaiiussglugananadntlasimifuiigamafionnh 15 ssmwaded uaziide
ilifaamgieafunm 7, 14, 30 waz 120 Fu agiaz 3 % wuhwaseeslFinalusludaiiunie
Tusmansisaasgamilunnienmiimagsswing 3s-37 fiaaniudanlaniu (%RSD <25%) Fmitianzy
Talifianuuandsiumssda uennntudsldmalensinguiedyfesiiosu wu dnlwe wuhi
mmu,u'uuazmwLﬁ'magﬂumm%aau%"u Taofl wrecovery # LOQ tfiu 95.5% waz HORRAT
Waend 2

a 4
JAIIU

MINaUIBuaznadauaINgnaeezadIditensilusludaiiunidludnaslasmsdaulas
NMsTenzirsiaslfiiamssrsdemsandennasmiadagiizaesanmmnglsy (EURL) #iseds
84352049 Stijve lasimdennazasnsasiany (LOD) whnu 2 Hadnsuaadlansy wazainainauad
MsInZaUsina (LOQ) whnu 5 liaansuaanlaniy Jenududunsiesmsiwneilugg 5-75 fiadnsuy
dailandy Feamudnvaeasisinaniuimmnsnhlldasnaiaiamuanaumwaasinmsinmie
Tutszinalngenuwssnsiaefons w.e. 2522 Uszmansznsnmssagy (atuil 361) w.a. 2556
304 mmsﬁﬁaﬁﬁwmﬂﬁwﬁszq@hﬁmumﬂ%mmmimﬂﬁwgmﬂ (Maximum Residue Limits, MRL) 157
50 finansudanlaniu MimewanniBdmnanldimauiuiuaaumaiaioudoge Usnadahauasiunay
msataueduialimnzauiugUnsafsagluias jiamsuazaninsarmsiensildwaniulszana
30 fadndagamnadauiiiasasiunudnaviaanadauaunwinldiudadanunisel wlavms
WisuisumsiensiU3inalasds internal uas external standard calibration Tagldafadasaiil
Tusludaiiundd 5 fiadnsudailaniy wuhdaya 2 gaildnnmsdnabiieanuuandsussmimasuas
fenuulsunvegheiivesanmesdn meilumsiisieneii lWlgseaisniudaddd internal standard
Hlumsdssudamsadanldnawssnmlssmalfuanmseauaias GC Wiinamsiwnsiiduadlalasls
daeszTamaiiamstauiuees internal standard fusmsiaula asnnilassauadefunsziiaiai
dunidlndideeiuinn svlsiomnuielilduamsiensiie giaahisiluldmmnumeiiowssdanns
sefadlesmnluduaaumseyiusinsldmsiiianuiuiivgs stamedosdafimiwesmudumsla
(%U 813 propylene oxide %ﬂﬁam,ﬁu%'ﬂmﬁqmwgﬁeiﬁniw 11 p9FNLTaLTed wWazeaeammsinsenasazaa lud
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nnassnaumsldou mnduliidy 24 $lue Ussdnsmwsasmsazaadinanazanasdananssnuds
NaMTIATEY NaamslFnumniissazaanas lvmanelagmsiiundauns (NaCl) lunmsld propylene
oxide tiavhlWiAnaywusiuidadinimslyd ethylene oxide flaninsavinenudaivlumensaiinnsy
Toelidasnsadiudun asnnlieyius 2 sliefidulelswesiuuaziidadiu 3 do 1 wue wosdaduil
Hhumstiusunamsnsaiensiud Tususii ethylene oxide TWaywusifissriioideniilimananssyldh
ssnenanuiuayiuszaslusludaiuniduiolifedasnmaiududnads uanmntiumsniandad
Toemsdulndoadama (Na,S0,) Usanas 0.1 n3n aslu GC vials Tnsasaiaduhaanmnasazaaiaat
azdpessTilalianuguasasgiumeduildgadauazasdanihmsiensilasaias GC Wi
waznnuamsansiviinalusludeiiunidlaglédnnuadauazdnasuaandendaiudedudei
wdmuhsnalusludeiunidrasiadniluaszdeaidunoninsdenzinuie uwaaehiuaeu
manieadsdnlagihmauadagenawihininsiiuashldmmsoatalusludeiiunidaanman
Froduled vennntiuiiothindnmmsassnewsnalusludeiundlasmshanlaglitnmsunszden
Hlushetn wnzinmssiiadialiamsiensdimnhenuniuass suhiuuadidumsdrndngs
iiuienuddgananihiBnanhild dulumaneinieuilnamsdahviaiiGenhmnhvasass
ihaghgaaUinamsandluinld warnsnuses Nakamura fiwuhmsiligndamsyaniaaudas
lothaunsaaasinamsandiaslddn 41.200 limsuslaainilgnudifedienudesdamsldsuduia
astusludeiiunidanas uamstusludeiiunidianmelutnlimmsamnlianadlalasmaidammusiali
ilasnnlusludefiuniglanugnsemaeiituiietmansiidanslulamsadusidusznaunsnlagliisanse
suieanla

a3

9

T 2 v
ad o v = CZ

FNWANTUNIUY ESTD waz ISTD an15005393La5zhlus e atiunsdnanaialugigs
Taagnfiuszansmw wazwmanzannazih U1 lunsasnadwnzvasarsaananlugnasnihunuslae

]
v =
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Method Development and Removal of
Methyl Bromide Residue Determined as
Total Inorganic Bromide in Rice by Gas

Chromatographic Technique

Weerawut Wittayanan and Wischada Jongmevasna
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000. Thailand

ABSTRACT Methyl bromide is mainly used as a fumigant for postharvest treatment of plant products.
Especially, rice and grains are fumigated to eliminate undesired pests before commercializing. Inorganic
bromide is resulted from repeating fumigation of methyl bromide and reacts chemically with some
constituents of the material. This study was consequently conducted by using modified Stijve T. method
to determine total inorganic bromide in rice. The comminuted ground samples are suspended in an
acidified aqueous solution of propylene oxide, with bromide being simultaneously extracted and derivertized
into 1-bromopropane-2-ol and 2-bromopropane-1-ol which can be detected by GC-uECD. As a result
of method validation, limit of detection (LOD) and limit of quantitation (LOQ) are 2 and 5 mg/kg,
respectively. The accuracy expressed as mean of %recovery by using external standard calibration at 5,
25 and 50 mg/kg were found to be 96.9, 93.4 and 94.3% respectively and those results obtained by using
3-bromopropane-1-ol as the internal standard were also found to be 94.5, 89.2 and 86.9% respectively.
The method precision expressed as HORRAT were in the acceptable range which less than 2 in both
cases. In addition, the linearity was found to be in the working range of 5-75 mg/kg with Pearson’s
correlation coefficient (r) = 0.999. The result of the validation study demonstrated that, there was

non-significant difference between the result obtained from external and internal standard calibrations

at the LOQ (level of confidence=95%, oC =0.05). The performance characteristics of this method were fit
for intended use according to maximum residue limit established by CODEX and Thai Ministry of Public
Health set at 50 mg/kg.

Key words: methyl bromide, inorganic bromide, GC-puECD, rice
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unanga Jeduilasiulsnganserannhialsm anagnussgnluuwumssiaadugiaunulsauisnidlusinas
ieandanmamezasmanuazdndniiionnlanganssin feiianuiniuiesdasiimsnuauaanniaiy
ialiuilaluamutasaseuazUssansmwaasingy slumsﬁ”f\hLﬂuﬁaqm'%auh%’a‘[smawaﬁuiﬁ'ﬂ%uﬁiiﬁﬂﬂLﬁlm
iielFlumsmuauammwassinduluipnfiidns Tumsannillamanmsiansandmiumsiadeal¥alsm
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maiuhirlnhidsuseduaszadigniadaluanize | fewssgnudufauazasmesinn 1 051 2 A% wew 3 059
audu wsudumadvhialesasmnmhiasusaduassadiigniaarilaihanmsivminsauanaisuuasmnue
mmmuiwmln%’zﬂ‘smmaﬁuﬁﬁﬂ%u%‘[sﬁ'ﬂﬂLﬁlmwamiﬁﬂmwuiwmmL‘ﬁ'mTu 7.5 ug/ml trypsin/washing
medium 1514 titration medium Woz maintenance medium sansainILhTalsmGadeluadmnede
MA104 uazifiuhiauvuuduiauazazmaiesasadeniiuamsiminsdomaeiouhialsmnmeiug adudlaed
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log,,CCID, /1.5 fiadans uazitldudasennnginssy 3 o Sanuuanesliiv 0.5 log, CCID, /1.5 finddns
ﬁqa'u;ﬂléi'iﬂﬁa‘[immﬂﬁ'ufj‘i'ﬂ%u%‘[iﬁﬂﬂtﬁmﬁm%ﬂuﬁvuluﬁ'mﬂﬁﬁ'amsfrmm‘snLhm‘l&ﬂuh’%’ﬂﬁwﬁﬂumimuqu
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UNin

Faguilasnulsaganszanlsn wiaiaduhialsm (Rotavirus vaccine) Taunsiiisnlulsemelne
dauad w.a. 2548© SaguilifubSalsodaduriiosulszmu sanselilasmsneandumathn Sadu
Thfalsmildludsznauazmlanataunsvanesl 2 #ila #a Monovalent human rotavirus vaccine
mﬂﬁ’ué: P1A [8]G1 {hwiaZulsals Gl'l%I’iﬁilﬂL?l'ﬂ’J ez Multivalenthuman-bovine rotavirus reassortant
vaccine %ﬁLﬂu‘Yﬂ%uh%ﬂTsm@iawmﬂ%‘[sﬁ'ﬂﬂLﬁaqmmﬂub%agﬂwau (reassortant) HilUsAUFULEN
G1, G2, G3 uaz G4 wlannhialsewesau uaz P protein #iin P7 [5] laamnhialsawesh® e
9 w.a. 2553 Usunalnglanaasslwingulisalsmalsvailitien (monovalent vaccine) °1mﬁnmqei"1ﬂdw
6 o MU 15,000 AU Tuszezna 3 U Tesddaniaglanadudivioises szl lin I uNaMImMeans
winuamsliiaguduiihwela mehlull w.a. 2558 azussyiatuhialsadlaiedidondluwsumsada
iwEunfiduiulsauisnd tieansanmsthesaudnlnennlsngansesndgededazni 1 waune®
waziamanilululdiesiimaihietuhilsmanldluomansuladi Fafumsemuauaumwiadulfa
Tsn#laiedidemn lot ihdhanldlulsanadaiianuddn® Taswwzmamuusmasiaduduiladonii
fiddydaUszansmuresiady wariafuudazsiiafinmsmuuamenuusiuand iy Famsnagauen
anuuswasiadunnaiiadasdifiumamuglliuiatusndunaspunness feldiadusdanasgu
snafipsdmssndielanuda® umilasnniegdudredunaspusnadimiuiadulsmdudeliiineuba
Fuflumbitsasmhemuauiiumassluudaslssmadasiomviatawiondy dahanldlumsmuau
Aumwinguainanlueslfiins msfnillenaassmanmizimnzausemsnanliagdedmiuindu
Th¥alsmilsiedidelaamamnzdadhidlugadinzdamammummnssanssuiiiedasiumsinie
paelalsonlumadimnedaesnundasade trypsin ﬁaaﬂiz@fﬂunﬁaﬂéa("”” Flanaasslihisalsen
awaﬁui"i’ﬂ%wﬂsﬁﬂﬂL@imamL%ya"luL‘ziazi’t:ww::Lgﬂqluaﬂnzﬁﬁﬂ%mmmmLil'uﬁ"uﬂzla\‘l trypsin fiuanenafiy
sumdnsnmaiuhialuhidsusaduasmadidadaluannse | uasgnuduiauazasmesny 1 a5
2 Fuar 3 A% Weudumadubidlesasmnhidsusss uwhiahmssawnianhislsmaaiugiadu
e iidmuashmsmmuamenuusaay athainldlumsmuauammwiadubhialsmndlsiaddenl

vasdjudanmsaa

v 1
[

o W o o o~ v ¢ Y a a0 v = L d v oa o '
u’]’]ﬂ‘ﬁurﬁﬁﬁﬂ'ﬁﬂ’]‘ﬁii‘”ﬂﬂW]El']ﬁnﬂﬁ‘\!NaWﬂquﬂWNWIﬂUﬂjiﬂﬂwjﬂiqu “ﬁQQNaﬂﬂ’]ﬂuﬂﬂ’]ﬂ]’]NLLiq

yavindulsaneasliiaanii 6 log, ,CCID, /dose/1.5 Aadans

P 1
CHAALNIZLE S
Wwaatnnzldes MA104 (CCT WLB1998/12¢cell bank) Zafiniiiaan African green monkey

foetal kidney Ziiannanuwzaahsalson® lasuanuayensianngnio
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HaUAUBR
Tulularuaauaudvad 2C9 FNANNINWIZAauauAUYpISalsandlsnatliderdmsuldlu

v sa &"I nlw a . . - (3)191::; & ﬁ v a
NMIEUDNLAIINALUD LAY LALNAUA 1mmun0per0x1dasesta1nlng MIUAINNLDBL aﬂjﬂﬁdwam

amsasuTad

mmstgmmaé Dulbeco’s Modified Eagle Minimum (DMEM) (Cat. No.31660-026, Gibco)
il 20 %%Nfﬂﬁﬂgﬂ’a"a (fetal bovine serum, Cat. No. 26140-079, Gibco), 1%L-glutamine (Cat.No.
G-3126, Sigma), 7.5% NaHCO3 (Cat.No.S-5716, Sigma) 3%, 1% Penicillin (10,000 units/Naaans)
(Cat.No.P-3032, Sigma) 1% Streptomycin (10 §aan3u/Uadans) (Cat.No.S-9137, Sigma) uaz
1% 1M HEPES (Cat.No.H-6147, Sigma)

ihentitelddamaslumsnagey (washing medium) w3zalaeldornsidsunadn lifldunan

v
[

YNBINNINGN

=~ q [ = o Jf . . . . .

astasdalhisalsandlaadiaen (virus growth medium/titration medium)

2151889 5alsan (titration medium) t@3anlagids trypsin (Cat.No.27250-018, Gibeo)
anNdNdua g duaalUly washing medium TaludnnsnszquhiSauazlilhSavhguas

& & [ . . ] v 2 PN ° 1

21M5taeda 5d150 (maintenance medium) 1#lugrvasmsvstiatiinauiuhisalsem
P v ¢ A
#lsnedinen

. v PN ° o = o o A J =
uauas trypsin aamstiixnanuhsalsmdlsedidenlumadimnsdag

a v

iniaduhisalsanglsvedifernidaandly titration medium gavdn 1:1 Unfigungiivas

U

a [

i
w1 50-60 Wil Wumsnszdulisalsen nniudnaslunanadiilgagunzdes MA104 (3008 80-95%
U51na5 1 19, /Manad 175 em? Samduzethiademadiilu 0.01 Tasusanu uniinamgiiiasinu 1 #lug
Lﬁaiw”h%'anﬁzfjmaé lutuaauil titration medium RlFaziianudusune trypsin uanaefudly s snne
ﬁﬁﬂj’ 7.5 ug/mltrypsin/washing medium, 0.75 pg/ml trypsin/washing medium a2 0.375 pg/ml
trypsin/washing mediumtiansuIaLiis maintenance medium U3anas 10-15 xa. uarthluwi
37 avmwaided Tuannzidl 59 CO, w4 u Jumouil maintenance medium 47 3 @ Ao
titration medium, washing medium i 1% wm%%"umﬂ@‘nﬁ’a o2 washing medium tiamanzn

wianzanaamsinnanuhsalsmalsnaiien

maduhsalsmdlsvedidienTuanizen 9

waamsinziasshialugaduy 4 Su azfemsiadelumadimnedassann 80-90% AU
(harvest) lh%alu 4 anne o 1) Bubhfsnnwadinzdes Iﬂﬂ@(ﬂ‘ﬁzﬂ maintenance medium WaLLEAS
Adamannmadluiiui 3,000 50U WU 10 Wi wezfudnlaiihials 2) Wuhiaudimsuiudauas
avme (freeze-thaw) 1 A34 lasmaihwmadiaaieluuduisiigamgii -70 asenwaiBed wu 1 Fuudh
Yanazas 1 a3e (1F-T) @m?’?q maintenance medium wazasfiaadeluilud 3,000 sau Wy 10 Wil
wazfudulanihial? 3) WuhSawdimsusulazazans 2 a3 Tasvhmilauds 2) uihWaadnaoide
Th¥aluusuiuazinanazanssiny 2 a5 (2 F-T) 4) fuhiawdamsifiunsuiaarazas 3 s Tagrhwilau
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H
sl a

v 10 &1’ [ [ o o & o ] J
78 2) uathwaaanaaes h3alluguauazihmazaeaninu 3 A9 (3F-T) tamanniziwansaunams

]
o

wulsalsondlsnailifen

msUszdiuaanuusssashsalsmdlsisldio

iFenadwziaes MA104 910U 2.0 x 105 wadlu5ings 0.1 Gedaashuwanyiia 96 vau
w24 $1lae flgaunigll 37 sseneaided Tuannsiid 5% mdusulasanladnnihiadudadei
L%yala%'aiimwa'aqu%wmw}'ué’w trypsin fienuusuiivianzay Teadeanehyadu 1:10 lu titration
medium Unfigaumnfias i 50-60 il luanmedil trypsin Mntudenshiudazswiy 1:10°

-7.5

TasBufiszduanuidaan 10°° - 107° @y titration medium lasAouAningudiagalundaz
AnuEaN Sadinziaes MA104 luwan 96 “au Mg washing medium U305 0.2 §0d305/viqu
2 A% LiladSuiigluomaidsuradoon flasnndiuasugamenaupas trypsin MNHUQA washing
medium 8anUssan 0.18 Nadans nawdniadumadnluwdazanuidansdinngs 0.1 Jaddns/vaw
anuEoney 8 vigw Uil 37 asewades Tuannsiid 5% msuaulasanladinu 6 Tu iy
daiwande washing medium U3na3 0.2 §03305/vgu 1 1 A3 fix BAdEE 80% acetone i
whiudalwiwanuis ntudanmiBinauaudiaueas rotavius #ag3Fimmunoperoxidasestaining™®
Toaiiis monoclonal antibody 2C9 #3839 250 1h @8 5% skimmed milk (Cat.No.70166, Fluka) lu
PBS- 31105 0.1 {iadaas/vanadlumwan ﬂuﬁqm‘wgﬁ 37 asenuaLdaan 1 Flanntiudrawan 4 a59
¢e PBS- uaztfiy anti-mouse IgG-peroxidase (Cat. No. 12-349, Millipore) ﬁﬁiamq 400 M “?;\‘116‘7
nnmsmaenudenniiminzanlosld 5% skimmed milk (Cat. No.70166, Fluka) lu PBS- 1U5105
0.05 §iadans/ Vg Unigavnil 37 asenwalded 1y 1 Flwsnniludrawan 4 aiahe PBS- nauda
0.05 NOaaNT/ wqmmmsasmﬂﬁﬁ 3,3’-Diaminobenzidine tablet (DAB) was urea hydrogen peroxide
tablet @g14as 1 uim (Cat. No. D4418, Sigma) Tuthnaulsines 15 183805 ﬂuﬁqmwgﬁﬁm U
20 W7 uazaN 3 A% metlszth suwamealdndasenssailasiuinunauiiiwadaadihona
FuRennmafadaadalifalsm ihhuuvguilinamnindnamemenuusviaysinalialsm

navine Jvihedly Cell culture infective dose 50% (CCID,,) 1.5 iadans

nmsmuuamanuusrashialmaenudiadudlmedibaiimiosdy
Usziliuananuussrashisondanasyuhsalsmndlsnaiidenesaaivluisal juams weld
tUu in-house reference standard logvhmsnadau 3 91 Teagufudiau 3 e

NMTANIMUAIAIINLI
ammnamanuuseatbhislsmameiugiadudlamelidenneisnzuliss jians Tealdgasn

aaulasnnan Kaber™ a4l

> Nnunguvnand CPE - 0.5 [ x 0.5

Log,,CCID;, = - dunauzasanuidaaneganly + || - : >
NurgaluLaacaNNEaN
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e laluguyes CCIDs0/50 lulasanswarnanunaiily CCIDs0/16d/1.5 iadans
MANNUSIN LA lLudazasNnagausaslinnuuanaelaitiy 0.5 logloCCID50

We

é'ﬂwm:mmmaéﬁmmﬁyﬂ\mé’qmsamL’ﬁaﬁaﬂh%ﬁsmmﬂﬁ'uﬁ:i'ﬂ%uﬂsﬁ'ﬂﬂu?i'm
dnvazupuradimziss MA104 ndamadaiehidlsmmenugiatudlsiadiien Tasfunaiiu

wasGuiansazlasuuladluilBent cytopathic effect (CPE) naamsinidaunuy 4 Ju adandneds

immunoperoxidase aztfiudinmanmeluwad (nui 1 a) %ﬁﬁﬂwmxﬁ'ﬁﬂa'nazhitﬁﬂumaﬁmuqu

(MW 1 b) Nlsifndanmasueny 4ox

la 1b

wwas MA104 NAaza 5alsen wad MA104 Un@

(Maseny 40X) (Maveny 40X)

MWA 1 anezYaEaaIziaes MA1o4 menaimsaaehialsmaenugiadudlaediaen (1a)
Weunuraswsiaes MA104 Und (1b)

uapad trypsin Giammﬁ'mhmuh%’afimmﬂﬁ'uﬁjﬁ’ﬂsﬁwﬁf‘sﬁ'ﬂﬂtﬁm“lulfzmélwmﬁym

PNUAMSANNNUIINS LY trypsin ﬁmwmifuiugaqmﬁa 7.5 pug/ml trypsin/ washing medium
Tugnmslihiadduadlos titration medium wazgrmaiiinannuhialos maintenancemedium
Tisinahiageiigadie 6.86 log, ,CCID, /1.5 fiadans lusasiiviinahisaaailaldanudutu trypsin
it 0.75 ug/ml trypsin/washing medium (4.05 log,,CCID,,/1.5 §8dan3) az 0.375 pg/ml trypsin/
washing medium (3.86 log,,CCID, /1.5 N8dan5) Tugnnzi 7.5 ug/ml trypsin/washing medium u¢
T1®1%5 maintenancemedium (¥u washing medium i 1% 295N uaz washing medium 1%
UsmnarhSaunnu 3.93 uaz 4.30 log,,CCID, /1.5 {addns Faliuanesanmsldd 0.75 pg/ml trypsin/
washing medium s 0.375 pg/ml trypsin/washing medium Tu®1%5 maintenancemedium Ju
washing medium i 19 109750 woz washing medium @ 4.05, 3.80, 4.55 Was 4.24 log, ,CCID, /1.5
198505 MUIAU (mswﬁ' 1)
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@997 1 WaYad trypsin damsinanuhialsmmenugiadudlselidelugadinzi@es

AMNLYBIDINIG ANAEYN virus titer
Titration medium Maintenance medium (log,,CCID;,/1.5 ml)
7.5 ug/mltrypsin/ 7.5 ug/mltrypsin/washing medium 6.86
washing medium ] ]
washing medium+ 1% FBS 3.93
washing medium 4.3
0.75 ug/mltrypsin/ 0.75 pg/mltrypsin/washing medium 4.05
washing medium X )
washing medium+ 1% FBS 4.05
washing medium 3.8
0.375 ug/mltrypsin/ 0.375 ug/mltrypsin/ washing medium 3.86
washing medium - -
washing medium+ 1% FBS 4.55
washing medium 4.24

=

m'il,ﬂ%fﬂmﬁsmﬂ%mm"h%’amﬂmstﬁub‘%’ﬂ‘[ammﬂﬁ’uii'ﬂezimf['sﬁ'aﬂLﬁﬂﬂuamumn 9
anmsiisinuhislsmmeiugiaduilsieddelugadinzdss MA1o4 luanmsiiany

g trypsin {u 0.75 pg/ml trypsin/washing medium uazifivihiasaasia hialae3anuanany

4 5UuuU A9 1) Wulaansa 2) 1F-T 3) 2F-T uae 4) 3F-T wamMInaasanunlugnnzmsnaas 3 62?1

U
]
=

idhdaszudtulosginne 3 s maduhia Tesaseliduinahisadawhiu 6.68 log, CCID, /1.5
fiaddns Fennhusinabhiaildnnmafulesdd 1F-T wasis sF-T fililsmnahimaiewhiu fa 6.97
log,,CCID, /1.5 fiadaasatniitsadgmeadilos One-Way ANOVA (p <0.05 ) wiudgnnuisanalsa
ffulaeds 2F-T #0106.47 CCID, /1.5 ml (p <0.05) wazmaifiulasdd 2F-T limanuussfiuancsadn
ﬁﬁﬂﬁwﬁmmqaﬁﬁLﬁ'mﬁﬂuﬁumﬁﬂLﬁﬂﬁﬂ‘[ﬂﬂ’i% 1F-T uazds 3F-T (p <0.05) mstiulaegds 1F-T uay
35 aF-T Titsnalhiawinnnige duiuiisaanmmafuiaduliaas1sis 1F-T sedenl3s
Tsmanewusiadudlsnedideisrdaiainan1fifiu in-house reference standard luwasufiianis

(5199 2)

P =~ ~ a Y U fU A af o ¢ A < @ ]
mand 2 mawSeuiisudinabialsmmenugiadudlanedivennnmanubialuannze

dnmzmsianulse virus titer (log,,CCID, /1.5 ml)
Msnaandi 1 mManaandi 2 Manaaadd 3 G.M.
ulaaase 6.74 6.68 6.61 6.68
1F-T * 6.99 6.8 7.11 6.97
2F-T 6.49 6.49 6.43 6.47
3F-T * 7.05 6.99 6.86 6.97

msuhsanaamsusudsuazazas (freeze-thaw) 1 A59 1F-T* wastivhSanasmsududaias
azana (freeze-thaw) 3 59 sF-T* laiflanauaneashiiiesaneadnles One-Way ANOVA (p>0.05)
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miﬁ"muﬂﬂ'"lm"mI,L‘N“llaﬂ’a%’ﬁi’immﬂﬁ’uﬁ:ﬁ'ﬂ%wﬁiﬁ'ﬂﬂtﬁmﬁtm%auﬁuiuﬁ’mﬂﬁﬁﬁmi
dahhfalsmmeiugiatudlsieiidmiedouiuielfhiuhissnaduiafiins (in-house
reference) 3MAANNULTLagEUAUR 3 918 MImaday 3 wh 1w 2 a5e fludaszdaiu manuuss
wagwasiatudrdunespuiedsnluiesl fianmsnngUuiiua 3 e vihdu 8.03, 7.86 uay 7.88
log,,CCID,,/1.5 ml (n= 3) Tosfienanuusisiumas (n= 18) whiy 7.93 log,,CCID,,/1.5 §aaans
ilathainmeiids (G.M. + 3SD) A 7.46- 8.40 log,,CCID, /1.5 {indans (7l 3)

m3ni 3 mamuuaaanuuswashialsmasiugiadudlanelidsneseaiu

aanuusashialsmmenugindudlsnaiieneseniu
Tuwaediens Teegaauiiau 3 918 (log,,CCID, /1.5 ml)

5107 1 (n=6) 5187 2 (n=6) 5707 3 (n=6)

8.05, 7.99, 8.11 7.74, 8.05, 7.80 7.74, 7.93, 7.68

8.11, 7.99,7.93 8.05, 7.86, 7.68 7.99, 8.18, 7.80
G.M. = 8.03 G.M. = 7.86 G.M. = 7.88
SD = 0.07 SD = 0.16 SD =0.18

G.M. 594 = 7.93
SD 574 = 0.16
G.M. + 3SD = 7.46- 8.40

a 4
AU

Talsmmeiugiatudlaialideashliiasd MA104 1ia CPE Tuszazia 4-6 Ju emanan
figuildifedanmuaufinuuashiafiagmelulslowmatunasadiinndalifadeis immunoperoxidase
pnmanuminssanssnhislansiadalumadinadldidasands trypsin lumshelihiadhdiuss
Teheduc™ 5arhmsneasaman stz nuENgy trypsin wuhmsld 7.5 pg/ml trypsin/
washing medium ﬁgﬂu titration medium 8¢ maintenance medium lﬁ'mﬂ%mmh%'agﬁqﬂ 6.86
log, CCID, /1.5 fiadans duflanzdu | Heaanaududi trypsin 84 10 uas 20 N (0.75 pg ,0.375 pg/ml
trypsin) Wiy titration medium waz maintenance medium Usinall$aiildazanauaziienlndidsaiy
UFONTIANNIANLY trypsin ﬁéauéﬂﬁmumnhmsﬂ'qLa'%umiLﬁuﬁwmuh%'aiwﬂumsmamﬁﬁﬂ% 7.5 ug/ml
trypsin/washing medium {ugnnziminzaneasonmsildiivsuulsalsandlsnedidorlusad
wnzies MA104 danadasnuiiinmsinmandaudaldanudaudu trypsin 529e 1-10 pg/ml1®™

samssaiulasafdvisnidlumsdindsmabialvanniumsinmiildnaasamaniae
msiulsalsmalsneddeimanzanly 4 g0z mamsnagaunuidsmsiulesmsuduisuazazans
Wien 1 a3y Aiisawademaiuhislamanmdssudanar Teeliusnahiagigarhiumauduioes
azang 3 a5 aelaemlumsiivhialuwadinzdssindulasmsuduiezazansahaias 3 a31 iaswn
HagduildvsinabiadmsdunndniifiuhEsigadlasns®
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msmuuamenuussashialsmneiugiatudlsieddenidowiauiu wuhhialsmmenug
Saduglsveiidenitawniostuluanmsionnzanlumsaadelialsmlugadlogldanudugy 7.5 pg/ml
trypsin/washing medium wazdafiulsalasdsuduiouazazars 1 a3 wuhhiaildfimamuusunisgs
@4 7.93 log,,CCID, /1.5 faddns laadaiidaagssning 7.46- 8.40 log, CCID, /1.5 §8da03 wanaINil
ailldudazadanuuandsraswamsnageuluuaazauluiy 0.5 log, CCID, /1.5 Fadans duiy
fanaspumnanseniunamsnasauh lifanuuandsiuluudazadsihmanasou® Jeagiiig
eenuusiilaminsaihinldidudanuusaashialsmmanug Taduilsiatidmisowisniulay
muuah dalafhmanadeuiadudaiudazess  menuuswashialsmameiugiadudlsnaiiten
a"NSwzﬁma&islu“zmmﬁﬁmuﬂnﬂﬂ%g\a wwnlﬁaﬂluﬁwdwﬁﬁmumsﬁmfﬂmamsmaaﬂuﬂ%ﬁﬁ?ﬂﬁmums
nadauMAMILIIzGasiimanadaum vannnilmanuuswashialsmneiugiaduilaiedidninioy
BuasganhenmnassIuil WHO mvuadaiadusadasiienanuuatlsitiosnd 6 log, CCID, /1.5 iadans
Toah3alsmmenugTatudlaiedideniviauduaninlimedaumugliduiadudatannads Seaas
finsdusznavrasnsdnilndidesdu ieiudunamamaseulundazaiahlinamanagauiigndes uas
indeda msdnwnilliminsaszyldihialsmmeiugiatudlsvsdidniniauldluiasl jidns

e

finnuaeen (stability) snnidpatiiele Zsazdavnmsdnmeal suummsmisiawsenhsalsmaranug
Fagudlsvedivelugmauwianelvdiienuasdinnzy saaiudsslenidamsinulilfidussasnannu g
[ < [ = o v JY A U dl a'qy [ < Id Y
aghalsfiony madae3enhsalsmasnugiedudlane e lugaaanaril Sanuilunaaaussylildiies
waluuaazasanmmsnegay tetlasnumsanasresSalurazdenuazimsusadivmanuusiaalady
datluszez g wazdnwuwnlinmsldhislsmmenugiaguilanaiveniainsssdumudawuzi

298 WHO

GREL

9

Jogulhsalanglaveiiden maszgmbainldluwnushaadugiduiulsaludnsenlsznalng
lvmsmuanaumwiaiubialsmuanlsamaazivnaiaiu msdawdsuuazimuameamuusea
hialsmmeiugiadudlanadideniaionundyluiasfians msdnmilldeseuhialsmmenugiadu
Flaeildentulasdnmnmaneimnsandamaiisinnubhidlugedinsdsmsonismaiuhiaieli

4

Y a o ld' = 1 o = = U (% %]
lavsinahSanunnuaziisanadamaihluldluszezne s-5 U aanmsdnmwuihsalsaasnug
U o o o o A PR vt < g P v v .
Tadudlsnet@ennunuules lurasnizides MATo4 ludgnmendanuwudy 7.5 pug/ml trypsin/
washing medium Flvdehanuusigegaiiafisuiuanizdu g Niianudndy trypsin dasni wananil

< [ [~ & = o o < [ v JU A af LY
manuhSalasmsuduinuazazans 1 33 lisawauazmanzandmsumsinuhsalsmamenugiedudlsad

d' 4' J d' v J [ L L= T v o d' d' = Y dl [
wenisamagaumanuusila wuhbislsmaenugiaduilmedideneisulamanuusundsgamnu
7.93 log,,CCID, /1.5 #adans loafimndaluni 7.46- 8.40 log, CCID, /1.5 {addns eniilaudase
fianuuaneliiiu 0.5 log,,CCID, /1.5 addns Jvagulanbhialsmaenugiaduilaeddeneniaw
2 v a va o Y [ a 1 v o [ = v
uluisslfudmsarmnsaihanldiduhsaseddumsamuanaumwaianuuswasiadubalsmalse

Wenle
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2DYDUAMKANEMIFINUUEIINY uETnse Trzlwenanwed nlvimsatiuayu Mu3n wazuuzih
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wﬂwwammaﬂumwaaﬂﬂ
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Optimal Conditionsfor Propagation of
Rotavirus Monovalent Vaccine Strain
to use as a Referencerotavirus for
Evaluation of Potency Valuesof
Monovalent Rotavirus Vaccine

Natthakarn Mingngamsup Sukanlayanee Chaimee Bhurit Songthananit
and Supaporn Phumiamorn

Institute of Biolagical Products, Department of Medical Sciences, Nonthaburi 11000. Thailand.

ABSTRACT Rotavirus vaccine will be introduced to National Immunization Program in the future to
reduce child mortality in Thailand caused a severe diarrhea in infants and children. Quality control of
the vaccine to ensure the safety and effectiveness of rotavirus vaccine will be increased as well. Therefore,
it is necessary to prepare rotavirus monovalent vaccine strain for using in quality control laboratory.
This study was to determine optimal conditions for preparation of rotavirus monovalent vaccine strain
infected cell culture in the presence of various concentrations of trypsin and to study harvesting virus
in culture fluid in various conditions after freeze-thaw cycle 1 time, 2 times and 3 times, respectively
comparing with harvesting viral vaccine directly from culture supernatant. Optimal conditions were
used for the preparation of rotavirus monovalent vaccine strain that would be assigned with the potency
values. The result showed that use of trypsin couldenhance rotavirus quantity in MA104 cells. Trypsin
at 7.5 pg/ml trypsin/washing mediumboth in the titration medium and the maintenance medium and
harvesting virus with 1F-T method were optimal conditions for preparation of rotavirus vaccine due
to a highest potency values. When optimal conditions used for preparation of rotavirus monovalent
vaccine strain, it was found that the geometric mean was 7.93 log, ,CCID,,/1.5 ml with the range between
7.46-8.40 log,,CCID, /1.5 ml. Each individual value from three analysts was not more than 0.5
log,,CCID,,/1.5 ml. It can be concluded that rotavirus monovalent vaccine strain prepared in the

laboratory can be used as a reference rotavirus for quality control of monovalent rotavirus vaccine potency.

Key words: Rotavirus vaccine, potency
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UPLC Method Validation of Prednisolone Tablets Supawadee Surangkul et al

UNUI
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wsailalay (Prednisolone) tiussdatanzvingyn Glucocorticoid hanldmemsuwnd Jgnd
v [ v & a % I < & a A
mumsantaulasgusinseda U llaldaaaEiia Polymorphonuclear Leukocytes N6IUNN
mMuvaaadanclaanisldnamainnurasszuugiiquiulasaamsudauazmsmaursaiaiseu gile
lymphocytes 1az eosinophils™ 2 iwsaiilalaudaiugnamuguiitdy mudszmManszNsIassugy (o

a (3) v o v A 4 = ¢ v a1 1 ] d%’ VLW v n'lVL
gAUANNLAY® muds 3 aeun 34 devdiunndiduidans lamansozamlaesmuumesnly
wsailalauniilalulsanenvaiinegluuvendouazeuadyga Jagiuimsaiilalavlugluuvedia
Nunsidsumsunsdy 126 M5y Nuunlusdalulsana 125 Muwaziieh 1 asu@

wisailalauiianwasiducadan azareluih (1:1300) @5 uea (1:30) Aaalswasy (1:180) ize
maaiiAa (11B)-11, 17, 21-trihydroxypregna-1, 4-diene-3, 20-dione Hgnslutana Aa C, H,,0,
wmtinlaana 360.4 uasignslassasiamaedl (mwin 1)@

0

= v a
M 1 goslasainwaunsaiilslau

mﬁmiwsﬁmﬂ%mmmeﬁiﬁ‘[au‘lumLﬁﬂﬁsquﬂuLﬂﬁ'wh%'waqﬂssmﬂaw%'gam%m (USP36)
1% normal phase HPLC uazl% Butyl chloride, Water-saturated Butyl chloride, Tetrahydrofuran,
Methanol uas Glacial acetic acid lusasdiu 95:95:14:7 (Hussazaradan Fefidrunanas
chlorinated hydrocarbon 39fisuasadasuinaay dAE ANz iaNndsaIUzalsEINAsIng Y
(BP 2013) 14 reverse-phase HPLC Tosilwsuaauazin lusandiu 42:58 umsazmadamn® ”
idlesnnluiligiueiasdioildlumslinnsiiimswanniieliiivssansmwanniuia Ultra Performance
Liquid Chromatography: UPLC s'z’;qLﬂuixuuﬁmmmwmmé’ulﬁmnﬂiw High Performance Liquid
Chromatography: HPLC ﬁqmmin‘lﬁﬁmaﬁuﬁﬁﬁﬂmmmgmmﬁnﬂ'jmaxmmsmg'uaq MlrUseansaw
Tumsusnanstiiadu Whanlumsiensdduaiazaudssansaivosainde Taaiadwnnzinsailzlan
7835 UPLC wufiezaswnseaiilslaufinauszana .4 it daumsiensdmsailaloulaeisnasgu
mueNenzasssmaansgaminuazUsumasangenuiiazsansaiilalauiinaUszanm 9.0 wax 5.2 il
muadu dailufitedsldiaTanisiensinsailsloulundaloslfineiia UPLC wasrhmaasiasay
ANNYNGBBITIANsimuaninaviues USP® uay ICH Guideline™ logfnmanudniwizianzas
28935 anaduduasiaztineeimsienzd anuusiy anuies wazamuamuadienl iaanso

o o Y S ad =~ o [ a v a va Ao o [ a = [
unaulﬂ’lmﬂmﬁmmaan ’mmumsaLﬂiwzﬁluwmﬂgumms‘nummumaﬂN“thmmmﬂ | Hﬁlumn LOEINU
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ta3asilauazgunsel

GELY UPLC: Agilent Model Agilent 1290 infinity Usznaua28 Binary Pump G4220B,
Hip Sampler G4226A, Column Compartment G1316C, DAD Detector G4212A, Software
OpenLab-EzChrom, USA Column: ZORBAX Eclipse Plus C18 2110 2.1 x 100 §88t405 2110810
1.8 lulasiuas S.N. USDAZ03529 uaz S.N. USDAZ04974

Microbalance: Mettler Toledo Model MX5, Switzerland

Balance: Mettler Toledo Model MT261 Delta range, Switzerland

Shaker: GFL Gesellscaft fur Labortechnik mbH Model 3018, Germany

Ultrasonic bath: CREST ULTRASONICS Model CP2600D, Malaysia

Hot air oven: Binder Model FED-115, Germany

Syringe filter: PVDF 0.22 um, Agela Technologies, USA

m'smﬁuazmsmmgm
Methanol HPLC grade WanAa9ivas Macron, USA
Hydrochloric acid 37% AR grade nannmizas Carlo Erba, Switzerland
Sodium Hydroxide AR grade waanasivas Merck, Germany
Hydrogen Peroxide 35% AR grade waannasiaay Carlo Erba, Switzerland
ﬁﬁﬁnﬂ Mili-Q purification system waanmias Milipore, Netherlands
8194199371 Prednisolone USP reference standard Lot.No. N1J277
§91410937U Prednisolone DMSc reference standard Control.No. WSP48-4/55

MaEI

MIPENENLIAWIA T LAY VUAANNUT 5 NAFNSNADLNG

AamMInaday
MILHIINEITASAILNINIFIU

#1909 8NIM3374 Prednisolone “Ei"qmsmmg’m Prednisolone USP RS 1ﬁﬁﬁﬂwﬁﬂﬁgﬂﬁa\‘i
Uszanae 10 H0an5u a9lu Volumetric flask 2116 50 Aaddns azazuazUSulSanasee Mobile phase
NIBNENULHUNTDIG 0.22 lulasiues

d138:a188160557% Prednisolone a@w3unsiwansgiu ‘Eil’\‘la’l‘jﬂﬂ(ﬂ‘ijlu Prednisolone
DMSe RS Tiihniinfigndas Uszana 125 fiadn3u adlu Volumetric flask 2110 100 fiaddns avas
wazU5uU3anases Mobile phase MntuEsnansazasiilaluivsmnafiuiueunes Prednisolone Uszanas
0.15, 0.175, 0.2, 0.225 Waz 0.25 NAANINGDNIAINT INAIAU

d13acan83N63371 Prednisolone stock solution %’qmsmmgm Prednisolone DMSc RS
Tiinhwiinfigndas Uszanm 100 feansw aslu Volumetric flask #u1@ 100 fiadans sxmsuazUiuiznags

@8 Mobile phase NIBNEIULKUNTNVIUNG 0.22 lulasiuns
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MILEITNEIIAZAIIAIBEN
Y ' = IN 'K ' IS o H o a0 o v v g
Hmadnelawsaiilalan lidsani 20 Wie Muwamiwinmdadade waruandalviy
& o o & & o ' v ¥ o A v v (a o A a o .
Watdennu nnuuFenmnaaieliiivviniigndadeslifivsinadmenidszana 10 fadn3u aelu Volumetric
flask 2110 50 Hadans LN Mobile phase Uszann 25 Hadans W ldwen 15 wH 1w lU sonicate
10 117 uaUSuUsuNAIA2E Mobile phase NI89HIULEUNTBIIWNG 0.22 NlASINAS

mMsulSauliiau Retention time #a9353ta51las UPLC nudsansgiu
wsanasazaansaillalaulu Mobile phase vauaazidusifaasazaanszuulasunlnsnnil

(MINN 1)

M990 1 waaeszuulasunlnsnslenudsens

mNTeas e uiles UPLC USP 36 BP 2014
AN ZORBAX Eclipse Hypersil silica Hypersil BDS C18
Plus C18 2110 AUIA 4.6 X 250 mm, 2U10 4.6 X 200 mm,
2.1 x 100 mm, 1.8 um 5 um 5 um
FIaTILAIN MeOH:H, O (55:45) C,H,Cl: Water-saturated MeOH:H,O (58:42)

C,H,Cl:(CH2), O:MeOH:
GAA (95:95:14:7)

BAIMSI % 0.3 Nadaas/ /i 1.0 Naddans/ /i 1.0 §addas/ /i
gouniiganaaNt 35°C ambient ambient
Usanasiian 2 lulasans 10 lulasans 20 lulasans
LASBInTITI0 DAD 254 nm UV 254 nm UV 254 nm

8ANFAUANNYNABIYNIS (Method validation)
1. MINAFUANINNIWIZYANID (Specificity)

%Laaﬁmmgm Prednisolone DMSc RS Uszana 10 mg adluviaaanaaseual il v lvigareen
Tugameena ) eaii

1. iy 3 N Sodium Hydroxide $1u3u 100 pl wdaliamudoud 80°C flunan 1 %l

2. 1Hin 3 N Hydrochloric acid $117u 100 pl ugrlienadauil 80°C funm 1 $alus

3. 1fin Hydrogen peroxide 35% 11w 100 pl udrlianudoui 80°C dunm 1 $laa

4. @whannu 100 pl udrlienudoud 80°C Hunm 1 il

5. Tiamnusaud 80°C Wuna 1 51l

6. W luitauna dunm s 5l

NNIUAZANEETNIATTIUNNENIZEN ) T9AUGE Mobile phase $1171 10 fiadans nspesny
wunsawng 0.22 lulaswas Sinneiasaraeilamenias UPLC wisdnsnmssuniuzasasdans
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2. MINAFUANNUUTUATILLEIVBINTIATIER (Linearity and Range)
20§38 8NIN93 71U Prednisolone anaaNgulszanm 0.15, 0.175, 0.2, 0.225 Waz 0.25

u/ v

ANINABNAFNS MNAIAULLILAIDY UPLC wald@sNns I Wuaaaa NN N LS 5eriI e NN N ULa s

)

4

o U a £ v @ . . P U v '
unlane muaedudseandandunus (Correlation coefficient, r) Z9npsiim luiiaenin 0.995

=

3. MINAFaUMINUNY (Accuracy)

'3me:ﬁmsaxamﬁaaﬁwﬁLaumsaxmﬂmmgm Prednisolone stock solution (standard
addition method) #t 3 sEuAMNTNTY fp 0.16, 0.2 AL 0.24 HaansuAaiadans Anusaeas 80, 100
waz 120 FasanuENTURlEIeNLIN SN auwseilalauludaths Tnanagauanususus: 3 91 My
Usanaunseiilalaunavueiilumsazansiiamunaidasazseamsaundy (% recovery) fidazszau
ANNENTL AR EYBIA3aTY BN IAUNSU (% mean recovery) LtawiﬁaﬂawawhtﬁmLuummgm
FUNNS (% Relative standard deviation, % RSD) ‘[ﬂﬂﬁ@hLaﬁ'ﬂ'i”aaa:mamwsﬁuné’uﬁmagﬂuﬁw
97.0-103.0 waz@ % RSD laitiu 2.0

4. MInadaumNNiey (Precision)

4.1 an¥uale (Repeatability)

a I's a a L% ] [~ [ %’ O-I = o o a

Jeszimnusinansatilalauluaagaentiio 9w 6 9 leanadaulududeiny auadsunm
wisaiilzlaudadio Amdeuas % RSD lag % RSD aasliifiv 2.0

4.2 Intermediate Precision

S nzvimusnaunsailalauludiagneniio M1unu 6 % Taanadausiu My 3 Tu waslasu
UMILATIEY MU 3 au nadSinaunseiilzlaudaiio anasuss % RSD 1ag % RSD aaalaitiu 2.0

5. NMINAFAUANINNUYDIID (Robustness)

Sezimisnanseiilaauludistheenfio sy 6 o laswasuulasdmizaesszuy UPLC
A BavduzasasazanaIn aaIMsluaraasazaraain aeaw uazaamaivesnsani W3suiisy
Wimasang g dwuall SmsuasadauaumInzaNasszuy UPLC e tailing factor daslaitfiu
2.0 wianmsananSnamsailalaudatio Wisuilsunaien:ilalaamuae % RSD daalsitfiu 2.0

6. msUsziiuaranuliniuauuainisin (Measurement uncertainty)
= & X vo a v v v a ¢ A v & Y o
msdnwassiilammsdsadumenulduiveuraimsanadwnziiie lidulumadamuueuas
ISO/IEC 17025:2005 fimuualivasljuamsnedaudssdszdiusmanulainivsuzasmsialaaduly

AN MIMsUssiiua Ny lwivauasm I amaai e v

A1)

mMsulSauliiau Retention time #a9353ta51z%lag UPLC nudsannsgiu
menzinsaiilslaumelaanie UPLC wuiezaswsaiilalaunnaidszana s.4 i
dumsienzdmsaiilalaulesidanasgruamuamnevasdszimdanigaudmuazUszinaainguwuiie
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2Nt lnlaunnaldszanns 9.0 waz 5.2 N MNSIOU T9IIANEWLes UPLC wuiezaawsaiiltlay

B hienedameismumnmuaslsandansgamimussanm 2.6 WhuazmumNeVaeUsznasInn e

1.5 1 (MWN 2)

.
VAT A, Wavwlaa gIh=200 AW (PRECNMF ER1OMDI.D)
L e

L]

d : i : |

AT A, W gt nm RO TSAMDAR RIT0 D)

L.

-
2 B

P A P aa 1 &
Mud 2 waaslasulnunsvaasarsazarsanasgrumseiilglauluszuulasininsnmlanisar g de
Wienedles UPLC (A) anmenvasdsemaaniganinm (USP 36) (B) waziienaasussndsaney

(BP 2014) (C)

8ANIFAUANNYNABIYNIS (Method validation)

1. MINAFIUANININWIZYDIID (Specificity)

msiazrmsailglaumelaanne UPLC wuiezaswsailglaunna) Ussanm 3.4 wi

PNIMSANANNIWZIIZN legdadsarmarasansinassunsaillalaunimliiiamsaanaai

FNMLENN ) WUNFHINTouenansEemNiieadusannniinvensaiilylaule (mwi 3) Taeden resolution

NN 2.0

248
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2000 | DAD: Signal A, 254.0 nm/Bw:4.0 pm Ref 360.0 nm/Bw:100.0 m
2750
2500 ]
2250
2000 -
1750
% 1500 3
1250
1000
750
500
250
('] T—— — —— V. — de- — — et peton et ~ —
D 1 2 3 4 [3 [] 7 8 9 10 1 12 13 14 16
Time [min]
DAD: A, 2540 nm/Bw:4.0 gm Ref 360.0 nmrvBw:100.0 nm
1600
=1
1400
1200 k
1000 S
i 800
600
400
200 = 53 §
a o o~ o™~ ALt
L 1 2 3 4 [ 6 7 8 9 10 11 12 13 14 15
Time [min]
DAD: Signal A, 254.0 nm/Bw:4.0 gm Rof 360.0 nnvBw:100.0 nm - R
1400 %m
1200 =
1000 ':‘.__
2 e 23
600
200 8w g g
o =
o e —— ) 1 1 Ym i____
[ 1 2 3 4 [3 [ 7 8 9 10 11 12 13 14 15
i Time [min]
2750 DAD: Signal A, 254.0 niyBw:4.0 Ref 360.0 nnvBw:100.0 nm
2500
2250
2000
1750
2 1500
1250
1000
750
500 o~
250 88 =
o bt = S
1 2 3 4 [3 [ 7 8 9 10 11 12 13 14 15
— SR Time [min]
3000 {DAD: Signal A, 254.0 nvBw:4.0 pm Ref 360.0 nm/Bw:100.0 nm
2750 S
2500
2250
2000 E
1750
% 1500
1250
1000
750 2
500 o~ -
o =
200 e - g% § 3
1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15
Time [min]
DAD: Signal A, 264.0 nm/Bw:4.0 pm Ref 360.0 nm/Bw:100.0 nm
2750 gw
2500 =
2250
2000
1750
% 1600
1250
1000
750
500
= gt
L 1 2 3 [3 [ 7 8 9 10 11 12 13 14 16
Time [min]
3000 {PAD: Signal A. 2564.0 nnvBw:4.0 Ref 360.0 nm/Bw:100.0 nm
2750
2500
2250 s
2000
1750
2 1500
1250
1000
750 4
500 - = - +
260 gREE )| 8 ‘
(] 1 2 3 4 5 [ 7 8 [} 10 1 12 13 14 15
| St Time [min]

i 3 udaslasininunsuasansazasanasgunsaiilalau (A) uazasaraszasasinasyIuwsaillalau
A o v a o o ' - ] ° & ' a ° &
M ldiamssaaafianIzaN g fe damMense 9 80°C wiu 1 3las (B), 8nmzane 71 80°C wiu 1 72las
(C), anMezaanBady # 80 °C wu 1 Hlus (D), anmelalaslada 9 80°C wu 1 #ilus (B), amiei
80°C WU 1 1l (F) LLazamazﬁgmmeu 8 g (@)
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UPLC Method Validation of Prednisolone Tablets Supawadee Surangkul et al

2. MINAdaUANIUIFUATILELEIYBINITIATIEY (Linearity and Range)
PNMIAAENTAZBNINTFIU Prednisolone NHANNENTUUIZIN 0.15, 0.175, 0.2, 0.225 LAZ
0.25 N8AN5NABNARANT UWAIFSTHNNIINUFAIANNTFUNUSTEWINANNTNTULLAUNLANA WuIINFIND

=~ v 1] t!' o o v = ‘§’ L v 1 U
fTanwauzdudunsanasngnenuniufimsnesay loslemauussandandunus (r) wnu 0.9999

(MWD 4)
500
450
400
350
o
S 3004
X
; 250
= y=1866.3x - 12.398
Z 200
%
NE 150 r=0.9999
100
50
0 T T T T T T T
0.1000 0.1200 0.1400 0.1600 0.1800 0.2000 0.2200 0.2400 0.2600

anuENdurasa sarasInaIuwsaiilalau (Jadniu/iadens)

i 4 nnWudaseNNFNNUS ST INeNNE NI U BIEsazansINasgIUWse T lalauuaziunlade

3. MINAdauANNUNY (Accuracy)
NnMsReasazaemagNnimadnasnesuwsaiilalou N 3 szauaNNENTU 0.16, 0.2 LAz

0.24 H8aNSNABNNAINT WUMIDLIZVDINMSAUNAIURALWINNY 99.9 + 1.1, 100.8 + 1.4 LaE 100.9 * 0.3

MNAU (AN 2)

M51N 2 WM SNAFDUANNUNUYBIIDILATILH

SEAUANNLINAU ANNTNTY M308azDINSAUNAU Aindsyaminsas % RSD
(un./ua.) 1 2 3 2BMSAUNAUY
80% 0.16 98.9 101.0 99.8 99.9 1.1
100% 0.20 102.4 99.7 100.4 100.8 1.4
120% 0.24 101.2 100.6  100.9 100.9 0.3
(A 100.5 1.0
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4. MInadaumNNiey (Precision)
4.1 anuMla (Repeatability)
a I's a ' LY ] < o H U = (% =
Aezimusnannsaillalaulumedendia i 6 9 lasnadavluiudenny § % RSD
WNAU 0.7 (MM 3)

AN 3 HAMINAFTIUANNMTILG

. Ysmnaunsaiilalay
MIBEN e e
(NaaNINABDLNA)

1 4.7359

2 4.7743

3 4.7820

4 4.8012

5 4.7576

6 4.8257
(3 4.7795
%RSD 0.66

4.2 Intermediate Precision

a I's a a Y ] [~ o %’ [ w ) o =

Jenzimnusinawsaiilalauluaiadaeentiio Nuu 6 9 leenaaauaIy U 33U 3 % RSD
WNAU 0.6 waztlipdautnIAILH DU 3 AR § % RSD tnAU 0.7 (NN 4)

MMM 4 WaMINAFDU Intermediate precision

amMshinasay Usnauwsadilalau (TadnSudaliia) Intermediate
precision
1 2 3 4 5 6 wds % RSD @y % RSD
1 4.7359 4.7743 4.7820 4.8012  4.7576  4.8257  4.7795  0.66
wasuiu 2 4.8279 4.8197 4.8140 4.8255  4.8213  4.8053  4.8190  0.17  4.8042  0.57
3 4.8157 4.8348 4.8102 4.8391  4.7979  4.7879  4.8143  0.42
wWaeu 1 4.7359 4.7743 4.7820 4.8012  4.7576  4.8257  4.7795  0.66
Uniesed 2 4.8381 4.8402 4.8650 4.8049  4.8264  4.8342  4.8348  0.40  4.8124  0.70

3 4.7954 4.8100 4.8186 4.8204 4.8456 4.8479 4.8230 0.42
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5. NMINAFAIUANINNUYDIID (Robustness)
ld' = o 1 L% %
neasadguulasannzeaszuy UPLC @p 809 duue9ansazagmn aams iazesansazas
MW ApaNY LLasqmwQﬁwamaé’uﬁ ANINITROBITANN ) NBIANKANTENUADANNLANITHFNYBITEUU
& a ¢ |a a Vs 2 = ~ a e ' I~
iunddensilsnaunseiilslauaadianalSauiaunaliasesd nuhanmezvasszuulasunlnasni

Mdeauulugimlvuaimserindar % RSD ludu 0.9 (an5197 5)

AT 5 LFNNANSNAFAUANNNUYBIID

FNMLVDITEUUY RetentionTailing USanaunwsaiilslay (Faansudailin)
Time factor YSwinaunseillzlau 15 (A % RSD
W
65/35 1.6 1.35 4.8228 4.8003 4.8081 4.8102
dadiuzas 4.8101 4.8193 4.8003
F138LNUAIN 55/45% 3.1 1.26 4.8279 4.8197 4.8140 4.8190 4.8105 0.2
(MeOH: water) 4.8255 4.8213 4.8053
45/55 7.8 1.20 4.8133 4.7944 4.7957 4.8023
4.7982 4.8149 4.7971
0.25 3.7 1.25 4.8251 4.7945 4.8027 4.8108
Flow rate 4.8196 4.8237 4.7993
(ml/min) 0.30* 3.1 1.26 4.8279 4.8197 4.8140 4.8190 4.8142 0.2
4.8255 4.8213 4.8053
0.35 2.6 1.25 4.8201 4.7958 4.8092 4.8128
4.8196 4.8289 4.8032
30 3.3 1.26 4.8265 4.7983 4.8170 4.8180
4.8224 4.8320 4.8199
Column 35* 3.1 1.26 4.8279 4.8197 4.8140 4.8190 4.8171 0.2
Temperature 4.8255 4.8213 4.8053
€] 40 2.9 1.28 4.8161 4.7974 4.8163 4.8129
4.8221 4.8288 4.7968
No.1* 3.1 1.26 4.8279 4.8197 4.8140 4.8190
UPLC 4.8255 4.8213 4.8053 4.7816 0.9
Column No.2 3.3 1.22 4.7542 4.7634 4.7343 4.7443
4.7493 4.7249 4.7398

(* vneia anzzasszuulasnnanHihmse e Nzianugneed)

6. MsUsziiuaranuliniiuauuainisin (Measurement uncertainty)
matssdiuamanaliwiveuasmsanaiensiiiabidulumadaimuayes ISO/IEC 17025: 2005

fimnualiiaslfiamnesaudasiimaUsadiuemamaliuiveuaamsia Faiuunaaisnzasenalaiuiveu

oamsenzimiSnamsailzlavludadiende Ansanlanngasauin

- - peak area . ;. Wy P VF mple Av.Wt/unit
Usinauwseiilalaw = x x x X ———
(ﬁaﬁﬂ%'mimﬁﬂ) peak area_, VF 100 Weample

lﬁgl d' YV a o 1
peak area,,, . = Wudldiawsaillzlaulumsazanediad

& dg va a
peak area_, = wuilawewsaiilslaulussazaisanasgiu
W = nwdnpasasnaspumseilalau (Fadnsu)
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4 aca I's a < Y ad
mmaaummgnmmw NRLR] Lﬂ'ﬁ’]%WLWiﬂuI“ZfIauﬂluﬂ’l LNamEs UPLC

zgmaﬁ inﬁqa (1]

VFstd
P
VF

sample

Av.Wt/unit

W

sample

YSnasilalumsi@aanasinassu (Jaddes)

a < .
ANUUIFNDVIFITNIATFIU (% purity)

Usnasnlflumsiiaaneaiaene (19dans)

S o P v < < ) [
inWagaaiinzasentliawsaiilalay (ASy)

uHnreenn g lunmsiesed (p5w)

Ansandeanubiwivauniiennuaazuas NNUUMIUNAANNLILILEUTIN (Combined

relative standard uncertainty) wazaanyluuinauveny (Expanded uncertainty) tiaseniiuna

MINAFaU (MINN 6)

a51i 6 uaasmsuszanaanuliuiveuasmsienzinsaillalauluendio

Source of
Value, x Unit Uncertainty  Distribution u(xi) u(xi)/x

Uncertainty
Standard
W, 10.288 mg 0.014878 Normal 0.014878 2.0914 x 10°°
VFstd
- Calibration 50 ml 0.05 Rectangular 0.028868
- Temperature 50 ml 0.15 Rectangular 0.086602

Total 0.091287 1.8257 x 10°°
Peak area_, 369804568.7 - 689791.25 Normal 689791.25 1.8653 x 10"
Purity - - - - -
Sample
Av. Wt/unit 0.1097 g 0.000015 Normal 0.000015 6.7383 x 10™°
W, mote 0.22037 g 0.000015 Normal 0.000015 1.3536 x 10"
VFsample
- Calibration 50 ml 0.05 Rectangular 0.028868
- Temperature 50 ml 0.15 Rectangular 0.086602

Total 0.091287 1.8257 x 10°°
Peak area . 344032956.7 - 129060.88 Normal 129060.88 3.7514 x 10"
Repeatability 4.7359 - 0.03168 Normal 0.012933 2.7309 x 10~°

Total relative standard uncertainty : 0.00001986

Combined relative standard uncertainty : 0.00446

Test result is 94.7% la. ; Combined standard uncertainty : 0.00446 x 94.7 = 0.4224

Expanded uncertainty at 95% confidence limit : k = 2, 2 x 0.4224 = 0.8448% la.

Reported value : 94.7 £ 0.8% la.
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a J
VI

msmelawisiensinsaiilslavlusnfiamemaiin UPLC Tagldaaany] ZORBAX Eclipse
Plus C18 2110 2.1 x 100 {adLyn3 2100YMa 1.8 lulasiues Ngaunnil 35 svmnwadaaloslarunanye
WNEIUDALAZINIUDAIIEIU 55:45 LTUFITALAIHGINT DAIINISLIYA 0.3 HAAANTOAUINUATATINTG
P a ' 1t d A ' v o ¥ ' v
nenueady 254 luwes wuhliinssumunnasduiagniseligarsdimeldanze g laun
A36 a9 ANNSIU Lalaslagd aaNBLATULAZILEN LEANTNANNIINLANLANYBN AW ATl lay AANSANEN
o A ' A o v o g o g '
ANNAIMITBINIA T I laununwsaillzlaudansagaraa lonalugnmenilunsauazannenilua Toaly
annzieaanutunsa-anaan 5.5 nsaillalavazaaadiiiy 17-deoxy-21-dehydroprednisolone
d' U I 1 dg/ a LY v a £4 U
waztlamanulunsa-angadu wsalilglavazamelaamsvaresiia laun 17-deoxy-21-dehydro-
prednisolone, 17-dehydroprednisolone, 17-ketosteroid taz D-homosteriod"”
MInadaue NN UFUATIUEzEINUBIM IR wunRe N uduasaludnanuuiy 0.15
=Y = 0/ 1 = aa 1 0/ = Q( % -7 1 % d Ll 1 1 i Ql i o
§9.0.25 19ANSNADNAAANT AN UsEANSINFNWUS (r) AU 0.9999 FaannnNaNgaNsUleNmMvUe
" W a £ o W . . ' [ v
MaNUseanSanaunus (Correlation coefficient, r) #asiimlyiiaenii 0.995
MINAFBUANNUNUYBNITNANNANLU 3 52aU ABT 80, 100 UdE 120% YIMANNINTUNNATEY
NWUTDEAYBIMIAUNTUBEITLWIN 98.9 TN 102.4 laadiARdeudasszauANNENIUVINY 99.9, 100.8
o -7 1 d‘ 1] -7 1 (-] d! Ll o'd‘ (-7 YV A k4
WAz 100.9 MNAAU MIRAETINGNAY 100.5 Uaz % RSD whiu 1.0 Zaglunasinsaxniule fa sazaz
v ) U 1 aca o’dq’d ]
97.0-103.0 4azM % RSD l3ixnnni 2.0 wa@eanIsiaszwiiaNNLNy
MINAFAIUANNNENYBNIT NAMINATAUANNINZ LGNUNIRAT % RSD t9nu 0.7 tilanadau
ToalaguTunItenzianulu 3 Ju MMTIANVNIBEN 6 6 1o % RSD 5INENNU 0.6 Wastianagau
Taelaeuin @i uIn 3 AU INMSIATIEHBEN 6 2 16 % RSD 5738NU 0.7 3 % RSD Nle
wuheglunaeineansuld da lixnnn 2.0 waarimiFiwnziiisnansomna lauazianuiies
MINAFIUANNNUIS a8 ULU a0 NFIUINEITAZAILTINT DOTINS LYIaUIFITAZILAIN
[ 'd a % 4 s U a T a < <~ % LA n:l'
Aeawy wazgavniuesnaan wuniim % RSD wauamsiensiliiu 2.0 Wumstivduldaindasnneg
ay z:l' < v 1Ty 1 a r'd 1 _ada r{:{y
ap95zuvlasininnsNinmsuldsuntasludnies azliinansenuaanamsIAEN LEMIITIATIEW
P ' A g
NeaNuNUaagNzntUsauLlaN
a U ] ] [ 3 [~ t4 o :4! v a va
msUsziiuaranubiviuaulunmsianududaivuaniiswesssuvaumwvaslfudnsen
] 1] [ < ' 3 dld U :4'
@53 ISO/IEC 17025:2005 anubiwdusuaasmsiaduasiuzasnanssnunivnaiiisananagaud
WwdalSina unashunsssenuliniusuzadtienzinnanniuilinnnmsseasanasgIuLazaaa
Y35 lumsiasenasasmeanasguuLasasasmeaiag N WU lanannmsiaueiasasaenas UL
AIAMEAIDEN WATANNAINITO LUMIINLE NnMveamMsUssHUAmM AN LU UYBIHAIMTIATIEY
mUsnawsaiilglauludmadeniio nuamenuliuiusurenaNI=AUANNEDNY 95% NHU 0.8%
Feingnanelawilds UPLC il fidadnidmnespudndaiiids HPLC daldnalumsanaienzi
dunn wazldaseiiaani Feasiivselamilumsasniwnziaaa unTuSnamn @y MINTIANATIEH
Matead MIanaeNzimadenluden wazmsguanadenzimadimszuimaude Wudy

o & aca o e Y & ad P Y
(ﬂﬂu‘lﬂﬁ'}Lﬂiﬁ%ﬁ‘lﬂuﬂﬂﬂWNWiﬂs[,‘liL‘lJu']ﬁ‘ﬂﬁﬁLaﬂﬂl@ﬂﬂﬁﬂt‘ﬂﬂW&ﬂN
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4 aca I's a < Y ad = s
mmaaummgnmmwammm'ﬂsmws@ui@zf[auﬁlummmmmﬁ UPLC zjm’m &fmﬂqa LLASATUS

a5

9

Beeinsaiilalauluenfin@re38 Ultra Performance Liquid Chromatography #

gnaalouamnsaliiensimisnamsailalaulusdaldagiegnass ulug wazfianudumziazas

Vv o w & aca < o = o Y & ac I o oo &
fanenaInty WS Ysevgans wazased mminuﬂﬂmﬂmﬁmqLaanamﬁwuﬂumsmn

SwnzimUsinannwsatilalauluendiale
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UPLC Transfer and Method Validation of

the Determination of Prednisolone Tablets

Supawadee Surangkul Sirilak Sailo and Somsak Sunthornphanich

Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT The method transfer and validation for the determination of Prednisolone in tablets
was established using Ultra Performance Liquid Chromatography (UPLC). The separation was
achieved on a ZORBAX Eclipse Plus C18 (1.8 um, 2.1 x 100 mm) at 35 degree Celsius. The mobile phase
was the mixture of methanol and water (55:45, v/v) at the flow rate of 0.3 ml per minute with UV
detection at 254 nm. Specificity test showed that prednisolone peak was not interfered by its degradation
product peaks under stress conditions: acid, base, heat, hydrolysis, oxidation and light. The linearity test
showed linear relationship between the area under the peak and the concentration levels in the range of
0.15-0.25 mg per ml with correlation coefficient, r, 0.9999. The percentage mean recovery from three
concentration levels was 100.5 (% RSD = 1.17%). The precision test was performed by the assay of
six samples within the same day, and different days and analysts gave % RSD of 0.7, 0.6 and 0.7,
respectively. The robustness test indicated that the described method was robust when the chromatographic
conditions were changed such as column batch, column temperature, composition and flow rate of
mobile phase with no effect on the system suitability and the test result. This method takes less
analytical time than the method specified in the United States Pharmacopoeia and British Pharmacopoeia.
Therefore, the proposed method was suitable for the quantification of prednisolone in tablets and could

be used as an alternative method.

Key word: prednisolone tablets, UPLC, method validation

.. N5F5NTIANENANTATMTUNNE
Sy A o o Y
Y0 57 adun 3 nsngen - Auenau 2558



Anusauatu 7 NININY W 2558; 57 (3) & 257-268

PPP-N J (a ¥ PP
A5AszRUSHIE s launadlaeds HPLC

1Y WAHEN

IMATaNEIaNUAINEUNTIE NININEMFATIISUNNE DUUTIIUUN UUNY5 11000

unanga 35 nevaslausas laun ethyl butylacetylaminopropionate, dimethyl phthalate (DMP)
uaz N, N-diethyl-m-toluamide (DEET) lus@asamimlaunas snansediasizvdarsng s siialaluasnideiu
meawmaila High Performance Liquid Chromatography (HPLC) Tuszuu reversed phase Togldmadniiniia
XTerra RP C8 210 4.6 x 150 NadlueT WADYMA 5 Tulaswas asacaadmmisznaume aauNaNYas
acetonitrile uazthnaulusasidiu 25:75 sasimslnavasansazaradim 1 faaansdowndl asaiananueAdy
220 Wluwas Usinasidemsazas 5 lulasaes wamsnadauanugndassasiddssiiumslundofurimla
Lmawﬁm‘[a%"uﬁlauazﬂ%uﬁu WU NePasans ethyl butylacetylaminopropionate, DMP waz DEET wanaanain
fulduaslaignsumumnansduludhadng Tasfia retention time (AU 8.86, 11.6 uaz 14.2 17 MUY Wuh
fenuduusiBadunsissneemudsuresnsuasiuiildfinnasndenuduiy 0.1 - 3 Faaniudeiiadans
Toaiflendulssansanduwus (r) WhAU 0.99995, 0.99998 WAL 0.99998 MNTIGU HAMTUATWITIN 3 ile
Tushathans 2 Ussnan Snsimeluiudendu Sé RSD agfluznedosas 0.06 - 0.12, 0.04 uaz 0.03 - 0.14
auaeu wuh lifenuuandssaadnnzdiszunneii s Su Tasnaisziansn s aiialudachan 2 Uszan
fien p-value aglugie 0.35 - 0.80, 0.06 LA 0.13 - 0.996 MNAGU wazliiaNNUANANTTIIINAILATIZYBY
1UNIATEN 3 AU laadia) p-value agluzni9 0.22, 0.40 Uaz 0.18 - 0.92 MNANGU Faugaedeanuiiias (precision)
28935 KaIAILY spiked sample L@@ recovery 2a4n153tA1eH ethyl butylacetylaminopropionate,
DMP uwas DEET agluz93aeas 99.7 - 104.6, 94.6 - 98.9 az 97.5 - 101.6 dNMAU IANNAYBIMIATIIWY
(Limit of detection, LOD) t¥fiusasas 0.08, 0.05 Waz 0.05 laBUNENMNEIGU FAs1H02INITIA
WeUSunae (Limit of quantitation, LOQ) tiNUsa8a 0.30, 0.20 LA 0.20 Taghuiin musdu aealiuivey
PENBFUNNG2B9IDIAEN ethyl butylacetylaminopropionate, DMP waz DEET (AU 0.027, 0.041 Wag
0.024 MUMIAU %ﬁmamsmaaummgnﬁawaﬁ%‘agﬂummﬁﬂau%"ummsaﬁﬂﬂ%‘imswﬁmi ethyl butylacety-
laminopropionate, DMP waz DEET lusdasamimlauuaale
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Simultaneous Determination of Insect Repellent by HPLC Wongduan Nakniyom

UNUI

I a ] Y N = < 4 Y (% ) v (%
gutlumnuzeadlsavaesiia wu lsaldidanasn Tsmnards Wudu mstlasnuauailveie
Mmlanaeds Wy mavsunafs msudauntasmelviiode msldeanganuas uaswdadmueimlaga
tagtiuwdadamimlaunasigluuunannuare wiu a3u Tagu uililsadn wh/nszanvguasavad lsapau
asdiony wasias Wudu®
&£ a 9 s v P = [ . . .
am'aaﬂqmﬂﬁuwamﬂmmmlaLmawaﬂﬂmﬂW% 17U citronella oil, lemon eucalyptus oil,
cinnamon oil, castor oil, rosemary oil, lemongrass oil, cedar oil, peppermint oil, clove oil waz
. . I % o Iy @ £ W v v £ ] . .
geranium oil (Jueu Hszeznanlumsdesiuagsuiuanudnduresansasngnd iy citronella oil
v vV % %’ L4 = Y L = 3 v Y %’ ] d?l =1 T
ANNNTUsaeas 10 lagrnviin Asceznalumstlasnuuszana 7 - 60 i M lveeesmmvesdy Jeliaae
I Aa 191 1Y A = [ = 019/01 < 191 < a v A v (2)
Wuntiswld uarafne denudasany aamsszmeatmas aansalanudnle waziduliasnuaawinaow
' N e a o ' ' . .
mumsmﬁﬁuaﬂ“zﬁﬂumiaaﬂqwﬁiuwamnmfi’mlaLmaq 17U ethyl butylacetylaminopropionate,
dimethyl phthalate (DMP) uaz N, N-diethyl-m-toluamide (DEET) #aiiuszansmwgalumslaunas
A = % = o Y a % 1 v \ = 1] Q'
ueluazidennuasieiaansamliiiasuanadamsldganinassssnmé legwwizeagwisars DEET
Fafimuuzihmsldy dinnueaenssumsamsuare Usemaanigawsmlauuzihhldeansldnu@ni
28N 2 Weau® drusinnuancnssumMssnsuasenzasdsamdlnglissynasnudasoeidiaumsld
dutdnagand 4 Y@

Ethyl butylacetylaminopropionate w3a3annuluzenisdi IR3535° Wussndalaifineau
mstiafivdanuuazlissmedasdaingi naadurimiUsnumsi Seeaz 10 Tagmhuiin sansollaaiuegs
v 1 <& v [~ & 1 =y N v ayw = a a 1o
laennund 7 :lae snansaldnuenagasud 2 Yuazaniiasadle vennnilgaiivszanamuwlumslaiv

t o dea®
NUO ULATUNINDU )

= 1 a

Dimethyl phthalate (DMP) vhlvitiamsszanatdeslamudeniy Taaamnsogaduruimil

L4

Tavudt st laddaliifewsds wanmsldSumsiadnaaiiiasoanaliiiemanmeiug fduass
daszuvdunuguazinadamsnluassd naszuudssannarunanuazinduanasala®

N, N- diethyl -m-toluamide (DEET) {lushsaangnaiiionlsinnnhansau Taaimlulunansosi
aflenududuras DEET agsswindasas 5 - 25 loshwin maduiaasinaliiiemsssenaiia
dafmiawazanm magaanarahliiiamsszmeaidasiiwiudadisnuazuinumadumeladiuuy
msladumafunauniathumsadioraioaimsul namanassdlunymslddumsuuuizass
Aaliitiamanamewug fauansdassuuduiusuazinademsnluassd® windusinfiuina DEET
gwsi’]aqﬁuqulﬁmuﬁu W WAaAasind DEET 4a8as 20, 7 uar 5 laenhwiin anansotlasiule 4, 2 uae
1l onwadu dwdudlugensliudnsasiail DEET agsevindasas 15 - 20 Tamhmiin daudn
Tainsldnansoeifia DEET gaNNIpEaL 10 Togthwsin (i 1)

o 0

\/\:r o~ 02' Hactj)k"/\
0 (@] k

M 1 Q(ﬂ’ﬂﬂ’iﬁﬂ’%ﬁﬂ ethyl butylacetylaminopropionate, DMP taz DEET
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acda < \J aa <~ a
'Jﬁamswswﬂimmmﬂauuaﬂmms HPLC NEDU  WIAUBN

aafuri ldmseidanandaduingsuanesiion 3 muwsznmiydaiogduans w.a. 2535
G?;qﬁaﬁumﬁﬂuLLaxwaaqcym“lumswam 1z depan wiadl L lunsaunsasnndinnuAMeNsINMIDIMS
wazen® winsuriazdasudamanmufingrineinue LLazﬁmmLiuﬁuwaqmsﬁﬁmmuﬁamﬂszq Tos
finawimssaniuliamandaunniissyluamn dulumunguins® mulszmadinnuauznssums
2NIUATEN WAL 2538 1309 msuamamnwmwﬁmﬁm%"léuumﬂmnwﬁwL%fagﬂﬁ'ﬂi::ﬂauﬁm DEET w30
DMP viamsuandiu Tissymifouiinannuaadasih suldfudniifiogannh 4 19 uasussmadiinan
AIZNTINMIDINTUALEN WA, 2545 (309 MIudeamnaswdadamilaunasszandidaguiiusznaude
ethyl butylacetylaminopropionate 1ﬁszqﬁwt§auﬁamnw§mﬁm%1 HARAaifiUsznausae ethyl
butylacetylaminopropionate AMNANIUNNINNTITDYDE 12.5 ﬁﬁul%ﬁutﬁﬂﬁﬁmq&i’lﬂ’h 4 U uazanunzy
whiuvdataaniidosas 12.5 wlddudniifiongand 2 100 msanaiengimslauuadlundo s
lauyaeiiddienevidmsuansuaazaiia logldimaiin Gas chromatography 1% capillary column #iia
HP-5 win HP-50 +*0 #0383 nsdiliiddmmennansudazaiio laansaiazuanaian s siialandas
fuluamiiien Waiidhatheiilinnuamsaaymlilisinsolwnzilaniadadldnauazasaiianny

pﬁ%ﬂ?ﬁlé’ﬁwuﬁ‘%‘iLﬂiwzﬁlﬁmmmﬁmiwzﬁms ethyl butylacetylaminopropionate, dimethyl
phthalate (DMP) waz N, N-diethyl-m-toluamide (DEET) lowsaunuluasniien wasnagau
anugndasadisiite IldBnasuresias filimsitlslumsliuimsenainnsiuasmaithss Sinamn
uanSasimengving lagaaszaznmmsiansinsaiianslaunamanssinludogadaiu

ﬁ'ﬁN']C‘ﬁﬂ'luttagﬂ’]‘ﬂﬂﬁ

#5933 : N, N-diethyl-m-toluamide (DEET), dimethyl phthalate (DMP) NN
284 ChemService mmu‘%qwﬁwmiw 95%, ethyl butylacetylaminopropionate Wa®AM%Ya3
Merck @NNUIINBINNNT 95%

#5103 : acetonitrile (HPLC grade), methanol (HPLC grade) wannausizad Merck way

ia3asiiauazgunsel
w3ndlasinInnnwaiioveanailszdndmwgs (HPLC) wanfmsiuas Waters u DetaPrep
Usznaudhs pump 31 600 L3899 I330%Tia Photo Diode Array u 2996 sruudamssnluda fu 717
plus AadIY XTerra RP C8 2110 4.6 #0340 x 150 fiaduns ussaumazing 5 lulasins, dae
ANNBLLBEN 0.1 NAANTN NAANMIIWEY Sartorius, WHUNIBIBHA nylon 211a 0.45 lulASINAS
dAMsLe3as HPLC

Column : XTerra RP C8 2110 4.6 Nadtin5 x 150 Naduns, 5 NlANAT
Mobile phase . acetonitrile : water luaadU 25:75 lagdSuas

Flow rate D1 1989050917

Detector UV 220 inluans

Injection volume : 5 lulasans
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29814
v aa v o ' a o ¢ ' a <& o v ~ <
nadgauaNNgne a2adslesldegndadurimlageriialatulauazainduy dasaangnd
a o ' a & < a o
ethyl butylacetylaminopropionate uaafaeimlagziialazula ficrseangnd DEET uaz DMP udes o
' A < a o ' a & M & a
mlageriina3ndy farseangnd DEET wazkdanuwimlageriialazulauasasndunlafiansne 3 #ile
WaAnaaNNezaInsasIany (Limit of detection, LOD) waziiadnauasmsiadausung (Limit of
quantitation, LOQ)

MIAITNTIITAZAIININTFIU

d13asan8NNmA3I3 U stock standard solution

ﬁ%msmmgm ethyl butylacetylaminopropionate, DMP waz DEET #iiaaziszan 0.63 N5
avlu volumetric flask 2110 10 Jadans uaazlu azanauazUSulsnNasaaa methanol laanuduiuuss
§199:NENINIFIULGLTIN 63 NaANTNGBNFANT

#199saN8NIMI3 1M mixed stock standard solution

Ula stock standard solution eETAzAIBNINITIULABEHAUTIINS 5.0 Naddns avlu
volumetric flask 2110 25 §8aans USuU3anasas methanol leanunduzpI@sazmIsATFIULARE
710 12.6 NAANINADNAFANT

#8139287183160337U mixed working standard solution

10839919270 mixed stock standard solution 1 le NN UrRIdsUAaLYia 0.1, 0.5, 1, 1.5,
2, 2.5 oz 3 NAANINADNAINNT

d1vazangymsgIe DEET

%"qmsmmgm DEET Uszana 5 038 a4lu volumetric flask 2116 200 #adans Usulsunasas
methanol laanuniuresasazaaaasgiu DEET 25 Gaansuaaiiadans

813928189 NAIFIUNENYBY ethyl butylacetylaminopropionate ttaz DMP

ﬁqaﬁmmgm ethyl butylacetylaminopropionate Uszana 1.2 n5u waz DMP Uszanm 3.2 n3u
avlu volumetric flask 2110 100 §3d805 USUUSINA5ME methanol laanundurasdsaraINassIu

ethyl butylacetylaminopropionate waz DMP 12 (az 32 §8dn5uaaNadans muaiau

NSLATHEITALAIYAIDEN
798N 1 03N avly volumetric flask 1@ 25 Faddns azmeuazUSuUTININIAIE methanol
NIDANUUHUNTDILING 0.45 LulAsnas Waanasazaramagniienudnduaglugivwainsnuninasgu

o= .

NILHIINFTazaY spiked sample

a o v o ' a & o Y AY e v

WaaEsanasgIuiiaesnmsnadauatlumediziiolazulawazesudunbifigrsiassnsnedau
Toawdnluseauanunusaeas 50, 100 waz 150 2a9USIN NG lUNIIA NI T iTI5EaUa: 3 A9

Hamadriialazulauaza3ngdu 1 n5u a9lu volumetric flask 2@ 25 Nadans WNEsaze
NAIFIUNENYDN ethyl butylacetylaminopropionate @NNNTY 12 Wz DMP anuandy 32 dadnsy
faliadans Usunas 5.0, 10.0 ude 15.0 1adan3 LAANNINTUETITNBNINTFIU ethyl butylacetylami-
nopropionate lUMBENSEAE 6, 12 UaY 18 laginwin wazaNNENIUTTaza8unI5 U DMP ludmating

MN5F5NTHANNANFATMTUNNE
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fawar 16, 32 Woy 48 loshmineuadu udrFermsazaedn 10 1 wos 20 oh wilalwagluda
ANUTNTUIDIN NN TFIY

Faghathasiialazula 1 n3u aslu volumetric flask 2110 25 §iada0s WnMTazIBINATTIY
DEET anuwugy 25 1adn5u6aiassns USues 5.0, 10.0 wae 15.0 185395 eanuniuasazas
NasguluapeNIpEaz 12.5, 25 Uz 37.5 Toenhwiin anueeu uazidoanansazas spiked sample 30
10 tM

Fashathauiinadaziu 1 n3u aely volumetric flask 2110 25 Hadans WHinasazaeanasgu DEET
ANNENTY 25 Naansudaliadans USues 5.0, 6.0 WAz 9.0 HAAAT LAANNINTUNTAZABNINTTIU

Tudedsasas 7.5, 15 uae 22.5 lagntn MuAU wazi@aanasazans spiked sample 80 10 1

MINAFBUANNGNABILANTIATIZR?

NMINAFAUANNINNIZLAIZAN (Specificity/Selectivity)

Aadsaza18 mixed working standard solution ANUWNAU 1 FadNTUANAAANT LazENTHZAE
shatheiialagulauazadady whieies HPLC meldannzimmuaiiiansiagaumsugnyasansng 3 #iie
panNAMssUMUasansauludnths asna 3 #iindaelien retention time wanNNAUFALRY

MInadauANNuEUATILEEE19PBIN5IATIEY (Linearity and range)

MINAFauANIIULEUATIVITEUY (System linearity)

5mmsazmamm§m mixed working standard solution ANNLTNTY 0.1, 0.5, 1, 1.5, 2, 2.5 LB
3 iaansunaiindans Wesps HPLC lagdnenuuaiuay 5 usasNIWN3U (calibration curve)
u,ammmﬁ’mﬁ'uéswiwﬁuﬁiﬁﬁﬂﬁ'ummLil'u‘*z]"umimmgm ethyl butylacetylaminopropionate, DMP
uaz DEET eauiszansandunus (correlation coefficient, r) MI5LNa 1

NINAFaUANINTIH (Precision)

mMsnagaUANNITiBaIMTIeNzimsianin luiudoiy msieneinszwingy uas
MmNt laaindenzian

Repeatability

JeneiUSinasan 3 sieludaie 9 7 a5 luludendy mnadidssuunassuduing
(% RSD) aslsitiusasgas 3

Intermediate precision: between days

ieedUSinamnsn 3 sialudai o June 5 Su Ussiiuenuuandwanadinnzing
57U MEdde ANOVA @ p-value @a9annnd 0.05

Intermediate precision: between analysts

Wnitenzdiuay s audensiusinamsn s giialudaii Ussiivanuuanwasnaiteszd
eI AANEIN 3 AU MEaAe ANOVA M p-value 889310 0.05

MInadausagazaainIidunay (Percent recovery)

iLﬂswgﬁﬂ%mmmsﬁyﬁ 3 #1in lumagne spiked sample M3p8aLYBINMIAUNGU (percent recovery)
aavagludnioeas 95-105

NIEINIHINENANFATNTUNWNE
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NMINAFAUAANNAVBINIINIANU (Limit of detection, LOD)

M zinawad LOD InmM3asNnINiNasgiu o9l

LOD (mg/mL) 3 x standard error / slope

LOD (mg/mL) x U51nasie3an (mL) x 52AURDAN X 100%

LOD (%w/w), estimated R—
1000 x WNUNMIDEN (g)

LOSENFITAZANININITIUNFNUILEITAZANITIDENTANNTAZNLNINITIUN 3 Bl TRReNNTNY
TnatAesnuaszanaes LOD uaiiawiaies HPLC duanaannn3eansiainaze sdaainatiule
MINAFaUAANNAYINITIAEIUIINH (Limit of quantitation, LOQ)

MumUsznawa LOQ MnMasnNnWiNnsgIu 6ail

LOQ ( mg/mL) 10 x standard error / slope

LOQ (mg/mL) x U31nas9e3au (mL) x 52AUAnaN x 100%

LOQ (%w/w), estimated PEEE—
1000 X WINUNNIDEN ()

Wsnasarmematefiinssazaneanasgua 3 sie Wilenadndulndidestualsznawes
LOQ ua1093eziUsana ethyl butylacetylaminopropionate, DMP waz DEET lumatn lagiiasiev
% 7 a%1 fnmen % RSD daslitiu 3 wasedosazaasmafundu dasegludedasas 95 - 105

Amanyliuiuaurainsin (Measurement uncertainty)*®

unasfisnzasenuliuiuaurasmsienzdusinm ethyl butylacetylaminopropionate, DMP
oz DEET ludhaghe Tas3s HPLC wu anwliuiusuannanuudgniaesasinasyu msasuiiisy
\ndpeds indpeuiiilfinseuamsasaemnasuuassarmeianie anuiiuzasss s eiialuansazans
fhathaiauldane3ss HPLC msiaseish (precision) Uazannipeazaasmsaundy (srecovery)
PBINMINATOUANNYNABIBNTUINAWIUMANN [HLUaUTIN (combined uncertainty, u,) WaIAIUIN
eanalauusuwens (expanded uncertainty, U) fiszduanutiasiu 95% laglde coverage factor (k)
WNAU 2

We

NINAFTIUANININIZLAIZA

mﬂmsf‘mmsasmammg’muazmsazamﬁaashwﬁm‘[a%"uiauazﬂ%uﬁu wud malaanne
waqmém HPLC dhansauanads ethyl butylacetylaminopropionate, DMP waz DEET pENMANULAUAL
Taisimssumuwesansauludiate Taaiien retention time WNAU 8.86, 11.6 wAL 14.2 W# oGy
(m‘wﬁ 2 oL 3)

- NSASNTIAINENANFASMTUNNE
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1.00

0.60

AU

=] o
8 3
1
| T8t o ‘
1 ethylbutyacetylaminopropionate - 8.792 ;
¢ |
i

N
o
o
&
o-
=]
[}
(=
=]
o
[}
=]

! - R e T T
1ofoo 12.00 14.‘00 16.00 18.00 20.00
Minutes

A 2 TasnInunsngasansazaeanasyu ethyl butylacetylaminopropionate, DMP az DEET

1+
Ethyl butylacetylaminopropionate Etgyl Put{lacdetyjaminopropionate
M hdhesariialadila . 1] TudDadhariianiudy :
) ‘ 1 )
’ 4
o) 4 0] "l
’ | '
|| I
[
D'm-lll_l TI-;_I-‘:III ||T|:| TTTT |||||||-|_|J|’|||||||.||||||||| I"IH'I‘ZHI"blllllﬁln‘hlI”illﬂ””?llﬂ"”!.hﬂ””!0”'1'0'3‘3”1'1'3']”;2.03
Ibl lﬁﬂ 3.|]D &0 E.l]ﬂ E.l]l] 'I'J]D & § 10 #1120 s
Minutes
1 B
] DMP waz DEET DEET lusheshalasuyiinndutu
L Twsheehastialavule iy
104 11
4 l
Yy “ 4' 1 I
|
| 'L Jﬂ'L |
a IHEIH!]I”(!HHIil.llllllllllh]lllIHII L] LU |]m-||-|.||||||||I|||||-|_||||-|||||"‘|I||'||||||||||
MooAr s Nnoun Wo %0 i X P N T R 1 o SO N N 1 R O
L s

i 3 Tasunlnunsawes ethyl butylacetylaminopropionate DMP uaz DEET lughaths

anailuduasiuaziiawaim e s
ANNTULFUATIPITEUY NNNININATFIUTEWINANNTNT U I TALAIBNNATFIULIENUN
TaWe wuhenududuresans ethyl butylacetylaminopropionate, DMP waz DEET lusavanuiugy
A a ¥ 1 a aa _ a v v e v o & dg v P a £ v o ¢ W
0.1 - 3 NadnJueaNadans danudunusiuduasinuiunlaie laadeduussansandunus (r) unu
0.99995, 0.99998 (AL 0.99998 MNMAU (MWN 4)
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System lineary (ethyl butybacetJaminopropionste Systerm linerity (DMP) System laearity (DEET)

T |y= 2002622080 - a230837 4000000 00000 T\ 69105865y + 10287083
r=099993

099995
0000 3000000 45000000

Peak area Peak area Peak arca.
oo 20000000 30000000 -
2000000 10000000+ 15000000 1
0 . t t t : t d ; f . . . | | ' | ; ;

0

£=099908

L} 05 1 15 H 25 3 35 o 0.5 ! L3 z 25 3 35 3 05 1 1

5 2 25 3 s
cone. (mg/ml) cone (me/m) conc mgiml)

i 4 enaduiusenuiudunseszrhsemudniueesansINa 551U ethyl butylacetylaminopropionate,
DMP waz DEET wasiuilane

MsnadauANNiE

NAMIeNzRUZNa ethyl butylacetylaminopropionate, DMP waz DEET znluSudieniiu
Teieh % RSD Tusheeheriinladulawhiudasas 0.12, 0.04 uaz 0.03 Muaay smsudadrinadusula
@ % RSD 209WamM5IL@512H ethyl butylacetylaminopropionate, oz DEET (vhAUSa8a 0.06 Wag 0.19
mugeu uazwuhliienuuaneeraiensinnmienzin 5 Ju TasmsSoudisunaienz
ethyl butylacetylaminopropionate, DMP sz DEET °lu§1'aashwﬁmia§u°la 1vien p-value wihnu 0.80,
0.06 AT 0.13 MUMAU ENSUMBENTNAATNTUAY p-value 2aIMSIUSTBUTEUNSILATIEH ethyl
butylacetylaminopropionate 4az DEET iU 0.35 uaz 0.996 muaeu wananiimuluiianuuan
eI e T laNInd e 3 aulaenadaszif ethyl butylacetylaminopropionate, DMP uaz
DEET lushathasiialasula fieh p-value iy 0.22, 0.40 Uuaz 0.92 MNTGU WazHaIaTI1z DEET
Tushatariina3uduiien p-value whiy 0.18 (5197 1)

MINN 1 ANNNENPDNEIATILHENS ethyl butylacetylaminopropionate, DMP way DEET

M@
FETWIN
a5 lauNag RN T udennu SePIN 59U UNIAIEY 3 AU
% RSD, p-value p-value
n=7
ethyl rialazula 0.12 0.80 0.22
butylacetylaminopropionate A o w
AUAATNIY 0.06 0.35 -
#iialazgula 0.04 0.06 0.40
DMP
AUAAINIY - - -
#iialazgula 0.03 0.13 0.92
DEET
AUAAINIY 0.19 0.996 0.18
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MINAFBUIAYAZUDINIIAUNAU

NNMANEF0619 spiked sample wialasulauazaIagu wuh Sesazyesmsaundusasans
ethyl butylacetylaminopropionate agluz95a8az 99.7- 103.5 WUas 102.2 - 104.6 , 3PHAZYBINIAY
nauzesas DMP aglugiviasas 94.6 — 98.1 uas 96.2 — 98.9 uas3pgazaIMIAUNaUZay DEET aglu
91958882 97.6 — 99.3 LA 98.4 — 101.6 MNEIRU (MINN 2)

M5NN 2 SPEAZUBNMIAUNAU (percent recovery) 28935tA512% 813 ethyl butylacetylaminopropionate,
DMP uwaz DEET

15 lauNad CPRERN! % recovery % RSD
#iialazula 99.7-103.5 1.27
ethyl butylacetylaminopropionate
ANAATNYU 102.2-104.6 0.82
#iialazula 94.6-98.1 1.15
DMP
BUAATNYU 96.2-98.9 0.86
#iialazgula 97.5-99.3 0.50
DEET
AUNATNIY 98.4-101.6 1.02

AAINAUBINIINIANUUASTAIINAVBIN TINTIUT I

WU LOD 224m53tA1ed ethyl butylacetylaminopropionate, DMP waz DEET tihnu
2988 0.08, 0.05 WAt 0.05 Tagthwiin @ LOQ whiy Jo8a 0.30, 0.20 Waz 0.20 Tagiwiin Tasiie %RSD
WU SaEar 1.66, 1.76, 1.5 War3aeazuaIMsAuNay agluriesasas 95.6 -101.2, 95.4 - 98.5 WAz
97.2 - 104.6 MUAAU (m‘mﬁ 3)

M0 3 S28ALUBIMIAUNAU (percent recovery) waz %»RSD 289353t@51e¥as ethyl butylacetyl-
aminopropionate, DMP waz DEET #15z6u LOQ

aslauuas e Vs % recovery % RSD
(%w/w)

ethyl sialasuld 0.3 96.5-101.2 0.78
butylacetylaminopropionate #aAINAU 0.3 95.6-98.2 1.66
DMP silalasula 0.2 95.4-98.5 1.76

#HaAINAU - - -
DEET sialasuls 0.2 97.2-104.6 1.51
#aAINTY 0.2 102.1-104.4 1.43

NIEINIHINENANFATNTUNWNE
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Aanuliuinauaimsin

msUsziliumanuliuiueuresisiesy ethyl butylacetylaminopropionate, DMP waz DEET
fiszduenudaiy 95% uazen k whiy 2 wuih ludedhariialadulaiicanuliuivevpmeduing
(relative expanded uncertainty) /AU 0.027, 0.041 WA 0.024 MUAAU SINIUMBLNZUAATNIY
meanuliuliuauzena NS BSUNaILATIER ethyl butylacetylaminopropionate waz DEET tinu
0.025 W8T 0.024 MUAAU (mswﬁ 4)

M39d 4 aranuliuineueasmsiezd ethyl butylacetylaminopropionate, DMP waz DEET

Tuaaee
madriialazguls MadrlianIudy
s relative expanded  USaEs relative expanded
Mslauuas #slaunas  expanded uncertainty @15launad  expanded uncertainty
uncertainty uncertainty
(% w/w) k=2 (% w/w) (% w/w) k=2 (% w/w)
ethyl
butylacetylaminopropionate 12.10 0.0268 0.32 11.94 0.0248 0.30
DMP 30.08 0.0412 1.24 - - -
DEET 25.43 0.0242 0.61 14.65 0.0242 0.35
a 4
VI

MSWAITIALRaslaunas ethyl butylacetylaminopropionate, DMP waz DEET lagi%
HPLC Tuszuu reversed phase wamanadauanugnassadiseglunaminsaansy SINSaLENENTI
3 ﬁﬁmaaﬂawﬂﬁ'u‘[ﬂﬂlaignsumuf\nﬂmiﬁ'ﬂuﬁaatiNu,asmmsamaﬁmswﬁmsﬁ% 3 wiled landaniy
Tumsienzdasiden Jumsdszuiana sldouazaalinamsldmsieil Fuilawssudisuiu
MIANNANLALlN8ID Gas chromatography laadanly capillary column #iia HP-5 w3a HP-50 +V
wuh 35 GC lidansauanszwineiiaues ethyl butylacetylaminopropionate "t DEET wazlsighanse
aatenansalansfimademziiiu ethyl butylacetylaminopropionate Wia DEET Gauunansasing
misldas 2 wilaiinwiu wiemaiensindasasiiliszymsdde madanl#is HPLC luszuu reversed

phase TumsasIANLRIUNRINZFNND

GRNL

9

350519ATNWENS ethyl butylacetylaminopropionate, DMP waz DEET lunaaansimlauuas
Tae38 HPLC luszuu reversed phase fildwannau fimsnasgouanugndasadisluamaniifiong g #aehu
tamimvuananNe uazanansadenzindaniuluasdien HAMTNAFBUANNYNABIWBIIT WUNANN
watuluzig 0.1 - 3 faansudeiadanslimaulssansanduius (r) 1A 0.999 MFIATIEHE
TuSudeniulia % RSD tiaanh 1 dumsienzisningdy wazmsienzilagulasuinieszy
e p-value N 0.05 M3asazaasmsAundy agluteiasas 95 - 105 FanasoIATIMUTINN
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ethyl butylacetylaminopropionate, DMP waz DEET lasauddasas 0.3, 0.2 uaz 0.2 lagiwin
Muaey ANNlsiLiuauReNadNWNS (relative expanded uncertainty) 289HaMsIATILY 1aan 0.05
wazaansadeernsannuluasdeilaeiien retention time AU 8.86, 11.6 Waz 14.2 W MUAIHU
G athaEnnsanauunTIIANEans ethyl butylacetylaminopropionate, DMP uaz DEET

a va o

naglundadaeitdenny uazladavinidugiisujiimsamsuldluiasl judmsialvusmsanaienziuas
M3EhszlaumMwEansvinNngvane

L@NEITDND
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Simultaneous Determination of Insect

Repellent by HPLC

Wongduan Nakniyom
Bureau of Cosmetics and Hazardous Substances, Department of Medical Sciences, Tiwanon Road,

Nonthaburi, 11000 Thailand.

ABSTRACT Determination of ethyl butylacetylaminopropionate, dimethyl phthalate (DMP)
and N, N-diethyl-m-toluamide (DEET) in insect repellent products was developed to analyse
simultaneously by High Performance Liquid Chromatography (HPLC) technique. The separation was
achieved on a XTerra RP C8, 5um, 4.6 mm x 150 mm column. Mixture of acetonitrile and water (25:75 v/v)
was used as a mobile phase at flow rate of 1.0 mL per minute and with UV detection at 220 nm. Under
the HPLC conditions, ethyl butylacetylaminopropionate, DMP and DEET were simultaneous separated
without interference of other peaks with the retention time of 8.86, 11.6 and 14.2 minutes, respectively.
The method validation was performed in samples of light lotion and cream. The validation showed the
linear relationship between their concentration and peak area cover the range of 0.1 - 3 mg/mL with
correlation coefficient (r) of 0.99995, 0.99998 and 0.99998 for ethyl butylacetylaminopropionate, DMP and
DEET respectively. Repeatability was tested by replicate analysis of ethyl butylacetylaminopropionate,
DMP and DEET in lotion and cream samples % RSD of three substances in both sample matrices were
in the range 0.06 - 0.12%, 0.04% and 0.03 - 0.19%. There is no different of the results analysed for five
days with p-value of 0.35 - 0.80, 0.06 and 0.13 - 0.996, respectively. Test results from different analyst
were not different with p-value in the range of 0.22, 0.40 and 0.18 - 0.92. Analysis of spiked samples
showed percent recovery of 99.7 - 104.6%, 94.6 - 98.9 and 97.5 - 101.6%, respectively. Limit of detection
(LOD) is 0.08%w/w, 0.05%w/w and 0.05%w/w, respectively. Limit of quantitation (LOQ) is 0.30 %w/w,
0.20%w/w and 0.20%w/w, respectively. The relative expanded uncertainty are 0.027, 0.041 and 0.024,
respectively. The developed methods with acceptable validation results could be routinely used to analyse

the ethyl butylacetylaminopropionate, DMP taz DEET in insect repellent samples.

Key Words : insect repellent, DEET, DMP, ethyl butylacetylaminopropionate
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1. E. coli : Sim plate
2. S. aureus . brian heart infusion broth (BHI), Baird-Parker medium, coagulase

plasma (rabbit) with EDTA

MN5F5NTHANNANFATMTUNNE

2L U 57 atun 3 nINYIAN - NUENE 2558



mmﬂaaﬂﬁwma%ﬁwmwm ?]’11/1151/\1%’6N‘IJ%IﬂﬂSL‘L!L?IGIﬂ?QL‘VIWNVﬂuﬂi ANBITIN NULEN LazADE

3. Salmonella spp. . Buffered peptone water, Hektoen enteric (HE) agar, Lysine
indole motility medium or motility indole lysine medium (MIL), Muller-Kauffmann
tetrathionate-novobiocin broth (MKTTn broth), Rappaport-Vassilidis medium with soya
(RVS broth), Triple sugar iron agar (TSI), Urea agar, Xylose lysine deoxycholate (XLD) agar

4. V. cholerae wac V. parahaemolyticus . alkaline saline peptone water, chrom vibrio

agar, thiosulfate citrate bile sucrose agar (TCBS), saline MIL, esaline TSI

WEuazasad

Gram’s stain reagent, 3% hydrogen peroxide solution, iodine-iodide solution, Kovacs’
reagent, methyl red solution, 0.1% peptone water, saline peptone water (0%, 2%, 6%, 8% Wa< 10%),
VP reagent, Salmonella polyvalent O antisera, Salmonella individual O antisera group, sodium
chloride 0.85% aqueous solution, polyvalent V. cholerae O1 waz 0139, V. cholerae Inaba g

Ogawa antiserum

m‘%mﬁauaﬁaqqﬂnstﬁ
Autoclave, balance (sensitivity 0.1 n5%), glass bottle with screw cap, glass spreading rod,
glass slide, incubator (35 + 1%, 37 + 1°%), loop, needle, pH-meter, petri dishes, pipette (1, 5 Lz

10 4889»3) stomacher, stomacher bag, test tube, vortex mixer, water bath (41.5 + 1°%)
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(Medien, venil, gn) AU (Fanilnen, kanszws, Hainazin) e1nsUsswnne (61ny, due, au)
P0anpa/8 (gndunan, @0, lénsen) auavnu wazwalsl unnHuamsuasuusasgmeusndail
wazHuensmelugudanns (Food court) vasamilzudannade salelva ande uazaaniisalwialng
Tuge 2 davinaumeamatllniuazinamasensiud laadudiadgalurnanauieaiu senined

W.F. 2553-2555 PUIUTNUNG 459 AIDEN

MInagay
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nquil 1 959913304 (enumeration) Wailldusdquanunzmandn 1dun E. coli nduii 2 as1am (detection)
‘iﬁuwgﬁﬁﬁﬂﬁlﬁﬂkﬂ loun S. aureus, Salmonella spp., V. cholerae O1/0139 ez V. parahaemolyticus
M3 newlEiame g dail

1. E. coli 1915 AOAC 2005.03"

2. 8. aureus 1935 FDA.BAM 2001, chapter 12

3. Salmonella spp. 1915 ISO 6579: 2002/ Cor.1: 2004

4. V. cholerae 01/0139 uaz V. parahaemolyticus 1435 ISO/TS 21872-1:2007""
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Salmonella spp. Tmhqmﬂmaﬂzqaaqwulail,l,mﬂeiwﬁ'uasiwﬁﬂ'ﬂﬁwﬁfquaﬁa fienlaguas (X 0.70
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m'iﬂuLﬁauﬁgauw’%ﬁfﬁﬂﬁqwé’num:mmﬁmq«qﬂ Saeay 65.4 599893 laun mnsUseanEy 1nsUszan
1 fusn wald auavmuLezaaamen JenuEasdoliudesay 52.2, 50.0, 32.5, 20.5, 10.7 WAL 3.3
MUY fchum'sﬂuLﬁauwaqqﬁuﬁﬁﬁﬁﬂﬁﬁm‘[m S. aureus Wor Salmonella spp. Wua1msUszLANE
ﬁmsﬂuﬁjaumnﬁqm (S. aureus 5088¢ 14.3 Salmonella spp. 39892 28.6) SDIAIN loun 21msnuien
wazamsUszandy iwu S. aureus 3088z 7.8 Uar 5.3 WU Salmonella spp. 088z 12.4 Uaz 8.0
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M99 E. coli S. aureus Salmonella spp.
(Sp8aY) (5p88%) (Sp80%)

1. IsNULREN 153 100 12 19
(@ tnuln, Bvyues, 2y (65.4) (7.8) (12.4)
Vv a
1agnnet)

2. mmsUsztanidu 113 59 6 9
By Madgd, UK, MU, (52.2) (5.3) (8.0)
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3. AUIM 77 25 3 3
(W nzwnny, Hansadluld, (32.5) (3.9) (3.9)
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(wdu ehvimy, duen, a1umy) (50.0) (14.3) (28.6)

5. NNDA/EN 30 1 0 0
(W gnBunaa, ldo, ldnsen) (3.3)

6. PUNVIU 28 3 1 0

(10.7) (3.6)
7. Haly 44 9 1 1
(20.5) (2.3) (2.3)
459 204 25 36
FRtY
(44.4) (5.4) (7.8)
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uaN NI INaNU3TNA N9 2 Fnana Blignguantae ananuydunidusguanuazemsde E. coli
faudazasialainy V. cholerae waz V. parahaemolyticus uaaanuelsaomnsilluine S. aureus
wor Salmonella spp. %ﬁﬁwmsuﬁu%'ﬂmhimmsauL%a%l,ﬁtyl,ﬁuﬁwmuLl,asa'%'waﬁ‘ﬁﬂummﬂmmaww
S. aureus wazillusmguadlsaamsiluiivld dauandasmuanguagaimibeamsimsanidauuss
suswldanuiudgimhauazusmsnmsiiasswinieiigdsnnmsuslaasmsilignguanvue wasiu
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Microbiological Safety of Ready to Eat Foods in Bangkok Kamonwan Kantaeng et al.

Microbiological Safety of Ready to Eat
Foods Sold at Bus Terminals and Railway

Station in Bangkok

Kamonwan Kantaeng Atchara Ukhong and Ratchadaporn Suwannarat
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi,
11000 Thailand.

ABSTRACT In order to evaluate the microbiological safety of ready to eat food, the project of
Food Safety Monitoring from Bus Terminals and a Railway Station in Bangkok was carried on by the
Bureau of Quality and Safety of Food (BQSF). Four hundred fifty nine samples of ready to eat food were
collected from the food courts in the bus terminals (Mochit, Saitai, and Ekkamai) and Hualamphong
Railway Station during 2010 to 2012. The samples were divided into two main groups: New Year group
(226 samples taken during the New Year festivals) and Songkran group (233 samples taken during the
Songkran festivals). The items of analysis were sanitary index microorganism; Escherichia coli (E. coli),
and pathogenic bacteria; Staphylococcus aureus (S. aureus), Salmonella spp., Vibrio cholerae
(V. cholerae) 0170139 and Vibrio parahaemolyticus (V. parahaemolyticus) were examined. The results
showed that, for the New Year group, E. coli was detected in 96 samples (42.5%), Salmonella spp. in 19
samples (8.4%), and S. aureus in 4 samples (1.8%); and for the Songkran group, E. coli in 108 samples
(46.4%), S. aureus in 21 samples (9.0%), and Salmonella spp. in 17 samples (7.3%). Both of festivals,
V. cholerae 01/0139 and V. parahaemolyticus were not detected in any samples. The positive samples
of S. aureus in Songkran group were more than that New Year group at statistical significance (p<0.05).
On the other hand, there was not significantly different (p>0.05) between both groups of samples
regarding E. coli and Salmonella spp. Therefore food safety monitoring and other measures such as law
enforcement and knowledge giving of hygienic practices to food sellers and consumers are still

needed in order to upgrade the quality and safety of ready to eat food.

Key words: ready to eat foods, microbiological safety, bus terminals
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Tutitade Loy LC-MS/MS

N W@3aIndrIna
aningamwuazaNuaaessans nsuinenmansmsunng auudnuuy uunys 11000

unanga nauenlulasWusudniianldiduansnmnlsaludad demnuhiauanifvasmsiluasnonzde uaz
ansnananEwug ﬂizmﬂlwﬂLLazﬁnwmﬂﬂszmﬂlﬁaanngwumﬁﬁﬂﬁﬂum%’nwﬁmiﬁLgml,ﬁamiu%‘[nﬂwmwwﬁ
wazavmwglaldpandamuuanadisinnsiisinaennguil 4 xiia luiladat Teadasmlugtuasmammuala
1l#wn 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone (AMOZ),
1-aminohydantoin (AHD) waz semicarbazide (SEM) uazadasialamasszauii 1.0 lulasniudanlansn
(Minimum Required Performance Limits : MRPLs) 3slawaunuaznagauanugnassisienzvlosiiu
isotope-labelled analogues #a3ansiueualay 4 #ia (I internal standard l¥nsalalasladaswamuvalasn
éauﬁ%’uﬁ'ﬂﬂsﬁuﬁnﬂumiaqﬁ’us’ 1n1USu pH 7.0 + 0.5 anauenarsee liquid-liquid extraction I@5ewniia
wazUSanauce LO-MS/MS 51msitasnei 0.1-2.0 lulasnSudailaniy lefudunsiiendulsandanduiug
(correlation coefficient) 5¢%314 0.9860 - 1.0000 ANNUNUABIIGUTANNY %recovery 88.9-112.0% mmtﬁ?‘m
aglunaiuseiliulos HORRAT @ <2 dwﬁwqmﬁmmwu (LOD) 0.05 - 0.3 lulasnsuaanlansy ?1'16%151@1‘7;6153?\1
USinala (LOQ) 0.1 - 1.0 lulasnsuaanlansu lﬁﬁwmiéﬁmmsmﬂﬁ”wumnéuawﬁlutﬁaﬁmiﬁﬁmﬁw’lumamam
uazgtlasinsiiavasangunwamuns 539U w.a. 2551-2554 SINAY 402 FENe WU AOZ mnﬁwﬂutﬁawgﬁu
wninsludanas 12.2 Hszeu <0.1-44.5 lulasnSudanlansy uazwu SEM ananlunesaeas 4.2 Aseeu <0.3-2.3
TalasnSudanlansu wWanSeudsuamanuSinaiinuwas AOZ uaz SEM luuaasil Liflansuansatuasaiite
SAYNNEDA (p>0.05) waeadaiimsldenna 2 sialudrdisisna ﬁﬁﬂ?u%ﬂf\hLﬂuﬁ’aﬁﬁﬂﬁtﬂ’]izgﬂLLa:iﬂ’J‘UQN

M5 lgenagainNg
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UNUI

lulosWusu (nitrofurans) figaslassasremuaiivsznaums numunusuuaslulasniy Genh
5-nitrofuraldehyde fignizhidauvaiids Talumsinmuazilosiulsefindarasszuumadummsuas
'vmLauﬂaanﬂumitwm,gmé’mfﬁmasﬂqﬁmfﬁﬁﬂﬂﬁ'ﬁ 4 ¥1ia lawn furazolidone, furaltadone,
nitrofurantoin 8z nitrofurazone wmumimmuaﬁ%ﬂué’mﬁzmﬁlﬂum&gﬁu (parent drugs) Huas
wonuelaviesunaimuasiunaiadsllsiuldnunmedlavasadanuiaios Jeasanumnguillugy
Msuaualat Lowd 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone
(AMOZ), 1-aminohydantoin (AHD) uaz semicarbazide (SEM) mua1ou lagamwe furazolidone
Thinnluvhsudemy esmnfivssansmngauasnagn udmsnguilfiunhinfumsdanmeiuguas
#s5naNe5e (Mutagen and carcinogen)™ awmwsﬂsﬂ, UszindlnauazdnwanaUsznd Jelaaannguana
thdumuldiueninndaiiideaiamauilnanasywd Tasanmwglsldaandamuuainefiziene
Unalulasyusummualaiondens 4 wila Tuwiladed sasiasfidmadasiomldeieszduiimmun
(Minimum Required Performance Limits; MRPLs) ‘ﬁ 1.0 luTasnsu aanlansu® UAENITNITNATIUFY
yaslsznealng Taadninnuaaznssumsenmsuazenmmuam MRPLs (lulasnSudanlansy) 1 0.3 dmsu
AOZ uaz AMOZ oz i 1.0 §wSU AHD uas SEM tialFfumsdamifiumsiianumsandg &9

maensilulasyusummuelailuiladaidhs LC-MS/MS findnmaafadoaiimiiaudu
aailtfin solid-phase extraction (SPE) sl,umiﬁﬂﬁn%qw%(uaﬂﬁamazwaq LC waneranuld® &
BaNMSENM Aa amﬂﬁ’uﬁzwaqluimvjusummualaﬁﬁ%’uﬁu‘[ﬂiﬁu (protein-bound metabolites)
Waglusudaszaransa (hydrolysis) LﬂﬁﬂuluimiﬂLLsuLumwualaﬁ (total nitrofuran metabolites:
free and proein-bound metabolites) Lua15ayWUSYaY nitrophenyl (NP) laaviujasenaywus
(derivatisation) NU 2-nitrobenzaldehyde (2-NBA) U5u pH Thdunae (neutralisation) anaugnas
(liquid-liquid extraction) M@ ethyl acetate ¥ lwiauarasaalummazareihlUiwnzivsinauay
duiuziinansens LC-MS/MS

{338 laana@Ineey van Rhijn, J.A. uazans TasuUSuilasuannzues LC laun il
avanadiaehe, riavaseasuiifiuanas, slauszsanauuasdvhazmedan s limsuansasansouas
5231 uasshaadunyldinTunaumsaiads n-hexane llaaamssumuudnManagauaINgNda
aoisiansluds 1o wasduny (Funudanih datun wasedasludaiomuddu) hisnasauiild
mwmﬂ%mmuawﬁmmmnaﬁulu‘[mw‘]u,su“?imnﬁ'ﬂuﬁaﬁmiﬁuﬁnmwdwﬂ W.Al. 2551-2554 Lilaiiu
FoyamathszTianulasasadaguilnauanidayaiildaniensimeadaieUssdiiuunliveasmslion
ToaSeuiisudSnaunasiinnd

ﬂ']il:ﬂﬁl:l,ﬁgﬂ']iﬂ\l"lﬁliﬁ']u
d15t@8 (AR grade) : hydrochloric acid, 2-nitrobenzaldehyde (2-NBA), trisodium

phosphate, sodium hydroxide, ammonium acetate, ethyl acetate, methanol (HPLC grade)
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NMINAFTUANNYNODNYBINIFT Lﬂ'ﬁ’]tﬂﬂ’]’ﬂul[miwu LIULNOU alavﬂu LUadn") g [RINgIInNa

#1309 : 3-amino-2-oxazolidinone, 5-methylmorpholino-3-amino-2-oxazolidinone,
1-aminohydantoin, semicarbazide hydrochloride, 3-amino-2-oxazolidinone-D,(AOZ-D,),
5-methylmorpholino-3-amino-2-oxazolidinone-D,(AMOZ-D,), 1-aminohydantoin -"C,(AHD-
"C,), semicarbazide hydrochloride-"*C"N,(SEM-"C"N,) msmmgmnnﬁuﬂuwm WITEGA
Laboratory Berlin mmu‘%qw%(mﬂn'jﬁaﬂa: 99 #nIu SEM 289 Sigma Aldrich mmu‘%qw%wmdw
Saeaz 99

MIGITNTIIAZAIININITFIU

aIazNBAAIFIU stock solution : Wiy 50 lulasnSudaiiadans

%’qmsmmgmﬁmﬁ'ﬂuﬁuau 5 #8ansu aza1gly methanol USulianasasu 100 Jaddas
Tosuanasasunazi wazihanesey working solution ssasmanay 4 #ie anudndy 1 lulasnsu
ApNAAANT, 100 UaT 5 W IUNSNABNAAAAST 11 methanol MuAIAU

asavane internal standard stock solution : Wugu 50 lulasnsuaaliadans

#1815 internal standard thurinuduay 5 faansy azangly methanol USuUSnasasu 100
108305 laausniassuunazad waziaesan working solution @sazmanan 4 7l ANNTNTY
1 lulasnsSusaiiaddns uaz 20 nlunsuaaiianans 11 methanol Mmuaou

m‘%‘mﬁauazqﬂnstﬁ

LA3D9% 3 AT 5 ALVUY, m"?immsh, vortex mixer, turbovap LV: Zymark, ultra sonic bath,
#3939 LC-MS/MS Usznausis HPLC: hewlett packard series 1100 L% mass spectrometer:
AB applied biosystems MDS SCIEX API - 4000

dnnszuad LC
- analytical column : Clipeus C18, 150 mm X 3 mm.id, 5 um (Higgins Analytical)

- guard column : Symmetry Sentry C18, 3.9 mm X 20 mm.id, 5 um (Waters)
- mobile phase A : 0.5 mM ammonium acetate in deionized water

- mobile phase B . methanol

- flow rate : 0.6 ml/min

- column oven 1 30°C

- injection volume : 20 ul

- gradient LC condition

) (W) B (%)

0 24
5 52
10 52
10.1 96
13.4 96
13.5 24
15 24
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dnnzuay MS

- scan mode : MRM scan

- ionisation mode : ESI (positive mode)

- source temperature : 450°C

- ionspray voltage : 5200 (turbo spray)

- collision gas (CID) . nitrogen, pressure 1.2 torr

dnzuad MS-MS (DP = declustering potential, CE = collision energy, CXP = collision cell exit

potential)
ot precursor ion  quantitative product ion (m/z) dwell time DP CE CXP
analyte
(m/z) confirmatory product ion (m/z) (msec) ) V) )
NP-AOZ 236.37 103.89 150 76 33 10
133.94 150 76 19 12
NP-AMOZ 335.13 262.05 150 56 15 10
291.15 150 51 19 18
NP-AHD 249.20 103.90 150 61 31
133.90 150 61 19
NP-SEM 209.46 191.90 150 56 17 12
166.04 150 56 15 10
NP-AOZ-D, 240.37 133.94 150 76 19 12
NP-AMOZ-Dj; 340.13 296.15 150 51 19 18
NP-AHD-"C, 252.24 133.97 150 61 19 8
NP- SEM-"C"N, 212.21 168.0 150 56 15 10

MBENUAZNITLATLNAIDEN
b L) ﬂ' a oy k4 \ o d‘ ] k4 kg ?3’ L4
madnfinagaudd : fa i wazauvy Nasialinumsanan die LC-MS/MS mnwntindszana
[ =TI v d v = v 2 & [~ - a ° .
300 N3 vuuzuan 9 usrtulvasideadeinissuaiila thusnwNgmmngii-18" (matrix blank)
o | Ao o ' g v ey oy & 5 4' ' & Y 4' 4 g
madnfidia : deddiadad laun de dalifueiesluln wasilianyiuindasluny wudu
Fuan 9 usrdulvazideamsiadssuaile ushwiiguugil -18 "% 5INMEY 402 MR NINAAINTN
22 Ui wazgllasaInsing 6 uvs Tuwanjunwumuas ssuint w.a. 2551-2554 lagdinNUANENITINS
2IMUAZENUMBENETIATIEW

m'saﬁmtazﬁﬂﬁu%qn’g

Fe0g19fiuaazide 1 nSu Tu centrifuge tube UM 35 WadANS LANEITATAIWEN
internal standard 20 W lunSNGaNadans 50 LNlA5AAT aNAeI8 0.2 M hydrochloric acid 5 Nadans
uaz 100 mM 2-NBA 50 lulasans wehe2e vortex mixer aumadNnszaIem weaanly shaker
w10 it ihludsilgamndl 37°% wiu 16 $ala 1hanidiu 0.3 M trisodium phosphate 250 lulasans
wazdSuanuillunsacelila 7.0 + 0.5 ¢28 2 N sodium hydroxide tiin ethyl acetate 5 Hadans

weh 10 W LENFUMBLATBINNUAIES ANNEI 3,000 FBUADINT WL 10 Tl gadiuasazarsadly
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test tube 21NA 20 H9AANS ANAGIPEIIRIY ethyl acetate 5 1adans FanNAS 1FuTsazas ethyl
acetate fiugnlaninmualiszmeuiadieweios turbo vap LV aamgii 40 % azanadiaghadadnnazme
50% methanol in deionized water 0.5 3983013 (NIUMIDENAUNYNAINTTLNLUII LTazaIBAIBE NG
deionized water 0.25 fiada®5 UALLAN n-hexane 2 A3A03 HANEIH vortex mixer WU 1 17 wonzy
feLnIaavauiss ANNITI 3,000 SoUGBWT WL 10 W @aZUYRY n-haxane TadamBEaTE
n-haxane 2 fiaddns MaNATI garuBes n-haxane 71 whedefululasiau 1d n-haxane fidog
L@ methanol 0.25 HBAANT NANAIE vortex mixer WU 1 U¥1) UAINTNFITAZALAIDENEIY 0.2 Um
PVDF membrane fiauiawin LC-MS/MS

NMINAFBUANINGNABILANTIATIZHE®
171591 method blank waz matrix blank

method blank : afaasiaiillaalildiiadiege @nssazareway internal standard
20 nTun3udaiiadans so0 lulasans afauazhlviudgns Jade LC-MS/MS

matrix blank : iafatefilinuamsande 31U 2 @9 lesdnasazarenay internal

a

ol i\ aa a e o a A{ o
standard 20 uﬂuﬂsmauaaam 50 1NIﬂiaG13 ﬁﬂﬂLLaz‘Yﬂiﬁlﬂﬁq‘V]ﬁ 19628 LC-MS/MS

1511051913653 (Calibration curve)

L3N IBYNUS nitrophenyl 2avansazanaanasziulastila 0.01, 0.02, 0.06, 0.2 uaz 0.4
108805 YaeAsazMeNINIPIUNTN 4 #lla WNTu 5 nluniueaiadsns ldlu centrifuge tube w0
35 198305 IANENSAzaENEY internal standard 20 W Tun3uAaiiasans 50 lulasans wdwhmuduaay
msafasaalaslifiilada laanudndugaredu 0.1, 0.2, 0.6, 2 uaz 4 NlunsnaaNadaNT
MNAIGU NIBNAIBENEIY 0.2 Um PVDF membrane 30131 LC-MS/MS a51nNMIAIFIULEA
ANUTUWUS IV INA DN FIULANAN NI NI UABNEITNIATIY ez internal standard (concentration
ratio) NUAIDANEIUYDY peak area UBNEITNINTFIU WAz internal standard (area ratio) @uIDs

Vv a £ v o . .
AFNUsEANSINFNNUS (correlation coefficient, 1)

msnadauanulutdunsiuazdiam ez (linearity and working range)
WnansarmenasTIURANNENTY 0.1, 0.3, 1 uaz 2 lulasnSudadlansu Tudaths (9 wazln)
SEAURE 1 % nensazansnan internal standard 20 W luniudefiadans 5o lulasans snadathuas
vlusgns Jadae LC-MS/MS adenswinasprunaasanuduiusssninmsandiusssamuudy
P9ATNINIFIU Uay internal standard (concentration ratio) ludadnuaazyilie NUMBANEIUVD
peak area ?aN@19NIN33 U WAy internal standard (area ratio) e Nl aNS anaN WS

(correlation coefficient, r)

ﬁhei'ﬁqm‘?imnwu (Limit Of Detection, LOD)

Uszanaua LOD lasfamsaywusuasasinasgiu 1w peak fifien signal to noise WU 3 M
uanugndudathwingradhs mmsnadaulagdumsnaspuiisnnlaly blank sample $10u
10 %1 W@nasazaenan internal standard 20 wilunudafioddns 50 lulasdns afauaz¥liusans
10678 LC-MS/MS
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AengaiianeimUsanuld (Limit Of Quantitation, LOQ)
nagaulagdnansnesgiulszann 3 1haes LOD avlu blank sample MUY 10 7 LANFITAZAY
ul \ a aa = e o Y a Q( e v
W& internal standard 20 WlunSnaaiiaddns 50 lulasaas anauaziliusgnd Jaes LC-MS/MS

MUIMANUULNY (% recovery) WazANNLNEY (% RSD)

NMINATIUANNUNUUIZANNNE (Accuracy and precision)
l!' k4 k4 o | =S v d%l U Vv t!l' L4 Vv

nagauNANNENIY 0.3, 1.0 waz 2.0 lulasniudanlaniu (iald, 4v) wasienudngdy 1.0
waz 2.0 lulasnsueaanlansy (AUNY) FEAUAE 10 71 WAIFNTITaraNEHEN internal standard 20 nlunsy
1 = aa = W o a l{ 2 o 1 1] 1l
daiiadans 50 lulasdas anauasnliuigns Taee LC-MS/MS anamanuusiu (% recovery) agluy
#193088r 60-120 ANNLNES (% RSD) wazd) HORRAT (Horwitz ratio) lagitnaminsaansuma
Codex ez EU<2

MsUsziivuraaazmmaaliwinauwainsin (Uncertainty)
Iezilsunaasiamvalar (A0Z) laszaiialn 1 ASu in AOZ hszau 0.3 lulasnsy

@anlansy minalsanaEslumadi 0

FNMSNNFUATI Y = mC+b
C = Y-b/m
C = CO/CISTD

Tog Y = peak area ratio, m = slope, C = concentration ratio L8z b = intercept
Usinasansinu (lulasnsueanlansn) = C x Crgppy x V/W

Tog C, = ANNENTUIIININGIU (INTUNSNABNAAENT), Clgrp = ANNWNTUYBN internal
standard (lunsudaiadans), V = Usinasgamnemsazaraaiad (1aadns) uaz W = Thwindatha
(n5Y)

NngasainnuFInamsiing wuvasiisnzasenuliuiuaunnmatahwingeis maedew
InaIU edeauiaiausinesitld wasnnvnesyu Masanuliuiveunnmsing (precision)
waTANNUNY (accuracy) MNMINAFIUANINYNABNYDINITIATIZH seanylaiiuauivue udrmunas
aanwliwiuauens fissduanudaiuiosa: o5 1 k = 2 enuanwliviueuluzlzasany

Talwdupunens

NMIMIUANAUNINAITIATIZH

External quality control : 1@1534MINAFAUANNTINYMIIANEY (Proficiency test)
fiu FAPAS Uszinasangu fia nasdau AMOZ waz AHD, AOZ uaz SEM lulavy, neaau AOZ uaz AHD
Tuilowy uaznadou total AMOZ uaz bound AMOZ luda
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Y aca I's dy v 4 P a a o
NMINAFTUANNYNODNYBINIFT Lﬂ'ﬁ’]tﬂﬂ’]’ﬂul[miwu LIULNOU alavﬂu LUadn") g [RINgIInNa

mMsSaudisuanmdalsanaasinulasizneada
WiguiiguUSinamnaninuees AOZ luilianyiuesesly waz SEM ludiads lugiwadinana
v ao aa ¥V T | a A v kd I 4
MEIENNada legasasaumsuanuaszesdayanimsuanuasluwuulndniali 61 luld one-way
ANOVA mnbiifluun@ld Nonparametric statistics lagl#lusunsy SPSS®®

We

meldanmizpas LC Aldlumsinmasiilidanaeduiizila reverse phase saamsld ClipeusC,,,
150 mm x 3 mm.id, particle size5 um (Higgins Analytical) wugn (elute) 150880 TEIULUUNETY
(linear gradient) 52%314 methanol W&z 0.5 mM ammonium acetate {AAMIUBNADIFISHA retention
time WAZANWAUYBINAMY chromatogram log AOZ denulhimsingege o AMOZ, AHD uaz
SEM fissauanududuidientu

18861 NP-AOZ-Ds
5/\N (8.51)
16651 P
Y
1‘05 NP-AOZ
I Nj)\o

1.2651 @/\/ N
¢ -
- 1 M. NP-AMOZ
g D NP-AMOZ-Ds
° ' AN NH
£ B0ed ©/\" a8 (10.1)

NP-AHD .
S 9 (8.58) ]
I N /NHJI\NH:.
i @AN NP-AHD-5C; (8.24) f‘ =il NP-AMOZ
NP-SEM ! { (10.2)
204 NP-AHD (8.28) j I s j
’ ! T T T s T L - T T
W f 2 3 4 5 8 7 8 8 10 1 12
Time. min

AW 1 Extracted Ton Chromatogram (XIC) wasshsaywusiulasyusuwmualan

nnmanagaumsitanziiinalulasyusuwmualadi 4 #fie ldun AOZ, AMOZ, AHD
woz SEM Tuidladod (M ilals wazeuny) e LC-MS/MS auFAMEimWua Lﬁﬂﬁ%’ﬂﬂﬁﬂﬂﬂﬂﬂigm
UFONANNTNNUS T TN DA N EIUYBNANNINTUDIEITHINTTIU a2 internal standard (concentration
ratio) NUABANEIUYDY peak area AIEITNINTFIU WY internal standard (area ratio) Henuuy
0.1-4.0 WIUNSUABNAFANT 289 AOZ, AMOZ, AHD waz SEM lansidluiduasa 8@ r 0.9954 - 0.9992
waztiiarhmsiesd method blank Was matrix blank liwu peak 2a9EITIUNIU EAITUFITIUNIUYDY
SEM lufs nansnagaua NN TuFuasILazNaIm e eiistaua Nty 0.1-2.0 Tulasniy
aanlansu lonsidudunsedien r 5¢1ing 0.9860 - 1.0000

fhathailadat (3 1) wue LOD wes AOZ uaz AMOZ 0.05 lulasn3udailansu AHD
waz SEM 0.1 lulasnsudanlansu a1 LOQ 289 AOZ waz AMOZ 0.1 Wulasnsuaanlansu AHD way SEM
0.3 lulasnsudanlansy laamasemuusiy (% recovery) $989r 82.5-111 wazanafislszifiudae
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HORRAT 0.4-1.9 dhuauny ie LOD 283 AOZ, AMOZ, AHD waz SEM 0.1, 0.2, 0.3 uaz 0.3 lulasniu
@anlansu Muaeu wazm LOQ 289 AOZ, AMOZ, AHD waz SEM 0.2, 0.3, 1.0 ua¢ 1.0 ulasnsu
danlansy muaeu laamasanawsty (% recovery) 4988z 92.6-97.7 uaranuiiselsziiudas
HORRAT 0.3-1.4 Namsnaaauanuuiuuazanuiiewasds (accuracy and precision) HAMNENTY
0.3, 1.0 uaz 2.0 lulasnsudadlansn (In d4v) wazeNNETY 1.0 uaz 2.0 lulasniudanlansy (Funy)
femuwiuiilszfivnnaiads % recovery agfluzieiosas 88.9-112 uazanuiiesseiiuds % RSD
agluziespeas 1.5-6.6 waz HORRAT 0.3-1.2 gastdeaduunaingiodisguassiiovedas
ﬁ‘w@aa‘u (m'm‘?; 1)

M990 1 MINAFBUANNUNY (accuracy) WazANNLNEN (precision) 28IBNATIEH

AiAeBEN a3 Spiked level (ug/kg) % Recovery;, Mean + SD % RSD HORRAT
wialn AOZ 0.3 105 + 3.0 2.9 0.5
1 107 + 2.8 2.6 0.5
2 101 + 3.7 3.7 0.7
AMOZ 0.3 107 + 4.3 4.0 0.8
1 111 + 4.5 4.1 0.8
2 106 + 5.6 5.3 1.0
AHD 0.3 109 + 4.3 4.0 0.8
1 112 + 3.0 2.7 0.5
2 104 + 3.2 3.1 0.6
SEM 0.3 111 + 3.5 3.2 0.6
1 111 + 5.7 5.1 1.0
2 107 + 4.1 3.9 0.7
o8 AOZ 0.3 97.9 + 2.8 2.9 0.5
1 111 + 4.9 4.4 0.9
2 106 + 2.5 2.3 0.4
AMOZ 0.3 104 + 3.8 3.6 0.7
1 112 + 5.4 4.8 0.9
2 105 + 4.0 3.8 0.7
AHD 0.3 99.7 + 3.7 3.7 0.7
1 105 + 6.4 6.1 1.2
2 95.2 + 4.7 4.9 0.9
SEM 0.3 102 + 2.3 2.3 0.4
1 106 + 5.7 5.4 1.0
2 100 + 2.4 2.4 0.5
Gumy AOZ 1 93.1 + 1.8 2.0 0.4
2 98.4 + 4.6 4.7 0.9
AMOZ 1 100 + 4.1 4.1 0.8
2 88.9 £ 5.3 6.0 1.1
AHD 1 97.7 + 1.4 1.5 0.3
2 100 + 4.0 4.0 0.8
SEM 1 96.6 + 6.4 6.6 1.2
2 97.8 + 4.2 4.4 0.8
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Y aca I's -d‘lu v 4 P a a o
NMINAFTUANNYNODNYBINIFT Lﬂ’i’]tﬂﬂ’]'ﬁl‘l‘l‘[miwﬂ LIULNOU alavﬂu LUadn") g [RINgIInNa

MmsUszanam e it uaueIHanIn NUwaIrNN N wlLauINNITIAIE laun
Fuapumsianvinuazliulinasgaimelumsatadedn manududumsildnninuinasgu
ms%"quﬁ'ﬂLLazlﬁamqmsaxmammgm sauﬁQﬂawuu%qm‘§ﬁizq ST TIIETe P R AR T o T eare
dasnamenyliwivewrmeradsinned AOZ flehiu + 0.06 lulasnindanlansy Henudesiu
Jazaz 95 SmsuUSINm AOZ Mdinasludaeg 0.3 lulasniudadTandu MunannNWnasgIule 0.32
TulasnsSudailansy enunatsinaas AOZ nuamenuliuiuauzens A 0.32 + 0.06 lulAINSNAD
Alansy (an519f 2)

3199 2 Aany LU UYRINaM IR

, Standard Relative standard  dadiuany
Component Value, x e ] ] C
uncertainty, u(x) uncertainty, u(x)  liwiuau (%)
1. Sample
- Weight 1 g 0.00062 0.00062
- Fianl vol. 0.5 (pipette) ml 0.00088 0.00174
0.00187 1.31
2. C, read from curve 0.560 ng/ml 0.03939 0.07090 49.63
3. Standard
- Purity 100 % 0.28 0.00280
- Weight 0.00500 g 0.00001 0.00200
- Dilution 100 (vol.flask) ml 0.18257 0.00182
1 (pipette) ml 0.00174 0.00174
50 (vol.flask) ml 0.09327 0.00186
1 (pipette) ml 0.00174 0.00174
10 (vol.flask) ml 0.02254 0.00225
1 (pipette) ml 0.00174 0.00174
20 (vol.flask) ml 0.04136 0.00208
0.00609 4.26
4. Precision (% RSD) 1 - 0.057 0.05700 39.90
5. Bias (Recovery) 1 - 0.007 0.00700 4.90
- Combined standard uncertainty = Uc/r 0.09146
- Standard uncertainty (Uc) = 0.09146 x 0.32 pug/kg 0.029 ug/kg
- Expanded uncertainty (U), k=2 = 2 x 0.029 ug/kg 0.058 ug/kg

Y3 AOZ (ug/kg) = 0.32 + 0.06

sewind we. 2551-2554 dhaaviinalulasusuwnvalavluidladofdsmibeluameda
wazglasindiienasuansunnumuas INMeEY 402 dat linumsandeasenguilluilalady
w3aslu wudanmaandmas AOZ ludlanysonas 5.5 wdaslunysosas 6.7 wes SEM ludedasns 4.2
LtamiwamﬁﬂmﬁﬂLLaz%'aaa:ﬂaqé‘f'sasmﬁmwwu (= LOD) LLa:‘ﬁLﬁummgm (= @ MRPLs 284 88.)
iiawszinUFinamasmsiiandauaneudl (il 3)
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m39i 3 Msaatiinalulasusuluilodadsswnind w.e. 2551-2554

NUIUMBEN (S8az)

Ysaiwu (lulasnsuaanlansy)

U w.e  wlieaadn - - - AfaNwy - — —
WAL AIIANY UNIFIU 2N MLRY NFHTIU

2551 fi’q 38 (100) 11 (28.9) 7 (18.4) SEM <0.3 - 2.3 1.2 1.2

Lﬁa‘wg 42 (100) 8 (19) 6 (14.3) AOZ 0.18-6.7 2.1 0.93
=

Lﬂiaﬂuﬂ;& 25 (100) 10 (40) 9 (36) AOZ <0.2-10 4.4 3.6

dialanuwesaaly 52 (100) - - - - - -

9N 157 (100) 29 (18.5) 22 (14.0)

2552 fij 5 (100) 1 (20) 1 (20) SEM 1.8 1.8 1.8
Lﬁawg 12 (100) 4 (25) 4 (25) AOZ 0.41-32 13.4 10.6
Lﬂ%aﬂuwg 28 (100) 11 (39.3) 9 (32.1) AOZ <0.2-30 5.7 3.5
dalanuasasly 24 (100) - - - - - -
EREY 69 (100) 16 (23.2) 14 (20.3)

2553 f}"a 40 (100) 5 (12.5) 4 (10) SEM <0.3-1.7 1.0 1.0
Lﬁawg 33 (100) 6 (18.2) 3 (9.1) AOZ <0.1-14 5.6 4.1
th3esluny 1 (100) - - - - - -
dialanuwasasly 37 (100) - - - - - -
U 111 (100) 11 (9.9) 7 (6.3)

2554 Gy 10 (100) - - - - - -
Lﬁawg 20 (100) 4 (15) 4 (15) AOZ 0.72-44.5 14.4 2.4

o
Lﬂiaﬂuwg 9 (100) 6 (66.7) 6 (66.7) AOZ 0.47-13.5 4.9 2.6
Walnnuadasly 26 (100) - - - - - -
U 65 (100) 10 (15.4) 10 (15.4)

T 4 93 (23.1) 17 (4.2) 12 (3.0) - - - -
Lﬁawg 107 (26.6) 22 (5.5) 17 (4.2) - - - -
Lﬂ%aﬂuwyj 63 (15.7) 27 (6.7) 24 (6.0) - - - -
& Vo o
dalnfuwedasly 139 (34.8) - - - - - -
RREY 402 (100) 66 (16.4) 53 (13.2)

= 4
AU

lumsnadgauiimst@nas internal standard (ISTD) Funaiaunaadnlasiundasldarsnil

v =) Ty v Py v A g v v
Tmmswmsmuaumsmmgm Lmuma‘[uLaqamﬂmwmﬂmstmu‘nmqazmaumamsmﬂﬂa‘[ﬂwﬂ 1ﬂLLﬂ

deuterium, carbon' wag nitrogen® aslulumatnuazasmasgruiazaisunninaspuloadunsu

19 4 70 HumMsanaNuAaNaI9289MFIANY tipsanassunmuludiegie (matrix effect) way

msgydearsiiiezulutunsurasmsanamaguiinanugneaswatnailasiniumsldinaiin MRM

(Multiple Reaction Monitoring) Ntdaniawmmzlasausasansiiaulade munaasaalszy (mass to

charge ratio; m/z) Anamiloy MS ¢ 1 2819 selected precursor ion WU Mmntianmsuane

(fragmentation) waz MS ¢1# 2 1% product ions (base peak and confirmative ions) U

288
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Y aca I's dy v 4 P a a o
NMINAFTUANNYNODNYBINIFT Lﬂ'ﬁ’]tﬂﬂ’]’ﬂu‘[miw‘j LIULNOU alavﬂu LUadn") g [RINgIInNa

Yo

detector 11U M1 background noise MINFNTIUNIUANEY LANNA signal to noise 2a9aNT dMa ldaNM
Tanszaumilanuldu

MIANEDNMIUNUMBENLNBINNNATOUANNYNABILDIIT AT WuTnilanlianssunIum
peak 284 SEM (afisuduans S/N Au spiked sample szdu LOD # 0.1 lulasnSuaanlansu
szaurasanIsuMUiimma lifinanssnudamaitenzd druilalavazdunylainuassuniveasssiaula

MINAFIUANNYNAIBNIGlanaaaue linearity and working range, LOD, LOQ, accuracy
waz precision My performance characteristics NMuua eaglunariarnsoininlfiduiziwnzd
Tuiesdfudimsle Tesdznenududuaswaimsienzd 0.1-2.0 lulasndudailanin fien LOD waz
LOQ 28935 0.05-0.3 1z 0.1-1.0 llasn5uaanlansy mumeu S duANNLNULALANNNE BN IATEH
aglunaui lagdie % recovery 60- 120°" waz HORRAT 1iaend 2

nsdifagnaunyuazaiasludu g wuhmssunmulumegmianylhmsinanas Jadinaunau
dfiaae n-hexane Tuasasanadadi wuhdaauanylhimsia AMOZ Feananily peak garhe
udlifinadaansadu 9 aanua LOD uas LOQ zaunsatludaiisganhaadniniuiladod uddaanso
Falamieszaunmuue auiumneasnmsanassumuuaziinanyhlumsinsedisienzdaniudoaia
& o a &£ . .
2unaUM I IMUTanslagmsld SPE (Solid-Phase Extraction)

dsziliuenulaiwivauaasmsio wumenuldwiuauzenswnu + 0.06 lulasniuaanlansu
(+ 18.8%) NaNNFNUIazaz 95 aRNaNANNENMAFNHaYaIaAaNN N uauuenag luwn o

(12) v v v o q'uw [ 1<[ [ |q<[ [ (3 ] ‘1- v PRy
289 codex"'” (UpanNIoEaz 44 N3zauMsIa 100 lulasnsuaanlaniy) dadruzasenulauiuauni
dl v 1 U vV Vv nﬂ' v a < v Aﬂ' v

wniiga laun eanududuasilannnaviinasgu Aadusesasz 49.63 asnnnnvainasgiulaann
mata3enasnasuidesuenedenudasenudiduuaslilaiiiiafsdeg Jvenalinadamanududy
dﬂ' J v v v ) 1 1 é’ = . . .
neoule ddssmsananuliwtuauludiuiinisedaunsMuasgIuLuy matrix matched calibration
curve fa filladmaanlumse3snudeInuMSeSaNmpng INNUIUTEAUANNTNTULIZNITINTD
Tuudazszaurasasinasgu sesasanda erenuladuduaunnmsmanseaas 39.90 Fananubiwiusule
ToamstnNINUILATZHTYB9R 198N

{338 la1iniFienzdnmmsnesauanugndes asramednlulassmsnagauanuzinyms
AN RiaelJUAMS (proficiency testing) ae FAPAS lagnamanadauagluinasi de) Z- score
<2 Mlinulannugndaswauaiteszy wasiinduriinuasasloaiinsanal relative retention time
ATEIUIEWIN retention time wasasiaula AUas internal standard lumatafiaunuasunasgiu
mwanasaviiaagluinaeisosas + 2.5 wasMUINNA % relative intensity Sp8azUIBNNTIUTLNIN
ﬁiy,iy']mﬂ’?ﬂlﬁ’ﬂm confirmatory product ion ﬁué’tytywmﬁ%mlé’wm quantitative product ion lTufmaeng
o U dl Y o L 1 Aﬁ' v ] '3 W d' v . v
iheniilaiisunuaniilannasanasgiu wusglunasisanduiisosas + 20 (relative) uazsazaz + 25
(relative) i@ % relative intensity 289 SEM l#@annn 50 waz AOZ, AMOZ waz AHD lvim
% relative intensity 3nAMN3BEaz 20-50 MuMOU U lanansiasranulumedreiilassasramanil
WU TNINTFIU

SamuTinaandessaslulasiusumavalaviluiiads daln wiaelula dany was
wInalunyfitiunnaaedauazguasinitie TagainnuanEnITNMIBIMNIUAZEN TTUTN W.6. 2551-2554
7 402 ¢18EN MM Talinuesiio AHD waz AMOZ andnludagnnnziia uazlinumsand
paangueniiluiianuindadluzesla udwu SEM anfmalus senin <0.3 - 2.3 lulasniudsilansn Aadu
v YV lﬁgl lﬁ' 1 W 1 £ L
Jeear 4.2 Wu AOZ andnlwilanyuasiadatluny 53 <0.1-44.5 uas <0.2-30 lulasnsudanlansu
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a I 4 o W v A v v v v & R ] v oAl I
AaLlusaeas 5.5 WAL 6.7 MNAIAU mnwagaﬂmuummﬂLf\nﬂmLmeLualna'sﬂmyixqtmawmmLﬂu

Do

4 dy ] v w ] 3 = Id Y1 o o v a 1 =~
Favhsudssnlanmssusesnaspunnminenusy sudlululanienulssassanmsldenass dunsal
299 SEM (luasinuldousssundludadinniidanuds laun Y 09 wazde Flaldanainmsld
nitrofurazone"” NM3ANWIWEY van Poucke, C. uaz anz"® lagdaenauuuamuay Liimslden
#53WY total SEM uaz bound SEM lutilars 0.76 uaz < 0.5 lulasnIudailansn enuanau asuuiiawy
MINNANUILAILAUNINTFIUBNAA VB UTUM IO 19T 018%Ti0 bound SEM ZHa51am laglnuzuaaunsa
free metabolites 8aNNNHIBENAIY methanol uazin naumslalasladmiansa® Tamnnuasiipeainse
2190 24NTIFBUMS LN nhSudelagnss drumsanmezas AOZ Falluuaualariuas furazolidone
Twdlanyuaziasasluny asanuseninegnlndrsiannl malee e iU ainnassIumvue way

u u 9 @9
MBENNFUALINATIIUMTUAZIINNUAMENITNMIDINSUAZEN WiBlauisulSinamdennumels
Meana ludtdarsia nuhnliianuuanaienuegralivedinyneddd (p>0.05) uaasdedalinigly
furazolidone Tuda§ Mndayamsiiudmegnudauvasingaluiodania Falsendnd niadadonnumaiau
Toglaissyderasunades Mmlvldnnuhainmnhinmnaspuniali Fdwannsdizeilali dmeiaeg
(Hany e NENHAIMINETUTBININTPIUFUMLNEAIUAZDNINITNNWBNUYENSTT [INUMIANAN 919
I:I' < lﬂ' é’ o a d‘ v Y o 1 VvV o Y v 42! [ <~ 42!
Wasnnidunyiidssnnmsuszuulenuiuilasnulsalaslildeuazasiafidasin Zadumadannis

o

ambiuslnalasans

U

GRNL

9

maeNzitiinalulasyusuwmuslaviandnludiadaisis LC-MS/MS fdanuinwzlvia
msaanuiuignaataglunasisandu Teaiinnuhlunmsiand duszaniaw asamarsiissauand
& ] % U o L% <~ 4 = k4 vV
W3auniua MRPLs 2a4dinnuaneznssumsamsuazen uazananglsy sxnsodudugiinasarsle 19
< aca v a wva a 4 Y a o v [
WiAFieneiluieal fudmsmuauaamnuazanasyiuems uasmsnusznalnaduludoduaUades
wazdaiiinauslaanadny MU AHWHNTUMSMNUYUaMIMBUALKUMIAAMNBE NGB
uazlfinasmsienaiiamuanaamuamsivienulaaassnannssanariiiduduens Guaue
dq’ [ =3 1Y A ~ Id ~ U v [ o’d‘d v & a
msdesdailUandamsudszudiuilon iaidumsiinyamuasasumwansainaauaimsniuiloaies
Tudseinauasdiaan Néayds inrasnsgiaemsianuianunlanenumsldeuazdnssuumhsuaes
P P = B | v vy v
naiananidesamsldasaaing

aeenssndszne

arauAN AMIMAIl  anwalane WnInemaaimsunngHnmMIiay HHtinauINLa:
anulasadeams nldauushlusninms
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Method Validation and a Survey for Total
Nitrofuran Metabolites in Animal Tissues
by LC-MS/MS

Malee Jaroenvitvorakul
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000,
Thailand.

ABSTRACT Nitrofurans were used effectively as medication of animals in the past. Due to the
evidences of their properties as carcinogenicity and mutagenicity, Thailand and many countries revised
the legislation and regulations to prohibit the drugs used in food producing animals. The European Union
established the Minimum Required Performance Limits (MRPLs) of analytical method for nitrofuran
metabolites namely 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone
(AMOZ), 1-aminohydantoin (AHD) and semicarbazide (SEM) in animal products at 1.0 ugrkg.
The determination method has been developed and validated. The four isotope-labelled analogues were
added in the sample as internal standard. Acid hydrolysis to release the side chains of metabolites
from protein-bound residues was required and metabolites were derivatised. After pH adjustment to
7.0 £ 0.5 and liquid-liquid extraction, the residues were confirmatively determined by LC-MS/MS.
The method validation showed the linearity of working range between 0.1-2.0 ng/kg with correlation
coefficient valued 0.9860 -1.0000. The accuracy (% recovery) ranged within 88.9-112.0% and the precision
was evaluated by HORRAT method and given the values lower than 2. The limit of detection (LOD) and
limit of quantitation (LOQ) were 0.05-0.3 ug/kg and 0.1-1.0 pg/kg, respectively.

The survey research on nitrofuran metabolites abuse from 402 samples of edible animal tissues,
sold in the local markets and supermarkets in Bangkok was conducted during 2008-2011. The result
showed that AOZ was found in pork and visceras 12.2 % and SEM in shrimp 4.2%. The amount range
of AOZ and SEM were <0.1-44.5 ug/kg and <0.3-2.3 pg/kg, respectively. The detections of AOZ and SEM
were not significantly different (p>0.05) at the survey period, indicating both of drugs were still used in

animal farms. Therefore, monitoring of drug residues and strictly law enforcement are further needed.

Key words : Nitrofuran metabolites, animal tissues, LC-MS/MS
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Acute Allergic-Like Reaction To Intravenous
Non-ionic Iodinated Contrast Material

In Patients Who Underwent Computed
Tomography

Teeraphan Bootphaew
Krabi Hospital, Amphoe Muang, Krabi 81000, Thailand.

ABSTRACT The author retrospectively reviewed incidence and severity of acute allergic-like
reaction related to intravenous administration of non-ionic iodinated contrast material in patients who
underwent computed tomography in Krabi General Hospital during January 2010 to September 2014. Type
of acute allergic-like reaction, severity of reaction and patient outcome were reviewed. The medical records
were reviewed for pertinent medical history related to each reaction, including previous contrast material
reaction, premedication before administration of intravenous iodinated contrast material, previous
allergic-like reaction to drugs or substances other than contrast material and history of asthma. Five
thousand nine hundred and four intravenous administrations of low-osmolality non-ionic iodinated
contrast material were performed during the time period specified. Acute allergic-like reactions to
contrast material were documented in 24 (0.4%) of patients. Twenty-two (91.7%) of acute allergic-like
reaction were categorized as mild and two (8.3%) as moderate. No deaths were attributed to intravenous
non-ionic iodinated contrast material. The most of acute allergic-like reactions (91.7%) occurred in
adult age group. The difference of reaction rates in adult, pediatric and elderly patients was statistically
significant (p<0.05). Greater risk of allergic-like reaction exists in association with female gender
(p<0.05). In conclusion, the incidence of acute allergic-like reactions to intravenous administration of
low-osmolality non-ionic iodinated contrast material is very low and most reactions are mild degree.
The use of intravenous administration of low-osmolality non-ionic iodinated contrast material during

computed tomography is quite safe.

Key words: Acute allergic-like reaction, Non-ionic iodinated contrast material, Computed

tomography
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Thailand Oversea Labors Returned From
Disease Detected Abroad BeTween
2554-2557. Summarized and Analyzed for
The Root Causes

Suthon Vongsheree* Surasak Muenphon* Archawin Rojanawiwat**

and Pinit Ngamprasit* Maliwan Homchan* Prompussorn Dissara*

Aekkarin Submark* and Chomchalai Sinthusarn*

* Bureau of Laboratory Quality Standards ** Medical Life Science Institute, Department of Medical

Sciences, Tiwanon Road Nonthaburi 11000 Thailand.

ABSTRACT Since 1997, Thailand labors wishing to work abroad must receive a medical examination
under the laws or regulations of the destination countries. The labors have to get health check with private
hospitals received accreditation from Bureau of Laboratory Quality Standards, Department of Medical
Sciences, while the governmental ones need no any accreditation. We have studied the retrospective
data using the report data from Thailand Oversea Employment Administration, Ministry of Labor and
Social Welfares, during 2011-2014. This paper has summarized statistics of Thailand oversea labors who
are returned from disease detected abroad between 2011-2014. There are 242 labors (0.11%) who were
sent back among 217,963 ones. The rate of return is likely to decrease, by year, statistically. However,
the returned rate from the lung disease and tuberculosis [tend to increase statistically significant] 55.77%
in 2011 to 76.19 % in the 2014. There are 99 out of 139 (71.22%) returned labors with lung diseases/
tuberculosis and 52 such labors (52.53%) are examined from a governmental laboratory. Among such 19
returned labors who are eligible to be followed up for confirmation of the lung disease and tuberculosis,
11 labors (57.90%) confirmed normal testing results in Thailand. While another 6 labors (31.58%) use
fake reports or fabricated testing results since the chest x-ray does not pass before travelling abroad or
uses the report from withdrawn laboratories or it is not the one who get testing services from the claimed
laboratories. There are only two labors (10.53%) who might have false negative results before traveling.
The use of fake reports or fabricated testing results are also observed in the case of the returned labors

getting positive testing results of Hepatitis B and Hepatitis C and the abused drug.

Key words: Thailand oversea labors, returned labor from disease detected abroad, fake

Reports, fabricated testing results
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Light Filth Tua1153

[} 4 o/
MuWus dathae
SinAUMNUsANNUSBNAEINTS NSNINNAANTMTUNNE OUUANIUUT UUNYT 11000

uNin

anszaimiuiuamandnuvanilmasarmsdiaennnvmelsznamlan dngransaims

uaziATaIdNaN AT 402 (a) (3) e (4)© Mwuahemsiienanudnlulssuiithiufes (Filth)
G?;qLﬂué’%ﬁmqmﬂmwwmqwé’nwmxmiwﬁm BNANITDIMITUAZENYBIaNIFaLN3N (Food and Drug
Administration ¥58 US.FDA.) azfansaneuun Defect Action Levels (DAL) losfinaminmviualy
dwisu light filth Tuawnsudszan Sesnawuhannast Tasthiuresemaihdhiu 9 duewns
fiiinsnnumandauaz/visussqasaligndasmnavdngednune fehazdiadangwans Fagrinliiiaamn
WAUMNI A M38a (seizure) MI3andu (recall) MIcLiuAfGBLNA® (prosecution) NN
iithasgfnfuiienu (detention) Tugemneu 2557 feinaw 2558 fishuan Unnghiimadniudue
pmnsvmelssiannnlng swmaan light filth ldud wilkdn® gnamedeufanlnuda® dudeden®
uenuazaad® Fndeu® ninnsslas® hum® wanu@en® fnmsussee® Unselad® waodumd
Uszan? shliidetiodeswecsand wazsiiaamudememadsugia

mstulaswesdfithSadien (Filth) Tuans wisldifly 5 nay Aa"

1. Fedulsawniinrfufsadunandainiveihlsafinnfuaiws (Filth from Vectors of
Food- borne Disease) sznauss Fuduuasdoimmzihlsaaiiafinssgndunds wu un wy uasdafwne
ilsaniialifinssandunas duduuasdaidnam Wy unasiu uasau ua uoa

2. stulsanfithduisadannndadnladumvezihlsaiansuems (Filth that poses a
nonpathogenic health hazard) wu unastnua Tseu Fuauiude/ AurpILNBY

3. Sutsaniihiufsadannndaiay q wuy TRINEIEY UNBaIAY

4. FludasuimhSuisadannnunas/datauanmsiiuinmamns (Stored-product pest)
Wy wea als

5. Autaaniihiudsatalieglungs 1- 4 (Incidental filth) lifiduanadaguilan

Accepted for publication, 2 June 2015

NIEINIHINENANFATNTUNWNE
U 57 atlun 3 nsngan - AueNaU 2558




Practical Technique Development for Light Filth Determination in Foods Tanongpan Satjapala

TssnuwdnennsanansolfaiouasBnadniulaeuiiniuies Wudsiidquanuo: Sagauuss
ATLUIUMTHAR Lﬁamsﬂ%’uﬂj‘ﬂﬁlﬂulﬂmummgmmﬂaw Faazanansodsaanudafurilidnlszma
ansgawsmlaloalaigniniu
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Huilne sianwamduiugn 9 (particles) astlusuihiiy wonanwdnsasiormnslalaeldarunaniidiu
spsmanfifituihgu daeha light filth 12y wneeiad Fuduzssuuas sudailuuns duouayed suun
(feather barbules)

mM3iazed light filth Tuanssnasaredadsmsdenesifimmualily Official Methods of
Analysis of AOAC International (AOAC)® ([Huwdn 1iiesann US.FDA. Wughinlumsauanwdnnom
s Maiwaamelunasihiaanlsanaamigauim lagldinasinuau light filth finsawu aghalsion
3831a9ew light filth ey AOAC fuishieneimasdsiidasdumegmaniaaims Tdudnns
mamamu ilikanac faldhedauden fduvdaisiiinanssnudaiunadouias liraliiAesuane
daiass wafidadimnalsems wu lissyneasdaareunainljiaiinadeUszansnnaes
meene gunsaliadesiiasng  fissylioaliiiuiiduessesfiwmnzimly percolator Fuilueiosu
lFwsntnhinhiuaslicmnsomieldluiasnmatiagiu dasnngudalddnudoud uasiiddniige
e fineiiidasivszaumanigdlumsidadedeinunnmsdendasganssmiiniu light filth v3ala
uaztiudeagludszanle

ainauMnLazaNNUaadea s nsNInemaasmsunng loarienuande naaiessi
amsdeann umhenuildBumsanadenc light filth Elummsaiqaaﬂm&gmwiﬂ W.6. 2524 LHUANY
z»hﬁ'tyuasmwﬁ'ﬂﬁﬁqﬁmﬂﬁuLauLﬁaLﬁuﬂszawﬁmwiumsmaﬁmeﬁm light filth tieweunsliiiu
UsslamidaginnsiiiazEunuanaieney light filth lddnmuazlfifuwmnmalfialiaaszansua

P s

geall Jlawaumngliiaalfudmsmemeann Ffidniensindensd enswdnglaumsausuan
a wvad

Hi@enaeed US.FDA. anfiumsnaunmaiiad JUaNmansanin@niiad@3nisinszion AOAC
Tifianudanuuaziivszanduatiiniu

pszuMIivOuRanmaiadfiilunisiwszyin light filth Tuaws

waslfiansmemeniwindunguWannmefiaujia ladnsandemansizieszd
light filth 289 AOAC udniumsifisdniiamly s Uszdiu laud

1. msidenldgunsaifimanzan

2. msasunaiiaiady

3. MIIAMN ARNTBN FIUTINMNABNINIFIUYDY light filth finusnnluxdasasiomszadlng

v a v oa
THlugesneda

HanIAHUNIUNBNMAHAUHUR

1. n1st§an°l°ffq1]nstﬁﬁmmsﬂu
1.1 9zl (sieve)

Fiaussnzunsenldgauiuzie plain weave (woven with one wire alternately over and
under next) (Mwi 1) Aerdafidumaenuau 1 a9 1 whiiu ¥xldazunsuiio twill weave (1§umInIY
2 849 2) Lfiaqmﬂmﬁmqmtﬁa light filth (loose material) nan@a light filth azaaagazunsaliuiedin
limamsiengiildmnhenuiiuai dmiuiimsenagaeuiiueasunseiaiu difluazunsiues s
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aranansadiulddama uddifunzunsaiisnnaiEninn linsalasly wide field zoom stereoscopic
microscope

sneaInsunNAsTduhuguinaeiasssanm 20 wudwes (s i) Fenaldasunsediil
naluaginh wieldmnzanfuinevaindnfamiomsinma wu block 2esmmsusuiis uafazrhlidas
Tamlumsiensiinniy Jagilldhesunss §1vhan stainless steel Fdausinaasunsnt sieve fivh
nnnaandaadnies udlussazenasdniiilasnnluduaii

msguaremuszaaasunuildnuea mslhbidaiiusduwasumsiademnnmaiunas
iiveilasfiumagadu vialfiadesganslaialumeahenuszaa uashimslfulsamwnzanhlinneses
5 (aperture) Wasuwlaslaldnasgrumaiissy

1.2 percolator 1@ 2,000 fadaas (MW 2) Uagiu Pyrex (anuan Saldanansamdaan
Hunuavie (supplier) Ml dpedarniitas @y stand 71869 percolator MsdwhlWmanzanfuang
289 percolator 7% Tazanavhifluzulsifing percolator 16 6 81 viaoavniiumas stainless steel 1
percolator 16 1 §u dwSuszduanugImaIMIni percolator wuhmsasuugunsoiuuiuiisnnhazhau
Taazmnahmamuuldzdfiams lesmwzdadiensifuamwaniitdugelifiu 160 wudiues

MWN 1 AzUNINAIN stainless steel MWD 2 percolator

1.3 Wildman trap flask Usznauaas erlenmeyer flask 2110 1,000 Hadans uazmalu flask
§i metal rod ALFUEIUAUENIN 5 NadwaT (3/16 1) FANNENINNANANNGEN flask Uszanm
10 @uAns dularezes metal rod Hueuey (rubber pad) JUNNANEUEIUAUGNIN 5 UGN
a ' N v Y g a A 1o aaa o ¥ o dgwq va & a  a a a
Aaag (Mwi 3) wazunvendsulugiion inujasenduiniunld lieasldnduinGau iwzaagedain

flask & metal rod lNRNNWUEADIFIIN MNAMANHUELNAY

Metal Rod

Oily Layer
Rubber Pad

Trap Flask

MWA 3 Wildman trap flask
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1.4 porcelain funnel #1#lun1snsaetnsiui@nsu light filth a5y Hirsch funnel
(w4 n) FmneilFlumsienside Wushugudnansduuulszana 0.5 wudmes ussdushugudnans
ﬁgm%@ﬁﬁnwmmﬂug (perforate base plate) Uszanss 5.5 uUANAS waon liaxnsevn Hirsch funnel g
mal% Buchner funnel (mwit 4 2) unuld il laies1# Buchner funnel ﬁﬁgﬁgmnswﬁﬂmﬂmj Wl
wmnzazilnsznensaanaldhediarmmsnsas

(n) Hirsch funnel (2) Buchner funnel

AW# 4 Hirsch funnel (n) waz Buchner funnel (2)

1.5 NSemMEnsad a5 AOAC wuzihlvldnszmunsas S & S (Schlicher & Schuell) No. 8
Liniert/Ruled idushugudnans 90 findans udilaqtuiimialdasfunadasdos Whatman No. 8 Liniert/
Ruled ¢ Ruled nangdia msaduiiiiszaze 5 fadwas tisldduiluaiammnslumsasnaiusiuny
%uwm light filth slﬁ'ﬁ"aﬁgaﬁuﬁwmm:munim

2. matasaumaiaianiy

Ao AOAC alildssynsazdaamaiiamsdansiliane fiensiasdasdung
nnlszaumsaimsasiiadensd wiaumdnmnnnensseedadu 1 WU fuamemamannialasiusu
Fayadananliddeluil

2.1 FunauUMITH Wet Sieving flumsldazunss (sieve) mesh number mudidsitanzdmmua
% No. 8, No. 140, No. 230 1hazunsanogldilnth (aerator) uddesdathiimuauaamgiiowiiimvue
vy 30 aeen lasduasunsliiBeanaining (Mwi 5) %”'umaufiﬁmméwﬁfy stwxﬁwﬁwﬁﬁmﬁmu
90 a9 asyiliituna filth vaaandasazunssaaniuls usduihiidadudnihiefifuadanaiene
daeAnn q inussduhauldussduimnzay daeseialuinthauduazunss Mntudedsauinlauas
wFafiandeliidunilwesnzunss hedeianaeasly beaker Taaldwnadaih (wash bottle) wada
anTeNzimuTuaaudaly

2.2 aiamsr iy (Cooling) M33aeH light filth andraghafiiluity 553z
AOAC ¥igazasylW lvdathalumuusiiensiliidu Taeldeh Cooling udlaissymzasdua yail
§Aan nan@e M3 Cooling 13U ﬁiquﬂu Light Filth (External) in Grains and Seeds, AOAC
950.86 azdauhliifiuvasathenaciuaclosiui da thllwB3lusahdudielesiuliliwasameshly
Tuilaideity FaziliBuduisassusnlugumhiulzduiusuees filth fualiluiunaums drained off
289 percolator #3835 trapped off w84 trapped flask Az lvinszmunsasaulaisansonsasaladrale

wannnuumMsangumgidesiianldgumgionigamgiinmvua wu msiesed Light Filth in Whole
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msnwannmadinUfialumsieszim Light Filth Tusnms MRS daathaz

2N 5 Wet Sieving

Wheat Flour, AOAC 971.32 Myuagangi Cooling 23 + 2°C, Light Filth in Bean Paste, AOAC 993.28
Muuaamngi Cooling 28-30°C nzaztniiilachagsiudiumiutou limmnsoiensidale
2.3 $unaumMsld Wildman trap flask (mwil 6) aausethslaslyd metal rod Tu trapped
flask azdpausuhiuliuannszngluin flask wialithiudu light filth lavnavse TasfivacaudaissSa
Tilwiienaseme iteliliFuduiawiaamsinsvassiuanluguhii
M3 trapped off RNsANNNMND 3 sTEzsTU oily layer W8z rubber pad 2z@aNNNU
wiaunnh 1 wudiwas wiel¥ifu light filth Tdwueiues nanda light filth lildagwmmzlu oily
layer Uaza5I5BRBTE NN SR UL
2.4 lutumaumsnsasdiathe ildazunsema (fana) idaldunawsfifunnensessasdulsu
T HNTDI (mwﬁ 7) il iigasnestwinenmafunstaensas asvhlimsnsasdagazaninni
nszeunsadazdesiiduthuguinasluajnd funnel ldnses Taswunszaunsadlifiey
Ylaenu light filth vaeaaasanllannszmenses
2.5 ﬁv'umaumsmm light filth mele widefield zoom stereoscopic microscope Lﬂuﬁumauﬁ
dédnlidmdaulunhiusaumsedanmaiuasmannalinnezidlantaon §innsidosiidaiaii
sedumInzan Hinsnnémathefinsiadenzdantsn § light filth s1uann dadldnarlumsasiamele
NaBIganTIel wenInumMsUSuLsezUSy focus Tvmanzan (14 opaque white background) Togls
Gaudeefiduilhdsadny mausuldmsnzananarhliuaslidiu light filth

TR F

—
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MWD 6 w514 Wildman trap flask NN 7 OTUNTNAIA
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msasaliisuiimdeens 30 vh dawuiagaedelildmamenageiui o ihzuly Fsasviliiu
seazdealdunniu uazdeunssasnsasiionalumududdmiioguunszaunsas (Whatman No. 8
Liniert/Ruled) §3ta31s¥aaaiinnudinnaglumsiuunanuuaneNssyin light filth dudieeineIms
flaguunszaunsas Mnaededoinsameld compound microscope lagldmaamadigediu nan
Taemlu mansaduun light filth agldmdsensil 100, 200 waz 400 wh auddu

3. MM AANIAY FIIUTINAMWA8NIAIFINYY light filth fiwuannluadasusiamsvaslng
Tilunanguansds

faihusauiudsiiFBaddenumanansnniigalulon wifdaiisiamnsonnauunaiia
gasunasla Fefilamihaula mulidnmauat uazldnmsdanannlszaumsalmsianzd d
Wasfiamamamamunldhmanunumudewiauiissydnunsidunas light filth Ussiovidusuza
dadinse ﬂﬂauwaq loun upunywd sugia 2uuan 2uvy 2unszee wumqm'a wumnaaumq 9
289UN Fudinunere 9 laun au (setae) uinadinuasiidanandu suuiiisaswaas dudunau
s Udasgahazasdh dauen didln Fudinuming (antenna) zasunavaiiosne 1 1an 38 mw il
wanPuiemsAnEIUSBUTiBULarsBY MathemnBuduusaezduay uaasmumuni o famwi 12

2NN 9 2uae (Tarsus) Magpeny 300X

M 11 2u%Y (RAT/MOUSE hair) %il@ fur hair
MaveNy 200X

MWH 10 ¥OUNSN (Antenna) MWD 12 2UnY (RAT/MOUSE hair) ara)
Maszens 150X guard hair Maseng 200X
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IANNIDINTUAZENY 29a1330145M (Food and Drug Administration %38 US.FDA.) aziWa13an
aunesl Defect Action Levels (DAL) lagditnasinmviua ligmsu light filth luemsunedsenn
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@597 1 tnauf Defect Action Levels (DAL)®

Usztanarms

IENSNATIANY

oo o
LOUNNDIVUG

Curry Powder

Insect filth
(AOAC 975.48)
Rodent filth
(AOAC 975.48)

Average of 100 or more insect fragments per 25
grams

Average of 4 or more rodent hairs per 25 grams

Macaroni and Noodle

Insect filth
(AOAC 969.41)
Rodent filth
(AOAC 969.41)

Average of 225 insect fragments or more per 25
grams in 6 or more subsamples
Average of 4.5 rodent hairs or more per 25 grams

in 6 or more subsamples

Peanut Butter

Insect filth
(AOAC 968.35)

Average of 30 or more insect fragments per 100

grams

Rodent filth
(AOAC 968.35)

Average of 1 or more rodent hairs per 100 grams

Pepper, Ground Insect filth Average of 475 or more insect fragments per 50
(AOAC 972.40) grams
Rodent filth Average of 2 or more rodent hairs per 50 grams

(AOAC 972.40)
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Bulletin No. 3172. Rapid Procedure for the Examination of
Shrimp for Filth.
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§.0. 2542 7 12 fi’QLL‘ﬁLL“LjN Laboratory Information Bulletin No. 3172
.. 2549 5 6 unnzlstiuag AOAC (2012) 969.41"
alfad
1.0, 2549 1 3 MBI AOAC (2012) 970.71V
Cereal breakfast
(Corn and Rice)
#.0. 2551 10% 10 WuELRE? AOAC (2012) 982.32 B. (b)™
wilidnam AOAC (2012) 982.32 A. (a)®
W.8. 2551 1 4 UNK AOAC (2012) 960.49 A.*"
W4 spinach AOAC (2012) 974.33%
WaHS apple AOAC (2012) 977.24"
f.8. 2553 1 4 uthinlna AOAC (2012) 965.39""
Tun AOAC (2012) 981.18%
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