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Analysis of the SARS-CoV-2 Spike Protein in
293FT Cells by Flow Cytometry

Puthita Chokreansukchai et al.

unin

Tsaladn 19 (COVID-19) anndala
Iﬂiiuﬁaﬂﬂﬁ'uﬁﬂ%ﬂ 2019 (Severe Acute Respiratory
Syndrome-Coronavirus-2; SARS-CoV-2) (W3
senanssuaniiioUmed a.a. 2019 fidasgdu
sosasgUsznndy nnnEddiimaundszuna
Tumlan® Wala$a SARS-CoV-2 fduisznau
day Ae lUsdunuin (Spike protein) ﬁagj
vuizeshse dunuindreglunmsiunuldsau
Angiotensin Converting Enzyme 2 (ACE2)
vuawgaa i utes i hsasansangwad
whuld venanillusiunmnudadulsdunandi
W Huthvmnglumsiawniadu Wasnnanse
nszdulisNmendn Neutralizing antibodies
iatuiamsande lhSalet?

mawannadulasiulsalade 19 Aruani
mawannlunaesguuy lihazduiaduguuuuds
laun 5’ﬂ%ul,%yams| (Inactivated-virus vaccine)
ffﬂ%ul,“'g atﬂudaqug (Live-attenuated vaccine)
gﬂ%uiﬂiauﬁugﬁﬂ (Protein subunit vaccine)
wazinguaymaliFaaiiou (Virus-like particle
vaccine) w%aﬁ'ﬂ%ugﬂuuﬂwﬁ (Next-generation
vaccine platform) laun SafuiildlhSadumny
(Viral vector vaccine) JABUIHANUTNITN
(DNA or RNA vaccine) wazingu Antigen-
presenting cell (APC vaccine)® luussan
Sagunanii Jaguriia mRNA (Huaguilasu
anwauladiandy Wasnniidalaisulumsuaa
wnelszms @ Womluwdmisenihiadumly
finszuumswand idugau LidaslFimadimnziaes
wiahiSaluniswdamilsunuiafusduuuidu
mldananudssresnsvudauiinnainns
wziasegad Mansauiulseieduiiasasu
senugmn hiaiimsnanawug Nndaiennannse
Tumsnszdugiiauiulage™® Jafuriio mRNA
duaduiignihinldnudluadausnlumstiasiu
Tsalada 19 Tawiidhniidd (Drug substance)
e mRNA fiimsuSulgliianuadasanniu
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o mRNA dhllumadasmlithemsulasia
MWasalusaununvasliss SARS-CoV-2 7l
Mansanszquaiduiurasiemeld® iianda
Wuwdadmaiendndagy (Drug product) mRNA
%gﬂmmﬁaﬁuﬁm Lipid nanoparticle (LNP)
Feaztaev 1y mRNA fenuasiuazanansaausa
whgwadiihnanele ™
WIINNAIAIUANAMMNIATURIA mRNA
#mvualazasdnsewsialan (World Health
Organization; WHO) lananfsmsmuanqann
muanNluenanuel (Identity) lundada
d13agunasinduriin mRNA fianansaldizns
Waneuiinmalalnaaes mRNA lolagass
wWindaszianmsulasusiaiinalalndyag
mRNA #iflu complementary DNA #38n15M
High-throughput sequencing lunsasiagau
ndnuoizasiafuldiruiu® Fegoniudafag
asnInereaasnsunng lavnaswauisng
marauiinalalndniedd Sanger sequencing
wAEMIIEYLBNaNYNIAIEIE Reverse-transcription
PCR lumsasnadauqumwauanuilutanansel
2093a3uladn 19 %ile mRNA ud? Fedrade
Taduiiauanvazssarauiiieilalndasiniu
fustngudnssyli wddsilailduaasliifiui
Tsduildnnmsulasid mRNA sansoulasie
Wulusiununigaenislaass lumsdnuinis
udepanaslUsautuiivangdd Wy msieszd
TUséiudeds Western Blot F9snansans1uaung
osTusiuiildomuhuinTuana® 38 Immuno-
staining Fufumsdouwadaransiujize
sewinuoudlauLazuauAvadiiogiinsnaa
Tusdusananluiraanialai® wanaaddai
Tamansamludeslsinale wazdinisinis Flow
cytometry AN INAKNANLUSAUBUINGINET?
Tuad Fesnansathandenzdludasinald®
auzIveTelawmunisnsnadautenanval
20970%ule3n 19 #lia mRNA lagnsuansasn

2091U5AUrUINYDY SARS-CoV-2 UURIGAE



MINNNPNLAUSAUNINYDY SARS-CoV-2 Tunad 293FT

mawmaila Flow Cytometry

Wi lyamSeugude wazane

293FT cmenaila Flow cytometry LNan151

o & o a o o o
ananeiralUsiuvuINNLlasvaNInInZy
%10 mMRNA 4aznadaumIINgneatusdis
ganannaansein lEmesauluiacdjuians
Toass Teaaanalvisnnawnautaasalsilu
aunuvislumsarvquaamnlunisitesisi
LBNANHOIBNIATUFHA MRNA wazinlUsasan
vivanatdunisvaenuuselu@alsunaag
azuleasalulusinea

MR BaTas 293FT

wazl,ﬁymmaﬁ 293FT (Cat. no. 11625,
Invitrogen, USA) luamsiasainad DMEM
high/glucose (Gibco, USA) #lsznaudie 10%
Fetal Bovine Serum (FBS) (Gibco, USA), 1%
Non-essential amino acid (NEAA) (Gibco,
USA), 1% penicillin/streptomycin (Gibco,
USA), uaz 29 HEPES (Gibco, USA) lums
v‘iﬂﬁ'maﬁwaﬁmaaﬂmﬂm%u:twmﬁyﬂqLﬁ'mﬁuﬁwmu
1% 0.05% Trypsin-EDTA (Gibco, USA) way
Phosphate-buffered saline (PBS) (Gibco, USA)
1ATUMIBENUBZNIILOILN

Saguilasiulsalada 19 ¥iin mRNA A
MINEINNAFRUAMMNINYBIUHTAMIIENIN
U w./. 2564-2565 laun IAdU Comirnaty™
229U5uN N was (Pfizer-BioNTech)

wissSadutiioanlglumsdnen Taadans
Sadudeamsiasaas DMEM high/glucose
Tlganudndududui 0.1 fadniudaiiasans
AaurnmsiEenemsaImsiasaradiindy e

14laUssnas mRNA # 15, 30 waz 60 lulasniu

wauAUamLazEITaTAY
wauAUafNMIzaalUsAUINNYEY SARS-
CoV-2 clone CR3022 (Cat no. NBP2-90980,
Novus Biologicals Inc, USA) daananaulganuly
o ' I a oo v s
80918U 1:100 WULaUAUDAN IFlUMSHaNLEaS

tiaasamlsiumnurasiaduilasiulsalada 19
%110 mRNA logfiuauivad Human IgG1 Kappa
Isotype Antibody Control (Cat no. NBP3-06872-
0.1 MG, Novus Biologicals Inc, USA) tiaannau
TFnulusandu 1:50 Wuwaufivederuan uay
waUAUah Goat Anti-Human IgG-PE, Cat no.
STBT-2040-09 (Southern Biotech, USA) #i3aans
aauldnulusasdiu 1:200 Wuwauduaddmnsu
MINTIAAANIN

FACs staining buffer Usznauaae 19 FBS
Tu 1 x PBS ldlumsideauaudvaduaznszuiums
donadamsumsnadau Flow cytometry

15AsIeilUsAusuIngas SARS-CoV-2
fiudngaanuuiinigad 293FT #1833 Flow
cytometry

NBaFINZEEe 203FT $119U 1x10° 1598
AOVQNNATRY aslulumusdmdumizidssuuy
6 ¥aN (Costar, China) laglvfiusmnasvauas
3 finddns nvqu udinfigamgd 37°C Tugau
iWzdeiiil 5% a1duaulasanlyd (Binder,
Germany) (fluar 24 #lue doudndiadi
SaFuiiiu3ana mRNA figasmsanwacllluwad
wnzideslunguitivue udrindeiiannsidu
Hlunm 24 T isasunanta @mmm‘ngﬂqmaé
2ONULATAINLEAde8 PBS widiu USues 1,000
Tulasans 2 e3¢ TasszSelaildnsenuiuigad
Nnudn PBS widiu Usines 1,000 lulasans
atlunnuan euanisgalassaialilanie
18 cell lifter LiinannlzadnanaINNUWIZLELA
agnie egadluzaanadldasluvasanauy
Wie 1.5 18sans theisstlumisauuy
muquqmwgﬁ (Eppendorf, Centrifuge 5430,
Eppendorf, Germany) thundeed 1,500 rpm
gaumndl 4°C Wunan 5 il Lms@ﬂdmwmmaﬂaﬁa
atiunznawad deuldnuauduadsmzaa
TUsAururinzes SARS-CoV-2 wipuaufvad
Human IgG1 Kappa Isotype Control 38 FACs
staining buffer Y53a5 100 lulasans Tudiaeha
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293FT Cells by Flow Cytometry
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fifmue mnthuhuadlitiaiigamgd 4°C Wunm
20 Wit Wansunanihwadluiumissiinnug
1,500 rpm gaungil 4°C fhunam 5 1l iilaiiuasnau
waguariugunadersnsiin FACs staining
buffer U31a3 500 lalasans uaziluuiesianud
1,500 rpm auund 4°C (Wunm 5 wil 1 a3q
@Jmimia“?iyuau Goat anti-human IgG-PE %38
FACs staining buffer U51105 100 lulasans
avludhadhsiimvue Uniigamgdl 4°C Hunm
20 107t Tudiile Mtuthuissiianug 1,500 rpm
aovgdi 4°C Wunm 5 il iafuasnaumaduas
hudramed 2 A%y waanngadulais iy FACs
staining buffer US1a5 250 lulasans wazinizas
wnuaaslUiezieaeiae Flow cytometer

A

All Events - S protein PE

SSC-A (1073)

ESC-A (1073)

R2 singlet - unstained

tive: 0.006%

% pos

Percent of Max

(Attune NxT Acoustic Focusing, Thermo Fisher,
USA) Tagldlusunsy Attune™ NxT Software
USumemsiiweslumsldnulusunsuuaziadas
Mugiamiauiunnmsnagay USuLNMNIG
AeNeviad @anngnussrng Rl (R cell popu-
lation gate) NnUsEnNSEEHIING (All events
%30 Acquired cell count) waztdaaniszmng R
nnUsznng R1 Tasdadanannnasiniduwadiam
(R2 singlet cell gate) Tosfinguiszannslu Re
LA DINIUIULYINY 10,000 events (cells)
wazUSudanasid niu Antigen positive cell
(% Positive cells) MnumaanlufimsisSaguuas
Thnawideniulunndoi duaaslumwi 1

R1 - S protein PE

R2 singlet: 60.845%

ESC-H (103)
8

0.001 500 1000
ESC-A (1073)

R2 singlet - S protein PE

100
80
% posifive 34.5729

Percent of Max

2N 1 KamMIeNAlUSIUNINN (S protein) vuENBasIWNILAEY 293FT aaelusunsu Attune™ NxT

Software A) ugainguussanawad R1 flannmsidendszmnsnnmumsnssneaiuagad

Mu2a (Forward scatter; FSC) wazanuzgudaumeluwad (Side scatter; SSC) 289U5e1n5

MuNe, B) uaanguuszznswad R2 Singlet fildannmstdandszansnnmwmsnszansen

29 MNNLULU FSC-H waz FSC-A 289U5251n5 R1, C) MW Histogram LLamnzjuﬂszmﬂi

iy 9% positive aanaanilusdunnuuaataanuuiIraaws lsilinsdaugadnauauivad

galusfiumny waz D) ugaenguuszmnsiily % positive 2avraaniilusfiuninuudgasasn

vuRIaduasgndanmeLauiuaddalUsfunny
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MINNNPNLAUSAUNINYDY SARS-CoV-2 Tunad 293FT

mawmaila Flow Cytometry

Wi lyamSeugude wazane

mMsudakansienzinsuantaanlusaununa
uuiiges 293FT
MINNTUINMSUEN DN LUSAURUINUURD
1wad MlagIanzwan @ 9% positive fHitaanan
Singlet (R2) lumsiasiz¥insiWl Histogram

nasnnlusunsulunias Flow cytometer low

wadndniafunaslidniadu degluannei
Tiigansouaufiuad (unstained) anmzidandie
wauduadmuAn (Isotype Control) Jzeaan il
% positive UpENI 1 WAz % positive NN
WIBWNNU 1 udasnwadaansananlusauninule

AALFA UMW 2

R2 singlet - unstained-30 R2 singlet - isotype control-30 R2 singlet - S protein PE-30
100 100 100
80 80 80
% % postitjve: 0.040% x | Y ppstitive: 0.925% % % postitive: 46.980%
= 60 = 60| = 60
5 5 ] 5
~ y = €
[~ |
g 40 &?._)) 40| g 40
s 4
& a a
20 20 20
\- L 2 3
10 10 10 10 10 10 10 10 10 10 10 10° 10° 10" 10 10 10 10 10 10 10

S protein - PE-A

7w 2 AW Histogram UWaoINamMIILATIZA % positive NUFAIINIUIULDENNMIANTITEDUNNTNNE

MSEaNLBUAUBANLANMaNY TUwadNinIAZu mRNA Usinw 30 lulasnsy A) aanziludgan

MBLdUAUBA (unstained-30), B) annshdanmauauivainiuan (Isotype Control-30) way

C) danMmedaumeauauiuaiaalusiunuy (S protein PE-30)

MINAFaUANNNILINE (Specificity) 289435113
JiasrzdlusiiunuInzas SARS-CoV-2 i
wansanuuigas 293FT mumaiia Flow
cytometry

MU lildUsina mRNA ludedramiu
30 lalasnsu FauhAudsinaiuuzily 1 Tod was
Inniwaslumsnadaumu ICH guideline Wida
ANUANINE (Specificity) 20935 TagRasan %
positive 2891288 lULABLAMBENINIATY MRNA
10U 1 Jumanda MMamedaud 3 A3 ol
MIAAFUNIMVIUALYAA % positive YBIYATAIUAN
w%amsmaauﬁlﬁauﬁmLLaua‘uaﬁmuqu (Human
IgG1 Kappa Isotype Control Isotype Control)

v IS DAl 4 v ﬂ' I <~ o 1T ad
aNAIURENI 1% WaLuNMSEUEIUINITNITUAY

WAUAUDAN LFEINITONTIAVILAEHANINIUNIEAD
Tuseunny Fedulusaudhvansuasiadutlaeny
Tsalada 19 #lia mRNA s lvsnansoszytanansal

29I ATUNINEN LA

We

HamsAn¥IUSINa mRNA fivsanzasdilalums
S1as1HTUSAURUINULEI B ILTA T NI ZLA B
293FT
AINNITATIVIANLHIUSAUBUINUUFIDS
wadNzLEee 203FT fiimsinsagulade 19 »iie
mRNA ##i1U53a: mRNA 15, 30 uaz 60 lulasn3u
WUNT % Positive cells @aaynfu 40.26, 53.71

WAE 56.46 MINSINU AT UMW 3
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Development for Analysis of

the SARS-CoV-2 Spike Protein in
293FT Cells by Flow Cytometry for
Identity Determination of

the mRNA COVID-19 Vaccines

Puthita Chokreansukchai, Achira Namjan, and Wipawee Wongchana

Institute of Biological Products, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Regarding national quality control of vaccines and biological products, the Institute
of Biological Products, Department of Medical Sciences, Thailand, developed a method to determine
the identity of the mRNA COVID-19 vaccine. In this study, it was demonstrated that treating the mRNA
COVID-19 vaccine in 293FT cell cultures induced the expression of the SARS-CoV-2 spike protein,
which could be detected by a specific antibody using flow cytometry. The amount of mRNA added varied
with the number of cells containing the spike protein. Additionally, the antibody used was specific to the
spike protein compared to the antibody control. The method demonstrated that 30 micrograms of mRNA
vaccine increased the percentage of cell-expressed spike protein to approximately 47%, compared to
untreated cells or the control group, which showed less than 1% positive cell expression. This method was
successful in determining the identity of the mRNA COVID-19 vaccine. It is also expected that this
developed method will be a standardized assay that can be used with other products in the form of mRNA

vaccines in the future.

Keywords: COVID-19 vaccine, mRNA vaccine, Spike protein, Flow cytometry, 293FT cells
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Characterization for X-Ray Radiation Shielding of PVA/PVP: Bi,O, Composites

Paitoon Boonsong
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a a

Nadans wazazane Bi,0, 1ufwn§uu’%qw§ Usunas
10 Aadans Mmmsmudsuaazsiialuinines aue
100 §i88805 druaiasniundanldanudaui
aungil 80 avenuaded Wuna 1 Flaa iy
Thansazanena 3 #ile awENAL nussiEn iy
Tmﬂﬁ'mm%’auﬁqmwgﬁ 80 aeFnwalded Wunm
2 $alue aussazanadluiiowdenty uazihanswuas
flasnshueisssanlaia anud 40 dladsad
(kilohertz) Funan 0.5 1l tieaaasenmei
AAFUSEIINNSZIUMSEAATEE NI T IUNEN
wmldnaufiuazdrgauananuduilgungi
35 paFnLEaes ANATUFNANST 109%Rh Wunm
72 $1lne MnBUIBNURUNERLNBSHENDBNIN
MaunlazlawednasHaNszwIe PVA/PVP nu

Bi,0, Toafiauaaumssuinszd aauaaalunwi 1
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Characterization for X-Ray Radiation Shielding of PVA/PVP: Bi,O, Composites Paitoon Boonsong

@INT 1 UENDATEIUYDINDALNDINENIZUNIN PVA/PVP U Bi,0,

Sagazlaeuvin (wte) 289 Bi,0,

dsdsznau
x=0 x=10 x =30 X =40 X =50
Tnahiiawaanaaes (PVA) 50 45 35 30 25
wahiialnlsalou (PVP) 50 45 35 30 25
Tasimaanlyd (Bi,0,) 10 30 40 50
—
(@
PVA
=
Stirring A
@80°C for 1h /) .
F’(b) 1 vy | ‘:‘/ ) aJS"(.qlii"nRHﬁ
PVP | _’i(a)+(l,)+(cf‘ m ’:‘v m for72h AW, m A S\i\\

—
@80°C for 1 h Stirring . .
= = @80°C for2 h Solution Casting Method
©)
Bi,O4
| Y—~ 1

Stirring
@80°C for 1 b

PVA/PVP:Bi,0,

AN 1 NFTUIUMITULANZUWBALNBINENIZWIN PVA/PVP nu Bi,0,

AMSANWIANHUENIINIYNINYDINDALHDS KN
52%319 PVA/PVP v Bi 0,

NWBBNBSHENIZWIN PVA/PVP U Bi 0,
M519FDUSNHALNMIMEMNLE BadUdIBad
(Visual Inspection) NN WO ALNDSHENING R
Hugudn g udnhlufeuuwriumeandseiiinssensy
M3UBUAADE wanuinzunumelanznas (Au)
ifianuusgnsannndn 99.99% aquuNuiYe9
WodpIHaNRgaNEN e TneLeSauednufiag
mglanzinluih (Coater) maldannzgyanmea
darnszualwihd s0 faduenudd (mA) Wuom
60 i tialugunumansmn Wi lae e yas
idunul@nmdisndasqanssmisiinasau
wuudaensIe (SEM)
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MSNAFBUNISAIUITITLanTUDINADLHDSH N
32139 PVA/PVP v Bi 0,

NNWBANBSHENIZWIN PVA/PVP iU Bi O,
MuueiariaUsnnased Tasfiszazmesznig
unaarmniiieSsdfuiui (SID) whiu 66, 100 waz
100 BUHIAS SIMSUAIDeENLSTEIUN 38
wnasiiuanssulugathn usziaiavangsdimly
e Toetaiaaenmisdidus aammaiia 28 KV
waz 50 mAs tp3atengsdiuanssnlugastin
Gamnaila 60 kV, 10 mA, 400 ms LALLASDY
sl aaemadia 70 way 80 kV, 100 ms,
100 mA MnsalEinadidendiiueme a)
uasﬂ%mm%’qﬁtaﬂﬁﬁshuaanmmﬂi’aq (1) NLLEAY
Tunndi 2 TesewamUsnasedendiidasin
(T) museansamwlumsmusssdend (AE) was
MaUszansmsaanaussdlandidaduy (LAC, W)
TRGaaums 1, 2 uaz 3 MUTIGU



Aaanamslanusidenduesneduasuanszin PYA/PVP AU Bi,0,

Mammographic X-ray machine (~28 kV;, or 0Nr8 kVy)
Intraoral X-ray machine (~61 kV, or 961 kV,)
General X-ray machine (~70 kV,, or (970 kV, & ~80 kV,, or (980 kV,)

.-—--———-r-

X-ray tube

X-ray Detector
(RaySafe X2 R/F sensor)

I, (mGy)

.——--———---

X-ray tube

X-ray Detector

(RaySafe X2 R/F sensor)

I (mGy)

MW 2 MINAUTINaSEnzqenunadmasnauszin PVA/PVP v Bi,0,

AE (%) = 100 x

p-—0 (3)

dla t Aa AnumnzaIweAmasHANTEWI
PVA/PVP fiu Bi,0, :in@ads (Mean) 1
10 A%

dmsuaianuuuaiear (HVL) audu
ANNTNLITEN VAN NITNY a9 Fandanag
172 0h dnnaldnnaumsi 4 wazmsmuiaem
anuvnaasiagivilianudueesiediand
8989 1/10 1 (TVL) lg FIENMIST 5

(n(2)  0.693

HVL = =— (4)
y7;
In(10)  2.303
TVL = R (5)
H H

dumdnlszansmsaanaudewns (Mass
Attenuation Coefficient; MAC %38 ) 289008 N
fifluasusznau aansaeualdsalusunsa
WinXCom®* Tagldaumsn 6

K, = Zvvxﬂm% (6)

e w uaz (L) fa wawdiulaguniin
I
Vo a £
(Weight Fraction) wazeanuscansnisaanau
ENANBRWIZMINETUIENDU MUY
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Characterization for X-Ray Radiation Shielding of PVA/PVP: Bi,O, Composites

Paitoon Boonsong

We

te3aatanatstmamsunndilalumsanui
Usznaueie 1a3aalanslsdiaIun tassaengtsy
vuanssulugasn wazieidasengsditasemy
fEumnespunsuinenmanimsunng Tosuaas
MANNANANIRIDA MOMESIT wazUSuused
faudaslumsnd 2 nsdildunadamiiiosedendiiu
LA3B9ENTLSELEIUN (Maminaiia: 28 KV, 50 mAs)
WUAANNEIFNTNaaa@Ras LAY 27.5040.04
kV, (~28 kV, wia 28 kV,) fifeuinused

NEUDIMARFYLINAU 2.00£0.00 mGy AUENLATD

L sENUanIsNlugasthn (é;\‘lﬂ"lwlﬂﬁﬂ: 60 kV,
10 mA, 400 ms) WURMANNFIENEaDARAEITNT
60.78+0.13 kV, (~61 kV, wia P61 kV,) #aiie
Usainasedishuamendey 0.14+0.00 mGy
nstiedaaengsiimly (fedmadia: 70 waz 80 kV,
100 mA, 100 ms) fidanudedndnananas
WU 69.80+0.11 kV, (~70 kV, w38 ‘P70 kV,)
waz 79.960.09 kV, (~80 kV, 38 “so0 kV,)
uazemUSnase i MAINAY 0.2940.00 Uz
0.40+0.00 mGy MNEIAU

15199 2 LEMAMANNANANGHan MMMESIF warUsuusiduaanIoaantsENemMsunng

MIs859d (Exposure)

eNINeFdaU % 4 g 3

' o a £
@ dniszand
" " ARAY  WENUY 229N

(Mean) 316013371 sy
(S.D.) (C.V.%)

1. LA3BADNTLITAIUN (Mammographic X-ray machine)
@iia HOLOGIC 1 SELENIA Dimensions ¢9@a1nadia: 28 kV, 50 mAs, SID = 66 cm

anuadndvasn (kV,) 27.50 27.50 27.60 27.50  27.50  27.50 0.04 0.16
AMNAINYET (ms) 497.90  497.90  497.90  497.90 497.90  497.90 0.00 0.00
U3naused (mGy) 2.00 2.00 2.00 2.00 2.00 2.00 0.00 0.02
2. sagangsinuanssslugasihn (Intraoral X-ray machine)

fia ASAHI 71 C610NS Famnmadia: 60 kV, 10 mA, 400 ms, SID = 100 cm
anuandngvasn (kV,) 60.90 60.90 60.60 60.80  60.70  60.78 0.13 0.21
AMNAINYNET (ms) 422.90  423.80  423.10  423.10 423.20 423.22 0.34 0.08
U3nwussd (mGy) 0.14 0.14 0.14 0.14 0.14 0.14 0.00 0.13
3. i@3puangsiiiiasen i (General diagnostic X-ray)

fia SHIMADZU 54 RAD Speed Pro gadnaiia: 70 kV, 100 mA, 100 ms, SID = 100 cm
anudndngvasn (kV,) 69.90 69.70 69.90 69.90  69.70  69.80 0.11 0.16
MY (ms) 99.90 99.90 99.90 99.90  99.80  99.90 0.04 0.04
US1nwsad (mGy) 0.29 0.29 0.29 0.29 0.29 0.29 0.00 0.06

fivia SHIMADZU 54 RAD Speed Pro Gaemaia: 80 kV, 100 mA, 100 ms, SID = 100 cm
anuandndvasn (kV,) 79.90 79.90 80.10 79.90  80.00  79.96 0.09 0.11
MMMYNEF (ms) 99.90 99.90 99.80 99.80  99.90  99.90 0.05 0.05
U31nadsd (mGy) 0.40 0.40 0.40 0.40 0.40 0.40 0.00 0.03
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aaanUansilasnusedienduainadumasnanszning PVA/PVP iU Bi,0, Twyse yayeha

MIAnmANBMENIINIENINTaINEAWaTHaN  WaAwas PVA/PVP filifimaidu Bi,0, asiidnuas
331319 PVA/PVP v Bi 0, Tseuas aasfimaviind3ana Bio, luwadwas
anvarnNMEMNIatIatNNadwesaN  wan PVA/PVP vlviwadwesidunuuazany
58N PVA/PVP fu Bi,0, ludasdm (100-x)  Tusaumanas wamsdnmansazlasasamegame
PVA/PVP: (x) Bi,0, \iia x v 0, 10, 20, 30, 40 MenassganssAidianasauuuudsinsa (SEM)
uar 50 wtee finugd Gausaslumnd 3 amsdang wuhmndessiienuiuilaidaiu iEey woe
Snvasmamemwdesdudemia nuhieds Taifigwgudnng dauaadlummil 4

NN 3 SNHULINMEMNIBINBALNBSHEN (100-x) PVA/PVP: (x) Bi,0, Wa (a) x = 0 wto uaz
(b) x = 50 wt% waz (¢) ANHULAMDENNDALNBSHINFINTUNMSNAFAUTN TINS5

NINN 4 mwdwé’amé’mqammﬁﬁnﬁnmauu:uudmnim (SEM) uadmiansmueNufilzaanadmas
. 4’ \J Q/
WNau (100-x) PVA/PVP: (x) Bi,O, Wa x tmnu o (a), 10 (b), 20 (c), 30 (d), 40 (e) uae

50 (f) wto NMageNy 15,000 L
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Characterization for X-Ray Radiation Shielding of PVA/PVP: Bi,O, Composites

Paitoon Boonsong

NINATAUNITAITISIFUDINB NS HANTENIN
PVA/PVP nu Bi 0,
MInadauAMaNtianIsMTISIdaaIsns
NoFoU uazA SIS dfirkhuaanin (DNNNBAWNDS
wau PVA/PVP fiu Bi,0, deudaslumsed s
dansoeunsagazUsunassdienddoeniu (T)
Tannaumsi 1 eeuaaslumui 5(a) wuhen T
Windy ladiauaedndvasa kV, Wi NEy
MpENaL A T UBNAIDE WD ALNDSHEN x = 50 Wt

ANMNVU) 0.49+0.07 mm NAINNU 2.86, 25.51,

42.99 Uar 47.99% 1 ®28, V61, @70 uaz @go KV
MNAGU 2asfimainUSinaees Bi,0, andu
azvhliien T anaseauiy dathadu it @so kV,
M T AU 99.50, 93.87, 82.00, 71.87, 59.89
AT 47.99% LiDRABENNDBNDINANT X = 0 Wtos
(141 0.39+£0.08 mm), x = 10 wt% (¥u"
0.3240.07 mm), x = 20 wt% (¥U) 0.39+0.06
mm), x=30 wt% (¥U) 0.54+£0.06 mm),
Xx=40 wt» (#U) 0.50+0.06 mm) WY

X = 50 Wt% (¥ 0.49£0.07 mm) MNAIAU

i 3 MUTINUSIENKIUBENININWERNBSNENTEHIN PVA/PVP fiu Bi,0,

1J'%mm§q?1ﬁshuaanmmni’aqwaama%mam (mGy)

USanm NN Aerenuaedndnaanuasalasangsdudazuio
dasimaanlae (mm)
™28 KV P61 kV, 970 kV, @80 kV,
X =0 wto 0.3940.08 1.90 0.14 0.29 0.40
x =10 wto 0.3240.07 1.50 0.12 0.27 0.38
X = 20 wto 0.3940.06 0.77 0.09 0.23 0.33
X = 30 wto 0.54+0.06 0.32 0.07 0.19 0.29
X = 40 wto 0.50+0.06 0.16 0.05 0.16 0.24
X = 50 wto 0.49+0.07 0.06 0.04 0.13 0.19

M, ¢ v 7 A Y ' a dan o &
VINF]EJLWG!: LAIDNLDNALIYLAIUN, Lﬂ‘SENLaﬂ‘ﬁtiﬂﬂumﬂiiuiu%mﬂ‘m e Lﬂ'ia\‘lLE]ﬂ‘ZiL'iEI’Ju’ﬂthl’JvL‘lJ

Mdnlszansnsaanausedidudu (LAC)
WNWBAWNBINEN (100-x) PVA/PVP: (x) Bi,0,
Fauaaslumwi 5(c) FHiuhmadu Bi,0, lu
WadLaIHaN PVA/PVP YA LAC ganwadmes
waniilifinsidy Bi,0, daghadu i @so kv,
@ LAC AU 0.13, 1.96, 5.12, 6.17, 10.30 L
14.94 cm™ i@ x = 0, 10, 20, 30, 40 WAL 50 Wt%
anuadu dladandinumes B0, iatiuazaiwalil
1 LAC fiehiingu Tose LAC gegazasnideil
WuLlla x = 50 wtos dauaaslum i 4 uananil
@ LAC aziienanastiiandsnurasidiandnis
TWoaugedu doshady e x=50 wis @ LAC
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WNAU 72.28,27.80, 17.17 Uz 14.94 cm‘l“?{“‘”zs, De1,
‘@70 waz ‘Y80 kV, muaau drudr HVL uaz
TVL waawaadwaswan PVA/PVP fu Bi O, wuh
il kV, oy msiiia3ana Bi,0, azvh e HVL
waz TVL anad tissmnmsuiinySanamasiain
vl LAC wisdu ilan/3suidisud HVL 2o
wadNasuan PVA/PVP fidiu Bi,0, Tui3um
fuaneeiy dadaddumui 5(d) wuhe HVL
azfifmgaiinldUinm Bi,0, il x = 50 wte las
fienhiv 0.10, 0.25, 0.40 W8 0.46 mm 7 P28, P61,

D70 wazr P80 kV, MNAU



aaanUansilasnusedienduainadumasnanszning PVA/PVP iU Bi,0, Twyse yayeha

~ 100 a 100 [o— =28 kv
) (a) s o =061 kv,,p
= 80 §~ 80 | =“70kv,
c e -o— =(©80kV,
5 K3
2 6o/ < 60
2 s
£ 40 5 40/
s -
- 20| -, 2 20/
g 7 fe-mmm, $
X glpr -t < o
0 Lo~ - omen ° (b)
0 10 20 30 40 50 0 10 20 30 40 50
Bi,0, loading {(wi%) Bi,0, loading (wi%%)
—a— = 28 kV,| 77 =""28 kv,
1o ="%1kv,
{|— =70 kv |
—0—=“"aokv,

(c)
0 10 20 30 40 50
Bi,0; loading (wi%) Bi,0; loading (wWi%)

LInear attenuation coefficlent, u {cm')
c3838888338

MU 5 aNiamMIMUINSiduaanadwmasnanszin PVA/PVP Au Bi0, (i (a) A muSanaussdend
] ] <~ U a a o vV vV o <~ J L7 a d{ UV a a Y
da9eu, (b) A8 MUTEENSTMNMINMINNE, () AD MdudszandmIaanausaddaEy waz (d)
A9 MANURUIAIIA

M0 4 waeeAUsEansnnsmMUesed (AE) edudszandnmsannaudady (LAC) aanunud

A39A1 (HVL) wasmanuvinzesianianad 10 1 (TVL) 209wadnasuanszwin PVA/PVP

AU Bi,0,
A6 U33a Bi,0, (wto)
e Andviaan X=0 x=10 Xx=20 x=30 Xx=40 x=50
@28 kV, 5.15 25.20  61.41  83.91 91.85  97.14
AUszansnw D61 kV, 1.00 13.59  33.22  48.41  62.57  74.49
MIMUITE (%) @70 kV, 0.41 6.47 19.70  34.12  44.26  57.01
@80 kV, 0.50 6.13 18.00  28.13  40.11  52.01
o8 kV, 1.34 9.00 24.57  34.15  50.38  72.28
ehanlszana D61 kV, 0.25 4.53 10.42  12.37  19.75  217.80
M38aNaUSIFTUTY (cm™) @70 kV, 0.10 2.08 5.66 7.80  11.75  17.17
“80 kV, 0.13 1.96 5.12 6.17  10.30  14.94
o8 kV, 5.17 0.77 0.28 0.20 0.14 0.10
i o, D61 kV, 27.30  1.53 0.66 0.56 0.35 0.25
MAMIMNAZIM (mm) @70 kV, 66.36 3.34 1.22 0.89 0.59 0.40
@80 kV, 54.53 3.53 1.35 1.12 0.67 0.46

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Characterization for X-Ray Radiation Shielding of PVA/PVP: Bi,O, Composites

Paitoon Boonsong

H 1 = = o v @ 1 L =Y ‘:o‘ = 1
M990 4 uaeIUsEansMnMsMUINsed (AE) erduuszandnsaanaudaduy (LAC) a1anuuud

A39M (HVL) uasmanumingasianiianad 10 1 (TVL) 289nadinasuansznie PVA/PVP

#u Bi,0, (78)

ANNEN Usaa Bi,0, (wt%)
1805 iy
Andviaan Xx=0 x=10 x=20 x=30 Xx=40 Xx=50
o8 kV, 17.18 2.56 0.94 0.67 0.46 0.32
: o doauw v %)
MANNNINUDNIFANIN AN NN 61 kV, 90.68 5.08 2.21 1.86 1.17 0.83
Sedondanas 1710 wh (mm) ©70 KV, 220.45  11.09 4.07 2.95 1.96 1.34
181.13  11.74 4.49 3.73 2.23 1.54
“80 kV,

M. ¢ v 7, 7o ' G, aa o &
NULVA:  LAIDIDNTLIULOIUY, wwspuanasdnuanssulugeasthn uaz Lﬂﬁaﬂkaﬂ‘lﬂﬁﬂjuﬂﬂﬂ“ﬂj\lﬂ

A FNUSEENENITAANDUEBINIG (Mass
Attenuation Coefficient; MAC) 284Wadtunas
KNz PVA/PVP AU Bi,0, MunamNngeg
malusunsy WinXCom Tugwasnusenin 1
84 200 AladiEnasaulad (keV) dauaaslumnii 6
NNEAMIANNIN Wue MAC Hargaludiausn
azanaeateT A A MAC axifinaudisy3nm
Savaxlaehmin (wt9) v Bi,0, i Feeh MAC

%qqn'juﬁawaﬁmﬁwau PVA/PVP liiii Bi,0,
uannilansaizrainsW MAC ainaduoiuan
PVA/PVP #ifimadin Bi,O, asfianuadandeiu
idlasnnwadwasuauiisgesdisznauiimiioudy
wannildnsazaasnnwasiianulidaiiasiu
idlasnnagluimaswaunarasmsganduwdsn
(Absorption Edge) lulaasdianasauaasiasin

(Bi) Ml MAC quwﬁl,ﬁ'uﬁu

10*

100

-
o
N
al

—
A
L

10° -

x =0 wt%
X =10 wt%,
X =20 wt%)
X = 30 wt%,
X =40 wt%

Mass attenuation coefficient (cm?/g)
)

10°

Incident photon energy (keV)

NN 6 AanUszandnisannaudinia (Mass attenuation coefficient; MAC) 289WadiNasHaN
(100-x) PVA/PVP: (x) Bi,0, tid x = 0-50 wto fimuiaealisunsy WinXCom
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Aaanamslanusidenduesneduasuanszin PYA/PVP AU Bi,0,

Twmsd yayas

a 4
AU

Wawdsuiisuauszansnmwmsmdeded
(AE) 229nadtNasHan PVA/PVP/Bi,0, nu
wedwodiusiady 1 fda Bi,0, Gauaaslumsd
5 WU enueednguasn Pas kV_ fifwaenu
Sediondindeng ~20 keV™ Had0e x = 50 wtos
%1 0.49+0.07 mm H AE AU 97.14% Lnataes
nunaduandnuade (PLA) ﬁlﬁuaqmﬂm‘[u Bi,0,
Tu3ana 38 wtos 111 1.00 mm® PVA flineyme
wly Bi,0, lut3anae 18 wto v 0.25 mm® PVC
fludin Bi,0, Tut5anas 50 wte win 1.00 mm” daudl
P61kV, ﬁ@imé’mu%’qﬁtaﬂsz?m?;slag'iuﬁw ~33-40
keV®™ §1u5uai1agN x = 50 wto de1 AE
Wiy 74.49 % Belnatdssiunad hilanaslsd (PVC)
iy Bi,0, Tuusinm 50 wte Wi 1.00 mm"”
wazwadtafiauaNuvIwiugs (HDPE) iy
n-Bi,0,/n-WO,/GO Tudiam 25 wte nun
6.00 mm"® Fiien AR vpanherathawedimainan
X = 20 wt% %N 0.39+0.06 mm §NAlam AE
sienlndideeiu udmAseillsweswasuanisiamy
wndsanhlumsmuesed

NamM3AN2eY Shik NA uazamz" wun
WadiNaswan Bi,0, au1aayMastauuIly
fianuarnsalunisndesedlddaniteynia
seaululas wdidlanZausudunumsudasan
283 Bi,0, amneaymeszauvinluludadiuinuy
avgenh lumAdeiizadanld Bi,0, auneaymea
seaululasiiesadununisuaouddans
Uszansawnisindesadiendlad Tumsdnwil
G19897 x > 40 wt% WU ~0.50 mm Azilen
AE #i ™28 kV, annnd 909 Fagunsainnisied
fmhemlumsien AE innnt 909 nsdiila
fanuindndvasagandy 28 kV,asm e AE
a0ae satiuitaliasnsminlu1Fnuldluszau
wasnusedfigedu mseanuuudiadliiiang
WNMNFNNS Beer-Lambert Law lagianumin
ashaifaauniua TVL o waanuidgegeiildnu

@ LAC uaz MAC tinguilssnnedvda
TaaunLAiaaengLsEieuni 28 kV, 1A394
ngsdinuanssnluganhnd P61 KV LazLA3DY
ngLstitanemlui @70 uaz @so kV, Feaziien
wasnuSadendmanlszana ~20 keVE, ~33-40
keV® ) ~36-44 keV®** gy ~40-48 keV©**
auaneU aSsdrunadiainansze PVA/PVP
nu Bi,0, Waauazgunudidnasauisluzas Bi,O,
udhhammssnunamueliiusEnasau SlEnaseu
ﬁgnﬁu%ﬁwé’wugqﬁuuﬁmqmaanmmq‘[ﬂas
BSen TWleddnaseu (Photoelectron) t3an
ﬂiwﬂgﬂﬁm‘ﬁlﬁaeﬁiw Wladdann3n (Photoelectric
Effect) #alamazasmsiiausingmsailulo-
SI8nnSnarduwusiy (Z/E)° e Z we: E @e
lYBzABNYBNIFAUAZITAUNAINI Ul AR U
muaau Tasujnseniasialussdundsnurag
Taautiaend 500 keV® vli5edudalnnaud

] =

MUBDNNHUSINUAANNINAN FINSUNDILNDIHEN

v
a

fifusna Bi,0, windu ashlieanuminuiy
diannsaudana (Effective Electron Density)
woztazeznaniane (Effective Atomic Number)
aEu” denallomalumsiioufnsensewing
Traaufunedwadwauiiady hliansaaananu
wiamdsSsdiendlaant Wewdsnuressidiansd
violuaaugstuashlia LAC uaz MAC i
LGN Lf;aqmﬂa"wmﬂuﬂﬁmqmmmaﬂ‘v\lmaushu
WoALNDIHAN Y Wwaufisenszninlnaaunu
5’aqamaqﬁﬂﬁﬂ%mm§qﬁﬁmuaanmmni’aq (D
Lﬂ%}mmaﬁu%'ﬁ (radiation detector) N’lﬂﬁu Lﬁ'a
wW3suiiisua LAC 209Wadtuasuansznin PVA/
PVP fu Bi,0, fuaiideau | dauanslumsnd 6
wuhiienueednguase P61 kVp @ LAC 2@
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auautanmstasnuiidienduainadimasuausenin PVA/PVP iU Bi,0, Twyse yayeha

Fabrication and Characterization for
X-Ray Radiation Shielding of
PVA/PVP: Bi O, Composites

Paitoon Boonsong
Regional Medical Sciences Center 1 Chiang Mai, Department of Medical Sciences, Mae Rim
District, Chiang Mai 50180, Thailand

ABSTRACT This study aims to develop composites of polyvinyl alcohol/polyvinylpyrrolidone (PVA/PVP)
with varying bismuth oxide (Bi,O,) content (0-50 wt%) as lead-free X-ray shielding materials.
The X-ray attenuation performance of composites was investigated in terms of attenuation efficiency,
linear attenuation coefficient, half-value layer, and tenth-value layer values. X-ray sources were operated
at tube potentials of P28 kV_ for the mammographic X-ray machine, Dgo kV_ for the intraoral X-ray
machine, and ‘70 and ‘?80 kV, for the general diagnostic X-ray machines. Additionally, the theoretical
values of mass attenuation coefficients were also investigated using the WinXCom program at energies
ranging from 1 keV to 200 keV. The results demonstrated that the ability of the prepared composites
to attenuate the initial X-ray beam was increased with the increase of the Bi,O, amount. The 50 wt%
PVA/PVP and 50 wt% of Bi,O, composite with a thickness of approximately 0.49 mm exhibited the best
X-ray attenuation efficiencies, reaching 97.14, 74.49, 57.01, and 52.01% at P28, P61, P70, and ‘“80 kv,
respectively. These findings suggest that the fabricated PVA/PVP: Bi,O, composites, particularly those

with high Bi,O, content, are promising candidates for X-ray shielding in medical applications.

Keywords: X-ray shielding material, Polyvinyl alcohol/polyvinylpyrrolidone polymer, Bismuth oxide
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perfringens (DMST 16637), Salmonella Rissen
(DMST 17365), Staphylococcus epidermidis
(DMST 15505), Bacillus subtilis (DMST 15896)
waz Enterobacter aerogenes (DMST 8841)

aniddeinenmansanansugy nsnIngmans

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Stability of Food Microbiological Proficiency Testing Samples

Atchara Ukong et al.

nMsunng Ausnwiguiuie -80°C (DW-86L
728D, Haier, China) auiiennin -70°C

E]']ﬁ']ﬁlgﬂ\‘ll."?}’a

Brain heart infusion broth (BHI) (Oxoid,
England), Tryptic Soy Agar (TSA) (Scharlau,
Spain), Buffered Peptone Water (BPW) (Schar-
lau, Spain), Lauryl sulphate tryptose broth
(LST) (Oxoid, England) 2% brilliant green
lactose bile broth (296 BGLB) (Difco, France),
EC broth (Difco, France), Levine eosin
methylene blue (L-EMB agar)(Scharlau,
Spain), Tryptone broth (Gibco, USA), methyl
red-Voges Proskauer broth (MR-VP) (Merck,
Germany ), Baird-Parker (BP agar) (Scharlau,
Spain), Coagulase rabbit plasma with EDTA
(BBL, USA) Rappaport-Vassiliadis medium
with soya (RVS broth)(Merck, Germany),
Muller-Kauffmann tetrathionate novobiocin
broth (MKTTn broth)(Merck, Germany),
Xylose lysine deoxycholate agar (XLD agar)
(Scharlau, Spain), Hektoen enteric agar (HE
agar) (Oxoid, England), Bismuth sulphite
agar (BS agar) (Oxoid, England), Nutrient
agar (NA) (Oxoid, England), Triple sugar iron
agar (TSI agar) (Oxoid, England), Motility
indole lysine (MIL) (Difco, France), Urea agar
(Difco, France) Fraser broth agar Listeria
according to Ottaviani and Agosti (ALOA)
(Scharlau, Spain), Oxford agar (OXA) (Oxoid,
England), Blood agar (Oxoid, England),
Carbohydrate utilization broth L-rhamnose
and D-xylose agar (CDH, india), Yeast extract
agar (TSYEA) (Scharlau, Spain) uacg
Voges-Proskauer (VP medium) (Scharlau, Spain)

WeuazaIad
Gram stain reagents (BIOTECH, Biotech
reagent Co., Ltd., Thailand), Kovacs’' reagent

M5815NTHANENFFATANTUWNE
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(Scharlau, Spain) wazd158za8dIMIULADAN
(diluent) 0.1% peptone water (Oxoid, England)

a -~ 19 P
twIasiauazidnansal
Y ° o ey < ey
LAIANMLVNLUULELEDNLYN (Lyophilizer)
(EPSILON 2-10D LSCplus, Martin Christ,
Germany) L@399i92%8 (GE L600, Getinge
getting group, Sweden) t@3aaiulalail (3328,
Leica, USA), gauimizia 25+1°C (MIR 522,
SANYO, Japan), gautwiziza 35+1°C (MIR
252, SANYO, Japan) dautwizia 36+1°C (MIR
553, SANYO, Japan), ﬂﬁci"mf\gamiﬂﬁuuuamm
(Leica, Germany), 8WNUIMUUAIUANDNUTAN
41.5+1°C (MEMMERT, Germany), aNiuWuu
MuANaur) 47+2°C (MEMMERT, Germany),
58953 Wi ANNazdem 0.01-0.1 RSN (BP2100,
Sartorius, Germany), LAIDIKEN vortex mixer
(VX100, LABNET, USA) uazta3adlinnusau
WSaNMUMBUNWAN (Stuart, USA)
ay 4” a = o
MILINEABITTUNIE
I a o
msaseuaansuldlunsiesenalndgs
NAFAUANINIIUIYNITNTINILATIEHBINITNIN
o a o d‘y a o J = Id
97N lagiegdunidinaspuneseniy
Faawsuldlumsinseumatauaazsaumsnagau
Toamuaaunaantifizaaainasgiuniug liee
a5 Wugdunddignassnssmuniiafideens
[YRP=PI’N = a &’(3) o & 4 A .
ENNTIOUBTNANNUIFNT ~ 0N L1auUA Coliforms,
E. coli, S. aureus, L. monocytogenes ae
[@agdunstdudedu™ iile bead 1nduas streak
Uy TSA plate UnNamvdi 35°C Wune 24-48
#lud (@enile clostridium®™ M5 streak uu
TSA plate w38 TSC-EY uungmungil 35°C
vunanmelseandau Wuna 24-48 5lue N0y
d' o o ° Y o
welalafihelurluasiagauansuzianiense
U U a = = dd‘ d‘y =
U9 uazquandaniediad nsainyedl
auandaruinlldnule @anlalatiaeae
a90IMISLAENariatial TSB wia BHI uw
P a ° & & &
Naauvdi 35°C U8 18-24 LN uazLzo
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ngu clostridium Waae BHI (fwa3anlna q
vidodulaome) vuigamgil 35°C Unilannzls
pontau (Huna 24-48 $alus vnde working
culture AldiAvlugiuiigamaii 2-8°C wial#ly

MILOIINAIDENNAFIUANI NN

MIAIBNEIDENNATDUANINTIUIY
NTLATENHBIAUNTTIDEINTIAUNINW

(qualitative test) [3ENAIDENNOFIUANNAIUIEY

& a ag a & a a9

Waaun3d 2 7o laadnzaydunidithvang (target

microorganisms) livaesaauSinanias q 10 B

10° cfu® danibanaday uaztingdunsdnlaly

Y =~ a o o ] 4 =~
huenIRadUNITUAITU (non target 130

9

competitive microorganisms) l¥ivdasanly

a

Ysmnasnnnindunidiihvaneaeaiias 100 th®

¥
a o J

NISLASENLTRAUNTIA1a819B9US N

9

= Y

(quantitative test) L@38NAIDENNAFTIUAIIN
Mgy 1 g0 leedngdunsdithninglvmaasealy
Usananagludaweamstiveeudazds 10° 9 10°cfu
J & (3) a a d(dlllbl'y e a N o
aan3n® uazidnadungn lilaiihninewisgaunid
wivdu limaasea lndidesdagnemslusssne
nige wazUsnasnnninaunsdiihvinesdinlas
100 ¢ ® Wedunsduanasly 10% skim milk
(Oxoid, England) Ningh@ausingmvgil 121°C
[ = o Y & o v

Wuna 5 il wasihliluiliadenulegldiaies
NIUAITAZTABUUULNLNANABDANITUUIUTIYLE
Tuwaund (vial) dnniesasmuianuutianuds

Uachaemegnesuazshazgiilisy madinnIan

]
= a

uaathushw Bluniianammni 2-8°C

q U

ms&juéi’aaiiw

1 Y v

duehaehaiianagavenuiuila@enuuay
anueea loglalusunsuludulad https:// www.
randomizer.org® (el laalaeanivanauLas

Wuimunugadiagnenaviag

managauanmiludiaiioiy (Homogeneity
test)

IBENNATBUIANEHTNAMMNN FNEDEN
MATIVIATIET NI 2 %0 ADE 10 AIDEN Togna
2 %@ Faeiinan1sItasIEdasImINaI LA
2 BN

et NnagauIeNzidslsina Wmed
NAFDUINATINATIEE MUIU 10 MIDEN AIDE N
2 #1 hefilaanauamesdalaeld Cochran’s
test tiiaiU3suiiiuisd dyrainnuuandi
Lﬁ'a‘nﬂaau Within sample variation WaInaaay
anuduiiaideniuma IS0 13528:2022” @i
ﬂ'1ijmmummgwmzwiwéﬁa'&m (s,; Between
sample standard deviation) msneaauilEan
Wﬁhtfjmmummgm (Standard deviation for
proficiency assessment; O'pt) 299N TUIZNUNS
NMINAFIUANNTIUIY 1N ISO 22117:2019
FespUMINAFDU Coliforms waz E. coli UYsana
114 Most Probable Number/gram (MPN/g)
3¢ 0.43 log, MPN/g uazsaumsnadau S. aureus
Usanauilu Colony Forming Unit/gram (cfu/g)
d@1 0.35 log,, cfusg Tas@) Within sample
variation: Cochran_, (@haﬁﬁﬁ@f’lmmlﬁmﬂ
7oyanI19819) AaviiA1daend1 Cochrancrit
(1319921091579 Cochran’s test) NIzHU
anwdaiiu 95% waz s, dasiianiasniinie
(AU 0.3 284@7 Standard deviation 784
Proficiency testing (PT) (< O.Sapt) ﬁﬁ%zﬁﬂ
Taheaanagauienudluiisidafumanzay

Mz ld1d

MINAFAUMINAIAND (Stability test)
nagauaNNAtelunsauds (Wudag

nadauaNNIyiTadildiuResUfuans

dangn lulaudseanas w.a. 2567) lagnsinmege

]
v

wumugamginnnue 3lududenuiuiun
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audaniuiagraiadiliivanignlusauiiu
Taal#355 10529 i lasunissusesanuaInise
MUNIN93U ISO/IEC 17025:2017 naIin
W95 URNUJUAMS nsuInenaansnIsunng
wangtenzion 4043/50 Gl

18 snNadau Coliforms (MPN/g) Suisw
NAFAU 30 AAIAN W.A. 2566 1A8ITIATILH FDA
BAM Online, 2020 (Chapter 4)®

sramsnedau E. coli (MPN/g) Suiisa
NATBY 30 AAIAN W.A. 2566 lAEI5IALY FDA
BAM Online, 2020 (Chapter 4)*

NuMINedau L. monocytogenes (Wu/ laiwu
/25 ) TufiGunadau 13 waAIMEY W.A. 2566
TaendIese ISO/IEC 17025:2017%

M anedau S. aureus (cfu/g) Sufisu
NAFDU 8 NNTIAN W.A. 2567 laeIdIas1zd FDA
BAM Online, 2016 (Chapter 12)""

NaMnadau C. perfringens (wu/laiwu/
0.1 ) TuiiGumagau 15 anTaN W.a. 2567 loeds
@512 FDA BAM Online, 2001 (Chapter 16)"?

ENMINAFaU Salmonella spp. (wu/ldwy
/25 g) SuiiGunedau 18 fuas w.a. 2567 Togds
3057129 ISO 6579-1:2017/Amd.1, 20207%

dudadiaionlilundazununadou
Wwnzdhageiiingdunidiihing wisdagaiiy
3 40 1Az 5 61aEN Mg NNadauluane
aavndiens 4 WaINNATUIMNNIMTIMULG Thihads
VAFBU 3 %40 NATIVIATLeIEIENaTa UG
Sumsnagauanuiuniiadenty (fasamagay
BalSina asRdensidiaiear 2 o §msu
fathanadauienamn asadatas 1 )

tathamagauyail 1 Hufagamaaaulii

aouniivias (34-37°C) Wunm 4 U LB

@onaMwngmigeunMsIUE
Mmathanadauyed 2 Nassmsaudlasiiy

o ' vlwal A 1 ° & [y
MIDENNOFDU 'J‘VIQWWQNLU’ZFLEIH 2-8°C LﬂuL’JEﬂ 39U
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ntuingamgiviasdn 1 T tedassssazna

]
= ] k4 1

MUSENudIaEN eipaNRGaA BN MY
v 1 = v a wva =
wanvissnaudviseljudnmsainsn
fathanadauyad 3 tnudmestanadaulily
Ao A a ° 2 o v o ¥ Ao
niaNgaumnni 2-8°C AW TUNANUFAMENANWUA

Tisanzanaaaulusauniy g

MIUsEUNANITNATAUANINAIN
frodanadaudiguaIwiilingdunid
dhwane desasramugdunididhvanena s @
g NNaFauNYIINN WisumsuaNNLanGIN
srinamasnnmanasauanuiuilo@eiu
(mean, ) faniiumsiensnoudedange
Tiaansn Audiadenaiiansifiansnagay
AMNAI (mean,, ) dafug 3 7O HANINAFDU

Imean, - mean, | ¥e8nn3aWNAY 0.3 ¥4

homo

@ Standard deviation'” 289 PT (<0.3 O'pt)

= ‘1911 o T = o o (7)
amaiqﬂ AINAIDYNNANNANOINLANISTN

W

HansnagauANNAIiILazanNihuiladsa iy
HIAUNIN

HOMINATBUINAMNN MIBEN L. monocyto-
genes (Wu/lsiwu/25 g) C. perfringens (wu/liwu/
0.1 g) uaz Salmonella spp. (wu/linu/2s g)
nansnaaauaniuieifsrfuresudazide
{athanasITIaTIEd 91191 2 49 %4002 10 0N
wuhna 2 ¥ WHANITIATILHATMNAININUG
M 2 §19819 uaesidadenegauiianuiiy
[ilfen A uRvINeay LazHaMINAFDBUANNAIT
é’aazhwﬂaauqﬂﬁ 1-3 (5amagN A, B uaz C)
ﬁaammuannzmswudqTﬂm‘hamqmwgﬁuamm
fuandafuuesa 3 Wadinan asrawuqdunid
Hhwaneia 5 fage uaasihdaieiinnuae

Tunpaamzmanagau aeuaasluan i 1
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MNP 1 wamsmaaummmﬁaL%qqmmw L. monocytogenes, C. perfringens waz Salmonella spp.

L. monocytogenes, C. perfringens 8z Salmonella spp.

Madnnadaunah 1

Madnnagaunah 2

Madnnadauyail 3

sHamadn Wa sHamag Wa samadN Wa
A1 Wy B1 wWu C1 Wy
A2 Wy B2 wWu C2 Wy
As WU Bs WU Cs WU
A4 Wy B4 wWu C4 Wy
As Ny Bs Wy Cs Wy

msnagauanaihiiadmfuuazanuaiiua
Coliforms waz E. coli \Bau3nau
msnagauanudutiaierfulasnaaay
Coliforms (MPN/g) waz E. coli (MPN/g) WumM
Cochran’s test (fisz@uanuidniu 95%) Within
sample variation Cochran_, = 0.219 Waani

Cochran .= 0.602 WaMIMINAANNULANANDEN

crit™
Nlpaan waslaUeuuaNIFIUIEHINGBEN
(s, Between sample standard deviation) MU
@ s, N ISO 13528 Annex B s, = 0.000 Lia@)

Op

sample variation; s, ¥pen1 0.3 0y, i

¢ = 0.430° 0.3 0}y, = 0.129 loile Between

HiDLRENAUNUINZEN AULFAILUMINN 2

HAMNAFDUANNAIIZBILADZE B IEN
maaumﬁ 1-3 Moenuuuanmzmsvuds Tagahasa
qquﬁuasnmﬁumﬂdwﬁu mslSautiisuanu
wana19sEnieAeasInnIsnagaua Ny
diatdeniy fudmasnaitnszimsnagauay
A28 Coliforms uaz E. coli WUMBENNATDU
g0l 1 1Audadaganageuliigumgiies

{Wunen 49§ Imean,,,, — mean,,| AN

sta
0.3 0p¢ dudetmadauail 2 iudeghanadeu
Hiiigamgiiuiiiu 2-8°C 3 Su wornlifigamniivias
30 1 Ju wasdadnadougad 3 1Hudad
nagauliluiifiofigamaii 2-8°C audeTundsiu
qmﬁwﬁﬁmumiﬁ'ﬁm%ﬂmaau de1 | mean,,,,

~mean,, | #¥aan1 0.3 Opt Aauaa LU sND 3

5191 2 KamsnadgauaNsiuiiat@einy 2a9 Coliforms wae E. coli (MPN/g)

Coliforms was E. coli

Coliforms wag E. coli

PT sample (MPN/g) (log,, MPN/g)
number
Replicate 1 Replicate 2 Replicate 1 Replicate 2
102 24,000 46,000 4.380 4.663
244 24,000 9,300 4.380 3.968
105 24,000 24,000 4.380 4.380
160 9,300 24,000 3.968 4.380
150 24,000 46,000 4.380 4.663
199 46,000 24,000 4.663 4.380
193 24,000 24,000 4.380 4.380
145 9,300 24,000 3.968 4.380
184 16,000 46,000 4.204 4.663
114 24,000 24,000 4.380 4.380

mean, = 4.366
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MNP 3 HAMINAFDUANNAINITIUSINaaY Coliforms waz E.coli (MPN/g)

Coliforms waz E. coli

nadgau

o A oa W Madnagau Madunagay Madnagau
anatluiiadany 2 2 e
7N 1 200 2 2oh 3

(Homogeneity test) ’ ! !

Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2
4.380 4.663 2.968 2.968 4.380 4.322 4.380 4.663
4.380 3.968 2.875 2.875 4.380 4.380 3.968 4.176
4.380 4.380 2.633 2.633 4.380 4.380 3.968 4.380
3.968 4.380 2.633 2.633 3.968 3.968 4.322 4.380
4.380 4.663 2.875 2.875 4.322 3.968 4.176 4.380
4.663 4.380
4.380 4.380
3.968 4.380
4.204 4.663
4.380 4.380

mean, - = 4.366 mean, .= 2.797

mean, = 4.245 mean_, = 4.279

|mean, , — mean,| 14.366-2.797|

0.3 O'pt tMNU 0.129 =1.569

|4.366—4.245 | |4.366—4.279 |

=0.121 = 0.087

Hansnagauanuiluiiad s fuuazanuaid
Uad S. aureus

MInadau S. aureus (cfusg) MINAFDU
anufluiiadeniu wui Cochran’s test (152
ANNLTDNY 99%) Within sample variation
Cochran_,= 0.616 Wazni1 Cochran_, = 0.718
uaashdayaliienuuandragniivedan was
ﬁ@hLfimLuummgmiswiwﬁmﬂw (s;; Between
sample standard deviation) (Hamuneh s,
@ 1SO 13528 Annex B ld s,= 0.002 ladn
0.3=0.350” IWTIEALUY 0.3 Op¢ = 0.105 Between
sample variation; s, ¥a#ni) 0.30p¢ waNIN
frethanagauiianuduiladorfuiimanza

AAULEA lUM TN 4

M5815NTHANENFFATANTUWNE
7 U 67 atfud 4 ganaw - Sunau 2568

HANIINATDUANINANGIYBNGIDENNATDUY
%0l 1-3 eonuuudamemuudilosnaasgunnil
waznmuandafy maisuifisuamauuanes
szwisdimasnnmanaseuenuduiiaiieiu
FuARAgNa AT INATEUANNAIR WU
fradanadougai 1 tAudednadaulii
gaunivias Wune) 4 U wazaradnaday
o 2 usethmasaulifaamgiiundu 2-s°C
Wuna 3 fu waznaliigamgiivesdn 1 Ju

a0

@1 lmean,,, - mean, 1810031 0.3 0y

homo

] Y ]

dudednnagaugai 3 iudedimaaaulily
nilangungil 2-8°C audaiunasiugamain
myuualangnnegau §e1 | mean, - mean,, |

uaend 0.3 gy, duaaslumsei s
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P < & o [
MINN 4 wamsnadaueNuuiiaeeInuaas S. aureus (cfu/g)

PT sample S. aureus (cfu/g) S. aureus (log,, cfu/g)
number Replicate 1 Replicate 2 Replicate 1 Replicate 2
143 180,000 170,000 5.255 5.230
152 160,000 180,000 5.204 5.255
141 170,000 190,000 5.230 5.279
136 160,000 180,000 5.204 5.255
148 320,000 180,000 5.505 5.255
140 180,000 180,000 5.255 5.255
130 180,000 200,000 5.255 5.301
101 190,000 200,000 5.279 5.301
155 260,000 180,000 5.415 5.255
108 180,000 160,000 5.255 5.204

mean yo,, = 5.273

MINN 5 NaNSNAFDUANNANNIBIUSINNY 289 S. aureus (cfu/g)

S. aureus
Nedgauy o ] ]
o & a4 w MIYNNAFTU MY NNAFTU M NNAFTU
anuduiiathainy I I I
don 1 AN 2 wdeNn 3
(Homogeneity test) ° ° ?
Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2
5.255 5.230 3.919 4.826 4.204 4.204 5.146 5.255
5.204 5.255 4.114 4.146 4.176 4.176 5.204 5.230
5.230 5.279 4.176 4.146 4.146 4.114 5.146 5.230
5.204 5.255 4.079 4.230 4.230 4.230 5.204 5.176
5.505 5.255 4.114 4.114 4.176 4.176 5.204 5.204
5.255 5.255
5.255 5.301
5.279 5.301
5.415 5.255
5.255 5.204

mean, = 5.273

mean, = 4.186

mean, = 4.183

mean_, = 5.200

Imean, - mean,,|

0.30'pt tMINU 0.105

|5.273-4.1861
=1.087

|5.273-4.1831

=1.090

|5.273-5.2001
= 0.073

NMIBENNATDUANNIUIYLTI AU
ﬁLauL%yaﬁgauw%ﬁLﬂ’mma L. monocytogenes
C. perfringens o Salmonella spp. Tuaane
o9 wuhehaesiiiuluanmgiies iflunm 4 Su

a 4
A7
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@ = a 1 a < o

aadninulugamgiudiiy Wuna 3 Tu uas
Ngaunnivieedn 1 Tu wazdadninulugamgi
WHLEHUNNAFDUNAIFNIZNNNTNAFDULED HANIS
NAFOUNUT) GIBENTNEINYAENNTIANUYAUNTE
Y N~ =3 4%’
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284 Ertiirk A uazaniz"” uaz Jasson V uazanz "
ﬁisqﬁﬁ Salmonella spp. Waz L. monocytogenes
aansaasagluansfiuiivianauialdinurasiu
Tugamgiivias Taeligadaanuanisalunis
wigduladiaddannsiimnsandnads datly
Waslfiamsaangniilasusiegamagauieningn
slaléh desmasaudsiianuasiiogaaanau
el Juamsaangn ulddednasinaeeg
MeUDNVBINBUDINBFNTN dIUGIBENNATDY
ANNTNLEIUTII wuiwnws%’ﬂLﬁuﬁqmwgﬁ
waafunanudialieniiialdfanuasuulas
pttaay WalGsudsuiunamidmuuald 3
uaaeiemsgaidaanuasiizasiadslussduii
vadany leawmzlunsdizesqdunid Coliforms uaz
E. coli iifiamuhdasamzinadan manfasuulas
denanarainluganuaaiaiadauasuanis
Annsiiladsdagelitumngn Tumeaseduia
dedniiiulugamafiiniuauld wu maundy
wuhaansaesamuaasiaieldd menelii
avgivaslusssnmdu s mendsnnmaudifu
lddesmansenudeniuasalad1eive &6 o
Fifidiuhmauudsiianndssaznmmanlasuula
aumgiidu deaansoinmanmwaasfacald
agluseduilinunzan dmfunsnaaauie
S. aureus wamsIATEHRUNIGIaENTIRY
Tugamgiivasuasifuudifiuudy dmsdudady
pamapiidasludisseznamils Sunhindons
Lﬂﬁlsluuﬂawmﬂ%mm%waaziwﬁﬂ'ﬂéwﬁmumqaﬁa o
aauaasisanuhnanderfiofidamaasuuias
VEREBIREY
wiNMsudiBuazEaiine1gueInN NG
T uddsluiiganaiiaztiosiumsanasmaazina
L%?atﬁl'aLﬁmmiL1J?;ﬂuuﬂmqmwgﬁswdwms%’mdq
anlsiouiladedgnifuinmluannsuhiy
atdailasuasmInadaunasaninin ey
HamanaapuLaad liliuhaINsash M aNNaTle

FI0BNEIANNEIAYUBINITAIVAND MUY
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natueay aaudmaadsudaieliaudimsiads
aliuilahuamsiensiildadanugndasuas
iidadia wamsdnmilmansninlldlumsimmuua
wmeimngandniumaiuinmuazauds
hathanadauamazing liiulaluammwiey
anahFadornawamaieney uasiiaiilutaye
TunmsWanndiegnamasauanudnynNgagIing
Titiamuasilugnnzdne 9 ladau e Ul
’Taqé'nﬁq (reference material) M%aﬁlﬁqél’lﬂaﬁ
SU589 (certified reference material) fal 5ﬂ17?ﬂ
wanrsdnwiiiugiudayad dyidliifiud
dnanwuaenIsaanuuudiadne PT ilaidas
fsmsumiuluainag laswwzmafimaihunms
msLinidagdunidhnfunsiinasiieaed
(stabilizer) ¥#58M5USUNALAMSLOTENAIDEINN
Tdsniu mnanansamuaNANINAIIZBIaUNSE
I@adaiilszansaw dhadniiannaragnlfii
reference material §MSUNMINAFTDUANINTIUIDY
wazanazenagmslFnuluionljiamsly wh
ERILY positive control %38 internal quality
control ldde Feazdrelumsandunulunsi
Fouadsndalminnasiniadasdaiagdunidiisen
NnaUsEINd
miimsieluameaiefumsianndats
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Stability Testing of Food Microbiological
Proficiency Testing Samples under
Simulated Transportation and

Room Temperature Conditions

Atchara Ukong, Kamonwan Kantaeng, and Sudarat Srinoimueang

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT This study aimed to evaluate the stability of microbiological proficiency testing samples
in food under simulated transport conditions and temperatures. The research was conducted using
proficiency testing samples prepared for distribution to laboratory members for the fiscal year 2024.
The samples were stored and transported under different conditions: Set 1, where samples were kept at
room temperature for 4 days to accelerate degradation due to higher temperatures than normal cold-chain
transport, Set 2, simulating transport where the samples were stored at refrigerated temperatures 2—8°C
for 3 days and then left at room temperature for 1 day, and Set 3, where samples were kept at refrigerated
temperatures 2—-8°C until the final testing day set for members. Results from the qualitative testing of
Listeria monocytogenes, Clostridium perfringens, and Salmonella spp. showed stability throughout
the storage period. Quantitative test results for Coliforms and Escherichia coli with a threshold of
< 0.30p¢ which equals < 0.129, it was found that the sample set 1 had a value of 1.569, which was greater
than 0.30y;, indicating that the sample was not stable. Sample sets 2 and 3 had values of 0.121 and 0.087,
respectively, which were less than 0.3 0, , indicating these samples remained stable. For Staphylococcus
aureus, with a threshold of 0.3 0}¢ value of 0.105, the sample sets 1 and 2 had values of 1.087 and 1.090,
respectively, which were greater than 0.3 0} indicating decreases in sample stability. However, sample
set 3, which was stored under refrigerated conditions of 2—-8 °C until analysis, had a value of 0.073,
which was less than 0.3 0 demonstrating that refrigeration helped maintain sample stability better
than room temperature conditions. This study highlights the importance of temperature control during
the transportation and storage of proficiency testing samples to ensure the quality and accuracy of

analytical results.

Keywords: Stability of food proficiency testing samples, Microbiological proficiency testing, Temperature
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MNUTNAWDIGIZNGN JeINT W.A. 2558-2564 Muunauiadeildlunmsdnm

Total samples (Positive counts, % Positive)

Year 2558 2559 2560 2561 2562 2563 2564
2558-2564 11 104 163 340 318 309 251
1496 (3, (39, (54, (115, (107, 33.65%) (66, 21.36%) (56, 22.31%)
(440, 29.41%) 27.27%) 37.50%) 33.13%) 33.82%)
Sex Male 4 57 96 167 167 170 136
(797 cases) (1, 0.13%) (23, 2.89%) (29, 3.64%) (57, 7.15%) (49, 6.15%) (40, 5.02%) (32, 4.02%)
Female 7 47 67 173 151 139 115
(699 cases) (2, 0.29%) (16, 2.29%) (25, 3.58%) (58, 8.3%) (58, 8.3%) (26, 3.72%) (24, 3.43%)
Age Newborn - - - 2 3 - -
(< 1M) (2, 40%) (0, 0%)
(5 cases)
Infant - 14 16 93 106 67 60
(> 1IM-1Y) (7, 1.97%) (7,1.97%) (22, 6.18%) (33, 9.27%) (11, 3.09%) (9, 2.53%)
(356 cases)
Toddler - 12 19 52 49 35 24
(> 1Y-3Y) (8, 4.19%) (10, 5.24%) (21, 10.99%) (18, 9.42%) (6, 3.14%) (4, 2.09%)
(191 cases)
Pre-schooler - 17 19 29 30 24 18
(> 3Y-6Y) (5,3.65%) (7,5.11%) (8, 5.84%) (6, 4.38%) (6, 4.38%) (6, 4.38%)
(137 cases)
School-aged - 8 11 23 19 20 23
child (8, 2.88%) (6, 5.77%) (13, 12.5%) (6, 5.77%) (9, 8.65%) (6, 5.77%)
(> 6Y-12Y)
(104 cases)
Adolescent - 4 5 17 8 13 16
(> 12Y-18Y) (4,3.17%) (4, 6.35%) (8, 12.7%) (3, 4.76%) (8, 4.76%) (2, 3.17%)
(63 cases)
Adult 8 31 68 77 48 82 63
(>18Y-60Y) (3,0.80%) (11, 2.92%) (12, 3.18%) (24,6.37%) (15, 3.98%) (18, 4.77%) (13, 3.45%)
(377 cases)
Elderly 3 18 25 47 55 68 47
(> 60Y) (0, 0.009%) (3,1.14%) (8, 3.04%) (17, 6.46%) (26, 9.89%) (23, 4.94%) (16, 6.08%)
(263 cases)
Specimen Rectal swab 11 44 93 35 - - -
(183 cases) (3, 1.64%) (20, 10.93%) (31, 16.94%) (117, 9.29%)
Stool swab - 60 70 305 318 309 251

(1,313 cases)

(19, 1.45%) (23,

1.75%) (98, 7.46%)

(107, 8.15%)

(66, 5.03%)

(56, 4.27%)
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NNUTNATINVDIUANGN JenINTY W.A. 2558-2564 Muunauadenlzlumsdnm (d)

Total samples (Positive counts, % Positive)

2558 2559 2560 2561 2562 2563 2564
Month January - 11 14 50 30 28 18
(151 cases) (7, 2.65%) (2,1.32%) (28,18.54%) (8, 5.3%) (9, 5.96%) (4, 2.65%)
February - 11 12 37 28 31 21
(140 cases) (3,2.14%)  (3,2.14%) (14, 10%) (5, 3.57%) (8, 5.71%) (5, 3.57%)
March - 9 17 31 24 27 39
(147 cases) (4, 2.72%) (4, 2.72%) (9, 6.12%) (8, 5.44%) (8, 2.04%) (9, 6.12%)
April - 8 9 34 20 25 15
(111 cases) (3, 2.7%) (2, 1.8%) (7, 6.31%) (5, 4.5%) (5, 4.5%) (3, 2.7%)
May - 6 9 32 31 22 20
(120 cases) (3, 2.5%) (3, 2.5%) (6, 5%) (8, 6.67%) (4, 3.33%) (4, 3.33%)
June 1 2 31 23 20 21 20
(118 cases) (0, 0.00%) (1, 0.85%) (9, 7.63%) (10, 8.47%) (7, 5.93%) (4, 3.39%) (6, 5.08%)
July - 12 10 19 21 29 13
(104 cases) (3,2.88%) (6,5.77%) (5, 4.81%) (9, 8.65%) (4, 3.85%) (4, 3.85%)
August - 8 22 24 36 21 17
(128 cases) (1,0.78%)  (7,5.47%) (10, 7.81%) (15, 11.72%) (5, 3.91%) (3, 2.34%)
September 1 10 9 27 35 39 20
(141 cases) (0, 0.00%) (4, 2.84%) (6, 4.26%) (7, 4.96%) (13, 9.22%) (10, 7.09%) (3, 2.13%)
October - 11 7 15 20 30 19
(102 cases) (3,2.94%) (2,1.96%) (6, 5.88%) (10, 9.8%) (6, 5.88%) (2, 1.96%)
November 2 6 10 16 30 21 22
(107 cases) (1, 0.93%) (4, 3.74%) (5, 4.67%) (6, 5.61%) (11, 10.28%) (6, 5.61%) (7, 6.54%)
December 7 10 13 32 23 15 27
(127 cases) (2, 1.57%) (6, 4.72%) (5, 3.94%) (7, 5.51%) (18, 6.3%) (2, 1.57%) (6, 4.72%)
COVID-19 Before 11 104 163 340 318 - -
Pandemic (936 cases) (3,0.32%) (39, 4.17%) (54, 5.77%) (115, 12.29%) (107, 11.43%)
During - - - - - 309 251
(560 cases) (66, 11.79%) (56, 10%)

WNENG: % = Percentage

L%yafia‘[smzuumqLaumms’lugi’:ﬂmaﬁuunmu
el a1g BIAFEI0I2 uaaziiay wazszaznay
wazsErINMssuInzadlsalain 19 MNNUIN
@ﬂaafﬁﬂqamizéwLﬁﬂuwﬁuﬁwm 1,496 519
nuIugUalsngansesindeunau
VNG 1,496 18 SaTIMsATIANUEaRslsATTUL
mMatiuemsluthemands wuganinwane
dnies Tumansuaziwandanugaadonalsn
SLUUMNLAUDINS 5888 28.98 LAT 29.90 MNAIOU
S0511150519NULEDAB1SATEUUNILAUDINS
wugelunga School-aged child, Newborn uaz
Toddler Sa8as 41.35, 40.00 WL 35.08 MNAIAU
WUSATIMIATIINUEBRBlsSASEUUMLAUIMS

vaafigalungu Infant a0y 25.00 ludsdinaa
wuianalsaszuumuduaimsludiaga rectal
swab Wag stool swab 58898% 38.80 WAy 28.10
AINEIFY WUSASINISASIANULEBAalsASTUY
mMatiuaImsgennluddazifouresl w.a.
2558-2564 SINAU G35 WOBUNGAIMEU NNTIAN
UWaLEINIAN S8 37.38, 36.42 WAY 32.03
aruadu wasnuidadalsavasiigaluifion
WA 088z 23.33 lugreiiinsuniszune
y9al5alada 19 WUIIHNISATIINULTDAAAY
iatl3suifiausugienaunisunsszuIaYas
Tsalada 19 daudaslumsed 2
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MINf 2 KaNIATIIANATanalIaszuuMEuaIMslugUlelsnganserudsunaunInue

1,496 518 NUUNONINA D18 BUATINATIY UARLBY UALTLELADUUALIENINAITIING

294l5A1A30 19

Gastrointestinal Pathogen

Factors Number p-value
P (%) N (%)
Sex Male 797 (53.28%) 231 28.98 566 71.02 0.698
Female 699 (46.72%) 209 29.90 490 70.10
Age Newborn 5 (0.33%) 2 40.00 3 60.00 0.011
Infant 356 (23.80%) 89 25.00 267 75.00
Toddler 191 (12.77%) 67 35.08 124 64.92
Preschooler 137 (9.16%) 38 27.74 99 72.26
School-aged 104 (6.95%) 43 41.35 61 58.65
child
Adolescent 63 (4.21%) 22 34.92 41 65.08
Adult 377 (25.20%) 96 25.46 281 74.54
Elderly 263 (17.58%) 83 31.56 180 68.44
Specimen  Rectal swab 183 (12.23%) 71 38.80 112 61.20 0.003
Stool swab 1,313 (87.77%) 369 28.10 944 71.90
Month January 151 (10.09%) 55 36.42 96 63.58 0.234
February 140 (9.36%) 38 27.14 102 72.86
March 147 (9.83%) 37 25.17 110 74.83
April 111 (7.42%) 25 22.52 86 77.48
May 120 (8.02%) 28 23.33 92 76.67
June 118 (7.89%) 37 31.36 81 68.64
July 104 (6.95%) 31 29.81 73 70.19
August 128 (8.56%) 41 32.03 87 67.97
September 141 (9.43%) 43 30.50 98 69.50
October 102 (6.82%) 29 28.43 73 71.57
November 107 (7.15%) 40 37.38 67 62.62
December 127 (8.49%) 36 28.35 91 71.65
COVID-19 < 0.001
Pandemic Before 936 (62.57%) 318 33.97 618 66.03
During 560 (37.43%) 122 21.79 438 78.21

ANELne: p-value = Probability value, % = Percentage, P = Positive uaz N = Negative

msnszmﬂwaqL?;afia‘['iﬂqamsziaﬁzijﬂ
W.6. 2558-2564
msnizmﬂwaqL%wafia‘[sﬂqamszi'wuaz
snuaseinuluudazifenuduuds nsasa
wuidaralsnnanszdnn 5 suduusn lussvis
U w.A. 2558-2564 laun Clostridium difficile,
Escherichia coli, Norovirus, Rotavirus A sz

Salmonella spp. Tull w.@. 2559 IMsaTIaNUED
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Salmonella spp. §4Ngn 24 938819 Bl
W.f. 2561 WULHD Rotavirus A g4 57 08N Uag
U w.q. 2562 WULYD Norovirus guga 41 GIBEN
& R . . ~ o ~ £ =]
@a Clostridium difficile Huulineinnauluzad
.6, 2558-2562 NOUAAAILALLNNDN LU W.F. 2564
U Escherichia coli Wutinnduzataulud
W.A. 2563 MU 17 PIDEN AILFAQ UMW 2
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== Clostridium difficile

== Rotavirus A

=== Fscherichia coli

2561 2562 2563 2564
WAL

=== NoOrovirus

Salmonella spp.

MU 2 DUUNYBNBLIAINITLIN 5 BuaUUIN LY

msdadanalsANsEUUNGELaINS
Tusnnugiadanalsassuumaiiuems
440 518 wmj’amL%yafiaiscﬂ]izuuwwatauawwws
#UALHYY S8 84.32 (371/440) u,as;j'amﬁa
ABl3ATINININNT 1 B1A 5089 15.68 (69/440) HIHSU
;jﬁm%yafiakﬂémmﬂﬂiw 1 #fle wiveandu ngu
fiheidazadalsnssuumauduaims 2 wila
Sp88Y 13.86 (61/440) ﬁé’ﬂumzmﬁmjﬂm@aﬁﬂiﬂ
26 sUuuy Elw;j’ﬁm%a 61 98 Ltaznéuﬁﬂmﬁaméaj
N8lsATEUUNNLAUIMIIIN 3 ¥lla Tp8ar 1.82
(8/440) fiansasmaiuguasidanolsn 6 sUuuy
Tugdiaide 8 M8 ey dudaslumsad 3

P
fIINN 3

2 UM PVUIU 61 98

MsialenalsAsEUUMULAUDIMITAILG
2 wiiiazuly wulugthe 69 e Taelugtheiidade
FINAY 2 FUA HNUIY 61 518 5088 88.41 (61/69)
wazgiiadaaniu 3 ofia T s 118 $osar 11.59
(8/69) TeanalsAszuumaLiiuanysuuy 2 wie
fimuann 5 susuusn léun Norovirus -Salmonella
spp., Escherichia coli - Salmonella spp.,
Clostridium difficile - Salmonella spp.,
Adenovirus 40/41 - Salmonella spp. Lag
Campylobacterspp. - Salmonella spp. $988% 13.11
(8/61),11.48 (7/61),8.20(5/61), 6.56 (4/61) LLag
6.56 (4/61) UMY GIUFAIIUMTIN 4

dadnudusesazaiinvavdanalsaszuumuduamslugihenananuienslsngaanszsresiv

Co-Infection (2 strains) Number (%)
Adenovirus 40/41, Escherichia coli 1 1.64
Adenovirus 40/41, Norovirus 1 1.64
Adenovirus 40/41, Rotavirus A 2 3.28
Adenovirus 40/41, Salmonella spp. 4 6.56
Clostridium difficile, Escherichia coli 2 3.28
Clostridium difficile, Giardia lamblia 2 3.28
Clostridium difficile, Norovirus 1 1.64
Clostridium difficile, Salmonella spp. 5 8.20
Campylobacter spp., Clostridium difficile 3 4.92

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Acute Diarrhea and Gastrointestinal Pathogens in Patients at

Ramathibodi Hospital, Thailand

Treewat Watthanachokchai et al.

AN 3
2 FUO NUIU 61 Y (6D)

dodmulusesasyiinvaudenslsnssuumuduarmslugiheiananuienslsnganss31ei

Co-Infection (2 strains) Number (%)
Campylobacter spp., Cryptosporidium spp. 1 1.64
Campylobacter spp., Escherichia coli 1 1.64
Campylobacter spp., Norovirus 2 3.28
Campylobacter spp., Salmonella spp. 4 6.56
Cryptosporidium spp., Escherichia coli 1 1.64
Cryptosporidium spp., Salmonella spp. 2 3.28
Cyclospora spp., Salmonella spp. 1 1.64
Escherichia coli, Norovirus 2 3.28
Escherichia coli, Rotavirus A 2 3.28
Escherichia coli, Salmonella spp. 7 11.48
Escherichia coli, Sapovirus 1 1.64
Escherichia coli, Shigella spp. 1 1.64
Entamoeba histolytica, Salmonella spp. 1 1.64
Norovirus, Rotavirus A 3 4.92
Norovirus, Salmonella spp. 8 13.11
Rotavirus A, Salmonella spp. 1 1.64
Salmonella spp., Shigella spp. 2 3.28

WANELNG: % = Percentage

AN 4
3 UM VUIU 8 8

dadnuluesasyiiovaudenslsnssuumaduemslugihefiananuidenalsnganszsnsiv

Co-Infection (3 strains) Number (%)
Campylobacter spp., Clostridium difficile, Salmonella spp. 1 12.50
Campylobacter spp., Escherichia coli, Vibrio cholerae 1 12.50
Campylobacter spp., Norovirus, Salmonella spp. 2 25.00
Campylobacter spp., Rotavirus A, Salmonella spp. 1 12.50
Escherichia coli, Norovirus, Vibrio cholerae 2 25.00
Escherichia coli, Salmonella spp., Yersinia enterocolitica 1 12.50

NNELYA: % = Percentage

mﬁmeﬁ{laﬁmﬁﬂ\mmms@mL"ﬁ?aﬁaiiﬂqaawszﬁaa
NUUNMIN LWA DI #iinuadedinn wazdia
naMsuwsszuInadlsalain 19
madensithiademaimaialinganssig
wuugunaulagILUNAIN LNE BIY FTADBI
890579 wazENOMMSUNTszUNalsaladn 19

Waasanmungueny wuhnguanismzuas
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(Toddler) wast@dnia3au (School-aged child)
flanuidsedamsiadanalsaszuumaiuems
pE NN AYNNED& (p = 0.022, OR = 1.56, 95%
CI: 1.07, 2.29 wd% p = 0.001, OR = 2.2, 95% CI:
1.39, 3.49) lurrnaumsuniszunazadlsalain 19
(Before) WaSsuieuiudfiiinsunsszune

28415A1030 19 (During) WUNABUMSUNITEUIN
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TsaaananighalsngansssuuuiRs unauga
peNINadIAYNNEDE (p < 0.001, OR = 1.79,

A v v a
95% CI: 1.38, 2.31) 20z NURBAUIWALDEBUAV DI

Group

Sex Male
Female 0.677

Age Adult
Newborn 0.589
Infant 0.951
Toddler  0.022
Preschool 0.684
School age child 0.001
Adolescent 0.07
Elderly  0.052

Specimen Stool swab
Rectal swab 0.135

COVID-19 pandemic During
Before <0.001

a5 linveanudunusesniivednymedda

(f p > 0.05) aaudaslumnd 3

Variables p-value Odds ratio (95% Cl)

1(ref)
1.05(0.84,1.32) .
1(ref)
1.65(0.27,10.09) -
1.01(0.72,1.43) = B
1.56(1.07,2.29) —-
1.1(0.7,1.71) —.—
2.2(1.39,3.49) ——
1.7(0.96,3.03) ——
1.42(1,2.02) —l-
1(ref)
1.3(0.92,1.84) -
1(ref)
1.79(1.38,2.31) B
| I I 1

025 050 1.0 20 40

M 3 Yadeuunony ind a1g ¥HaueIaaaNnTI UaLENNMMIUNITEUINLe3l5ALATN 19 AaANNEES

2NN SAAHDND IATZUUNMNLAUDINT

a 4
A3

nmsAnyIdeyalingaarsssasuuy
WeuWay 1,496 98 2oevissufudnshsainen
MAITIWENFING) AUZTUNNAAIFASLIINEIUID
a = J = =R A = lﬂy
TNBUR s8N W.a. 2558-2564 WuNNKhedaEe
ﬂ'aT,sm::uumqLﬁummimqshndw 51U Sp8az 28.57
yuzfi Ganguly E wazamz"” lad@nwans
MIATIANUEBNBLIATEUUNNLAUDIITHAZTRRE
= < ' 1% v v & Ao
@evraensiauthaaiglsaiassnluaniiiang
13 ' a a a o a v [
an 5 U Tududs wuaesinstialsanaasi
J = ld'ql
55 INY W.A. 2545-2556 BENTREAE 21.70 (95% CI:
11.24-34.46) lumsAnsinumsfadauuaise
e: 4 43’ [ a 43’ U d'
gange sevanuniluahisuazlsde wanalsad
wunnngalugthelsngansesn @s Salmonella

spp. waz Norovirus §80A889NUMSANEIVDY

Sell J waz Dolan B®® fiwuide Salmonella Spp.
Wuswmazasnshiumssnmlulsanenuauas
msideiiauniigaluanizanin amusily
Uszinelng W‘udﬂuﬂzju l}‘:l'ﬂﬁil Traveler’s diarrhea
famamsdadfanalsediulnajifudauuaiize
U Escherichia coli (ETEC) A enterotoxigenic
3988 80 098NN @B Campylobacter jejuni
J089z 33.3 way Salmonella spp. 088y 40"°
fisBnumsszNereds Norovirus szniatiay
SUNAN W.A. 2564 TN UNTIAN W.A. 2565 LUIIWIA
Funy3 Faamawuiedalsnlugihouazinan
udaeliiiiuin Norovirus Hunuindrnalulse
gansriudefu™ Tusfiade Rotavirus
Huaunguaslsnganszininuldvssiigalu
Wntdnnilan sgnlsiaunistlesiulsaaas
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1155uTA%u Rotavirus FI8angiinisaiusg
Targanawsnasld® Tumsdnmaisiiwugihe
fiaida Rotavirus aglududumumasianalsn
939198929 Fedeanenunsdnmaigaly
MsasgUstmruiuiinuanugnees Rotavirus
Tuifinargainit 5 1 fasas 24.7 uszaaas
ndamsliTadut® saumedennmsdnmly
PN WUNIABU Rotavirus 418803
unddald msdnwnilugadliifiuhndanmansany
iadalsnssuumaduaimslugihanans
gendweavdaaniasud ladldeaagyniead
d00AANNUNITANHIANNEIITUIIUITAITUIUY
204 Huang Z wazaaz® Zhao YF waznaue®®
oz Gao Q wazaniz® fimenuwunlingianisal
yogfihaiwamageangihameandis adelsfon
msdnwludsenalneg @y Mswasidaygaan
Judeyananyseiuguawaiuvin (Universal
Health Coverage) luiinangend 5 1 laiwuanu
waneNaENNasIAyNINWa“® a1na1sdn
Tsagaaszsnuaasldiiuanuduwusszning
dammsananuidanaliaszuumaidueims
inaliiAalsnganssiiigadulunaranaissy
Tagawizlungy toddler wuiiianuides
danmsdaidanalsnssuunaiuainisadis
fdaddygeiign deaadasfunisdnuizas
Pickering LK®" ihmsdnnlsagansssniianida
wuuEsundusoudtl w.e. 2520 Tusouiuidadn

msanmimuihludssmalnaiimsasany
ianalsnganaringunnlutingmum Tasams
ludaungadnay uas NnIAN INHIFNgQeUlY
WWeudunan Fuaneennmsfnmuas Ahmed SF
wazame®? fisrsnuiimsananuidadalsa
gansssnlugiimazesueniiss Ussinadudse
g9g0lugNgaIou (16.5%) AMNUANGIE
aaesnaldnndnvarmgionmaiilimiiaudy
Toausunalnefgiianmawuusoudu ssiuanies
é?aag"lua:agmqqndmazﬁqﬁmmmmugmﬁlaamju

NANUUANINYRID UV T ANMIBENTALI
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wananiitadadu g wu snsasmeniinand deu
Fausssn wanidsegna anvhlinmsesmanuide
1815MR19INUANANAUMNINGYNITEHIN
daaiiuile
Tughesznaniimsunsszinazadlsalain 19
1hel3AgaNITINUVURIUNT LAY F00AFDY
fumsAnezas Negsso A uazanz®® flavims
Anwuansznurasmsszuelvaainlsalada 19
dagudnisaizadlsnganszsuvuidsunauly
1o5ladle 908N 3,287,850 AL L1AD 2,961,771 AL
dalusasar 9.91 (p < 0.001, 95% CI: 6.3-17.6)
nsanaszaslinganszanlulszmalnglugas
mMsuwssznavalsalada 19 Wunamnannanasms
lasfuuazmuaulsaiiduna wanniimslasu
nduilasnulsalsmsa (Rotavirus vaccine) mele
Tasamsasaasngiquiueiezé (Expanded
Program of Immunization; EPI) lud w.d. 2563
Hunadwgneananishazdrsaamahiumsdne
WENUIA 9ABNTINTONY ANNILYBILIARINTLIN
deunauludin Tasamzgiiiogani 1 7 Fudly
nguidhuingsasmsldingdu®® smsmsddsua
1nalaiid iy magsemslignlua mslddaunans
waznsandlanausudsemuarmsiiuniasns
dussuguainsialosnsznanmssugy Fimsdaiie
psvmniNaaINI0anatiinmsniuedlsnganari
adld%osar 30°7 msdAnBasin (Co-infection)
ypadanalse 2 Bile lenuvanvaegeloamne
Escherichia coli waz Salmonella spp. WUSINAU
Eoau e] fiwuleias wu Norovirus uas Clostridium
difficile MazAEEnReItUEsiaHE
wisnaagliaazhreliausadnlagluuuns
alsamsunsnszneda wazenwdniudiuilass
NMIFIANUATEIIAFINANNING Y TINNZE
sfudyumIsenuuuINasMstasiuiifilssansmm
NNANENE msananu@analsauaneeiuaea
ﬁﬂéwﬁmmqaaaswdwﬁﬁmaq?iq&hmw (p=0.003)
Taswuhdadumsnsanuiifalu rectal swab genh
stool swab aghetiaay Feuaaddiiudenuddny
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& o v S @ [~
aaaaml lagmmzlungudnisimsunsuasiin
FaFeumiianudsagaansiaide dayaludnay
aoumsainsunsszezadlsalela 19 udasld
LU anmMsaanuEanslsngengnninsuns
sznalsalada 19 Mathszladnaaiiiaauasmsly
wasmsasiulsnfiaoaansndieandnsns
iaganszanle msdnwiivszlenilumsmany
whlagduvumsiialsauaziganalinssuumaau
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ABSTRACT Gastrointestinal pathogens are major causes of morbidity and mortality worldwide. Acute
diarrhea is a significant public health issue frequently encountered in Thailand. The Data were analyzed
from results of laboratory tests for diarrhea-causing pathogens at the Virology Laboratory, Department
of Pathology, Faculty of Medicine Ramathibodi Hospital, Thailand, from January 1, 2015, to December
31, 2021. Cases were categorized by gender, age, type of specimens, and the period of the COVID-19
pandemic during which they were collected. Among 1,496 patients with acute diarrhea, 29.41% were found
to be positive for gastrointestinal pathogens. The primary causative agents included bacteria (48.41%),
viruses (41.36%), and parasites (2.27%). The five most frequently identified pathogens were Salmonella spp.
(20.50%), Norovirus (18.96%), Rotavirus A (16.63%), Clostridium difficile (12.38%), and Escherichia coli
(10.06%). The proportion of positive cases was significantly higher before the COVID-19 pandemic
than during the pandemic (p < 0.001, OR = 1.79, 95% CI: 1.38, 2.31). The highest detection rate was
observed among school-aged children (41.35%), who also had a significantly increased risk of infection
(p = 0.001, OR = 2.2, 95% CI = 1.39, 3.49), as did toddlers (p = 0.022, OR = 1.56, 95% CI = 1.07, 2.29).
These findings indicated that gastrointestinal pathogen infections were most prevalent among children,
particularly school-aged children and toddlers. A decline in detection rates was observed during
the COVID-19 pandemic, which may be attributed to the public health preventive measures implemented
during that period. This information may support future planning for surveillance and control of diarrheal

diseases in high-risk groups.

Keywords: Gastrointestinal pathogens, Diarrhea, Co-infection of gastrointestinal pathogens
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The top 10 pathogens causing respiratory tract infections
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Indieei Jouaz 39.09 Uaz 38.89 MU Ll
'51LLuﬂmmh\'tmqﬁﬁmm&jﬂmﬂuﬁmm 16,970
(Jgthe 6 918 Lildeyamggihe) wazwuingw
Wnidndanugndamsaaidadalsassuumaiiu
welageiiga Tasamzlunga toddler, pre-schooler
waz infant 50882 70.58 61.55 WAT 56.42
auaeu lusaieiings newborn fianugnaniige
298z 18.81 SMSUBHAANEINTIINNARTN 14,456
fathe (Faedensianadin 2,520 odhe 7laila
sryrfindedineIa) wumsiadanalsnssuy
matiumelagegaludlagie nasopharyngeal
aspirate 3888¢ 43.54 5998941 A1 nasopharyngeal

L4 v
swab S989% 42.13 WWay nasal swab sa8dy

41.19 MUNAU Lﬁ'aﬁhuuﬂmuLﬁauwudwmmqnwm
msaaifanalsageludiudaunsngiau - fusnay
ail aufuena Sauas 44.18 Houduman Jasaz
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MsunssEevadlsalaia 19 laawusosay 34.23
Wlsufsunudnnaumsunssenazadlsalaia 19
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nshaanalsassuumadiumelasansnnni
witaniin
wugtheidadadalsnszuumaudumala
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o N A Y
aauaaeluen s 4, Gade 3 iia (49 UuuL) Soeas
8.96 (74/826) AALAMIIUMTNN 5, Had 4 2iia

(6 gﬂu:uu) S2882 0.73 (8/826) AILFAIlUAITINT 6

warfinide 5 wiia (1 gUuvv) Seeas 0.12 (1/826)
lewa BoV, hMPV, PIV1, RSV uaz RE

3N 2 Msuanuagielsassuumadumeladisundy uenauina nguely FliadedensIa

WU T STELNAINDULALIEWINNITILUINYBALSALAIN 19 WaLFAFINYBUTDNBLSATLUY

mudumelalunaufodanivaag

Respiratory Pathogens

U p-value*
P (%) N (%)

e 6,619 10,357 0.783
(16,976) Male 8,504 (50.09%) 3,307 38.89 5,197 61.11

Female 8,472 (49.91%) 3,312 39.09 5,160 60.91
nauegethe 6,617 10,353 <0.001
(16,970) Newborn 101 (0.60%) 19 18.81 82 81.19

Infant 1,659 (19.78%) 936 56.42 723 43.58

Toddler 1,737 (10.24%) 1,226 70.58 511 29.42

Pre-schooler 1,061 (6.25%) 653 61.55 408 38.45

School-aged child 825 (4.86%) 358 43.39 467 56.61

Adolescent 619 (3.65%) 203 32.79 416 67.21

Adult 5,020 (29.58%) 1,475 29.38 3,545 70.62

Elderly 5,948 (35.05%) 1,747 29.37 4,201 70.63
TG AT 5,939 8,517 0.002
(14,456) Nasopharyngeal 147 (1.02%) 64 43.54 83 56.46

aspirate

Nasopharyngeal swab 1,581 (10.94%) 666 42.13 915 57.87

Nasopharyngeal wash 35 (0.24%) 10 28.57 25 71.43

Nasal swab 12,465 (86.23%) 5,134 41.19 7,331 58.81

Nasal wash 125 (0.86%) 37 29.60 88 70.40

Throat swab 103 (0.71%) 28 27.18 75 72.82
oy 6,619 10,357 <0.001
(W.¢l. 2555-2565) January 1,462 (8.61%) 579 39.60 883 60.40
(16,976) February 1,385 (8.16%) 536 38.70 849 61.30

March 1,455 (8.57%) 526 36.15 929 63.85

April 1,288 (7.59%) 449 34.86 839 65.14

May 1,199 (7.06%) 394 32.86 805 67.14

June 1,177 (6.93%) 453 38.49 724 61.51

July 1,383 (8.15%) 587 42.44 796 57.56

August 1,595 (9.40%) 685 42.95 910 57.05

September 1,641 (9.67%) 725 44.18 916 55.82

October 1,575 (9.28%) 611 38.79 964 61.21

November 1,419 (8.36%) 533 37.56 886 62.44

December 1,397 (8.23%) 541 38.73 856 61.27
P PR R EATR I RIS 6,619 10,357 <0.001
1aia 19 During 1,978 (11.65%) 677 34.23 1,301 65.77
(16,976) Before 14,998 (88.35%) 5,942 39.62 9,056 60.38

YNELie): % =Percentage, p-value = Probability value, P = positive, N = negative ttaz * = Pearson Chi-Square
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m397 3 dadizedenalsaszuumudumelanasanuriiadelulGode 5,793 Mg

Virus Number (%) Bacteria Number (%)
ADV 129 2.23 B. parapertussis 1 0.02
BoV 193 3.33 B. pertussis 1 0.02
CoV 229E 40 0.69 C. pneumoniae 2 0.03
CoV HKU1 55 0.95 H. influenzae 13 0.22
CoV NLe63 65 1.12 K. pneumoniae 41 0.71
CoV 0C43 148 2.55 L. pneumophila 0 0
ENT 0 0 M. catarrhalis 8 0.14
Flu A 609 10.51 M. pneumoniae 17 0.29
Flu B 222 3.83 Salmonella. spp 0 0
Flu C 2 0.03 S. aureus 53 0.91
hMPV 435 7.51 S. pneumoniae 3 0.05
PEV 0 0
PIV1 132 2.28
PIV2 80 138 Fungi Number (%)
PIVs3 395 6.82 P. jirovecii 37 0.64
PIV4 79 1.36
RSV 745 12.86
RE 2288 39.50

v v
t4

m397 4 uuuMsAadenalinssuumadumelason 2 gilia deduiuginain 2 ¥ie N9du 745 g

Co-infection (2 species) Number (%) Co-infection (2 species) Number (%)
ADV, RE 51 6.85 ADV, PIV2 2 0.27
CoV OC43, RE 22 2.95 ADV, RSV 6 0.81
CoV NLe63, RE 7 0.94 CoV NL63, RSV 4 0.54
ADV, hMPV 6 0.81 PIV2, RSV 2 0.27
BoV, RE 83 11.14 ADV, Flu B 2 0.27
Flu B, RE 23 3.09 CoV NL63, hMPV 3 0.40
PIVs, RE 50 6.71 Flu B, PIV2 3 0.40
BoV, PIV1 3 0.40 PIV4, RSV 3 0.40
BoV, PIV4 1 0.13 CoV HKU1, hMPV 1 0.13
PIVi, RE 12 1.61 Flu A, RSV 8 1.07
ADV, PIV3 4 0.54 CoV HKU1, CoV 0OC43 1 0.13
RSV, RE 70 9.40 ADV, BoV 8 1.07
BoV, RSV 18 2.42 BoV, PIV2 1 0.13
CoV 229E, Flu A 2 0.27 ADV, CoV 0C43 2 0.27
hMPV, RSV 15 2.01 Flu A, hMPV 5 0.67
PIV3, RSV 3 0.40 BoV, Flu B 7 0.94
hMPV, RE 64 8.59 CoV HKU1, PIVs 2 0.27
Flu A, RE 32 4.30 Flu A, PIV3 6 0.81
CoV HKU1, RE 10 1.34 hMPV, PIV3 2 0.27
ADV, Flu A 3 0.40 CoV NLe63, PIV3 2 0.27
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m397 4 UkuuMsiaanalsaszuumaiumelason 2 oila deduiugdaesiv 2 ¥ila Nedy

745 918 (7D)

Co-infection (2 species) Number (%) Co-infection (2 species) Number (%)
CoV 229E, RE 12 1.61 CoV 0OC43, RSV 3 0.40
BoV, PIV3 14 1.88 CoV OC43, Flu A 2 0.27
PIV2, RE 7 0.94 Flu B, RSV 4 0.54
BoV, hMPV 12 1.61 CoV OC43, PIV3 1 0.13
PIV4, RE 17 2.28 BoV, Flu A 3 0.40
CoV NLe63, PIV2 2 0.27 Flu B, PIV4 1 0.13
Flu A, PIV4 1 0.13 K. pneumoniae, P. jirovecii 5 0.67
CoV 229E, PIV3 1 0.13 Flu A, S. aureus 1 0.13
CoV 229E, RSV 5 0.67 CoV 0C43, K. pneumoniae 1 0.13
hMPV, PIV2 3 0.40 S. aureus, S. pneumoniae 1 0.13
Flu B, hMPV 4 0.54 K. pneumoniae, S. aureus 16 2.15
hMPV, PIV4 3 0.40 M. catarrhalis, RE 1 0.13
hMPV, PIV1 2 0.27 H. influenzae, S. aureus 3 0.40
CoV NL63, CoV OC43 1 0.13 H. influenzae, PIV1 1 0.13
CoV 0OC43, PIV1 3 0.40 H. influenzae, M. catarrhalis 1 0.13
Flu B, PIV3 3 0.40 H. influenzae, P. jirovecii 2 0.27
CoV NLs63, Flu A 1 0.13 P. jirovecii, RE 3 0.40
CoV 229E, hMPV 1 0.13 P. jirovecii, S. aureus 7 0.94
CoV 229E, PIV1 1 0.13 H. influenzae, 1 0.13
ADV, C. pneumoniae 1 0.13 S. pneumoniae
BoV, CoV HKU1 1 0.13 S. pneumoniae, RE 6 0.81
PIVs, PIV4 2 0.27 M. catarrhalis, 2 0.27
BoV, CoV NL63 1 0.13 S. pneumoniae
ADV, CoV NL63 2 0.27 RSV, S. aureus 2 0.27
ADV, CoV HKU1 1 0.13 K. pneumoniae, 1 0.13
CoV HKU1, Flu A 1 0.13 M. catarrhalis 2 0.27
PIV2, PIV3 1 0.13 K. pneumoniae, RSV
M. pneumoniae, PIV3 1 0.13 B. parapertusis, PIV3 1 0.13
PIVi, PIV3 1 0.13 H. influenzae, 0.13
M. pneumoniae, RE 1 0.13 K. pneumoniae 0.13
ADV, PIV4 1 0.13 ADV, M. catarrhalis 1
CoV 0C43, hMPV 1 0.13 ADV, S. aureus 2 0.27
S. aureus, RE 5 0.67 K. pneumoniae, PIV3 1 0.13
CoV 229E, M. catarrhalis 1 0.13 PIVs, S. aureus 1 0.13
K. pneumoniae, 2 0.27
S. pneumoniae
CoV 0C43, PIV2 1 0.13
ENT, RE 1 0.13
Flu A, Flu B 1 0.13
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Co-infection (3 species)

Number

(%)

Co-infection (3 species) @ Number (%)

Flu A, PIV3, RE
ADV, RSV, RE

BoV, PIV1, PIV3

Flu B, RSV, RE

CoV 229E, RSV, RE
Flu B, PIV2, RE
hMPV, RSV, RE
CoV HKU1, RSV, RE
ADV, BoV, RE
hMPV, PIV2, RSV
ADV, PIV2, RSV
CoV 0OC43, PIVs, RE
BoV, RSV, RE

PIVs, PIV4, RE

CoV HKU1, PIVs, RE
BoV, Flu B, RE

BoV, PIV4, RSV
BoV, PIV2, RE
hMPV, PIV1, RE
ADV, PIVs3, RE

BoV, PIVs, RE

BoV, PIV1, RE
hMPV, M. pneumoniae, RE
BoV, Flu A, RE

BoV, CoV NLé3, RE

[ T e e e e T o T e T o T~ S U S N O S O O

N H = = 00 DN e DN Ul e = O = O = N e e e

.35
.35
.35
.35
.70
.35
.41
.35
.41
.35
.35
.35
.41
.35
.35
.70
.35
.35
.35
.70
11
.35
.35
.35
.70

BoV, Flu A, PIV2 2 2.70
BoV, hMPV, PIV3 1 1.35
ADV, CoV NL63, RSV 1 1.35
CoV 229E, PIV4, RE 1 1.35
ADV, BoV, PIV4 2 2.70
ADV, CoV OC43, RE 2 2.70
PIV2, RSV, RE 1 1.35
BoV, hMPV, RE 2 2.70
hMPV, PIV2, RE 2 2.70
CoV 229E, Flu A, RSV 2 2.70
PIV4, RSV, RE 1 1.35
BoV, Flu A, RSV 1 1.35
hMPV, PIV4, RE 1 1.35
Flu C, hMPV, L. pneumophila 1 1.35
BoV, M. catarrhalis, 1 1.35

S. pneumoniae
CoV OC43, H. influenzae, 1 1.35
M. pneumoniae

K. pneumoniae, 1 1.35
PIVs, S. aureus

BoV, PIV4, RE 1 1.35
S. aureus, S. pneumoniae, RE 2 2.70
PEV, S. pneumoniae, RE 1 1.35
BoV, S. aureus, RE 1 1.35
ADV, K. pneumoniae, RSV 1 1.35
CoV HKU1, K. pneumoniae, 1 1.35
S. pneumoniae

K. pneumoniae, P. jirovecii, 1 1.35

S. aureus

v v
04

mInd 6 sUkuuMsiadenalsnszuumudumelanuuiin 4 Fladeuiae N 4 ¥ila TNEY 6 g

Co-infection (4-strains) Number (%)
CoV HKU1, Flu A, PIV4, RSV 1 16.67
ADV, PIV2, RSV, RE 1 16.67
ADV, hMPV, RSV, RE 1 16.67
Flu A, hMPV, RSV, RE 1 16.67
C. pneumoniae, Flu C, PIV2, RE 1 16.67
ADV, B. parapertusis, P. jirovecii, RE 1 16.67

gﬂuuum'ﬁamL%yafia‘[im'mﬁmmu 2 7l
5 dUAUWSN lewd BoV war RE, RSV uar RE,
hMPV uaz RE, ADV waz RE, waz PIV3S uaz
RE 32882 10.05, 8.47, 7.75, 6.17 Waz 6.05 MNAAU

Tosfiamamanidanelsngegaly 5 suduuan
lawn RE, BoV, RSV, hMPV uaz ADV Sa8ay
33.15, 11.11, 9.51, 8.15 W8T 6.43 MINIAU
auaalummni 2
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Group
Sex Male
Female 0.009
Age Elderly
Newborn 0.124
Infant <0.001
Toddler <0.001
Preschool <0.001
School age child <0.001
Adolescent 0.019
Adult 0.719
Specimen Nasopharyngeal swab
Nasopharyngeal aspirate 0.919
Nasopharyngeal wash 0.293
Nasal swab 0.256
Nasal wash 0.500
Throat swab 0.120
COVID-19 pandemic During
Before <0.001

Variables p-value Odds ratio (95% Cl)

1(ref)
1.1(1.02,1.18) [
1(ref)
0.66(0.39,1.12) i
3.29(2.92,3.72) 1 -
5.96(5.27,6.76) -
418(3.62,4.84) | -
2.03(1.73.2.38) ‘ -
1.26(1.04,1.52) ——
1.02(0.93,1.11) &=
1(ref)
1.02(0.71,1.47)
0.66(0.31,1.43) |
1.07(0.95,1.2) -
0.87(0.58,1.31)
0.69(0.44,1.1)
1(ref)
1.37(1.21,1.55) : ' . : l
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A Ten-Year Retrospective Study of the Acute Respiratory
Pathogens, Ramathibodi Hospital, Thailand Kingkan Rakmanee et al.

A Ten-Year Retrospective Study on
Patterns of Pathogens in Acute

Respiratory Tract Infection at
Ramathibodi Hospital, Thailand

Kingkan Rakmanee, Treewat Watthanachokchai, Pichet Yutthanakarnwikom,

and Ekawat Pasomsub

Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok
10400, Thailand

ABSTRACT Respiratory pathogens are a major cause of morbidity and mortality worldwide,
especially among young children. This study analyzed data from Nucleic Acid Amplification Tests (NATS)
conducted by the Virology Laboratory, Department of Pathology, Faculty of Medicine, Ramathibodi
Hospital, Thailand, between January 1, 2012, and December 31, 2021. Out of 16,976 patients, respiratory
pathogens were detected in 6,619 cases (38.99%). The pathogens included bacteria, fungi, and viruses,
accounting for 3.35%, 0.84%, and 95.81%, respectively. The majority of viral infections were caused by
the most prevalent pathogens, including Rhinovirus/Enterovirus (37.50%), Respiratory Syncytial Virus
(12.18%), and Influenza A virus (9.08%). The highest prevalence was observed among toddlers, pre-school
children, and infants (70.58%, 61.55%, and 56.42%, respectively). Females showed a significantly higher
risk of infection compared to males (p = 0.009, OR = 1.1, 95% CI: 1.02—-1.18). Toddlers had the highest risk
(p < 0.001, OR = 5.96, 95% CI: 5.27-6.76). Infections were most common from July to September.
Specifically, before the COVID-19 outbreak, the infection rate was higher than during the COVID-19
pandemic (p< 0.001, OR =1.37, 95% CI: 1.21-1.55). Respiratory infections affected individuals across all ages
and genders and were not limited to specific seasons. This study’s findings highlight the importance of
developing laboratory diagnostic and patient management guidelines in line with WHO recommendations

to reduce illness and mortality from respiratory infections.

Keywords: Acute respiratory tract infection, Respiratory pathogens, Respiratory pathogens co-infection
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DNA Barcoding in Confirming Foodborne Poisoning Caused

by Amanita Mushrooms

Pornpanna Chonnakijkul et al.
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DNA Barcoding in Confirmation of
Foodborne Poisoning Caused by Amanitin

Non-Producing Amanita Species

Pornpanna Chonnakijkul, Sittiporn Parnmen, Nattakarn Nooron,

Chidkamon Thunkhamrak, Sriprapa Phatsarapongkul, Unchalee Nitma,

Sujitra Sikaphan, Chutimon Uttawichai, Rungsaeng Chankunasuka, Nisakorn Palakul,
and Dutsadee Polputpisatkul

National Institute of Health, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Food poisoning resulting from the consumption of toxic mushrooms in the genus
Amanita that produce amanitin leads to liver and kidney failure, which is the primary cause of mortality.
In addition to the toxic Amanita species that produce amanitin, fatalities have also been reported from Amanita
species lacking amanitin production. Therefore, to identify the Amanita mushrooms that cause food
poisoning lacking amanitin, yet result in death, fungal DNA barcoding targeting the Internal
Transcribed Spacer (ITS) region of ribosomal DNA and Phylogenetic Tree analysis were employed. The species
identification of mushroom samples remaining from patients consumption was performed through
nucleotide sequence similarity analysis against the NCBI GenBank databases, and a Phylogenetic Tree was
constructed. The results revealed that the mushroom samples exhibited nucleotide sequence similarities
ranging from 88.69% to 89.77%, indicating a close relationship to Amanita echinocephala in the section
Lepidella. Phylogenetic analysis confirmed that the mushroom samples clustered with A. echinocephala
with a bootstrap support value of 80%. Certain morphological differences were observed, indicating the
potential existence of a novel species not previously reported in Thailand. Patients who ingested this toxic
mushroom exhibited symptoms similar to those seen in amanitin poisoning but with a longer latency period

before symptom onset. The cause of death was attributed to acidosis and cardiac arrest.

Keywords: Amanita mushrooms, Toxic mushrooms, Amanitin, DNA barcodes
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Akarapitch Siripraparat and Weerawut Wittayanan

Tudnuazualilalunarlivuanil Tag detector
%#il0 QTOF/MS flusnanazflumaiiadiil high
sensitivity ua2 €919 high mass accuracy fivnld
mssyriinasmldagauiugandae asmnade
wanminaianamsfinnuasdengs aansia
wiailgnhaniFensimasandsluih emns uas
faunedau smﬁgqwﬁmﬁmeﬁqwmwﬁluwmwﬁm Tog
Tt w.a. 2561 im91LaueguYaya The sequential
window acquisition of all theoretical fragment
ions (SWATH)®™ figéulas LC-QTOF/MS 14
drsunmsnsdenziasieiiesnumiadag
drluldlduazormamsn Fanansnssyziiouas
Uhinaldashagndasiidodia Tasil linearity a4
35lure 0.001-0.250 faansuaailansy dmsu
ldla waz 0.003-0.200 Tadnsuaailansn dmsu
ansmsn wazluluauainassru (MRL) ve9
annnglsy (EU) lud w.a. 2562 finsseau
mMsasranansavaseidesnumiadasizuuy
non-target analysis ﬁ’)mﬂ%m LC-QTOF/
MS lushadwamsniumindadudou laun win
wazwsnlneeain MansodenzinU3anamnn
et 0.005 fadnsuaanlansu® d115uid
mMseseNiIsganiansananlslunsieszd
astaiidasnumiadagiglusinisiivarads
@YU 35 QuUEChERS (Quick, Easy, Cheap,
Effective, Rugged, and Safe)"” 35 Solid-
Phase Extraction (SPE)“® uaz38 Liquid-
Liquid Extraction (LLE)“"” tilasanndgimanil
{hAsRidunue TUszansmnd wazanansoan
matrix interference 1NdIWI5LAH uaﬂmﬂﬁ
fimaiiaw3enchagatugedu | Wy Ultrasonic-
Assisted Extraction (UAE)“® Microwave-
Assisted Extraction (MAE)“® waz Pressurized
Liquid Extraction (PLE)®® a@u1saiuiun
Uszandldlawudenny Tull w.ea. 2560 dnenu
F5asananladeelalylasiin (Microwave-
assisted extraction) Qﬂﬁﬁmﬁlﬁlﬂ’mfjﬁlu LC-MS/
MS® iivaldanaiinnsinaniillasiumiadagivg
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F1ININIFIUL Lﬂuﬂ']'ﬁﬁ‘éﬁa’]ﬂwﬂﬂﬂaﬁﬂ'rﬂﬂﬁ
lasfurdadagity 144 ila MeFoms duaasly
N34 11030 Ta9EBIFUTEN (Certified Reference
Material, CRM) RDo0686521.5: KIT of 144
components-part 1-13 of 13:144 components,
fanuntusdssusasdszanm 10043 lulasniy
@ofiadans (§1%o CPAChem, C.P.A. Chem Ltd.,
France)

#151a¥; acetonitrile (HPLC, Merck, USA)
QuEChERS Extraction Packet, EN Method
Part No: 5982-7650 tHudiunanzas MgSO,
4 754 NaCl 1 n5% sodium citrate dehydrate 1 n5u
e disodium hydrogen citrate sesquihydrate
0.5 N3% Waz Dispersive SPE EN Wudunanves
MgSO, 900 Nadn3u Primary and Secondary
Amine (PSA) 50 #8an3u ez graphite carbon
black (GCB) 50 §iaan5u (Agilent Technologies,
USA) DI water (Type I §ia1 resistivity > 18
mQ.cm) water (LC-MS grade, Supelco,
Germany) waz methanol (Hyper grade for
LC-MS, LiChrosolv, USA)

NIAIINEIINZAIINIANIFIU

@3aNFTATAIENENANNLNLY 10 LulAsnS
ANaAANT YANEITNINITIU 144 %10 lu acetonitrile
Toailaa 58z 8uAIFIUNTNUADZUIN PIUIU
6 270 US1as 1 §933a5 a9lu volumetric flask
2U10 10 Hadans Usulsuiesaraainiazais
usnniigusudegamgiiennd -18°C (EVERmed
3u LF 625 SxPRO, ITALY) #3584 intermediate
standard solution ABUMSIFNIY ANNTNTU
1 lulasnsuaaiiadans USuas 10 Hadans i
intermediate standard solution a3 centrifuge
tube fiussgeagnafifiu blank vwiin 10.0+0.1 n3u
U 6 1aan ﬁwuamﬂ%mmmsmmgmﬁtau
TAlagranudadu 5, 10, 20, 50, 75 WAy 100
wlunsuaanin udranamuds lassanailagmsu
mﬁmeﬁ‘ﬁ'u‘ﬁﬁ%ammimﬁu%'ﬂmﬁﬁmm%q
anvgiionnh -18°C 1elaiAu 1 dlanw

wa3asiiauazaunsal

winenaluiiadinazidae 0.001 N3
(LC 6208) waz 0.01 Haansu (MC 210S) (Sartorius,
Germany), Lﬂéawmﬂummi (RONIC, Poland),
m%wquﬁumaumaazam Vortex-2Genie
(Scientific Industries, USA), Lﬂ‘%'mmg‘um'%m
A NS0 (8% REACTI-THERM III
#TS-18824, Thermo Scientific, USA),
micropipette 2U10 2-20 lulasans 2ua 20-200
TuTlas80s wazaure 100-1,000 lulasdns
(Eppendorf, Germany), centrifuge tube ¥11o
50 fiaddns wox 15 103303, Gusuiegumaiiond
-18°C, certified volumetric flask, Lﬂ'%lml,Lﬁ"J
NNEHAaINeIY acetone 2 A%9 (Optima LC/
MS grade, Fisher Brand, UK) 8z n-hexane
(n-Hexane AR, MERCK, Germany) 2 ﬂ%v’ﬂ
usiisliuienauhanldnu

Lﬂf';'m LC-QTOF/MS: Agilent 1290 Infinity
I1-G6546A (Agilent Technology, USA) 14
ZORBAX Eclipse Plus C18 1.8 um 3.0 x 150 mm
(Agilent Technology, USA) flanmzeing (ﬁ’ﬁfr
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mobile phase A:

mobile phase B:

flow rate:

+ 0.1% formic acid

fluoride + 0.1% formic acid

injection volume: 5 ul

column temperature: 45°C

gradient profile — Agilent G7120A

0.45 ml/min

water + 4.5 mM ammonium formate + 0.5 mM ammonium fluoride

methanol + 4.5 mM ammonium formate + 0.5 mM ammonium

Total time (min)

% mobile

flow rate (ml/min)

% mobile

phase A phase B
0.0 0.45 98 2
0.5 0.45 98 9
1.0 0.45 50 50
4.0 0.45 35 65
16.0 0.45 0 100
18.0 0.45 0 100
18.1 0.45 98 9
20.0 0.45 98 92

QTOF/MS conditions:
Polarity:

Positive ionization

Ionization mode: Dual AJS ESI
Drying gas temperature: 3259C

Drying gas flow rate: 10 L/min
Nebulizer gas pressure: 40 psig
Sheath gas temperature: 400°C

Sheath gas flow rate: 12 L/min
Capillary voltage: 4,000 V

MS scan range (m/z): 50 to 1,000

Scan mode:
CE value (V):

Reference ions (m/z):

Agilent All Ions MS/MS screening workflow

0, 15, 35
121.0509/922.0098

Wnewe: Reference ions Aa lasauiifidinalszy (m/z) asiuazgnldifiudisdauialiuiisuanuuivdnana
(mass accuracy) 2844A584 LC-QTOF/MS wuv real-time 5¢WiNmMsiaeiaInge
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#1599 1 4BYa mass transition 2a9a1568 ) lwA3a9 LC-QTOF/MS

Quantifier Quantifier Quantifier Quantifier
Pesticides RT ion ion I ion II ion III
(min)
(m/z) (m/z) (m/z) (m/z)

3-hydroxy carbofuran 3.633 238.1074 107.0491 163.0754
Abamectin B1la 15.247 895.4791 145.0851 577.5173 876.7986
Acetamiprid 3.633 223.0745 98.9996 126.0105
Acibenzolar-S-methyl (BTH) 7.579 210.9994 136.0090
Aldicarb 4.546 116.0530 61.0106 89.0419
Aldicarb Sulphoxide 2.851 89.0420 65.0056
Aldicarb Sulfone 2.918 223.0747 62.9899
Ametoctradin 11.181 276.2183 149.0819 176.0931
Aminocarb 2.918 209.1285 137.0835
Anilazine 8.162 276.9624 126.0105 274.9653
Atrazine 6.387 216.1010 182.9954 111.9944
Azamethiphos 4.917 324.9809 182.9954 111.9944
Azoxystrobin 7.169 404.1241 329.0795 372.0979
Bendiocarb 5.129 224.0917 109.0284
Bioresmethrin 15.022 339.1955 128.0616 171.0799
Bixafen 9.420 414.0382 265.9927 394.0309
Boscalid (Nicobifen) 7.712 343.0399 307.0633
Bromacil 5.315 261.0233 187.9342 131.9443
Bupirimate 9.129 317.1642 166.0975 108.0114
Carbaryl 5.341 202.0863 127.0542 145.0648 115.542
Carbendazim (Azole) 3.421 192.0768 160.0505
Carbetamide 4.758 237.1234 118.0863 120.0444
Carbofuran 5.288 222.1125 55.0542 123.0441
Carbofuran-3-keto 9.314 253.1183 115.0542 161.0597
Carbosulfan 15.658 381.2206 118.0685 76.0216
Carboxin 5.540 236.0740 93.0573 143.0161
Chlorbromuron 7.659 292.9687 203.9205 182.0241
Chloridazon (PAC) 3.845 222.0429 104.0495
Chloroxuron 8.321 291.0895 72.0449
Chlortoluron (Chlorotoluron) 6.030 213.0789 72.0449
Clethodim 11.844 360.1395 136.0757 164.0706
Clothianidin 3.48 250.0160 131.9669
Cyanazine (Fortrol) 4.785 241.0963 104.0010
Cycluron 6.811 199.1805 72.0444 89.0709
Cyflumetofen 11.897 448.1730 173.0208
Cyproconazole (I) 8.162 292.1211 125.0153 70.0400
Cyproconazole (II) 8.546 292.1211 125.0153 169.0083
Demeton-S-Methylsulfone 3.063 263.0171 169.0083
Demeton-S-Methyl sulfoxide 3.010 247.0222 169.0083
Diethofencarb 7.394 268.1543 180.1019 152.0706
Dimefox 3.500 155.0744 110.0166

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Method Development of Pesticide Residues by LC-QTOF/MS Akarapitch Siripraparat and Weerawut Wittayanan

®1519% 1 4BYa mass transition 2a9E1568 7 luATae LC-QTOF/MS (dd)

Quantifier Quantifier Quantifier Quantifier

Pesticides RT ion ion I ion II ion III
(min)
(m/z) (m/z) (m/z) (m/z)
Dimethachlor 6.864 256.1099 148.1121 224.0837
Dimethomorph (E) 7.500 388.1310 301.0626 165.0546
Dimethomorph (Z) 7.963 388.1310 301.0626 165.0546
Diphenamid 6.811 240.1383 134.0964
Diuron 6.493 233.0243 132.9606 72.0449
Epoxiconazole (BAS 480F) 8.983 330.0804 123.0241 121.0448
Ethiofencarb 5.871 226.0896 77.0386 107.0491
Ethiofencarb sulfone 3.341 258.0795 58.0287 107.0491
Ethiofencarb sulfoxide 3.408 242.0845 185.0631 107.0491
Ethiofumesate 6.626 287.0948 241.0529 259.0635
Ethirimol 4.931 210.1601 140.1070
Etofenprox 15.764 359.2006 183.0804 107.0491
Etoxazole 13.592 360.1770 304.1132 141.0146
Famoxadone 10.400 392.1605 239.0941 93.0573
Fenamidone 7.579 312.1165 236.1182 92.0495
Fenamiphos 9.354 304.1131 201.9848
Fenarimol 8.745 331.0399 268.0524 81.0447
Fenbuconazole 9.036 337.1215 125.0153 70.0400
Fenhexamid 8.718 302.0709 143.0128 97.1012
Fenobucarb (Baycarb) 7.288 208.1332 95.0491
Fenothiocarb 9.504 254.1209 72.0443
Fenoxycarb 9.354 302.1387 88.0393
Fenpropidin 6.533 274.2529 86.0964
Fensulfothion 6.281 309.0379 140.0290 252.9753
Fenthion-sulfoxide (Mesulfenfos) 5.288 295.0222 109.0049 279.9987
Flufenacet (Fluthiamide) 8.851 364.0737 124.0539 152.0506
Flufenoxuron 13.314 489.0435 141.0113
Fluometuron 5.858 233.0896 145.0260 72.0444
Fluopyram 8.533 397.0537 208.0130 173.0205
Fluquinconazole 8.559 376.0163 272.0147
Fluridone 6.957 330.1100 309.0960
Flurtamone 7.328 334.1049 227.0667
Flusilazole 9.288 316.1076 169.0473
Hexazinone 5.315 253.1659 71.0604 171.0876
Hexythiazox 13.115 353.1085 168.0570 228.0240
Imazalil (Enilconazole) 5.791 297.0556 158.9763 69.0447
Imidacloprid 3.381 256.0596 209.0589
Indoxacarb 11.248 528.0780 150.0100 203.0184
Iprovalicarb 8.758 321.2173 116.0706 119.0855
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#1599 1 4BYa mass transition 2a9E1568 7 luA3a9 LC-QTOF/MS (6in)

Quantifier Quantifier Quantifier Quantifier

Pesticides RT ion ion I ion II ion III
(min)
(m/z) (m/z) (m/z) (m/z)
Isoprocarb 6.387 216.1019 77.0386 95.0491
Isoproturon 6.440 207.1492 165.1022
Linuron 7.354 249.0192 182.0241 159.9715
Lufenuron 12.585 510.9857 158.0412 141.0135
Malaoxon 5.156 315.0662 71.0128
Mepanipyrim 8.665 224.1182 77.0386
Metaflumizone 12.572 507.1250 178.0463
Metalaxyl 6.507 280.1543 220.1332 192.1383
Methiocarb (Mercaptodimethur) 7.526 226.0896 107.0491 121.0648
Methomyl 3.116 88.0216 58.0287 72.9981
Methoxyfenozide (Intrepid) 8.122 369.2173 149.0597
Metobromuron 6.122 259.0077 169.9600 91.0416
Metolachlor 9.341 284.1412 176.1434 252.1150
Metrafenone 10.850 409.0645 166.0624 209.0808
Monocrotophos (Azodrin) 3.129 224.0682 58.0287
Monolinuron 5.606 215.0582 126.0100 98.9996
Novaluron 11.539 493.0196 141.0146 158.0412
Omethoate 2.785 214.0297 78.9943
Oxamyl 2.931 72.0444 72.0444 124.9821
Penconazole 9.857 284.0716 158.9763
Phenthoate (Fenthoate) 9.619 321.0379 124.9821
Pirimicarb 5.513 239.1503 72.0444
Promecarb 7.871 208.1332 94.0413 109.0648
Prometon 6.533 226.1662 86.0349
Prometryn 8.321 242.1434 68.0243 200.0964
Propiconazole 10.307 342.0771 158.9763
Propoxur 5.116 111.0440 58.0287 93.0335
Propyzamide (Pronamide) 8.162 256.0290 189.9821 172.9556
Prosulfocarb 11.870 252.1417 91.0542
Prothoate 6.652 286.0695 124.9821 96.9508
Pyraclostrobin 10.466 388.1059 133.0522 163.0628
Pyridaben 14.651 365.1449 132.0934 147.1168
Propoxur 8.824 295.0399 93.0573
Propyzamide (Pronamide) 7.420 200.1182 82.0651 80.0495
Prosulfocarb 9.354 395.1489 213.0910 192.0781
Prothoate 8.281 332.1569 159.0750
Pyraclostrobin 5.328 202.0854 68.0243 124.0869
Pyridaben 11.460 748.4994 142.1222
Pyrifenox 10.480 732.4681 98.0964 142.1226
Pyrimethanil 11.274 746.4838 142.1226 144.1383
Rotenone 7.367 298.2741 100.1121
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Method Development of Pesticide Residues by LC-QTOF/MS

Akarapitch Siripraparat and Weerawut Wittayanan

®1519% 1 4BYa mass transition 2a9E1568 7 luATae LC-QTOF/MS (dd)

Quantifier Quantifier Quantifier Quantifier
Pesticides RT ion ion I ion II ion III
(min)
(m/z) (m/z) (m/z) (m/z)

Rotenone 7.367 298.2741 100.1121 144.1383

Sedaxane 3.765 202.0433 175.0324 131.0604

Simazine 9.937 308.1524 125.0153 70.0400

Spinetoram 9.486 297.1598 133.0648

Spinosyn A 12.466 334.1681 145.0522 117.0209

Spinosyn D 6.533 226.1662 170.1036

Spiroxamine 7.818 230.1167 104.0010 174.0541
Thiabendazole (Tiabendazole) 8.705 372.0288 160.9731 158.9761

Tebuconazole (Terbuconazole) 3.898 253.0309 90.0338 126.0105

Tebufenozide 3.116 292.0266 131.9664

Tebufenpyrad 10.864 258.0714 90.0464 125.0153

Terbumeton 5.593 355.0563 107.9936 88.0215
Terbuthylazine (TERBA) 4.838 241.0981 119.0481

Tetraconazole 3.288 251.1060 76.0393

Thiacloprid 3.447 104.0165 63.9977

Thiamethoxam 4.944 343.0529 85.9695 151.0324

Thiobencarb (Benthiocarb) 10.652 300.9616 174.9710 124.9821

Thiodicarb 8.480 296.1160 99.0791

Thiofanox 13.314 304.0091 142.9217

Thiofanox-sulfone 4.282 190.0433 109.0107 136.0215
Thiofanox-sulfoxide 11.407 409.1370 116.0495 186.0525
Thiophanate-methyl 11.46 346.0929 69.0447 73.0648
Tolclofos-methyl 8.851 318.1368 125.0153 70.0400

Triadimenol 3.580 288.0488 146.0634 58.0287

Triallate 3.633 238.1074 107.0491 163.0754

Tricyclazole 15.247 895.4791 145.0851 577.5173 876.7986
Trifloxystrobin 3.633 223.0745 98.9996 126.0105

Triflumizole 7.579 210.9994 136.0090

Triticonazole 4.546 116.0530 61.0106 89.0419

Vamidothion 2.851 89.0420 65.0056

vineLvie: Collision Energy (CE) =0, 15,35 V

NILHITNAIDENUBLNITNAMIBEN
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analytical portions laadedangredmiuds
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Extraction Packets, EN method t2e" Wunm
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goud Wuna 5 i hasanedula Ysines
2 ml clean up 18 dispersive SPE g Wunm
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anNga) AsUseaiod was @ Inentiun

NnUUINFIUFITaraelansasee Filter Tubes

Nylon 0.2 um WInIeNzReAa LC-QTOF/MS

v aca I'd
mMsnadauaNNld lanadisinsIew
MINMINIZIATI1EY (Method develop-
ment)
WIS laadNBNINIDUINTFIUYBITUAIN
glsU EN 15662:2018”% Fallumsasadanzd
= Y % o % o = a k4 L
asedilesnumiadagiigvarasiionsaniuly
DMNTNNINNNY 17U HNUASHB LN FNTSUIUNS
anauuy QuUEChERS ¢ citrate-buffered Ml
a < . . =
U3gndee dispersive SPE ua05793tA51svio0e
P399 GC waz LC aawlasisonds lasldndag
LC-QTOF/MS AuMmanN1 1228910 3a9ianazunay
k4 4: o U 1 =
MSHENd@ITAELAIpY LC USudadiuzoaasiai
¢yMazane mobile phase waz column NlF Walw
YUNDUMINTINAMNEY detector B QTOF/MS
AUNUANITANANNYNE BVBINIAS (< 5 ppm)
% =l 3 I'd \J
aadangluuulalalny aunasmianuuanewes RT
Toeld RT+0.2 min wazAaLdanloaauimanzay
pgag 2 lasau NNnzavdsaulaunazsiie
®28N15YN mass transition condition &w5ulHl i)Y
quantification ion L8z qualification ion
ANNPUNIZUDID (Specificity/Selec-
tivity)
= L4 v d‘ o
AadsuesgIuaNuEaNgun 50 lunduy
GansN 1@1Le389 LC-QTOF/MS anuaniizh
MYUA MUY 3 F) VUNINA retention time (RT)
1% ° aat a rd
LAINAFDUANNNULNIZVDIIS LAeIA5IEH method
blank (reagent blank) was sample blank 4
a P2 v ~ o~ o Ao .
10 #ile e ldwuiansawuineniidyane signal-
to-noise ratio (S/N) Hasn 3 7N RT waz/w3e
M m/z lnadssnuasanesgIudanIsundann
AFTUMULAITHAN NI
[~ 3
ANl utduasagaansInaIasgIu
(Linearity of calibration curve)
a99NTINMINIFIULUU procedural standard
calibration l@#t@y intermediate standard

solution lu sample blank M4 10 #fia 71 6 5zAU

ANNENU Lown 5, 10, 20, 50, 75 WAL 100 W LUASN
dansu anduasaaindsudiiesniadaq
LC-QTOF/MS wuugy (random, n = 3) A11I0A)
ﬁuﬂisaﬂéﬂﬁﬁ aaula (determination coefficient,
R®) eilaasnlng 1 (tnasiandu R®>0.99)
u’ri]ﬂﬁl’]ﬂﬁlﬁ’lﬂ’li(ﬂﬂﬁ]ﬂavﬂ’J’lNQﬂ(ﬁ’m"ll’mﬂ’J’mL‘ﬂ’N“ﬂ'u
fennaldnnnnrinaspuluudazssauanuduty
Tageiiennalddaslisennenududuiiede
(AU 20%

AaNNe29In1505aNU (Limit of detec-
tion, LOD)

WIANNAYBINTATIANY (LOD) lasiiu
mimmgmﬁszﬁu LOD (5 w1 lunsuaansy)
11 sample blank udafamuiunpUSATLAIE
LC-QTOF/MS 93U 10 ‘gw (n = 10) AUINUA
(S/N) @ estimated LOD @8 SzaUANNANIY
fifldana S/N mnnh 3

AnAneuainsIodalsnia (Limit of
quantitation, LOQ)

waeNNeraIMIINENUSIna (LOQ) nsad
pesticide residue ansaUszanae LOQ whnu
10 wlunsuaansu (target LOQ) Fdainue
default limit e unguuiela milasidu
msmmgmﬁszé’u LOQ (10 w1 lunsuaansu)
Tu sample blank Ltﬁaaﬁ'@muﬁgumau Iaeh
$11U 10 1 (n = 10) AN Wdeunn
grecovery MUUALNMTBBNTUDE AN 70-120%
u,awhLﬁmmummgmﬁuﬁwﬁ (%RSD) mMwnua
WNTEBNSU < 20%

AN utlutdunsaue1d19nIsItAsIey
(Linear of working range)

dnweanuduidunsivesdriensiwszd
Toediusnsanasyuasly sample blank i 6 s¥6u
ANNLINTY LOUA 5, 10, 20, 50, 75 WAL 100 WLUASH
dandu Senevstauat 3 M (n = 3) @M
ANMUFNNUGIENIN spiked concentration AU
concentration found e1uIMMIENUSEENG
mssedula (R Taae R® flgaasiendrlng 1
(Wnagigansu R > 0.95)
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AMNUAIULATANINLTE (Accuracy and
Precision)

Laumsmmgmiuﬁmﬁw (sample blank)
#5¢aU LOQ, 5 x LOQ uax 10 x LOQ Aanuiaus
10, 50 WAz 100 WIUNSNABASN MUY IATILH
5¢eUaE 10 T (n = 10) UBIAUIB %recovery
waz %RSD lagnasisansuanuudy (accuracy):
mean recovery 70-120% WaZNMITEONSUA TN
(precision): %RSD {1 < 20%

mM3Uszanam A liwivauyainsin

asUsernaeannliuiuauzeanisia
(Estimation of Measurement Uncertainty, MU)
s ianziaseiidasiumiadagiialuaims
fmanasauldizniseas EURACHEM®® &4
Humsanadasldnunasiisnsasanaliuivey
nsua i as ey liwiveuamsiszduanm
desudanaz 95 Tagldan k = 2 (HhAsATaNNgndDs
Hufisaniunazimanzandamsinluldnu

nsSaudisunadtasziszninweiag
LC-QTOF/MS uwag LC-MS/MS

Anneiidetaiidinsa o dinaumwLey
ANNUanafEIMs 1Y 40 Bt FreLAdas
LC-QTOF/MS wisuiisunailafunadaszs
#lanneies LC-MS/MS #lasumsiusasnn
FNT0MuNINIFIU ISO/IEC 17025:2017 e
Uszifiuamnusansazaaaiasiie Tagldmsnagau

v
t-s

ANFDONLHRIIZ TN
+ESI TIC Scan Frag=120.0V (method blank)
x10%]
§ 141
el a. method blank

N13LTI3INUHUNATAUAIINTIUI QY U
MaE1IATIEH

ENULRUNeFaUANNEIUILY (Proficiency
Testing program) AUWUIENIUNIDEIANTT LA
SUNISTUIDIANNEINITONINNINIFIU ISO/
IEC 17043:2023 nalutlszimauazarlszine
1 FAPAS aws1%e1aans, Progetto Trieste
d1579558018, UIEN WevUJiudan19nai
(Uszwdlng) 00 WarrulIgaIUITAIT LU
FNUUNATINNWINZNG (NIMT) nSITIMSNEAT
s FedaflumsuSsudisunamsiensisznig
ﬁaﬁﬂﬁﬁaﬂ’l‘i (Interlaboratory comparison)

W

uansnagauaNlElavasddieser

PNMSANNMTIATIEN method blank uag
sample blank ludedhednuazualing 10 #ia
a5 lainuassuniuiliiiansinialngidsenu
ssnaspu lagmslenzicmeiaias LC-QTOF/
MS Mmlmnsaasiniaiazasasiaiilaanunan
Fagiiena 144 wiia deensdoau Fefianudime
waziianahlumsanaiaasaulalagndas e
Total ion chromatogram (TIC) 289MTIANLH
method blank o apple ﬁtﬂu matrix blank
auaaslumnd 1

+ESI TIC Scan Frag=120.0V STD_20.d (blank apple)
£ x0%]

b. matrix blank (apple)

T T T T T T 7 T T T

10 1 12 13 14 15 16 17 18 19

‘Acquisition Time (min)

Acquisition Time (min)

Mwi 1 Total ion chromatogram 284M53tA512% method blank (a) wae matrix blank (apple) (b)
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anNga) AsUseaiod was @ Inentiun

ANIDFIRNININATTIUANNTUNUS TN IN
concentration NU peak area (response) 24
ssauladienududunsealuzng 5-100 wnlunsu
@BNSN AI9819a15 idoxacarb waz metalaxyl
auaaslunnd 2 Tasninasgrueasansnnaia
fien R* Tuge 0.990-1.00 Feaiildagluinmusi
gaNsuTl 0.99 HANIINMIUTDUANNTNTULADEN
Taansm “back-calculated concentration” Wu
ailadanuuandsliiv 200 vesanuduty
Aa3en G20819815 acetamiprid, diuron,
indoxacarb, metalaxyl waz oxamyl AUEAY
Tuamsafi 2

mstuduanugnassasgiianarsaulaain
chromatogram WFANAIBNITFOUNUNUTENIN
quantifier ion peak a8z qualifier ion peak
(I, IT waz III) wamwsmmgmﬁl RT 6.586 wac
11.306 min YaN&15 idoxacarb a8z metalaxyl
amuadu fauaaslunnd 2 danndasauinmel
Fammuanisiufuasidesnisitasiziaiy
SANTE®V

NANINAFDUTANNOBINMINTIANY (limit
of detection, LOD) #asanstaiilasiumandng
faynziiadedadiaias LC-QTOF/MS whiiy
5 W lunsSuABN5Y AUIMAT signal to noise
(S/N) fimann 3 waziiugua LOD lagmsana
ety 10 1 (n =10) NAWUENINNTIUA
1 10 7 sauaaslumsei 3 Tegiidenfauaimsia
@eUSunae (limit of quantitation, LOQ) dentynu
10 lunsuAansu

HAMSNAFDUANNULNULILANNLTHBIDIIS
faugaslumei s manuusuLazeMNTENRsEaU
LOQ, 5 x LOQ uagz 10 x LOQ b 10, 50 L@z 100
luNsuAansy 289mMsIeNeiasiaiitlaenuman
Fagity 144 wiia Tudnueswalaine 10 wiia wams
NAFDUANNUNY (%recovery) szeu LOQ #Hen
UM 77.2-119.3% wazaNuLiasan RSD iien
FLWIN 1.5-19.6% WNANMINATDUANNUNULAZA Y
eafisEauna (5 x LOQ) §ifn 74.0-119.8% uae
1.3-19.0% MNAIAU Ltazﬁizé’fugq (10 x LOQ)
fieh 74.0-119.8% Uy 0.7-17.09% MuAAU Feog

Tunaiaausu 70-120% waz < 20% aniiu abam-
ectin B1a, anilazine ta¢ carbosulfan luunniia
fatannuazualy
HONISNAFRUANNTULEUATIRIBINNIS
e51ed (linearity of working range) Wum
astaiiilasniumiadagiindruluaifidianuiy
U998 9:1319 10-100 ng/g laadivua
msenzdifumsanmidanuanudluduase
waanswﬂmmgmtﬁaqmnL‘fJumsm'%ftmmsmmgm
Taan19anen (procedural calibration curve)
FroguansmznavaiiinnagauaulFlai
waasansalaisitensiasaulagenale
Faudaslumsd s
Han1sUszaN AN N Lt Y UYBINISIA
@INLUIZBY ISO GUM Approach®’ w3a
Bottom-up Approach (Rszduemudaiulszanas
95%, k = 2) wm"]Lwia'qﬂ'smlajlmuauﬁehﬁtyﬁqm
@8 standard concentration (36.3%) (8¢ method
precision (36.3%) @1NA28 recovery (9.8%),
sample weigh (7.0%), calibration curve (C,)
(5.5%) war Volume of sample taken (5.0%)
MNTIEU saudaslumui 3 frathamsmuamn
meanyluuiuauzens (Expanded Uncertainty)
WuA Combined Relative Standard Uncertainty
(u,(X)/X) fienilu 0.044 Tunsdidadeasianuas
carbaryl Y31t 0.05 mg/kg laan u,(x) = 0.044 x
0.05 =0.0022 mg/kg NntUBENBANN LU
NAIPIUMEMIANIBA Coverage factor, k il
ssé’umwm%'aﬁ'u 95% Expanded Uncertainty at
Confidence Interval (C.I.) 95% (k = 2) la U(x) =
2 X 0.0022 = 0.0044 mg/kg MINLNUNBNTATIA
AeA 18U WU carbaryl 0.05+0.0044 mg/kg
(ﬁﬁzﬁummlﬁaﬁuﬂsxmm 95%, k = 2) lagAany
Tiwdusuiinsnuiicmaadiy Jagas 8.8 2asmineny
Fedaduiiiasiioramnannmsimsnagauany
WleiTunaznandefufisnisiesy mldle
aenuliutiuaunnenuiisse mnfiudoya
msianzariunafuaslddayaiiasiau

I a <
AN UATINNAY
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2 4106 y = 21035.683956 *x + 14707.899784
H R'2=0.99920419
2  2{R=0. )
& 1.8 TypeLinesr. Orginignore. WeightNone

o

Metalaxyl - 6 Levels, 6 Levels Used. 6 Points, 6 Points Used, 0 QCs

x10 74

1.3
1.29

Responses

y=138396.311123* x + 101284.353156
+{R"2=0.99919278

R=0.99959631

Type:Linear. Origin:lgnore, Weight:None

o

&
g

+ES1 BIC(280.1543) Scan Frage1200V sampleROS 0094 Smocth 2801543 , 000005 220.1332 , 0.0000 > 192 1383
2 x108, 6.586min. £ x102] Ratio = 14.3 (344 %)
L. E Ratio =350 (825 %)
0s. LI
[ i
08
07s. i L
07. 0s.
065
06- 0s8-
0ss. or.
0s.
o 06
04 0s.
035 o
. 03. 4
a. indoxacarb =l .
02
015 02
01
00s. o1
T T T T T e 1
& n L i 100 s8 & 62 64 66 68 1 72 74 s8 & 62 64 66 68 1 72 74
Concentration (oob Acauisition Time (min) Acauisition Time (min)
+ESI rag=1 )S009.d Smooth 528.0780 , 0.0000 -> 203.0184 ., 0.0000 -> 150.0100
2 w08 11.309 min. F x102 Ratio =264 (97.9%)
3 e T |Rebo-T88(1010%
38 £ 2
36 H
11
34 g
32 £
3 LN
28
26 08
24
22 L
2 06
18
16 05
b. metalaxyl 5 d ‘"
. metala L3
Xy 1 . 0
08
08: 02
04 o1
02
02
T T T T T 04 01
. — 71—
60 n & 2 100 W04 106 108 11 12 14 16 s 12 122 We W6 18 1 w2 e e us 2 12

Acquisition Time (min)

Acquisition Time (min)

NINN 2 é‘l"JElEi’Nﬂ’i’lWN’lGlig’luLLaz Chromatogram Ld@4 quantification ion peak, qualification ion
peak, ion intensity ratio 8% mass-to-charge (m/z) 28N indoxacarb (a WWag c) o
metalaxyl (b tae d)

Gl’li'l\i‘ﬁ 2 Linear equation sz R’ mnmsv‘hnswﬂmsmmgmwaWTaasimeLaxwalﬁﬁq 10 %0

M
Tuznedaud 5, 10, 20, 50, 75 UaE 100 WIIUNSHABNTN
Linear equation (R?)
Matrix

acetamiprid diuron indoxacarb metalaxyl oxamyl

apple y = 89689x + 226048 y = 52489x + 1075  y = 37589X + 404563 y = 138396X + 101284 y = 49346X + 23043
(0.9985) (0.9990) (0.9990) (0.9992) (0.9988)

cabbage y = 31358X + 30632 y = 5272.X + 220054.19 y = 26308X + 14621 y = 109507x + 317990 y = 36378x + 138561
(1.0000) (0.9926) (0.9988) (0.9933) (0.9901)

carrot y = 73392x + 406424 y = 56230X + 294752 y = 4043261x + 103926 y = 11753038 - 13295 y = 46363x + 132805
(0.9945) (0.9921) (0.9977) (0.9938) (0.9973)

cucumber  y = 67514x + 285462 y = 53456X + 217815 y = 35945X + 93284 y = 110431x + 387731 y = 43661x + 122220
(0.9949) (0.9951) (0.9959) (0.9941) (0.9982)

grapes y = 95098x + 333708 y = 48728xX + 223415 y = 37584x + 162191 y = 120555X + 48788 y = 50758%X + 93579
(0.9985) (0.9905) (0.9937) (0.9978) (1.0000)

lettuce y =79172x + 335949  y = 45116xX + 193429 y = 32251x + 89784 y = 1121826X + 25760 y = 41987x + 60370
(0.9976) (0.9973) (0.9988) (0.9994) (0.9999)

lemon y = 14606xX - 10204 y = 98088x + 3176 y = 8134x — 10400 y = 164635xX + 883 y = 23809x — 17997
(0.9975) (0.9934) (0.9905) (0.9900) (0.9959)

mango y = 55941x + 213735 y = 58963X — 8962 y =11996xX + 20166 y = 112544x + 293017 y = 15525X + 70750
(0.9962) (0.9925) (0.9979) (0.9977) (0.9924)

strawberry y =1.0033x + 0.3902 y = 1.0041x + 0.8509 y = 1.0018xX + 0.3826 y = 0.9952X + 0.8337 y = 0.9998xX + 0.0076
(0.9967) (0.9928) (0.9984) (0.9972) (0.9999)

tomato y =1102631x + 305788 y = 122626X + 879648 y = 36701x + 11881 y = 180865xX + 1932336 y = 48780X + 192210
(0.9920) (0.9905) (0.9970) (0.9914) (0.9962)

650
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lagwa3aeiia LC-QTOF/MS aayel A3Usesnu waz Id Inentiun

o

9199 3 ANuuNY (Mean %recovery) AaNuLied (%RSD) wazanuduldunsswaedimsiesneg
(linear of working range) vasmsenzvasiaiillasiumindagiiyludnuaznaling 10 #iia

Accuracy & precision (n = 10)

. S/N
Matrix at LOD 10 ng/g 50 ng/g 100 ng/g

%Recovery %RSD %Recovery %RSD %Recovery %RSD
apple >3 77.2-119.8 3.9-19.1 77.2-119.8 3.9-19.0 77.2-119.8 3.9-19.3
cabbage >3 83.1-112.6 3.3-19.3 83.1-112.6 1.3-5.4 83.1-112.6 0.7-17.0
carrot >3 73.5-118.5 1.8-18.7 73.5-118.5 1.6-18.6 73.5-118.5 1.3-8.2
cucumber >3 74.0-115.1 5.56-19.0 74.0-115.1 1.1-4.6 74.0-115.1 1.1-14.9
grapes >3 79.9-119.9 2.0-12.0 79.9-119.9 0.3-3.3 79.9-119.9 0.4-10.9
lettuce >3 80.2-119.1 4.8-19.2 80.2-119.1 2.1-15.1 80.2-119.1 0.7-4.5
lemon >3 79.1-116.1 1.0-18.8 80.0-116.1 1.8-15.8 79.1-116.1 1.4-10.6
mango >3 79.8-119.3 1.8-19.8 79.8-119.3 0.8-6.3 79.8-119.3 1.5-15.2
strawberry >3 89.9-117.8 1.9-11.6 89.9-117.8 0.9-13.3 89.9-117.8 0.8-9.2
tomato >3 87.2-114.9 1.5-19.6 87.2-115.0 1.0-14.8 87.2-114.9 1.8-19.9

viewma: 1) Signal to noise (S/N) ratio at LOD = 5 ng/g (n = 10)

2) Apple: sl accuracy & precision agjuaﬂmﬁaLﬂmﬁﬂauguﬁvgns:ﬁummLﬁ'uil'u 1#un abamectin B1a, anilazine
uaz carbosulfan i linearity of working range agjuamwﬁammﬁaan%’u louA abamectin Bla, anilazine
waz carbosulfan

3) Cabbage: #1573l accuracy & precision agjuanmﬁaan*ﬁﬂﬂu%’uﬁnnizﬁummL“fl'uﬁu 1&un carbosulfan &3l
linearity of working range agjuanmﬁammsﬁﬂau%'u laun carbosulfan wag anilazine

4) Cucumber: &9 anilazine & linearity of working range Tuzhe 20-100 ng/g

5) Grapes: s accuracy & precision ag’uamwﬁammﬁﬂau%’uﬁixﬁu 10 ng/g l@uA abamectin B1a ua¢ anilazine
ﬁvgmzé’umwmﬁuﬁu 1eun carbosulfan &5 abamectin Bla i linearity of working range lu#39 20-100 ng/g
wazds anilazine HaNdudunsezi 50-100 ng/g M5 carbosulfan lifigreanuiudunse

6) Lemon: @571 accuracy & precision aﬂuaﬂmﬁamm‘ﬁﬂau%’uﬁnﬂszﬁumwtﬁ'uﬁ'u 16uA carbosulfan

7) Strawberry: §157ifl accuracy & precision agiuanmfiaan?ﬁﬂau%’uﬁvgnszé’ummtﬁuﬁu laun abamectin B1la

wae carbosulfan

Recovery Sample weight
Sample volume

9.8% 7.0%

5.0%

Co

_5.5%

Method

precision Standard

36.3% concentration

36.3%

d' [ 1 o U ] ] a I'd L4 v
NN 3 daaIuYBIBIAUsEnaULTEIA NN I WU YRIM T IR carbaryl Tunuaseals (apple)
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nanstSautieudsednSainnsieszi
ﬁ'mm%}m LC-QTOF/MS ﬁ’ULﬂ%"BQ LC-MS/
MS itaUsziiuanuiniisnfurasndsaiian
2 51l lagmMsienzimaenalunudsea nuau 40
fhathe dmsumatefinsany S 4 Greeha

wuFsziaeeny Ussiiunaloaldan sdifference

LURBBNSUMSINZIN < 20% WUIMIIUATIEA
A v A A & A o . ' '

nleania3eaiian 2 #iia i sdifference ag5:1IN
1.60-17.84% #aglunarisansu waziiad e
as1aliny 36 MIBEN ATIAUNUAIELAIBIHENS

2 FUG WWULHEINY AALFNI UMD 4

Ml 4 wamensiasiaiilasiumiadagizandsludnuazuald diate3as LC-MS/MS uaz

LC-QTOF/MS Tunudszan

Concentration found (ng/g)

Matrix Analyte %Difference
LC-MS/MS LC-QTOF/MS
blue berry boscalid 20.64 20.97 1.60
omethoate 54.92 64.72 17.84
penconazole 78.83 92.42 17.24
Chinese cabbage pyraclostrobin 8.73 8.59
grapes amectoctradin 8.03 8.66
indoxacarb 8.03 16.89
water spinach oxamyl 38.68 37.76 2.38
propiconazole 67.70 60.00 11.37
msnadeuanuiteddgynieadares  asld o wesnd B 14 2 @15 ude

MIIATIEVES indoxacarb wuaz metalaxyl lu
apple fiszdu LOQ (10 wlundudansn) 1hYaya
#leannmsh method validation fildannmsitae
Tasiaiasiia LC-QTOF/MS uaz LC-MS/MS
Taams3asey 10 91 (n = 10) daudaslumsd 5
§5 indoxacarb i@ mean+SD 2IMIIATIEA
Usanalasaiasiia LC-QTOF/MS uaz LC-MS/
MS AU 9.4240.48 AT 10.1240.62 WlUASY
#Bn3N wazd)5 metalaxyl Henilu 11.00+1.37
Waz 10.7740.79 WIUNSHABNSN MUAIOU M
NAFDUANNAUHTIAYVDIANNUANANITHINA
AaNNulsUsIu (variance) waviaya 2 g0 loald

F-test Miuue F 2aNd19 indoxacarb Lag

calculated

metalaxyl 9nadumsh 1 azloen F = 2.686

calculated —

WAL 3.084 NSOV LD nl = n2 = 10 lALMVUAA

AMNEDNUT 95% (O =0.05) lI§ F_. . =3.13705%

critical
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7 U 67 atfud 4 ganaw - Sunau 2568

Faya 2 g Aldnnmsianevilaglfiaiasia
LC-QTOF/MS waz LC-MS/MS lifianuuaneng
gasanaNNulsUNuadnitaa Ay Nana
mmsnadauanuiitadanlealy t-test
TuMINaEaUANNLANGNTENTINADEE (mean)

NNFNNSN 2

calulated
'

wmﬁaga 2 40 Tosauue t
way SD

indoxacarb uas metalaxyl innualaynnu 0.556

NAFNNISN 3 e SD 245

pooled pooled

Wae 1.118 MNa9U Azl t =0.29 WAL 1.78

calulated —

MUAAU LD degrees of freedom =n1 +n2 - 2 =18
TagMuuUAMANNTNUN 95% (OL= 0.05)@ %

laan ¢ = 2.101 ko t Woan t

critical calculated critical

4 2 &3 W3ataya 2 ga Nlannmsienzy lagld
t@5a9da LC-QTOF/MS uaz LC-MS/MS

TinuanuuanawasmmasaeniitssAynNaae
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M1 5 WM INAFoUANNTUEHIAYNNTDAILUINHANTIATIEHENS indoxacarb waz matalaxyl
Tu apple filanniasas LC-QTOF/MS waz LC-MS/MS

Result (ng/g) Spike at 10 ng/g

Replicate indoxacarb metalaxyl
LC-QTOF/MS LC-MS/MS LC-QTOF/MS LC-MS/MS
1 9.02 10.50 9.35 11.53
2 10.62 10.65 9.25 11.88
3 9.30 10.23 13.34 11.08
4 9.50 9.88 10.65 10.87
5 9.24 9.80 11.78 11.49
6 8.91 10.33 11.93 11.10
7 9.21 8.56 12.70 10.61
8 9.03 10.05 9.36 9.99
9 9.74 11.01 10.82 9.21
10 9.70 10.21 10.87 9.98
Mean 9.42 10.12 11.00 10.77
SD 0.48 0.62 1.37 0.79
%RSD 5.08 6.15 12.42 7.32
Min 9.02 8.56 9.25 9.21
Max 10.62 10.65 13.34 11.88
Median 9.27 10.22 10.85 10.97
F _ (sp)? . p
calculated — m ; SD; > SD, Jumn 1
(mean; -mean,) o
teaiculated = T 1N quNMIn 2
\/(n_l-l'a)SDpooled
SDpooled _ \/(nl—l)xSD§+(n2—1)xSD§ SUMST 3
(n;—-1)+(nz-1)

dMSUMIMIUANAMAINAEUBN

quality control) l@tzn5ruMsNadaUANNTIUIY
Aumhenuilasumsiusasnuannigiu ISO/IEC
17043:2023 UsztliumamIea z-score LNEIAEDNSU

Iz < 2 HAWUNMTIATEAES L UUBUINE 144 BT

(external

17025:2017

A1 z-score BEILNWIN -0.67 D4 1.18 TIDE
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& [ [ dl <
Tuinavisansy avuaaslunisned e Wuns
HuduINNITIATLEMI8A509 LC-QTOF/MS
AANNYNADUNIIEINULTDANIDINUNINTFIY

Waslfuanisnedauuazdauliiay ISO/IEC
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AN 6 HANSITNTINNATDUA NN YN UNUIEIUAN 9

PT provider matrix analyte z-score
FAPAS 19409 spring onion acetamiprid 0.4
fenhaxamid 0.7
spiroxamine 0.3
tetraconazole 0.5
Progetto trieste spinach atrazine -0.23
VF4800P boscalid -0.02
linuron -0.24
NIMT-PT-0OA-009 apple ametryn -0.67
atrazine 0.67
Central Lab Thai choy carbaryl 1.18
PT08-6707 oxamyl 0.88
DOA: 2566 ME mango atrazine 0.7
azoxystrobin 0.4
carbaryl -0.1
a 4
QI

-7 a o v a o
ASWAUITUazNadauaINN1E leuaads

a I'd = Yy % o 4 & a
Aesviaseiillesnumiadagiy 144 wila Tu
Hnuazkalimamailn LC-QTOF/MS laal#is
035374 QUEChERS lumsanadadie wans
NAFBUNUNNMTANNAMINTIANY (LOD) t¥nu
5 INUNTNADNTN LATAMTANNAYDINTIABIUS N0
(LOQ) whiu 10 inTunsuaansy ianaududuns
YDA NMTILATITHIEUIN 10-100 N UNTNADNTN
ANNUNULBLANUNENNUENNAIY %Recovery Wag
%RSD agluinamisaniy SANTE® mamanyas
adad o 2 & o % a P
a5 nWaauilarnso lu1ges193asev

dl = = Y| % o %] -7 = v
wamuSinaaseiiflasnumiadagiizanaialy
HAWALHA LN MUNTENTUYRDIMT W.A. 2522
UseMANTENTNENTIIUGY (a7 387 W.A. 2560 134
INSNNASNENNAN IFNNANIUL LT MrUe
pasdFanaansisananniila luanmsamsuing
AUNANMNNTNEAT N laMrueUSHIaaEI TNy
ANANGIgAnIa default limit N52aU 0.01 FadnTu

T a w G w 1 w [~ 1 3 Vv

@anlansy (M58 10 W lunsuaansy) Wumasnu
WWBMUUAAIAMNAMINTIVINBNUSINN (target
LOQ) UaIMadauaMNLNULaZANUNEN TINNG DY
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W25 signal to noise ratio ABNNINNT 10 quly
wanninumslszanamanyliuivauuads
ienedfiennaldinan method precision uaz
standard concentration (Jutladandniivhliiie
anulduiusurainisia duduanaliutiueuy
type A sansoUszanaldamshs uaz type B
Aldnnmssaundulemanasing muaiy nail
milsaanaldimansosaniulduasiamuauing
guna asnndaiaesnianaspuiisesas 5o
Muualas SANTE (Fit for purpose)®” 3%
MILe38uAIBgNEanlEIs QuUEChERS d1%su
nsanainuazwalsl daiudsimsrzduuy

multi-residue method §M50FNAFITHAILLUA

D¢

adaa

aaﬂmnﬁaasmlﬁw%'auﬁu WUMISUNNINTZNU

v
g [

yasuningniludrageilaanniuasunisan

SUMUMSATIIMsAiaeia Wy Jasdlsznau
yoauih Tusdu ledy waznsaluiy mlvasied
Jasnumindasirusiingnannaanainiag
Tdenniszduanudutiucmn wiazimsldiagamsy
maﬁﬂﬁﬁqwg (clean up) ﬁﬁé’suwamm MgSO,,
PSA, GCB uar C18 udhmu ssnlesunansznu

Minan lown abamectin B1a, carbosulfan tag
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anilazine lugaehanUssaniissauamnud g
azlianinsansiaiald dauaaslumsed 4 issan
Qmauﬁ’aLawwwaqmsméwﬁmmﬁﬂuﬁ'mﬁwms
IenedlagnsiesenamagNuuy single residue
analysis lunsdifidagreinuazualaifiumsnd
ﬁémaﬂszwuaﬁwuuuﬂ (high matrix effect)
Faunsiteszdanssnunawdanfuiiaeiiy
mmﬁwmﬂiumsﬁmﬁ%Lﬂiwsﬁﬁuﬁmmmwuag
@I

Lﬁmmﬂm‘%m LC-QTOF/MS Lﬂum‘%mﬁa
gialndnhanldasadensiidalsnn il
FasiimsuSsuieulstansmwauniasiioniing
fuindasiieiveslfuamsldlunulssiuazlasu
M3Usa4 ISO/TEC 17025:2017 A 1AS8diia triple
quadrupole mass spectrometry %38 LC-MS/MS
Taalevhmsianzimednslunulszalueiaiio
w2 wie WB3Emsafadenty deansanadilaih
Ladaaiiana 2 sflawdaniu wWisufsuanuuanes
yasrfiouazUsunadsioteszilalasldinasl
gDifference < 20% MyuaIdINAIU LC-MS/MS
(goal standard) e 1009 mawm’wméaqﬁaﬁg\‘l
2 e SIN5005INATHAITLIAFANEBINULAL
TiUSnafiuansasulaibunasinimue uananil
MMINadaunNadalagidayananisiassy
flsedu LOQ Mnia3esile 2 wila #iinaz 10 Faya
HansitaEinldaniaiasiians 2 #fie liwu
AMNLANAINAUTBIA LR A BLazA N SUSIY
aeiifadhAnmeada Jaanansoaguldiiadaiio
Filalndilanansaldnunaunueiasiiannasgiu

loapdrefiUszdnsainwuaslvnanisitasizvn
Taiuanarany unsannsznuuasiaiasiiadiil
agluwaslfiianis anseumsliuins uasiia
anuianalavasglduinig athalsianuaiagile
LC-QTOF/MS ghiigaanaamsumsldau fe
Lseaiiafig1amsiaeid 5213 5-100 W Tun3u
dandu luyaeiedas LC-MS/MS flenadhuduass
Tugae 5-500 wlunsudansun Lissainiadas
LC-QTOF/MS jindasasiasusiassiiazdud

Wantaasnusnugs Mdiiaiwssvias

fenudutugand 100 wilunudaniu azldnu
naspuidudulduazasaaiiidnvaaduduny
(plateau) ehmansmni’ﬂﬁszé’ugqﬁmﬁwmi
dilute gsafanianisanlSurndiadreive
ANNYNGBIYBIHAM TIATIEH wananiifasims
BufunaNSIALWlaen3YnT (retest) Lila
NATIANUEITANANLAUTINYBINTIATILANS
Whduasaiuy duplicate test warsanulasly
ARaEIBINISTENGINE uastnsiganSurea
A5731 %RPD daalitiu 2540 uiiadaq
LC-QTOF/MS 9:ii#194n153ta51eWauuail
Aalanf3au s iduanawasasgaesiinnuazden
wiuen (high mass resolution) #Anh LC-MS/MS
Jeanansaindszgndldlunudsziannsasia
fansaen linnuriing e (untargeted screening
method) dusunisusziuqaninaeuanle
2NIINNAFDUANINDINIYNUNUIBNIUAIN ) 17U
FAPAS d%s1%810403n3, Progetto Trieste
1519338018, FonTUINNINENUINNG (NIMT),
usHM Weasufudnisnare (Usznalna) e
(Central Lab Thai) taznxiznmsinuas (DOA)
Wudy wa z-score agﬂummfﬁﬁﬂaﬁu lzl< 2
Wludaadinszuiunisites s Rwaun s uil
fanugndauninzaninshllf el fidans
u,a::mmsnﬁﬁ%msiﬁ'ngnssmumiwam‘s%’mm
ANNANITIMNNNINTFIU ISO/IEC 17025:2017
Wafine LTt uaeaNanIsitasIzaaly
dmSumsldiaiasiio LC-QTOF/MS fianu
dgagnnniinsldiadas LC-MS/MS da n13¥h
instrument set up ‘[mmawwzﬁyumaumsﬁw
tuning ta3aeiiansunisldausniudaciinng
Wasuviatadonarsilddmiunis tuning
(tuning solution) nn 6 tiau (Uun1smli
Lndnnauauasd sy maeiivasdoeiulail
FUANUIAINTEWINMTIA 1AM A HaMTIANER
finanaieaauld uenaniinaswh tuning calibration
nn 1 teu walwle linear range asamuil
Faamauazdasi mass calibration NnAsIAaY
mmsiened teidlunms calibrate waasli
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fianuifisenswazudug Tasasuaniilddmiu
ﬁy'umaumsﬁw tuning Waz mass calibration A mass
range PHILUIN 200-3000 m/z HATOUAGNHTIA
MsfidasmInnaia dmsumahpinmieiaie
ANNMIMANUFLEIN ion capillary vgﬂﬂ%gqﬁau
MMSIATIEYEAI8 methanol %38 50 %v/v 289
isopropanol Lﬁaﬁlﬁ'ﬁ'uhiwxhiﬁﬁqanﬂsmﬁﬁgj
52U Warhmsenziudinuasaulafisl signal
to noise, S/N > 3 Aa9ATIATDUNITINLADSAN
tileBuduriiaansnaumsneny leun retention
time (ART < 0.1 ¥#), ion intensity ratio 5¥%IN
quantification peak oz qualification peak 284
assulanazasuasgIuaasuanaINnuilaanii
30% LLazgﬂ‘S"N‘ZIEN peak “?l'vlﬁlﬁnﬂblu extracted ion
chromatogram ﬁaqﬁmifvﬁauﬁuﬁu‘[maugstﬁ
msnanuaznagauaNulglareditiesey
asaiilasiumiadagigludnuazualilaslsy
Lﬂ%:mﬁa LC-QTOF/MS ﬁﬁwﬁuﬁy UaNAINAL
annsoih lWlFnuamsumsesalwnsians 144 oiia
ldud Faannsaiiaiasiialiuszgndldluns
Iezidalsinalagmsvenevauineziinesds
Tiasauaguiingdulduaznsnnaienesiuuy
fansashlinnuniiaas (untargeted analysis)
@gaunwladnee saudanIsyanssusesany
dusaveslfuanisernuiasgiu ISO/IEC
17025:2017 tila Wl namsinzinsienuh@aie
mﬂﬁ%wuammwﬁtﬂumﬂa Anamwaaeainaiio
%il high resolution ﬁawmsmiaaamiumsmm
Jeziamsuaanuaznmsiudulssnnviosiie
21msluiagussasdnne g (food authenticity)
Talusman naiinsiesziormsiasldndnms
‘vmaﬁﬁu,azmsmnﬁ'ﬂNaaawsﬁﬁﬂawuutﬁuﬁwgqﬁ
Wudslwailudsemalng Tagluilagiudalad
wiheoulefdaliuinisasraiwszisens
fana1 Fensudnerdansnisunndarnisely
1A309iin LC-QTOF/MS Wanndnamumsnsia
Jeszvionslumnsseeslsanada lU
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SEANEER AN NMIHALILAENAFBUAN
Hldwaaisanaienzimsiaiillasiumiadagiy
144 #iia Tunuaska LAewmailn LC-QTOF/MS
NAMANYMEYRIITADAAG BN UNINTFINIT B
Uszinauazseninysemnd Taeien LOD waz LOQ
Wy 5 war 10 TUNSNABNSN MNIOU BN

o | 1

e5zvatsEnIN 5-100 W lunsueansy Wuds

u

[
=]

PHUSEENTMW @IN1500579LAEVNISANAINYB
= Yy -7 o (-7 -7 = | v ] v

anseiiilasiumiadagisluzavinalaadiegndas
FaN N ez NNNWZADESTIVING NANNLNY
wasaNueaglunamisanuasNIngUssana
winzaunazh lldasnaienzdludesdfuams
WHBAIVANAMAINNINTFIULAEANINUABANE
ga901sUsennanuazualy W ldlgdnsuila
TAUSNI5YRINUILNIUFINSTUNITASIAILATIER
WU WazdaaEINITo lEI505INAZW IS
d < ¥ v a - °

wiaiumsdnasasuslaanialglulaseinsaisns
HAMNMTONANYNEISLAN D UATIENBUSENBUMS
USNFINMSFTLANNMNMTLNEAT IUMNTIN LG

Aecanssndsena

YDYBUAD WNAL UNENNNBN BAAEENNIEMS

u
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Development and Validation for Analysis of
144 Pesticides in Vegetables & Fruits by
LC-QTOF/MS Technique

Akarapitch Siripraparat and Weerawut Wittayanan
Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT In agricultural production, the widespread use of pesticides to prevent, eliminate, or
repel pests has been greatly increased. As a result, vegetables and fruits may be contaminated with high
tendency for the pesticide residue to remain in the food, creating a risk to humans. Therefore, there
are many attempts to monitor this residue in food materials and products. In this study, liquid
chromatography-quadrupole time of flight mass spectrometry (LC-QTOF/MS) was selected for the
quantitative detection of the simultaneous determination of 144 pesticides in vegetables and fruits by
using the high resolution full-scan acquisition method. The extraction experiments were validated
with QUEChERS method. The limit of detection and quantification of the validated method were 5 and
10 ng/g for the pesticides, respectively. In particular, each sample underwent ten analyses of fortified
pesticides at three different concentration levels: 10, 50, and 100 ng/g. Consequently, the recoveries for most
pesticides in particular matrices were within the criteria of 70-120%, with a relative standard deviation
(RSD) lower than 20%. Furthermore, this method's linear range can be applied from 10 to 100 ng/g
(R?>0.99). Participation in the PT program to evaluate the method performance for external quality control
showed satisfactory z-scores (|z| < 2). Additionally, a significant number of routine samples were checked
and were compared favorably with those from LC-MS/MS accredited methods. Based on these results,
the method’s validation to detect and quantify pesticides in vegetable and fruit matrices for regulatory

proposals and health warnings was entirely successful.

Keywords: Pesticides, Vegetables and fruits, QuEChERS, LC-QTOF/MS
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#151@N: acetonitrile HPLC grade (HPLC,
Merck, South Korea), methanol HPLC grade
(Supelco, USA), formic acid (AR, Fisher
Scientific, UK), ammonium formate AR grade
(Sigma-Aldrich, India) uaz 11 RO Type I iien
resistivity 5¢%#IN4 10-18 10 laWN-LTUANAT

§15019330U: paraquat ez chlormequat
tN30IHAB19895UT8Y (Certified Reference
Material; CRM) (Dr. Ehrenstorfer, Germany)
Wuasniasguluguindenaslsd paraquat
dichloride AMM3ENS 81.57% Aanwlaiutivau
1.63% oz chlormequat chloride ﬂ’J’lNU%&jﬂg
98.19% AaNuluuluay 2.33% nawih lUieszi
muuaNNENdulieglusl paraquat cation

ez chlormequat cation

Lﬂ’éaqﬁauazqﬂﬂszﬁ

LA309 Liquid Chromatography Mass
Spectrometer (LC-MS/MS) §5UaI9@IER
rilauasUIana LC 51 1260 series (Agilent,
Singapore), MS/MS i;u 5500 QTRAP (AB Sciex,
Canada) analytical column: Atlantis®HILIC
Silica, (2.1 §aaLNAT x 150 Naaung, 3 lWlASHAT),
column oven: 35 aNFNBLTEd, 0.3 NadaNIAUNTN,
volume inject: 10 Tulasans, mobile phase A:B
(20 i9dlua1$ ammonium formate: acetonitrile)

ww3pedeluifiianaziden 0.001 n5u
dmSuramag uazieiaenalnihenuazidan
0.01 §aan3u (Sartorius, Germany) Tch‘lri%'uf}'q
ININIFTIY, Lﬂémum{]ué’mﬁw (Ronic, France),
ww3atluanaznan (centrifuge) (Thermo Fisher,
Germany) AM¥3358U 9,000 58UARINT, LA3D9
wqui‘]umaumsazmﬂ (Vortex-2 Genie, USA),
volumetric flask %ila polypropylene (Isolab,
Germany) 2116 10, 25 L8z 50 Naaa§5, micropipette
(Eppendorf, Germany) 2110 20-200 lulasans
UWaz2UIA 1-10 Naaand, screw cap centrifuge

tube #1@ polypropylene (Vertical, Thailand)
2UIA 50 BAANI, micro-spin filters %1 nylon
(Vertical, Thailand) 21a 0.2 luasau, vial
#1@ polypropylene (Biofil, China) 2u1e 1.5
198305 way syringe 2110 6 J9dans wiay SPE

adapter
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msanwiildiudSagadudunudiagie
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Thingahenuszaa Uanulden sufiuiunnaidn
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(D asduasilinumsandesasansmaaiuialy
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Alansu %10y blank sample uazdruiganimiin
Uszane 3.5 nlansu dusulesey ILC samples
laun test sample 1 Lﬁumsmmgm paraquat
uaz chlormequat fiszduanuuduziinas 100
lulasnsuaailansy waz test sample 2 tiw
1301033 )U paraquat ae chlormequat ﬁ‘sz@ofu
ANNLENLIY 50 Uz 200 WWlasnSuABNlanSN mMuaIaU
nnvumunanliiuils e suluniasuauas
PUIAUTIY 10 805 duAI8EN blank sample, test
sample 1 Wa¥ test sample 2 MIFuFIBENT 3
e lumMaug (VY NN a19) AMWNLNaE 10 NS
Lﬁ'amaauLﬁaqﬁuﬁauuﬂwsiﬂﬁam%nwami
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M 3 munis dasiien %RSD tasni1 25%®
Fahautsussald wlsussadadslasds ILC
sample 1hwiinzanas 100 n3u Yashudwusiuee
Wi parafilm GaRaINIHENIDLN test sample 1,
test sample 2 MUIUMBENBL 30 210 METHE PAL
001 - PA1 030, PA2 001 - PA2 030 a8z blank
sample MUY 15 270 Masid PB 001 - PB 015
daudaslumand 1 iunmluguiidonuds
(auugi < -15 avAnsadad) (Cooling Line
Innovation Co., Ltd., Thailand)
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m397 1 anudsduithminezesansmiafoiizngueanly ILC sample

ANNLTNAY
Madg WA (lulasnsusianlansan)
paraquat chlormequat
test sample 1 PA1 001 - PA1 030 100 100
test sample 2 PA2 oo1 - PA2 030 50 200
blank sample PB oo1 - PB 015 0 0

mﬁmeﬁmiﬁﬁmi’ﬁﬁﬁmjwmam
SailasmumsiezilsHs EURL-SRM
(QuPPe-PO-Method); Version 10.1 (2019)*
Faghoeharinuazwals 10.0 n3u aslu centrifuge tube
2110 50 ml Fnth 1asU 1009 28960ens Tneann
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RNsanenuEy (%water) NI TNUFAUAINN
Tagunmspesennsing nsuawsis (2018) tude
vortex mixer WU 1 W LGN acidified methanol
(1% formic acid lu MeOH) 10 §iadans tuee
vortex mixer 111 1 17 wehaatiios Tu water bath
(WB 22, Memmert, Germany) ﬁqmwgﬁ
80+2 paenaded Wy 15 Wi e 3liEuR
RN RGN wagum’ifmﬁmm(%a 3,000 58UABUNT
ﬁqmmﬂﬁ 4 ByFNEALEEE WY 10 W gaaITazane
dauld Uszanae 1 188905 ldvaae micro-spin filter
0.45 lulaswns #iia nylon wyuwissiienud
9,000 FBUADUIT 4 BNALBALBEE WU 10 UIN
masazarsiinsasldlduranaraindys vuia
1.5 fadans wluasrasalsuiadiaiaias
LC-MS/MS (1260-5500 QTRAP, AB Sciex,
Canada) lagd LOD = 0.005 §adnsuaanlansy
war LOQ = 0.01 #adnsudanlansy A5eums
nagauauldlaveds wasiduisuasgiud
TFlunsasiaiessiarsnaaiziisnguaae
Tudraginuasna livasdingunwuazay
Uanasfoans siumlasusasamuaansamuszuy
AMMNINNIZIU ISO/IEC 17025:2017 ¥89d1HN
NNIPUHBIUHUAMS FMIMIVANAMMNINTATI
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test)”

@agn ILC sample 1UIU 10 20 NG
wuuddase (random sampling) WaINIIATIER
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EURL-SRM (QuPPe-PO-Method); Version
10.1 (2019) ALASUNMTSUTBIAINEINITOAH
15337 ISO/IEC 17025:2017 Toammsianzi
2208 2 71 WUU random WAAFMIMNANNEDR
Togl# Cochran’s test ianagau within sample
variation Mntunagauannfluiiaderfuas
ISO 13528:2022 Mnaidssunaspuszuin
Mot (between samples standard deviation; S,)
WU S, 2aanNEMTIANNMUBENT 0.3
#949@1 standard deviation; G #8434 ILC (G )
aguldhdedniedanduiianuiuiladeaiu

t¥NeddN (adequately homogenous)

MINAFaUANINAIA (Stability test)”
ANNAIAITBIUTINAUENIMAN I NINGNAIDH
Tushethanaaau dufiumad 2 anne Tdud anne
Wenuwuumazuas loagn ILC sample wuuddse
i 3 ma ldlundeslaneliigamafifiing

AIUANGNUNANN 2-8 Berialded Tugifiu (Hitachi

4 R-Z380VX, Thailand) ¥u 3 Tu walLhu
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ANNINITIMNNNINTFIU ISO/IEC 17025:2017
PEUNNAIFIURIUFTRNS nsudIneenaas
MIUNNTUa? UIAINIUSEULRBUANNLANAI
SEWINANADEVDINAILATIEENDUFIA1DEN (7))
= v a I'd < 4%' = [ [

#Falaanwanisiwszianuiluiiadadnuny
' a a A ¥ o o A o v
ALRREYBINDILATILHN LONAIAIAIUNNINUA L9
FNTNNDUKD (V) DIWUIINAILANAINTZHWIN
V. uar Vo (7, - ¥,) Uasnd) 0.3 289A1 O Y83
ILC (G, Waguladndadieiaiuaaad
WinzaN (adequately stable)

MIMAIMBUA (X7 c) wasnsUssdives
AMMrun (assigned value: XiLc) Tden x*
(robust average) MNHAMIIANZHBINDIUHTAMS
FNFNNENINNING lagR50n60e blunder
ilenannnd 10 hassmmuue eualesly
robust analysis: Algorithm A #4 ISO
. (10) 1 A o 4 v 1
13528:2022 unIANTIIUIUTDY BN
12 @ Wldemuuenlaanndesdfidns dniin
AuMwuazaNNlaaansa1ms laaldar grand
o v I & = [
mean filaannisnadauanutiutiiatderiu
(homogeneity test)
AdeNtuuNInIgI UM stlIauLisuna
32N INYWNHUANS (standard deviation for
interlaboratory comparison assessment; G )
Usziliuwamsitaneiludagnadauisneu
NnialHuamsaansn sHrwsumsilSsuiauns
1 v a vVa d‘y Y A vV
szl fuanmsiilatdanlyd general model 210
Horwitz’s equation modified by Thompson
twaa e tdasuunasgIuihvunad iy
anudnduane 120 lulasnSuaanlansuauly
AMNAUMLTENIUUNATTIUNINTNNTN 1

_ 0.8495 1
G,. = 00 (1)

SVSUANNINTY Hasn 120 ulasNINGD
Alansy MLl UUNNIFIUNNTNMTN 2

G, = 002 (2)

log ¢ @9 @ assigned value uaneluzl
concentration ratio
meanuliniuaunsgIuree) assigned
value (standard uncertainty of the assigned
value, u(xILC)) d19 paraquat Iﬁ'ﬂ?’iﬂismm
manuldwiuauinasyuasmmuuaniumwes
29991180 (consensus value) a1n robust

algorithm A Tag@muianaumsh s

1.25x 8* (3)
\P

Tos S* @ robust standard deviation

U(xype)

minalagld robust algorithm: Algorithm A
p @a NIUTBYS

dmdumsiisnnudayaiasnh 12 o 1¥ms
Uszanamanwuliuwduaunasyueesmmmuaile
NNl Juamsanauawwazanulasany
21935 9M¥35 ISO GUM”

mMsUszidunaandnazlada z-score w3n
z'-score ﬁQﬁl

z-score YDIVNBNUHUANTENTN MuIuan
aUMh 4
Xi—XILC (4)

Z =
gILC

z'-score 2DINANUAUAMIFNTN AN
annman 5

Z = > > ; WD u(xILC) > 0.3 O11.c (5)
O-ILC+u(x1LC)

Xi @@ reported result
XiLc @ assigned value
Oi.c @9 standard deviation for
ILC assessment
Ux;c) @ standard uncertainty of assigned
value
o o d .
oz +u2,,, Ao Audeavumnasgiuan Horwitz’s
equation s unUMANNLNLULDY

2DIAIMAUA

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Interlaboratory Comparison of Herbicides Testing

Rattiyakorn Srikote et al.

ToewnasimsUszifiunasndn Ansandad

lzlv3alz' | <2.0 LEAIIIHBILATIZHEINITD

gausule (acceptable)

2.0 <1zI938 12 1< 3.0 LFMNHAIATIEHUI T
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lzI¥38lz 1=3.0  wdasnuadeNeilianing
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W

Tuduasumsiadondiadraiistidudsed
vaazdsauazuanliifudadsrfuudrnnnsia
Sieszidiiioadu wuhasalinumsandiasans
ﬂtjuﬂ’)’ﬂﬂﬁﬂﬂlu"&lBU‘li’ltlmﬁLﬂiWﬁ“fIzﬁ 4 iio Gy
ausananldifiudiedre blank sample la
11 aens blank sample Wiy 2 d1 uAazdIULHN
§ININIFIU (51'\‘15 test sample 1 L@N&)S paraquat

waz chlormequat S2AUANULTNTURLASE 100

lulasnsuaanlaniy uaz test sample 2 LANES
paraquat Wag chlormequat S¥QUANNINTY 50
Tulasnsudanlansy waz 200 lulasnsuaanlansu
MUAAU MMNTFNAIBEN test sample 1 NUIU
10 270 vanaLay PA1 004, 007, 008, 011, 014, 019,
020, 023, 028 WAL 030 WALEHNAIDEN test sample
2 waneLay PA2 001, 006, 008, 012, 015, 019, 020,
024, 027 UAZ 030 TNMFIATEWTIaEEE 2
NNaMIIANAINAUNNEDalaald Cochran’s
test tilanadau within sample variation nagau
anuduiiadeniumy 1SO 13528:2022 M
ﬁhLﬁ'mLuummgmszwj’mé’l’aaﬂw (between
samples standard deviation; S,)"” wu S, 283
NNNEMITIUATILHAAERENT 0.3 28961 standard
deviation (G, ) fatiuGIataseaEudTaM
Lflj_lmfl’a WWennumanzay (adequately homogenous)

Aanaaalum N 2

9199 2 wamsnagauanIuilaideInuresiunse test sample 1 uag test sample 2

test sample 1 (lulasnsusanlansu)

test sample 2 (lulasnsusanlansu)

. o . paraquat chlormequat . o paraquat chlormequat
FHaaIaeN R G LREE RN
replicate replicate replicate replicate replicate replicate replicate replicate

1 2 1 2 1 2 1 2
PA1 004 106.7 113.5 109.5 102.4 PA2 o001 50.6 49.2 203.9 211.5
PA1 007 101.3 111.4 103.7 110.5 PA2 006 53.9 57.1 215.7 213.8
PA1 008 109.6 104.2 108.3 105.7 PA2 008 53.7 50.0 204.0 208.3
PA1 o011 104.9 107.5 102.5 104.4 PA2 012 51.5 52.1 200.8 205.7
PA1 014 104.4 106.3 100.1 103.6 PA2 015 52.4 52.8 205.2 214.3
PA1 019 106.3 107.8 111.3 111.4 PA2 019 52.7 58.4 216.1 206.1
PA1 020 103.3 106.3 106.0 107.7 PA2 020 50.0 48.6 215.4 206.1
PA1 023 111.1 106.8 111.8 108.2 PA2 024 50.9 50.4 205.0 204.9
PA1 028 104.0 107.6 107.1 108.0 PA2 027 54.2 49.6 205.5 201.7
PA1 030 110.3 110.9 105.4 104.1 PA2 030 55.4 49.1 204.4 200.2
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. o . paraquat chlormequat N paraquat chlormequat
FHamaIae RV GLREE RN
replicate replicate replicate replicate replicate replicate replicate replicate

1 2 1 2 1 2 1 2
Mean nomo (}71) 107.2 106.6 Mean pnomo (}71) 52.1 207.4
Cochran i 0.602 0.602 Cochran o 0.602 0.602
Cochran .u 0.442 0.366 Cochran . 0.325 0.247
XiLc 91.5 106.6 XiLc 47.8 207.4
Cc 20.1 23.5 Cc 10.5 42.0
S, 0* 2.1 S, 1.1 2.6
0300 6.0 7.0 0.3 00 3.2 12.6

Ss<03 O Passed Passed $s<03 0 Passed Passed

vinee: ‘Mean Square Between (MSB) < Mean Square Within (MSW)
Mean,,,,, (V) @8 @wadsnnmanadauanuiuiiaideny

Cochran .

Cochran .,

nniuhmsdeiathmasaulUliiaajiams
(sample distribution) ﬁﬁmﬂﬁﬂ’amiﬁuﬁ'\imm
UszandzaanasdnTunagaumstlsauiiauna
5en Il URMS @smInizigngumianly
fuslss Sy 11 denlFians msdudiad
fideuds smSudeliaandnidrsinuazinds
Fethansauanasiiendas laun memsienansi]
Boe§uAmslasu wuunauiumaene Az
WUUSIBIURANITILA A LANURIUFURNIS
fiatasthmeasauamutng lasmathadausms
Jadauuudnmaamaiin 2-8 asmnuwaides Tudud
13 NNTIAN W.A. 2568 UazLAMUUaTINana UMy
Juil 31 unmew w.a. 2568 WasFiGmsannan
nnuisauiuuazudeihlddudediiogluanin
WNZFNOUMTIATIEN

nasnnvasUfudmssnsnnauSauiay
NAIZHINHANUHUAMINBNUNINITIATIZHLE?
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WMBENIINAFBUANNAIGIMETY 7 T Vasan

v
Vv I

Tugavhenmuualiamndnasuns laaguaiadig

bl

@8 Cochran critical value at 95% confidence level (p = 0.05)

@8 Cochran critical value 31nM5AIUIN

WUUBESE L ENAFIUATINAITIIBIFIRENIT 2 Nz
g8y 3 170 MM 2 2 lundazdaaehs
Idun fannzaamgil 2-8 asenwaided iunm
3 §u tiadsunuuanzaus Tog test sample 1
dueleee Maneay PA1 002, 016 Way 027 ude
test sample 2 WY PA2 003, 011 wuaz 023
uaxﬁamazqmw{]ﬁ <-15 peAalBed lae test
sample 1 guAIBEN MINELEY PA1 013, 022 ude
026 Waz test sample 2 vanaLey PA2 017, 018
waz 029 IeNzimeISiaenumsnagaua NNy
iladeniu udnhmmenelaanuSsudisuan
LANFITENINAREEYBINEIA W aude I8N
D Feldannuamsiensdanuduiiadaiu
fueiaaupraIeNinlanasnniufimmual
dngnaauwna (7,) NUNHAUONANTEAIN y, uag
y, (1Y, - ¥,1) penil 0.3 wesd standard
deviation 289 ILC (G ) farudasaiiamuasd
tWNEaN (adequately stable) daudaslumsad 3

way 440
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MINN 3 HAMINATDUANNAIMIUBINUKTI test sample 1 Ude test sample 2 NaANzaUNYN 2-8

asealded Wuna 3 u

test sample 1 (lulasnsusanlansu)

sHamadg

paraquat

chlormequat

sHamaee

replicate replicate replicate replicate

1

2

test sample 2 (lulasnsusanlansu)

paraquat

chlormequat

replicate replicate replicate replicate

1 2 1 2 1 2
PA1 002 102.3 96.7 104.4 104.0 PA2 003 51.7 52.7 206.0 206.6
PA1 o016 104.4 106.1 105.1 102.9 PA2 011 51.7 49.5 204.8 200.5
PA1 027 108.5 99.8 106.1 99.5 PA2 015 50.1 50.0 199.6 204.9
Mean , (}/,) 102.2 102.6 Mean , (}/,) 51.0 203.7
Mean ... (V1) 107.2 106.6 Mean ,,, () 52.1 207.4
Gc 20.2 23.5 Cic 10.5 42.0
0300 6.1 7.0 03010 3.2 12.6
')If)’z' 5.1 4.0 Iyl—yzl 1.1 3.7
S -7
1 2 1 2
Passed Passed Passed Passed
<0300 <0300

AN 4 KM ITNAFDUANNAIAIYDNUKT test sample 1 waz test sample 2 NaAMzRUNHN <-15

NIV GIGEG]

test sample 1 (lulasnsusanlansa)

test sample 2 (lulasnsusanlansun)

o o paraquat chlormequat o o paraquat chlormequat
INENIDYAN IRFAMIDEN
replicate replicate replicate replicate replicate replicate replicate replicate
1 2 1 2 1 2 1 2
PA1 013 101.3 99.7 103.4 101.0 PA2 017 51.7 52.7 202.0 202.6
PA1 022 103.4 101.1 106.1 99.9 PA2 o018 51.7 49.5 199.8 200.6
PA1 026 107.5 99.9 105.4 99.6 PA2 029 50.1 50.0 199.9 203.9
Mean (372) 102.2 102.6 Mean (372) 51.0 201.5
Mean ., ) 107.2 106.6 Mean ., (}72) 52.1 207.4
Cc 20.2 23.5 Cc 10.5 42.0
0300 6.1 7.0 0.3 00 3.2 12.6
|y1—y2| 5.1 4.0 Iyl_yZI 1.1 5.9
-7 ¥
1 2 1 2
Passed Passed Passed Passed
<0.30 0 <0300

MsnTINMTaUNaTznINY Il {UuRMS

TueSaiifiviasUfuamsingin My 11w uag

ABUNNAUNITY 11 UV M INAFDUES paraquat

Tu test sample 1 Ua test sample 2 HvaU{uams
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msilsuiisunaszninieasd JUamsmaienziasman iz

50enns A3l waTAE

plaUssdiumdusIv 14 o lusremsnegauans
chlormequat #%a9U UANMSENPINNENUKNINT

NAFDULNEN 5 WY Wazvadlfuenms sWa 00011

FIENUNDIATIER U 3 A1 MIARNUIUKS
Pnnvaslfuaanndnnlduszidiunedusin 7 an

AALFAI UMD 5

MINN 5 WaMTIATEANUTI test sample 1 waz test sample 2 29FNTNNITITINMIUTBUNDTENIN

v a va
vasljuams

test sample 1 (lulasnsusanlansy)

test sample 2 (lulasnsusanlansa)

saval uans
paraquat chlormequat paraquat chlormequat
00001 68.90 NT 38.05 NT
00002 91.15 95.45 47.15 197.14
00003 83.69 59.07 51.24 113.20
00004A 98.80 NT 53.30 NT
00004B 97.69 100.26 51.04 204.52
00005 89.90 52.79 46.60 92.83
00006 4162.12 NT 4086.82 NT
00007 89.29 NT 42.66 NT
00008 58.23 NT 31.99 NT
00009 81.30 NT 40.60 NT
00010 121.35 NT 61.55 NT
00011A 100.10 98.58 52.16 201.89
00011B 100.94 100.00 49.217 196.56
00011C 104.48 98.44 53.46 207.26

ningwa: NT @ not test

8NINAFTDU paraquat UAIDEN test
sample 1 Uaz test sample 2 HMMUUA (X;1c)
Wy 91.5 uay 47.8 lulasnsuaailansy muaau
oz standard deviation 283 ILC (O ) ey
20.1 Uz 10.5 lWlAINSNABALANTN MUAIAU MU
Minsnunnielfuaaansn o 14
fnamsusziiuaglunanivaniule 13 é dadlu
Ja8as 92.9 uazaglulnadiliaansosansule
1 o dadusesar 7.1 drusrensnadauas
chlormequat lu@ad1e test sample 1 uag test

sample 2 Aenmvue (X;;¢) 1 106.6 Uwaz 207.4

Tulasnsueanlansy @INa10U way standard
deviation 283 ILC (G ;) awnueany liiuay
' ° a I
YRIANMINU Uy, ) FenTu 26.2 uaz 48.7
TaTasnsuaanlansy euaIou HNUIUMNTIENU
NNV UAFINDN U 7 @) Nanﬁﬂimﬁuag%
'3 w £4 U a 4 v i r's
wnaigansula 6 @ Aadusasas 85.7 aglunouei
aede 1 e Aelusanar 14.3 MIUssLiuKads
paraquat ™4 2 alegnUsziliulaaly z-score uaz
#35 chlormequat Uszifiuloald z' -score Aauans
Tuen5199 6 wazmMWN 1 waz 2
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Interlaboratory Comparison of Herbicides Testing Rattiyakorn Srikote et al.

@3Nf 6 @) z-score WAz z'-score YNIFNTNNINTINNATDUKAILNINVBNJUAMIIATILHINIMTA

Tegnguaan lusiuels

test sample 1 test sample 2
Paraquat chlormequat paraquat chlormequat
S
WoeufuRn1g EPEE—
= 2 1 2 2 = = 1 . 2 2 =
O-ILC O O—ILC + u(xILC) 262 O-ILC O 5 O-ILC + u(XILC) 487
Z-score Z'-score Z-score Z'-score
00001 -1.1 - -0.9 -
00002 0.0 -0.4 0.0 -0.2
00003 -0.4 -1.8 0.3 -1.9
00004A 0.4 - 0.5 -
00004B 0.3 -0.2 0.3 -0.1
00005 -0.1 -2.1 -0.1 -2.4
00006 202.5 - 384.7 -
00007 -0.1 - -0.5 -
00008 -1.7 - -1.5 -
00009 -0.5 - -0.7 -
00010 1.5 - 1.3 -
00011A 0.4 -0.3 0.4 -0.1
00011B 0.5 -0.3 0.1 -0.2
00011C 0.6 -0.3 0.5 0.0
Z-score

4

3

1 4

(A) ° -—-————

-3 4

4

5 J
00008 00001 00009 00003 00007 00005 00002 00004B 00004A 00011A 00011B 00011C 00010 00006

Laboratory code

Z-score

(B)

S 0 2N w0 A
. L

00008 00001 00009 00007 00005 00002 00011B 00004B 00003 00011A 00004A 00011C 00010 00006

Laboratory code
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Z'-score
5 -
4

3

(C) _:) _-_-—_—_—_

-3 A

-4 4

00005 00003 00002 00o011C 00011A 00011B 00004B

Laboratory code

Z'-score

sl N

00005 00003 00011B 00002 00011A 00004B 0o0o011C

Laboratory code

MW 1 z-score ¥B9 paraquat LUNUESI test sample 1 (A) uaz test sample 2 (B) z'-score 284
chlormequat Tusiuel59 test sample 1 (C) wae test sample 2 (D)

100.0

90.0

80.0

70.0 - : : -

60.0 » -

50.0 : ‘

400 — e e e : , — - : =
30.0 -

200 «

i -
- [ [

test sample 1 paraquat test sample 1 chlormequat test sample 2 paraquat test sample 2 chlormequat

M acceptable M questionable M unacceptable

AN 2 508RZUBNA) z-score 2BNENS paraquat WaY z'-score 284d15 chlormequat U test sample 1

Loz test sample 2

NsasnsEInenendasMsunng
U 67 aliun 4 gmawn - Sunay 2568




Interlaboratory Comparison of Herbicides Testing

Rattiyakorn Srikote et al.

= o
AU

MalIauiiaunasenIedasdjuanis
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(aﬁuﬁ 460) W./. 2568 Bo9e s siie
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SANTE #ifasas 50°° Wauftiimssandniidhim
nadaumsilsuiisunaszuinvaslfuans187s
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Interlaboratory Comparison of Herbicides Testing Rattiyakorn Srikote et al.

Laboratory Performance Assessment via
Interlaboratory Comparison on Analysis of

Quat Herbicides in Potatoes

Rattiyakorn Srikote, Phornphan Songsri, and Weerawut Wittayanan

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Quat compounds, including paraquat, diquat, chlormequat, and mepiquat, are widely used
as non-specific herbicides. The residue analysis of these substances in food must be controlled by competent
laboratories. In 2025, the Bureau of Quality and Safety of Food conducted an interlaboratory comparison
(ILC) for the analysis of quat herbicides in potatoes. The objective was to assess the analytical performance
of both government and private laboratories for the determination of quat herbicides in fruits and vegetables.
For the ILC sample preparation, potato blank samples were procured and fortified with two standards,
including paraquat and chlormequat. The homogenized samples were divided into two sets (test sample
1 and test sample 2), and each set was spiked with different standard concentrations. Homogeneity tests
were performed before distribution to participating laboratories. The interlaboratory comparison results
were evaluated using statistical methods based on ISO 13528:2022. The assigned value for paraquat was
determined following the consensus value of the participants, while the value for chlormequat originated
from a single laboratory result. The standard deviation for interlaboratory comparison assessment was
calculated using Horwitz's equation modified by Thompson. The ILC sample stability was studied under
two storage conditions, including at <-15°C and at 2-8 'C for 3 days. The results revealed that the ILC
samples were adequately stable. The analytical results from 11 participating laboratories were assessed
using z-scores or z’'-scores to demonstrate the laboratories competence. Among the 14 results of paraquat
and the 7 results of chlormequat, 92.9% and 85.7% were “acceptable”, respectively. The results indicate

that the measurement capabilities in these laboratories can be considered mostly trustworthy and reliable.

Keywords: Interlaboratory comparison, Herbicides, Quat pesticides, Potatoes
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SR SIazRUSHe Alliin lTunsziign
1ne35 Ultra Performance Liquid

Chromatography

a ) P ay ¢ o L g a o < A o aa < a < o
UTBINNT {Iﬁlmg‘Wﬂﬁ 2NINY ANALNTY 'Jlaaﬂﬂm PUUND  dI3NIUIU ﬁuaiﬂiﬁ"'\)u oy 1{‘-\15 FAIFEUIN
ﬂﬂ’”fu?{f]ﬂyuli’vi ﬂ‘illf)awmﬂ’lﬂwfn'liuwmf u‘lmlﬁ 11000

unAnga Alliin L"ﬂumsﬁﬁﬁ'ﬁywé’ﬂ‘ﬁwuiuniztﬁﬂu (Allium sativum L.) ﬁqw%(mqmé'ﬁwﬂﬂumsﬁ'ugq
m‘ilﬁﬁmuL@UIGI‘ZIBQL%BLL‘UﬂﬁL%EI FUBNLEU wazgiganAMIzANNIUlaTngs FatumsIeneiUsine alliin lunszidiax
Feaansmanldlumalsaiiuganwsasnsziien mafnniliiagussadiiawanniziensiiin allin
Tunsuiiien Taeds Ultra Performance Liquid Chromatography (UPLC) Tag#anasansuidian 150 faansu
Ly 50% methanol U33nas 25 Hadans analagmswanuuy vortex lunm 1 il gednlamilanznauinnsssiu
syringe filter #il@ PTFE Somsazarsfmatiila Usinas 1 lulasaas whgssuulasantnnnn Yssnaudae
aaantl Acquity™ BEH® Amide 2.1 x 100 fiadwns, 1.7 lulaswes Jgmandeudl fe drunanzas
acetonitrile waz1h Tagszazuanagludenm 0.00-2.30 Wi Suduiisansin 85:15 W 0.65 W NNy
Usuidlu 75:25 wer se:14 melune 1.42 Wit war 1.52 WA MEIAY weaiiisandn 86114 udwnd
7t 2.30 AedasIMslva 0.55 Fadansaowd gauniAaaNY UM 40 BsEALFEd A5IIAEIIMIEMATIVIAYIN
Photodiode Array (PDA) ﬁmmﬂnﬂﬁ'u 220 WULNAT A retention time 284 alliin YNNU 2.02 W7 LLa:Lﬁ'a
mmsnadouanuldlaradis wuhnnwmnessiuees alliin Senududuasslurig 0.049-0.582 fadnsudaiadans
fiendulszansmadadula (R?) uhiy 0.999791 eanuuiuaglurniesas 98.64-106.02 Manwiiiesaglu
ANIDUAE 0.51-1.19 NABAMNNAYBNNMTATINWULITANNOVINMIIUIINWU 1IAL 0.006 WAz 0.033 Naaniu
dafiaaans muaey isAnenuSina alliin Tunsuiten 1w 8 Graehe wuhildmae whiu 9.87+2.75 Taaniw
daniu madnmilamnsnhlldlumsiensitiina alliin Tunssieudialdlumsmuauammn sudsldlums
Aadannsuifisniiiiaamwiladhgnssnnumsndomviendasamiqumwdaly

Aaea: nIziieN, Allium sativum, Alliin, UPLC
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.

unin

nsziianiidaniadnerdanssn Allium
sativumL. 5@9%11&’.)\1 @ Amaryllidaceae™ Foansi N
Garlic @0y laud nsufisnen en Wifew
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ufthayuasyse Fumenslurios thuthnznidelsn
Tuthn andayamsiTeniadin wuhnssiienan
sansafuianssyivinvesdauueilFouas
Was fignitunens aalwiuluides anne
AN ulafinges GI1unNISTUAIVRILNAALEDN
gargliusy amhaaluden Fuiugadusit
doyaNIMIANYIIENNAGEN Wuhnsziguuaz
WisnanAnsiannsziiienigndaanisiuaiuag
wnaadan tinanuausalumsaarsluuiu
fignasou 1 lumsaalasiuludaauazananudulaiin
Hreaamsiinaandieruzaslalwlusiu Jearazas
ammmL?i'ﬂwaqmiLﬁﬂlwﬁ’uq@ﬁuluwaamﬁam
Foniseiinsldnsaiiendundasumasuams
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VNaDALEDALAILINGT waztiganaNaulaia
Tugiheiianuduladiogedndes (mild
hypertension)®® #Wnszifianae Usznaude 1h
(~65%) m5lulanse lUsiu nsaazilu (Arginine,
glutamic acid, aspartic acid, leucine) le@1¥3

N5 Ly (Palmitic acid, oleic acid, linoleic acid,
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linolenic acid) #15Usenauiusa Iedu
(B1, B6, C) wavehsiimuzduilussdisznau
(Organosulfur) Tasarsaaduiinulusssuma
Téud alliin udiilanssifiangnue du wialden
Wwanazuan 1y alliin waztaulay alliinase
fogluaddudaduioljasely alliin
wWaswily allicin #iflenuadasauazaarsd
athemanmaiilussau q wu ajoene, dithiins,
allyl methyl trisulfide, diallyl sulfide, diallyl
disul-fide, diallyl trisulfide, S-allyl L-cysteine
Hudue gofhlunmaseds g Seaulams alliin
fiflusnsasduuazionuadosinnnt nnnse
fiehusn wuhiimsl®Hseneinwanuanelums
wiUSina alliin Tunsziion Feneiieiiunly
Tagdruninazlgnannmsmalasunlnnsdl leun
TasinInnanilyiiainunlssansmwgs (HPTLC)"
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uazandusauasew alliin Tiagluglaywus dedou
AU o-phthaldialdehyde"® %38 4-mercapto-
pyridine”® Aawit@s1d (Pre-column derivati-
zation) sINdedinsidenlddinsiatadlusiia
MS/MS"®

nnlaseaeas alliin iy S-allyl-L-
cysteine sulfoxide ﬁﬂttﬂﬂﬂumwﬁ 1 wuiwﬁmj
WaAdunanily sulfoxide (8=0), amino (-NH,)
uaz carboxylic acid (-COOH) Failanaily
ﬂy’agq mmsaazmﬂﬁluﬁﬂﬁﬁ (Freely soluble) @
Tsiazaelu ethanol, chloroform, acetone, ether
oz benzene (Practically insoluble)®”
Taslafinsananndnsuzmaaiiildndaanan
wuNMsiaenlEeeaniinila polar Aanuanzaw
susumsuen alliin wazdhadamswannds e
wWisuaunsesenliedluslayWusnou
msiened saflumsiameaan (Indirect method)
vi3plinTasilatugs wiu LC-MS/MS fiflenugenn
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81330035 U UazaIILAN
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ta3asiiauazaunsal
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Germany), n3aeuntly 54 1029-C (Yoshida
Seisakusho, Japan), 139 ASTM E11 tua$ 180
(Endecotts, England), Lﬂ%m UPLC-PDA detector
U Acquity™ (Waters®, USA), lUsunsnanms
7ayalas3nnnsW Empower 2 Build No. 2154
(Waters®, USA), aaanil ju Acquity™ UPLC
BEH Amide, 2.1 x 100 §adtNe3, 1.7 Wlasiuas
(Waters®, USA), ta3aeialdfh anwazidan
0.01 {¥8dn3u U XPR205DR (Mettler-Toledo,
Switzerland), Lﬂ‘%'amaumi ';:u 37600 Mixer
(Thermolyne, USA), ?I’Jﬂgﬂ‘dll‘l{j 'i;u DURAN
(Schott AG, Germany), thiaiaU3uens Class A
(Witeg, Germany), 20010U511a5 Class A (Witeg,
Germany) az syringe filter %@ PTFE 2119 0.2
Tulasiuns ';:u Acrodisc (Waters®, USA)

MaEN
SIUSINAIDEINNTLLNYNAINULASINI )
NAUUEIFIINMAUaz I UIBENFTNULNG U 8
et Tudauivnen w.e. 2564 wlsgaiag
= = =1
nszsnleamsaanildanasn thundumawue
Wuweiuue q anluisuuwaziionnasgwmazain
I ) & o v .
Wuna 2 Ju nuwmhllsvuisiiauvgil 45
aFnaLEed ez 8 r1ue Wunad 3 Yu e
::4' Id = ] 1 4 I~
Aalluailumaziden HuLsUDs 180 waztiu
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MSNUNIDIATILHUSHIN alliin Tunsziiian
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SNz zanrasszuulasannns
(Chromatographic optimization)

1975 segmented gradient uaz focused
gradient laa@nwaasdiuvesaimazals uaz
flow rate fimanzan laaaildennuannsaly
msuenfiapas alliin eananasauq luasazais
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wash) uatdiesiiavainasuid uananiladn
anugmeaulumsaaiafitnzey
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alliinase lagmsmlvldsaudeanin (Denature)
wazanianssuzadau lsiaanann®?

msAnasai lavhmsuSsudisudhazans
AFlumsane alliin Tunszifion s 2 #iie laud
1 uaz 50% methanol Tagl#hsafe s 4 53
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v ool I'd

mManadaumnldlerasisinssy

NISNAFBUMAIINIILNILLANISAIYDGID
(Specificity)

LOFNATBTM NN TTIULAZE T LIAIDEN
d‘ k4 k4 Y o W =Y L4
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retention time ez UV spectrum e
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t§1m39 (Working range and linearity)
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GaNadaNT T@ﬂ%’\amimmgm Usunm 25, 37.5 uaz
50 §aan58 avluNAIaU3Nes 216 50 Tadans
araauardsudSunnsme 50% methanol L@3ay
F130TNENINIFIU MUY 6 520U MNNUAAT stock
Tagtilagrsazans stock USues 1, 2, 3, 4, 5
wae 6 Naaans avluzandadsuias su1e 10
199805 USuUSu109678 50% methanol NaHIU
syringe filter #ila PTFE 211@ 0.2 Tulasiuns
Mmmsiesevlegldanzeesszuulasuinasnu
fanndy a9nNINasTIULEIIANNTNRUE
e INUSHN alliin azAN response area WA
anuduiduassannardudszdninisdaaula
(Coefficient of determination; R*) uas residual
plots

MINAFBUNANTENUVBILNNINE (Matrix
effect)

(@38 spiked sample Tmamsnﬁumsmmgm
Thfanudnguszause q Tugiereemsia nudu
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e INUSInQ alliin 11!8’15636’18%\@153'1‘“ (%) uay
USanau alliin Tu spiked sample (y) wazmsnagau
e paired t-test

nManedauAINuNY (Accuracy) uwag
ANafE (Precision)

nagauaNLiULara N s luane
AMSNIUT (Repeatability) mlagn1sitasizv
spiked sample #ilamnmsinansinasgy alliin
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wiuew) Tianududy 3 520U ATUANYENYDY
M530 31sERsEaUas 6 B AuIAAITanas
MsnauAY (%Recovery) uazdosazaasmidaaiuy
MATFIUFNNNS (%RSD,)

NadoU within laboratory reproducibility
TosAezighathanntinde sz 2 au 1101 10 4
AIUIMANINLANAINSDEATNNNS (Relative

percent difference; RPD)
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MM NNOYINIINTIANY (Limit of
detection; LOD) uazinanauainsmidinm
(Limit of quantitation; LOQ)

PRNNNNINATFIUFINNIDNA LOD waz LOQ
TO8AIUINAINAT Vinercepe * 3Sy/x HOE Vincorcopt
10S,,, Mya16U wazdiudua LOQ lasitasv
fszauanudnsuiieninald s1nu 10 31 duna
%Error warmiasazyasmsidssuunasgiu
JNWNS (%RSD)
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sUnny Yila 50% methanol YS1nas 25 Uaddns
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N38961U syringe filter %ila PTFE 2110 0.2
lulasiuas wdrsazargdlndgraluiiasiey

1 v
ada v =

AEIDNWAIUNTY

NMINATAUAIINAIMNIUBISITALALADE N
Faghote Usainm 150 Hadndu avluwa
sUnny Yila 50% methanol YSunas 25 Uaddns
analagmananuuy vortex (unm 1 i gasiula
WHUDNZNBUNINTBNEIY syringe filter %ilan PTFE
219 0.2 lulaswes harsasanaimaeneluiansy

1 v 1
ada v
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Column: Amide

SN——— 70%ACN —
N 60%ACN —
A 50%ACN —
A 40%ACN —
)\ 15%ACN —
0.0 04 08 12 16 20

ez 24 THTANUAINSLAZEN UAUBE 3 T MU
Ardasazlaoilssuiisuiunadtassiisueuy
(%Compare) LLaz%'asla::wathﬁmLuummgm
qunWNs (%RSD)

asUsza e liuivauyaInIsILAsIEH
(Estimation of measurement uncertainty)
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= a .o 1 d' o
winge UYsina alliin seyunaanan aeAdseznay
warUSwnaasenuliuiuay e liwivey
534 (Combined standard uncertainty) tazaN

Tsiuiuauvens (Expanded uncertainty)

e

o aca S a .o =

ASNRUNIDIAINLHUSINN alliin Tunseiian

NTEIFINNDVIFNNISTLBNITTNYBITEUU
Tas3nnnsw (Chromatographic scouting)
FUAUDIADANI

o =1 % 4 v d'

nansilSauisuaadny wuInAIAaen
#UM amide NAINLURNISTNFIUSUNITHLENES
Tudiade tilasanienyansalunisnniu
alliin Te8dUNULLALILDNIEIUVBIAIMIBZAE
A9 vog o .s' a Ao A a
aldidurgmaedaun lusaznignieasiniie
C,, C,, uaz phenyl lagansanninuasasnanle
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Column: Cg Column: Cyg
I— 100%MeOH —
100%ACN — —'—k 90%MeOH —
A T 95%ACN — L 75%MeOH —
90%ACN — 60%MeOH —
60%ACN — ——[L 25%MeOH —
0.0 04 08 12 16 20 0.0 04 08 12 16 20

Column: Phenyl

k 80%MeOH —
J ~— 70%MeOH —

60%MeOH —

0.0 04 08 12 16 20

mui 2 Tasannunsueas alliin Alaanms scouting laanaanilxiia amide, C,, C,, uaz phenyl

Fnaeadau TassnInns diaSeuiieuiu methanol /water
HAMSANAIAUALSATEILUDIRINAZE  Wa acetonitrile/methanol/water iipsanlsida

fadlihigmaiadouil wuhsiiouasdandumes  uedretention time finfunhyuwasiinisaniuld

acetonitrile/water tanzandwiuldlumsmszuy  wazanamiinand eeudaslumsed 1

= = a (% ] ¥ o ] Y [ - P
MMINN 1 Naﬂ'liﬂﬂ‘hﬂ%u@]LLGSBWS'Iﬂ’.]‘u‘llBQGI'JVI']GS@']EWI‘\]ESL%LUU’JQIYWILﬂaﬂu‘ﬂ

Flow rate: 0.45 mL/min, Column temp: 40°C

Acetonitrile Water Retention time Pressure
. . Peak shape
(%) (%) (min) (psi)
40 60 0.641 6830 Good
50 50 0.699 6320 Good
60 40 0.819 5840 Good
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MINAUITIPEWUSIo alliin Tunsziian laegis UPLC

NAN5 Unazmad wazaoue

= = a (% ] @ o ] Y [ P ] v
MMINN 1 Naﬂ'ﬁﬂﬂ‘ﬁﬂ%u@LLaSBGIS”Iﬂ']‘lﬁlBﬁﬂjﬂﬂataﬁﬂﬂﬂzal%tﬂulaﬂ”lﬂLﬂaﬂu‘lﬂ (aa)

Acetonitrile Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
70 30 1.093 4970 Tail
80 20 2.022 4240 Tail
85 15 3.632 3900 Tail
Flow rate: 0.4 mL/min, Column temp: 40°C
Methanol Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
40 60 0.694 10240 Good
50 50 0.706 10345 Good
60 40 0.725 9900 Tail
70 30 0.755 9050 Tail
80 20 0.804 7830 Tail
90 10 0.904 6440 Tail
Flow rate: 0.65 mL/min, Column temp: 40°C
Acetonitrile Methanol/Water; 3:1 Retention time Pressure
Peak shape
(%) (%) (min) (psi)
40 60 0.588 8120 Fail
50 50 0.698 7175 Fail
60 40 0.942 6360 Fail
70 30 1.581 5690 Fail
80 20 4.118 5200 Fail
85 15 9.352 5020 Fail
Acetonitrile/Methanol; 1:1 Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
50 50 0.440 12000 Good
65 35 0.476 10570 Fair
75 25 0.523 9240 Tail
85 15 0.626 7680 Tail
95 5 0.932 6000 Tail

nsanziwmanzanrasszuulasanlnns
(Chromatographic optimization)

NN IANHDNTIEIUYDN acetonitrile/water
wae flow rate fvmanzay Taseiladeanusansaly
msuenfiares alliin eananasauq luasazans
Mt MIaeaaNvasmsuan (Post separation

wash) 4azdeNaraIraaNy uananilafan

89ANNEIAUIUNISASIVTANENIZFN WU
DMS18@IUYDY acetonitrile/water NUsTN I

10:90 {ANUNUATIFA wazaInnITUTEHIHUAD

a

Backpressure 71 flow rate @U@ 0.50 Uadans

a

aowniizul wuhiienannnd 15,000 psi (gamai

u

ARaNY 25 BNFLTEALEEE) FUAUTANNAVBIPDANY
UALLATDIND ALEAILUMSND 2 Az Wh 3
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

#1991 2 Backpressure 2895z UUNDAEIN acetonitrile/water oz flow rate 614 )

Column temp: 25°C

Acetonitrile Water Pressure (psi)

(%) (%) 0.45 mL/min 0.50 mL/min  0.55 mL/min
0 100 13200 - -
10 90 13700 - -
20 80 13500 - -
30 70 13000 - -
40 60 12400 - -
50 50 11600 13000 14050
60 40 10530 11900 12700
70 30 9250 10500 11200
80 20 7900 8900 9500

Pressure at Column temp: 25°C

17000

15000
%)
o
g =000 0= 045 mL/min
0
m .
@ 11000 == f0.50 mL/min
- == f0.55 mL/min

9000

7000

0 20 40 60 80
ACN (%)

MW 3 nWLFNANUTUNUSIZWIN %acetonitrile Waz backpressure 28455UU

a o ‘J v ! \ . . R ‘J
HamsAnwauvgiinaaninansidiuzes  14a0 retention time waz tailing imzaniga

. o 4
acetonitrile/water 20:80 oz flow rate 0.60 pauaaalumni 4

1 =

Naddansaawi wuhhaungll 40 aveiralded
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160 510
(7112 psi)
= 1226700 psi 485
@ . | — | ;
g = (6100 psi) Pyl 460
' 144 o
= 145 -
o 5
E 4
@ 2
|5 140 ( ’(4ﬂ . - o
: [ (5650 psi)
* 135 ]380 140 385
(5350 psi
130 135 | 360
20 30 40 - =

Column temp (°C)
—0— Retention time (min) —o—Tailing
MW 4 ANULFNANNFNRUTIENINgUN)IABaNY backpressure 28955UU retention time uas

tailing 284 alliin

PNINENSANY UV spectrum 289 alliin L‘ﬁmﬁnﬂiﬁ'ﬁ’l Intensity g3 @ d\/dAU Gi'] wae
Tug19NE1I0aY 190-390 W TUNAST WU lLignsuniudyarnainal UV cutoff wag
ﬁm’mmmé‘lu 220 m‘[umm XL RIS E U PA- PY acetonitrile éjﬂLLﬁﬂﬁiuﬂWWﬁl 5
tgswadmsulgdlunisiesizdusuna alliin

UV Spectrum: Alliin

AU

190 240 290 340 390
Wavelength (nm)

Wi 5 UV spectrum 294 alliin

AINNITHIFNILNLUNILTNYDISEUY  way focused gradient l@5zUUNMAINLEN GALTN
TasunInns i Taeldis segmented gradient  luesad 3
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.

P
15190 3 dnmzaasszuulasininasw

Stationary phase

Acquity™ UPLC BEH® Amide, 2.1x100 mm, 1.7 pm column

Mobile phase A: Acetonitrile, B: Water

Gradient table

Time Flow rate
Phase . . %A %B Curve
(min) (mL/min)
Initial 0.55 85 15 -
0.65 0.55 85 15 6
Separation 1.42 0.55 75 25 6
1.52 0.55 86 14 6
2.30 0.55 86 14 6
Post 2.31 0.40 86 14 11
separation 3.00 0.40 40 60 6
wash 4.00 0.40 40 60 6
. 4.30 0.40 85 15 6
Equilibrate
4.60 0.55 85 15 6
Injection volume 1 uL

Needle wash

Weak needle wash: 50% methanol

Strong needle wash: 10% methanol

Column temp 40°C

Detection 220 nm

AMSLHTANAIDEINILATIZH
= p= @ o P! @
NamsilSaulieudmaraen g lunsana
alliin lunssiian WaihasazaaNanaeeLay
50% methanol ¥MATIEW WUNESENANIE 50%
methanol lv3Usvzasiiandninarsanaciaul
WALIDENANUNICEN AB IDMSHENWUU vortex
Wunar 1 w9 Alduaiausiuismsuanuuy
I =] o t:l' tzi' a
vortex {unm 1 i wazih lunyumieanigumgi
4 svenwalded Wuna 15 1N eauaalumnd 6
LATATIND 4
NaMSLUSBUNEUHNBNTENUVANBHANINT DY
aaUsana alliin Wun Lduaneneny Taadinsaesio
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PTFE (100%) 1%@1 response area 8100 N6IN5a4
#1in PVDF (99.78%) W nylon (99.78%) taniiag
pauaaalumni 7

mMsnagauanultlaradisinsey
NINAFIUMNINIUNILLAIZANYDIID
nmsidseutiisu alliin Tuasazaie
MAIPIULBzEITaZAIEAIEN WU UV spectrum
Tsiuaneeny waze spectral similarity (R?) Tuzne
ANNENMIAAY 200260 W luns Wiy 0.999959
daudaslumnd s—12



MINAUITIPEWUSIo alliin Tunsziian laegis UPLC NAN5 Unazmad wazaoue

Sample preparation

\

Vortex for 1 min & Centrifuge
at 4° for 15 min (in 50%MeOH)

:

|

Vortex 1 min (in water)

Vortex for 1 min
(in 50%MeOH)

:

Sonicate for 10 min
(in 50%MeOH)

!

Macerate for 1 h
(in 50%MeOH)

F Aliin -~

S \

Alliin
IS. = = Aﬂ' vV = ac = L ] = I'd
NNN 6 Lﬂi?_lULVIEI‘UIﬂSN'II‘VI LLﬂﬁNVIlGW'\ﬂﬂ']Sﬂﬂ'le}']'.]ﬁlﬁlﬁim(?nBEI'N'JL(F]TI A7}

= =t at ad o o 1oa 4
MIND 4 WanIUTBUNEUIBIOIBNMDENIATITH

Extraction Centrifuge at Alliin (mg/g)
Solvent Method Time 4°C for 15 min  #; #2 #3 #4 Average+SD
Water Vortex mixing 1 min No - - - - -
50%MeOH Vortex mixing 1 min No 9.03 8.99 9.31 9.49 9.21+0.24
509%MeOH Vortex mixing 1 min Yes 9.47 9.23 9.71 8.83 9.31+0.37
50%MeOH Maceration 60 min No - - - - -
50%MeOH Sonication 10 min No - - - - -

Filter effect: Alliin

250 0.20
8
Q L
S
S - S 5
> [a\] o~
o
= o
= 245 010 2
@ R
<

240 0.00

Nylon PTFE PVDF
Filter type
[ Re— Area (uV*s) —0O— %RPD

NN 7 wamsilSeuigunansenuresriamInsasnaUsin alliin
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

Overlaid chromatogram

Alliin: 2.02

AU

0.0 25

Time (min)
Standard: Allin@220 nm ——AS Sample (Pooled)@220 nm

A 8 TasanInunsuaas alliin TussazmsanasguuazasazaafIng N

------ Inflection 1@2.006
------ Offset 1@2.013
Apex@2.023
...... Inflection 2@2.062
______ Offset 2@2.071

18 20 22 190 240 290 340 390
Time (min) Wavelength (nm)

Wi 9 UV spectrum a4 alliin °1umsa:mﬂmmgm

------ Inflection 1@2.004
------ Offset 1@2.010
Apex@2.020
—————— Inflection 2@2.054
------ Offset 2@2.070

18 20 22 190 240 290 340 390
Time (min) Wavelength (nm)

2WH 10 UV spectrum 284 alliin luasazareaings

L Msmsnaaingenaasmsinng
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0.08
—— Apex@2.020
0.04 —— Apex@1917
——UV@1982
)
<
0.00
-0.04
190 240 340 390

290
Wavelength (nm)

2N 11 wansilSeuisu UV spectrum SewiNiiazeides (1.917 wiH) baseline (1.982 u1#i)
wae alliin (2.020 W1#) Tuasazareainen

UV Spectrum: Allin | AS Sample Spectral similarity: Allin@2.02 min

feol
o
m°g

Q@ o°
[o} o°
:
wn 00

5 .

= )
C
[(o}
0
p—
o)
(2]
Q0
<

R? = 0.999959
190 240 290 340 390 Absorbance: Standard
Wavelength (nm)
— Alliin ——AS Sample (Pooled)
7N 12 M spectral similarity (R?) Tugnanuenadu 200-260 i lusns
1] %4 v Al % = Q( 2 = 1 %
MINAFAUTINLBINTI wazaNNuduasa Amandszansnmsandula (R?) iy 0.999791

= '3 .o J . a} v . =
KaNIFILANLUFITacaIBNINIFIU alliin Tu war@ y-residuals nlean residual plots 4N13
%9921 0.049 B9 0.582 fadnudaiiaddns nszeaseuagnarIgud Tealiwuaigadig
wuhnswnessiuilesianuiuduase Taa  (Outlier) dauaaslumwii 13 uay 14
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

Calibration curve: Alliin
6.0

50

X 100000

40

30

Area (UV*s)

2.0

1.0

0.0

y = 885519x - 94781
R? = 0.9998

0.0 0.1 0.2

03 0.4 0.5 0.6

Concentration (mg/mL)

2NN 13 nIWNAIFIY alliin

Residual Plot: Alliin
0.25

010 p---------

005 fp---------

020 |f-sccmoe- ST S

0 < O S U SOt R

R R —

o0
Ko g o]
o—

e Seialion il s A

E. . -l ——

Residual (LV*s) y 100000

1 |

<015 focooaaon

-020 f---------

J
0.00 fa 0:
]

R [ (P i S S

il el i e o
it Iufatats Rt St 3

-0.25
0.0

o

0.2

O
w

03 04 06

Concentration (mg/mL)

=

AN

MINAFBUKANTENUVBINNING
NUAMNFUNUSSErIeUSua alliin 1y

MIAEANYNATTIULBLUININ alliinlu spiked sample

fenuiudunsanaang9weansin (R =0.999964)

MINAFBUMY paired t-test WUIIAT t INAIT
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U 67 atun 4 aanan - SuNAN 2568

14 Residual plots 284n51Wana531u alliin

MU (2.479) UaanNAINgR (2.571) WEAND
Tafinansesnuraaansng wuaziiausstiuna

U a d o Y a .. v 1
NUNLNNINFM IS0 alliin 8989 Wagn 20%
(Suppressed 0.88%) ZFagluinarizaniula®”
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Matrix effect

6.0 -
©
S
© 50 4
Q
x ) ) i

40 4 o Calibration curve: Alliin
g 30 4 o Matrix-Matched Calibration
o
~ Linear (Calibration curve: Alliin)
o 20 4
GJ .
—
< —— Linear (Matrix-Matched Calibration)

10 A

0.0 : : )

00 0.2 04 0.6
Concentration (mg/mL)
2NN 15 Matrix effect
NSNAFAUANNUHY LASAIINLNEN wae %RSD, WU 1.19, 0.51 Wa& 0.59 MNIINU

a 2 . P o o P Py
HaN15ILAIIEH spiked sample 152AU  AUEAN UMW 16 LOLAITNT 5

ANMNLTNYY 0.08, 0.23 UAE 0.48 NAANSNADNAAANT NaMINAaaU within laboratory reproduci-
20U 6 %) WUINA) %Recovery LWINU 102.97—  bility wud1 RPD AU 2.39

106.02, 99.89-101.37 UaT 98.64—100.40 MUNAU

Accuracy & Precision

120 i ] i i i
% FRUON ENUUUNRS SUUSSUR SN RO S
> 5 E E E |
J] i l i . E E . i .
3 E 5 E 5 5
o Lo : : : : : '
(9] : : : : :
o : : : : :
R : : | : |
R e .
80 i E 5 ‘ ?
1 2 3 4 5 6
B Low level 103.09 105.41 104.28 102.97 104.96 106.02
m Medium level| 10137 100.69 100.87 10113 99.89 101.05
m High level 9913 9965 9931 9932 98.64 100.40

2NH 16 %Recovery NANUANIU 3 SzAU
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.

a ] a’ acia < a .o =~ d' v dg/
MINN 5 HANMINATIUANNUNULBZANNNENYDNIDILANzWUTINA alliin 1Uﬂ33LVIﬂNV\WGNu1°Uu

Spiked sample %Recovery %RSD
Low level (0.08 mg/mL) 104.46 1.19
Medium level (0.23 mg/mL) 100.83 0.51
High level (0.48 mg/mL) 99.41 0.59

119BITANNAYBINIIRIIANY (LOD) uaz
Aennerainsmdsia (LOQ)
NANMIAUIN WU LOD waz LOQ 1y
0.006 LT 0.033 WAANTNADNINANT MNSIAU
msfiudue LOQ fszduanudady 0.029
faansnAaliadans I 10 % WU %Error
aglur9 14.5-16.3 uaz %RSD Ny 4.28

15191 6 HaMSILAITUSIA alliin Tunsziiiey

MIeNUTana alliin Tunszidis
Wammsiensddiegensadion s

8 fhathe sedsiwandy Tagiensidathas

2 1 Idemde whiu 9.8742.75 fiaanSudansy

AauLEa luams N 6

Weight of sample (kg)

Alliin (mg/g)

Sample No. Yield (%) On dried basis As is
Raw Dried powder #1 #2 Average

Ro024/64 2.1 0.84 40.00 4.89 4.82 4.85 1.94
Ro025/64 3.9 1.00 25.64 12.55 12.00 12.28 3.15
Ro026/64 2.1 0.70 33.33 13.58 13.57 13.57 4.52
Ro027/64 2.8 0.90 32.14 9.77 9.75 9.76 3.14
Ro028/64 2.2 0.83 37.73 9.51 9.74 9.62 3.63
R029/64 2.8 1.00 35.71 11.37 11.33 11.35 4.05
Ro031/64 2.3 0.83 36.09 7.34 7.51 7.42 2.68
R032/64 1.4 0.51 36.43 10.21 10.06 10.13 3.69
Average 34.63 9.90 9.85 9.87 3.35
SD 4.37 2.79 2.71 2.75 0.81

NSNAFUANNAINIYDIFITAZAYNIBENG
NAMSNAFDUANNAIAIYDIFITALAILAIDEN
TasnMsIesIEWEINszazIa) 15 WH 30 WD ey 24

FILINNAIMSLA38Y WU %Compare 12d8 AU

M5815NTHANENFFATANTUWNE
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MSNN 7 WENISNAFDUANINANAIYDIFATAAILAIDE N

Sample Alliin (mg/g) %Compare*
No. Initial 15 min 30 min 24 h Initial 15 min 30 min 24 h
1 9.607 - 9.607 - 100.00 - 100.00 -
5 9.725 9.725 - - 100.00 100.00 - -
7 9.543 - 9.543 - 100.00 - 100.00 -
13 9.848 9.885 - 9.461 100.00 100.37 - 96.07
17 9.757 9.815 - 9.474 100.00 100.59 - 97.10
19 10.018 - 10.010 9.707 100.00 99.92 96.90
Average 9.750 9.808 9.720 9.548 100.00 100.32 99.97 96.69
SD 0.17 0.08 0.25 0.14 - 0.30 0.04 0.55
%RSD 1.75 0.82 2.60 1.45 - 0.30 0.04 0.57
naNBLweg: * Wisuieuiunaieneiisuay (Initial)
Stability of sample soluiton
10.1
99 T
o
S~
o 3
£ 97
c
=< 1
95
93
Initial 15 min 30 min 24 h
Time
MWD 17 WIeNLHUSN alliin 2996715928MDEN B LIAIAN ] NBINITLATEN
msUszanam A liiwivauyainIsesei AILFNITUAITINGN 8 WALFAFIULNAINNIVDY

namsUszanaeanyliwiuauludiagy  anyluwivey deuaaslumwi 18
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

c; 1 ) ] a < a .. =~
I NN 8 miﬂixmmmmmluu,uuauwmm‘mmwzwﬂsmm alliin 1‘Hﬂ§ZL‘VIEI?J

Component Value; x; Unit u(x;) u(x,)/x;
Weight of sample; mg 150 mg 0.00665225 0.00004435
Volume of sample; Vg 25 mL 0.10891750 0.00435670
Concentration of standard; Cg,;, (i = 1 to 6) 0.01833027
Purity of standard; Purityg, 98 % W/W 0.57735027 0.00589133
Weight of standard; mg, 37.47 mg 0.00642550 0.00017148
Volume of stock standard; Vg, 50 mL 0.21783499 0.00435670
Pipette for standard (level 1); Py, 1 mL 0.00631143 0.00631143
Pipette for standard (level 2); Py, 2 mL 0.01036034 0.00518017
Pipette for standard (level 3); Py, 3 mL 0.01554051 0.00518017
Pipette for standard (level 4); Py, 4 mL 0.01926171 0.00481543
Pipette for standard (level 5); Py, 5 mL 0.02318450 0.00463690
Pipette for standard (level 6); Py 6 mL 0.02722187 0.00453698
Volume of working standard; Vg 10 mL 0.11113280 0.01111328
Concentration of sample preparation; C, 0.0592 mg/mL 0.00182325 0.03077696
Precision; Prec 100 % 0.84119647 0.00841196
Recovery; Rec 101.57 % 0.54877567 0.00540312
Combined standard uncertainty
Alliin content; Cgq 9.873 mg/g
Relative standard uncertainty; u(Cg)/Cq 0.03744540
Standard uncertainty; u(Cq) 0.36971463 mg/g
Expanded standard uncertainty
U(Cy) 0.73942926 mg/g
Reporting
Alliin content: 9.87+0.74 mg/g (k = 2)
%Distribution of U Contribution of U
0.036 —O0——0 100%
"
0.032 |t ’,.'p 8!; §
A8 E 8
0.028 P S B 80%
&
[Ta)
0.024 FoR R ]
/9 60% =
/N -
0.020 AN o
=]
0016 €
40% 3
0012 y X
[
[
0008 |- 20%
0004 |}
]
0000 6

Component

ms: Weight of sample, Vs Volume of sample, Cgqf Concentration of standard; (i = 1 to 6)
Co Concentration of sample preparation, Prec: Precision, Rec: Recovery;
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MINAUITIPEWUSIo alliin Tunsziian laegis UPLC

NAN5 Unazmad wazaoue

a 4
AU

nsansluaseiitiiafiarsan alliin 74l
Tassashamaaiid S-allyl-L-cysteine sulfoxide
asidenldnasiziia polar nhazlinamsusniia
ANuazhenmMslgaaaniiyiia C,, C,, %58 phenyl
ﬁlﬁ]‘u end-capped %@ non-polar Tumswannis
ez wazwuhuamsnagaudlulumuaunigiu
fiaals miinslFnueedniyia amide Faily
Hydrophilic Interaction Liquid Chromatography
(HILIC) aavldnarluns equilibrate aanl
fiuunh fednileiendasiidadiuees organic
solvent g4 u,azmscﬂLLaSﬂquqmnmmaauumlﬂ

NnMsAnkazesamngiaeant ludin
aaunnil 20-60 BaFLEALENT WU tailing factor
284 alliin aﬂammqmwgﬁﬁaﬂaq uaaNa a1
wiialuszuugedu uaze retention time iUy

Yo

{ivededeniigungi 40 svansaded Fuly

e

I0FNADITLNINA retention time Wdy tailing
factor UazINMTMITANILNNINLANVDITEUY

TasanInasw iisenaisazaranladanesanle

ABUTNNMIG AU UEINNITANABANUNAIN SN
289 alliin leMmMsUSU gradient 289 flow rate

N 0.55 Nadansaawd 1y 0.40 NadaanseINT

\Waan backpressure 28433uU lasianUszaed

iivafiaogmsldnuuasnamniuazszuumelueiog
mMsnadauanNlEleraeitieseiusinm alliin
Tunszianleeds UPLC vdamsnadaudieusd
MIIauaza N TUFUATINNTERNUUUMTNARBY
Tigananasgueas stock Tiuanshafiu 3 Frahmiin
Tagindtas1ew 3 au Liteanand (bias) 294
mee ksl eaimsiaasauagun iy
namsnadauanulglaaaidiwnziusanm alliin
Tunsziitenlasds UPLC Awannidy wuins v
WI933U28N alliin fanuduiduaseludag
0.049-0.582 fadnsudaiadans imaulszand
maaadula (R?) 1wy 0.999791 aanuuaiuag
Tugredooar 98.64-106.02 MaNwLiiasagluin

Sp88z 0.51-1.19 AAAMNAYBINITATIANULL

= o

AOMNOVANNMIMUSIIA LAY 0.006 LA 0.033
NaaNSuABNEAANT MNSINU UWATHANITIATIEH
USana alliin ludipenanseifien UIY 8 AIBEN
Wuhemas Wiy 9.87+2.75 Aaansudansn
ae9lsAmu583 s e W uaraldlaile
fudedefiulsgudieismadefunioming
figheiy Feonadenaly fingerprint fAlduanaeiu
wazvinliuanisitasizdaaraeiaula detu
Tumssamdemuuamataiilunsieszusun
alliin lunssiien F9A235538Msudsgudrad
1¥ZaLau WazaINNANISNATBUAIINAIAIVDI
1982818629819 WUIIFIT0TaI8AIEINE
AMNANAILNEINBEINSUNISILATIERAUAY
NSEUIUNT wARLIaT 24 12 laanaInIsLASEN
fuuiliuanasdnios (anas 5.31%) o9ty
TunsUfudauaseesiasendsazarsa1adIs
wagdengsluaadameluiudeny
nnsuseraaienuliuiuause
msIeneRUsanm alliin lunsuiten wuhuvasfian
gpsauldwduaudiulva (> 99%) 113N
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Method Development of Determination of
Alliin in Garlic Using Ultra Performance

Liquid Chromatographic Technique

Nichapat Pattapong, Apirak Sakpetch, Vilailuk Chuennangchee,
Sirikarn Thana-ariyaroj, and Nuchjaree Seesanam

Medicinal Plant Research Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Alliin is a major bioactive compound found in garlic (Allium sativum L.). It exhibits
pharmacological activities including antibacterial, anti-inflammatory, and antihypertensive
effects. Therefore, the quantitative determination of alliin in garlic can be used to evaluate its quality.
The objective of this study was to develop an analytical method for the quantitation of alliin in garlic
using Ultra Performance Liquid Chromatography (UPLC). A 150 mg sample of garlic was extracted
with 25 mL of 50% methanol by vortex mixing for 1 minute. The supernatant was filtered through a
PTFE syringe filter, and a1 pL aliquot of the filtrate was injected into the chromatographic system.
The separation was performed on an Acquity™ BEH® Amide column (2.1 x 100 mm, 1.7 pm). The mobile
phase consisted of acetonitrile and water, beginning at a ratio of 85:15 for 0.65 minutes, then adjusted to
75:25 at 1.42 minutes, and subsequently to 86:14 at 1.52 minutes, and maintained at 86:14 until 2.30 minutes.
The flow rate was 0.55 mL/min, the column temperature was maintained at 40°C and detection was
carried out with a Photodiode Array (PDA) detector at 220 nm. It was found that the retention time of
alliin was 2.02 minutes. As a result, the method validation demonstrated that the calibration curve for
alliin was linear over the concentration range of 0.049-0.582 mg/mL with a coefficient of determination
(R?) 0f 0.999791. Accuracy ranged from 98.64% to 106.02%, while precision (RSD) was between 0.51% and
1.19%. The limit of detection (LOD) and limit of quantitation (LOQ) were 0.006 mg/mL and 0.033 mg/mL,
respectively. Analysis of eight garlic samples revealed an average alliin content of 9.87+2.75 mg/g.
This study demonstrates that the developed UPLC method is suitable for the quantification of alliin
in garlic and can be applied for quality control as well as for the selection of high-quality garlic for

pharmaceutical or health product manufacturing.

Keywords: Garlic, Allium sativum, Alliin, UPLC
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Estimation of Measurement Uncertainty in
Food Quantitative Microbiological

Techniques

Kamonwan Kantaeng and Atchara Ukong

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Accredited laboratories, as per ISO/IEC 17025:2017, must estimate measurement
uncertainty under the requirements of clause 7.6 to report measurement uncertainty values alongside test
results, when requested by clients or when test results overlap within the acceptance range. The Bureau
of Quality and Safety of Food, Department of Medical Sciences, Thailand, has collected intra-laboratory
reproducibility of food microbiological test results from 2021 to 2024 to derive technical uncertainty
(Utecn) of microbiological tests according to ISO 19036:2019. A total of 203 samples covering 11 test items
were analyzed, including aerobic plate count (APHA 2015, Chapter 6&8), aerobic plate count (BAM 2001,
Chapter 3), yeasts and molds (BAM 2001, Chapter 18), yeasts and molds (AOAC 2019; 997.02), lactic acid
bacteria (ISO 15214:1998), Coliforms (BAM 2020, Chapter 4), Bacillus cereus (BAM 2020, Chapter 14),
Clostridium perfringens (BAM 2001, Chapter 16), Staphylococcus aureus (BAM 2016, Chapter 12),
of which the units of measurement are CFU per gram, except Coliforms (BAM 2020, Chapter 4) and
Escherichia coli (BAM 2020, Chapter 4) are MPN per gram. The results of the measurement uncertainty
estimation were 0.0620, 0.0647, 0.1041, 0.0677, 0.0988, 0.0517, 0.0919, 0.9210, 0.0794, 0.1412, and 0.1412,
respectively. Therefore, the laboratories can use these Ui, values to calculate the combined standard
uncertainty in reporting, along with the test results, which can be compared with the standard criteria

to assess the test results confidently.

Keywords: Measurement uncertainty in food microbiological tests, Technical measurement uncertainty,

Combined standard uncertainty, Intra-laboratory reproducibility
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Analysis of Workflows, Infrastructure, and
Nonconformities in the Accreditation
Process of Biobanks in Thailand

According to ISO 20387:2018

Nattakarn Laieddee', Siratcha Dulyakorn', Siriphan Saeng-aroon®,

Saovanee Aromsook', and Surasak Muenphon'

'Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Bureau of Expert Advisory Panels, Department of Medical Sciences, Department of Medical Sciences,

Nonthaburi 11000, Thailand

ABSTRACT Biobanks are critical scientific infrastructures that support long-term conservation of
biological resources at the national level. The standard ISO 20387:2018 is a requirement for competence,
impartiality, and operational consistency. This standard encompasses the entire biobanking process,
including collection, reception, transportation, preparation, preservation, storage, data management, and
distribution of biological materials and associated data (BMaD). This study aims to analyze the biobanking
workflows and infrastructure, as well as to analyze the frequency and types of nonconformities identified
during ISO 20387:2018 assessments of five biobanks conducted in Thailand between 2022 and 2024.
The analysis of operational workflows provided the biobanks with a comprehensive overview of institutional
components, while infrastructure analyses offered insights for optimizing resource allocation to
improve process efficiency. A total of 139 nonconformities (NCs) were identified during the assessments,
categorized under clauses 4, 5, 6, 7, and 8, with 16, 8, 31, 68, and 16 NCs, respectively. The 6 most
frequent nonconformities occurred in: clause 6.3 (Facilities/dedicated Areas and Environmental
Conditions), clause 4.1 (General Requirements), clause 7.8 (Quality Control of BMaD), clause 5 (Structural
Requirements), clause 7.3 (Reception and Distribution of BMaD), and clause 7.7 (Storage of Biological
Materials). Clause 7, Process Requirements, had the highest proportion of NCs, accounting for 48.9% of
all findings. This information can be used as guidelines for development and preparation in applying for
both initial accreditation and reaccreditation, ultimately promoting the effective utilization of biological

resources in future research.

Keywords: Biobank, ISO 20387, Biobank infrastructure, Nonconformities
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Development of Compliance Monitoring Authority to

OECD GLP Mutual Acceptance of Data on Chemical Assessment

Thunyarat Sooksomboon et al.
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Development of National Compliance
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Mutual Acceptance of Data on

Chemical Assessment
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Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT 1In 2010, the National Assembly of Thailand decided for the country to become a provisional
adherent of the Organization for Economic Co-operation and Development (OECD). This decision was
made in relation to the Council Acts related to the Mutual Acceptance of Data (MAD) in the Assessment
of Chemicals, with important conditions for the National Compliance Monitoring Authority (CMA)
to undergo OECD evaluations. The Bureau of Laboratory Quality Standards, Department of Medical
Sciences, as the National Compliance Monitoring Authority (CMA) in Thailand, has developed
objectives to pass the on-site evaluation and become a full adherent to the MAD. The development
comprised important components simultaneously: CMA (inspectors, personnel, GLP compliance program, and
the archive system), as well as test facility compliance with the OECD Principles of Good Laboratory
Practice (GLP), OECD Test guidelines, and OECD Council Acts. As a result, in 2018, CMA underwent
an on-site evaluation by OECD members. On September 7, 2020, the OECD Council decided that
Thailand to become a full adherent to MAD. The benefits as a full adherent were providing the same rights
and obligations in Mutual Acceptance of Data (MAD) in the Assessment of Chemicals without duplicative
testing, saving time and resources, help to avoid the creation of technical trade barriers, and further
improve the protection of human health and the environment, and it is increasing the potential of
sponsors to be more competitive in the international trade. Now in 2025, 7 test facilities have been
registered in compliance with OECD GLP. However, CMA is further required for continuous development

to upgrade operation standards to the same level as other OECD members.

Keywords: National Compliance Monitoring Authority, Mutual Acceptance of Data in the Assessment

of Chemicals, Organization for Economic Co-operation and Development, Test Facility
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