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Species and Abundance of Mosquito Larvae Around Chana Power Plant

Sopavadee Moonmake et al.
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Species and Abundance of Mosquito Larvae Around Chana Power Plant

Sopavadee Moonmake et al.
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nnlsalwih 20 42.31  29.82  65.38 42.31 6.96 29.70 62.55 22.67
M CNREATAIY 16.00  22.22 16.00 16.00 6.43 30.26 61.15 7.40
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viinewie): HI = House Index, CI = Container Index, BI = Breteau Index, PI = Pupal Index
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funadaniumanugningsnu s aiia wuhngma
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fenuduiusiumanugningeashaiitaddams
d06 p-value (¥NNU 0.001, 0.001, 0.001 WAL 0.009
muddu daudasluasil 3 lsfinsondays
MTUATEAMANNFNRUTIENINGYNATLUIAUEE
szazvinennlsluihlunsnwugnihgsudasadio
wuhgnihgemathufienuduiussswiggna
alsauazszazvnennlselnihasheiited Aynado
p-value 1Ay 0.001 uazgnuNEIMEBFIUTANY

dunusnuszasvineanlseluiredrefivedan

M9add p-value 1A 0.001 drugnihesiny
gaudln wazendng laifianudunusssninggma
ifalsauazszazvinennlsaliih dauaasluamaaii 4
mnmﬁmiw:ﬁaﬂnaﬂwvj@m (multiple linear
regression) UL stepwise multiple regression
wuhgamafith enududuing wazd3ananhely
fianuduiusiuanaugnyugnihegeassiiteddoy
NNEDR p-value LYNAU 0.001, 0.025 LA 0.03
muaeu dueanuilunse-seeanh LR
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MmN 3 MIeNideyalagumsiiamanuduiusssniniadeninedaatumsnugningsn 5 #iie

Haduidnu t-value p-value
00MATEUA 16.27 0.001*
segzviannlse i 8.61 0.72
FUNNBUL 57.61 0.001*
Ushadinumaue 45.70 0.001*
NOMNBUL 9.33 0.009*

BAYLWA: *p < 0.05
9

P a Y s o v o 4 v v Y
MINN 4 fmnmswwwagalaaummwa‘mmmauwuﬁizmwm@maizmﬂ LLa%i%ﬂ%ﬂWﬁ‘ﬂﬂIiﬂlWWﬁ

NUMINUGNUIENUGDE TR

ﬁﬁmgﬂﬁ"ma Mmuilsdase X value p-value
e 99MaTEUN 25.819 0.001*
FLHENN 13.256 0.010*
ENANEEIY 99MaTLLIN 3.816 0.148
FEHENN 18.644 0.001*
Iy 99MaTENN 0.773 0.879
FLHENN 6.474 0.166
gl 99NALUA 0.212 0.899
FLHENN 5.030 0.284
ey 99MaTLLN 2.625 0.269
FEHENN 4.989 0.288

RELne: *p < 0.05

7o

M3N7 5 MIUANIMIARBENAMULULTUABULBIMILUITNEINTAINIBNENadDANNYNZNGNUIELN

& a & od % o v o
N 54U WuVIiBUISQIWWTQSUS IILNDASUL WHIATNYD)

Hasasudandan t p-value
AUMWIN MU
anuunsa-aeweah -0.58 0.563
qmwgﬁ‘i‘iyﬁ 4.52 0.001*
dMwHNaINe
uUnNIMe 0.03 0.973
enNBuFNG 2.25 0.025*
Usanenhlu 2.18 0.030%
NANMNAN -1.11 0.267

BaaLe: *p < 0.05
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Species Composition and Abundance of
Mosquito Larvae Related to Environmental
Factors at Chana Power Plant Areas,

Songkhla Province in Year 2020

Sopavadee Moonmake"?, Kuaanan Techato', Khanitta Kerdsri®,

and Theerakamol Pengsakul"®

!Faculty of Environmental Management, Prince of Songkla University, Songkla 90110, Thailand

*The Office of Disease Prevention Control 12 Songkla, Muang District, Songkla 90000, Thailand
’Health and Environmental Research Center (HERC), Faculty of Environmental Management,
Prince of Songkla University, Songkhla 90110, Thailand

ABSTRACT The study of species, abundance, and distribution of mosquitoes in relation to environmental
factors around of the power plant is important to provide baseline information and knowledge that will lead to a
means approach to prevent mosquito-borne diseases. The objective of this study was to investigate the relationship
between species, abundance of mosquito larvae, and environmental factors around Chana power plant.
The survey of mosquito breeding sites was carried out while the larvae samples were collected for
identification. From the study, 5 species of mosquito larvae and pupae were found around of Chana power
plant in Chana district, Songkhla province. Most larvae of Aedes aegypti were found (71.42% ), followed by
Ae. albopictus (26.58%), Armigeres sp. (1.43%), Culex quinquefasciatus (0.43%), and Toxorhynchites sp.
(0.14%). The results of statistical analysis showed that epidemic seasons, containers (type and size), finding
area, water temperature, relative humidity, and rainfall were significantly correlated with mosquito
larval species and abundance (p<0.05). In addition, distance to the power plant, water pH, air
temperature, and wind direction did not significantly affect mosquito larval abundance. These
results are important information used as a guidance for the study of environmental factors affecting

the distribution of mosquitoes in other power plant areas.

Keyword: Mosquitoes, Abundance, Mosquito-borne diseases, Environmental factors, Chana Power Plant
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FlasuanuayanzdnnaniuideInenmans
CALRRIT Y] leéwn Salmonella spp., Shigella spp.,
Vibrio spp., Bacillus cereus, Staphylococcus
aureus War pathogenic Escherichia coli :1UU
v o & T
40 d@1aWUy (isolate) LWILLAENUUDIVIILAENLYD
%1l blood agar UnNamMvi)i 35+2 aLBaLBed
< & & o =1 4%’ a a
Wuna 18-24 galus nuwihlalaiizenase
uanUsuenugulunndsunann@alile o.5
McFarland Standard (v¥nuldauuaiitse
Ussana 1.5x10° CFU/mL lasdigaaiawug
wasgrvlumsnadauaiuglunuidanuenle
NNAIBENDIMISUALY Leun Salmonella ser.
Typhimurium ATCC 13311, Shigella sonnei
ATCC 11060, Vibrio cholerae O1, Classical,
Ogawa ATCC 14035, Bacillus cereus ATCC
11778, Escherichia coli ATCC 25922, Staphy-
lococcus aureus ATCC 9144 wae Staphylococcus
aureus ATCC 25923 T#azldansiauas isolate
d%’ o o dl %
yaudauuaisenldlunisnaday asuanely
MINN 1
an Lo & P
ABMINAFTBUNDHUNLUATISE: MSNaFaU
Lo & A Y oad o, . . Y a
N VLN UANLIENILID disk diffusion 21NaNeN
giandamlegamiuiasljuamsmaInenaans
warmsunng (Performance Standards for
Antimicrobial Susceptibility Testing Tu Clinical
and Laboratory Standards Institute (CLSI)
atu M10oo 32™ Edition U 2022)®® Taginlaiwuy
- g, gy
aaUnanngainadlussazaradauasihaasuu
21M5L8891%10 Mueller-Hinton agar (MHA)
89 14le 3 szu1u MNUUUILHUNTEMBNTBI
Whatman Grade AA DISCS Usdnnizazuna
WusUAUENIN 6 NadLuns Nraaagasananey
PUUFUANNTNIU 25, 50, 100, 200, 500 (AL 1,000
Haansuaaiiadans Usineasunuar 25 lulasans
a Y & & A g ax A o
MVURIMINIMSEeNEe Fduisnmsiaaudas
PnunAaNVIBINsde Fuasaylales wavam®”
Togldenuaniday 21e 10 lulasnsu nedaunu
\%8 Escherichia coli ATCC 25922 (Ju@?
amuaNaanwszuuluudazsaunsnaday Al
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LU UEUENNYDY inhibition zone BgIr1IN
15-22 fadwns swdsnugiaiidamlassoniy
wasUHuamameInenenansuazmsunng (CLSI)
auu M1oo 32" Edition U 2022 waz DMSO
(mmu‘%qw'ﬁf > 99.9%) Lﬂué’amuquauwaw’ga
fivnmsnegay wamsnasaulialsil inhibition
zone la 7 (DMSO #ilFilusamazangsnsananeny
siiusulaifinalumsiudsmsaiyresdauvaiide)
ﬂuﬁqmwgﬁ 35+ 2 aeFnalBed (Wune 18-24
#lus wazionamatiudadelosiadushugudnan
(inhibition zone) tJuniI8iadNaT NS
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inhibition zone ¥MNAFDUMAANNINTUAIFR
yaessanane v usulunsiudenisiaiyuas
wuAse (minimum inhibitory concentration,
MIC) @833 broth microdilution FeGaulasan
UNANNYBINTNN LHNTIF?® Tagnhansananenu
piutundansluamsiaedasiin Mueller-
Hinton broth (MHB) l¥anuduiuanatnisay
2 1M (two-fold serial dilution) MUIU 10 ANNLNLY
GIUAANNENTY 64-0.125 HadnSuAaiadans
Nntugamsaiaudazanudutulings 5o
TuTasans aslu microtiter plate wquil 1-10
w3snasavnedauuaiiGeifienuduhiy o.5
McFarland Standard uaziisanslu MHB lu
damd 1:200 gamsazanadauuaiiGaUings
50 lulas803 wawasly microtiter plate Milansania
wenupiiutu 15 MHB uaz DMSO fludheuau
au wazlddoudazafionan MHB Wudnuan
mstﬁnﬁlmﬁya ﬂuﬁqmwgﬁ 35+2 aNALTaLTed
Wluna 18-24 2l éwuwa‘[mgmanuqmﬁmﬁ
lifimsanaznaundoanuduiony tufindr MIC
Tumihefadnsudaiiadans MmMsnagaumIY
2 a3 wazmeaae MIMIVANANNINAITATEY
ﬂaeﬁ}ya 1 vigunagau (MHB+L%Wa) HanMSNeadau
u,eiawquﬁmﬁmwmjuw%al,%yamnmﬂauL‘fJuLﬁﬂ
nIEaN msmuquqmmwwmmmilﬁyﬂuga MHB
1 Maunadaudaman waz DMSO 1 vigunaday
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Ppevise linu@aanasnauiuiionszau
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nsitazidaya: dayanlaazgnian
Jenevinamendasidulng (percentile) zaaan
MIC NeNunud 50 waz 90 (MIC,, waz MIC,,) 284

nguUssennsuaInwae isolate Mniaatlid ety
damsaaneuaiuiundasiugiiadudinans
Fatfuen MIC,, Wip MIC,, 2a9udas isolate U4%
NIBYAE 50 WAL 90 Y4 isolate AN A MIC

AMNNUIBLINNUANNUU ) MNIIAU

15191 1 BHALaE isolate BIEHBAUUANISHN LF LUMINAFDU

Hada DMST No. Lab No.
Salmonella ser. Enteritidis 15676 -
Salmonella ser. Agona 10638 -
Salmonella ser. Weltevreden 15677 -
Salmonella ser. Typhimurium ATCC 13311 562 -
Shigella flexneri 7767 -
Shigella sonnei ATCC 11060 561 -
Vibrio cholerae O1, Classical, Ogawa ATCC 14035 4278 -
Vibrio cholerae 0139 9701 -
Vibrio cholerae non O1/non0139 28173 -
Vibrio cholerae non O1/non0139 - 66005174001
Vibrio parahaemolyticus 5665 -
Vibrio parahaemolyticus 15285 -
Vibrio parahaemolyticus 30368 -
Vibrio parahaemolyticus 30665 -
Vibrio alginolyticus 33638 -
Vibrio alginolyticus 14800 -
Vibrio alginolyticus 31366 -
Vibrio alginolyticus 33579 -
Vibrio alginolyticus 30666 -
Bacillus cereus ATCC 11778 5040 -
Bacillus cereus 6229 -
Bacillus cereus 12126 -
Bacillus cereus 12127 -
Bacillus cereus 16007 -
Bacillus cereus - 65117944005
Bacillus cereus - 66005284001
Staphylococcus aureus ATCC 9144 2933 -
Staphylococcus aureus ATCC 25923 8840 -
Staphylococcus aureus - 65082656001
Staphylococcus aureus - 65033532007
Escherichia coli ATCC 25922 4212 -
pathogenic Escherichia coli (ETEC) 26450 -
pathogenic Escherichia coli (EIEC) 30544 -
pathogenic Escherichia coli (EIEC) 30545 -
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M3199 1 Filauaz isolate vaugauuaiiGenldlunsnadau (dp)

Haida DMST No. Lab No.
pathogenic Escherichia coli (EPEC) 30546 -
pathogenic Escherichia coli (EPEC) 30547 -
pathogenic Escherichia coli (EAEC) 68994 -
pathogenic Escherichia coli (EAEC) 68995 -
pathogenic Escherichia coli (STEC) 30537 -
pathogenic Escherichia coli (STEC) 30538 -
vinewe: - DMST No. (Department of Medical Sciences Thailand number) NN isolate L%?aﬁnﬂ@uﬁLﬁu%ﬂHﬁLLazianaN

agRugaUnIgMamsuwng aontldeInencmansansisady nsuInenmansmsunng

- Lab No. (Laboratory number) g isolate Zaanguginenemansmsunngi 12/1 a9

W

HanILANsiITINUAaIgiupsdAIUIN
L‘fJ“IJLﬂﬂ%@ﬁ‘l&Gﬁﬂ%ﬁ UV-Vis Spectrophotometry
Toam NN IININATFIUTIANNTUNUSTEWIN
ANNINTUYBUABSANY (LN X) AUAMMIGANFULE
‘ﬁ'mwmmﬁ'u 420 WA (WY y) mnwﬁu%’u
14 3 WugUgn 1dun uasaeny 039 1 woasa sa—2
FAWINAU 5.8 £ 0.7, 7.0 £ 1.1 UaL 7.9 £ 1.4 %w/wW
MUY

HaMsAansauLl Bt urasIsat AU LY
fretamuaadsidauuaiidadalsaluszuunia
ua1seneid disk diffusion wuhilde 3 #ile
laiwu inhibition zone J8ULHUNTTMVNTDILUAS
afavenvaiiusy lun Salmonella spp., Shigella
spp. e pathogenic Escherichia coli LLazfnga
5 1@ WU inhibition zone FDULKNUNITZTAIHNTDN
qumsatonevaiiuiu 1dud Vibrio cholerae,
Vibrio parahaemolyticus, Vibrio alginolyticus,
Bacillus cereus W8z Staphylococcus aureus
faudaslumsed 2

naFaUgNETUiasssEtaeuiiuTus e
35 broth microdilution %ﬂtﬂu"?ﬁmmgwmﬁ'am
MmanududumgainsaiaevaiiuFusnge
fuindauuefidanelsalussuumaiuanmsuasay
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wuhaiuduiuguasaen 059 1 uasas sa—2
safuiadeading (Vibrio cholerae) g
FHANNINTUREY 0.5-8, 0.5-4 UAZ 0.375-16
finanSudafioddns muadu manududuige
gavansanens 3 %ile Nannsafuiemsasnuas
Halddenaz 90 (MIC,,) feunfu 6.4, 3.2 uat
10 fiadnsudefiadans muay sunsaduiabe
Vibrio parahaemolyticus lafigamudntiuaas
1-3, 1-4 W8 0.25-2 NAANINADNIIINT MW
aaU @) MIC,, HinU 2.6, 2.8 ez 1.3 Naan3u
Aailadans MUMAU sansaduiads Vibrio algi-
nolyticus l@figanudusumas 1-2, 0.5-1 uaz
0.375-1 NaansuAaNanans muaraua MIC,,
FAINNU 2, 1 waz 1 NadnSNAaNARINT MUV
dwiSui Bacillus cereus Msanavenuaiuduiug
LasEENN 031 1 Wazads 84—2 sansadusadeled
FNANNANTUREY 1-8, 1-4 UAZ 0.5-4 FAANIY
faNadans Muaau @ MIC,, Hevnu 5.2, 3.3
Uez 4 UadNSNANNFINT MNSIOU UazdINITD
gnﬂzﬁ o Staphylococcus aureus |@Teemaagy
A 0.5-8, 0.375-4 WA 0.25-12 NAINTNAD
Faddas muanau @ MIC,, Hannu 5.2, 3.2
Wae 7.5 NeaNSNABNAANT MNAIAU AILEI LY

M5197 3



[

v

was pigy) AN

a
o

4

@I5506 NINELRSY

=

q

v
a W

@

|

HUENULUANLS 8N SIN AN UTY

Lo
15

06 =BRELUY
0G 2BRELUY

30

30

,_>m§vm&&wﬂsdmuwgw_.cn/a_._v_w$6mrsﬁ&REJRrFG CY SOTIN
,_>m§vm&&wﬂsd:uwgw_.cn/a_._v_w$6mrsﬁ&REJRrFG CY DTN
9je[ost amsjmme;m_w _.F g neguusLueMuLE (Tu/suw) DIN vmsmm@.ﬂr@&ﬁ:r@w_.ccfPE, UBIIN « uIBLEU

gL G39°0 620 ‘BT ‘G°0 ‘T (A 4 GLE0 ‘¥ ‘G ‘g 'S 1 G0 ‘8T T i4 snaaneg snododojAyde)s
i G0 ¥ % ‘0 ‘6°0 ‘¢'0 ‘T ‘g0 g'e 1 eV rTrrg 2's 4 ¥8CceT‘T‘T L snagod snfjeg B
= piel
I SL0 GLE'0 ‘670 ‘GL°0 ‘T ‘T I 1 I°0°‘T‘T‘1 14 4 1°7T°C‘C ‘g S SnIRAJOULS[E OLIQIA z m
c &
€1 630 G20 ‘G3°0 ‘G3°0 ‘G 8% I LTy 9'g (4 (A I id snondjowseye.red oLIqIA ,‘m <
w =
ot SL'0 9T ‘T ‘g'0 ‘gL€°0 g g1 ¥ % ‘190 79 G'g 8 ‘% ‘G0l id 9B.I9[0TD OLIQIA =
€
n &
= o
Tu/Sw) (Tu/Sur) (Tur/Sux) (Tu/8w) (qu/Swr)  (Tw/Swr)  (Tw/Sur) (Tw/Sur) (Tw/Sur) 2 € €
= =
*OIN *OIN ~UBIN[ *OIN *OIN ~UBIN[ “OIN *OIN ~UeIIN 2 € -~
i ]
~ T o
3—¥8 LLuiHM T Bewbmm RLBEMOTEHM z RLigennes £°3
HRHIER HEHeR HEHIER 5 @
> T T = s
n 2 =
HEHIERMLBABULLLEBLERUBLSHMBNL
b
UOINIPOLIW 301G SLRLVY]RLIULVMNBZINBNBELLIELBUIAMIERMLBABUBLLINCROBLBIRIERINLLY € UBLELY
;mms_\Frc;mwnmsjﬁH;;nw
Srqaswﬂ@;nsﬂsz._.s CVRILLIE c5-G1 vrn_\_,aw_wm 9uoz uonIqryur vm_wvrmc_w:,@z,rz:,mdz ¢2¢69¢ DLV I[09 BIYOLIBYISH mmv,__._.c_._vmmss RWCWGHRH OT BLIR MEBBMNENILE - :lbuinLeun
:m:;;;rmsscmwrmnpvmwcfsawc:zj;mw Quo0zZ :05555 ML) BYRLEN (eu0z uoryIqIYUI-UuoN) IN - :BUIBLIEU
1joo
IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN 01 EIyoLeydsy otuadoyied
IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN g dds gjjesiyg
IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN IN 4 dds efrouomyeg
V'I¥9'8 T'IF¥'8 80F9°L L'OFGL LOF9'L 9°0F¥'L L'OFO'6 T'IF9'8 L'OFO'8 LOF¥'L LOFV'L 90FI'L T'1F8'8 T'I¥€¢'8 9°0F8°L L'OF9°L L'OF9'L 9'0F¥°L 4 snaang snvoooo[Aydels
L'0¥8'8 L'0F8'8 9'0F¥'8 9°0F0'8 L°0F6°L G'OFLL T'IFE€6 TI'IFE6 80F8'8 80F0'8 80F6°L 6°0F6°L 8°0FSG'8 8°0F9°8 L'OF¥'8 9'0F6°L G'OFL'L G'0FS'L L SneJd9d snjjeg
8'IFV'0T 8'IF86 ¢'¢¥¢'6 L'IFL'8 €IF¥'8 € 1F¥'8 I'IFI°0T L'OFE'0L G'IFE6 80F06 O'IFL'8 G'O0F¥'8 LOFI'OL ¥0F86 L'O0OFO'6 L'OF6'8 6°0F¢'8 L'0F1'8 g SnoNAJOULSTE OLIGIA
G'TF0°0T L'IF6'6 L'IF96 E€'IFV'6 6°0F6'8 O'IFS'8 9'IF86 9'IF¥86 6°'IFI'6 V'IF6'8 0'IF5'8 O0'IF¢'8 G IFE0L 6°0F9°6 9'0F3'6 L'0F¥'8 G'0F0°'8 G'0F8'L 4 snonAjoweryered oLIQIA
O'IF6°L O'IF6°L O'IF6°L 8'0F9L SOFV'L G0FE€'L 6°0F0°6 L'OFS'8 6°0F€8 9°0F6°L SG'0F9'L 9°0FS'L 6°0F¢'6 §'0F1'6 ¥'O0F¥'8 L'OFO'8 9°0F8’L 7'0F9°L i4 ae.I9[oyo OLIQIA
000°T 00S 0032 oot 0S G2 000°T 00S 0032 oot 0S G2 000°‘T 00S 002 oot 0S G2 2
-
=
o)
(Tu/Sux) npmRILLY (Tw/3ur) nerRieLLY (To/Buw) nrpikLey z BLIRUNNERI
3—¥8 teubnMARHILR T tewBrMngIIER RLBELOTIEHMAZHIER T A 2
g
(]

(as¥eurigen) L BLYARIRRIRLEVUHZIIERNLRLYULELLBIER SUOZ UODIQIYU] REEILY

UOISTLJIP STP SLRLY L BLOMOIEARNERILLYUILILIERMLBULBULBELERLY BitR 8 URCRELULEILYIBLUMMREI] BEICURLIUBNTICRIPCRIVECLIDEEUBYELULM & UBLELY



Antimicrobial Activity of Turmeric Extract

Suwandee Sapcharoen and Natthacha Duangrak

= o
AU

nsnagauiildinhssaiiuiusaialos
ABMINANIBLEMUDS 95% NNITANEINBUDY
msafeuiiusudaemusa 95% suiludhazans
ﬁﬁau1ﬁ1uﬂwiaﬁ’ﬂaﬁmﬂﬁ%aqu1ws isennuen
MMNALAILBBNINFITANA LAIIEUALEINITOAA
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MELEMUDD 95% LRNANINaFaU %yield An
mMsafaeIen FamsanauiiutudIsemusa 95%
u,amfwmmmé’ué‘iy'q Staphylococcus aureus Wag
Salmonella spp. Group D 1egdl inhibition zone
WNAU 13.3, 8.0 Waz 10.0, 0 NadLNAT MuaIaU®

msdnniiensiuiinaeasaiivasdan
mwﬁu%’uﬁmﬁﬁ UV-Vis Spectrophotometry
auduasgiueayulnglneg® vanainil
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msmaauﬁ’tﬁwa inhibition zone wWAUNI
msanwau luaildusnadsuuailZanhiy
(1.5x10° CFU/mL) aratiinsanUsuaens
aangniluasananilivhiue dusdduizms
NaFaUNENISHUTIRLandefusEnIng disk
diffusion 8z agar well diffusion F998 disk
diffusion figasnaludacSinassatafisudu
VUUHUNSEMBNTBdLe1aenI) uazdd agar well
diffusion L“fJumsmewquuummilﬁmL%ya‘[ﬂﬂma
wlrwatduriuguanageanguazizune
6 UADLNANT LNNUVNAUKHUNTZAI BTN UAFINITD
dumsazmsadlumquldlutBinainnnh dwa
TWsnaesanailanagaunandiesy Tosds
agar well diffusion JUSNIUEITINANINAI
dandsuiauszwinadesiiodoniu msanwi
1958 disk diffusion @aBMsasanaNENUTUTY
ANNLTNTY 200 HOANTNADNAAINT VEADIULLKY
nszanensa3ings 25 lulasans FaSinamnsana
WAL 5 8anSu @mae inhibition zone 28438
Staphylococcus aureus ATCC 25923 (9§19

aNaneENURHUFURUSULONEENN AT 1 UasnTe 84—2

WU 8, 8.5 LAY 8 NOILNAT MNSIAU Ve

Do

T5UNT NEaIaY dazane, 2559 NAFBUND
Msdudade Staphylococcus aureus ATCC
25923 IUNU 91835 agar well diffusion log
Wsnan st iU U NN ENTY 256 Haan3a
AaNATANT ILVQNVINAFUENUAUINTN 6 NAANAT
UuUIMSREIE LA NaNsER v LTy USinas
50 lulasans FeUSanaasanawhiu 12.8 fiaansw
wuhasafanenuiusuiuiade laiianaas
inhibition zone WU 12 Jadtuns®
mililadsuiiisusunsanwauinldss
disk diffusion Wmamiffl'ugmﬁya Staphylococcus
aureus HFDOARDINY MIANWVBINSIN LTI,
2554 lfensafanenuriuFuaNNEEY 500 Fadny
AONAAANT NEAIIUVULNUNTZAIBNTDIUTNING
20 lulasans delSnaasanauhiu 10 daansy
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Methicillin-resistant Staphylococcus aureus
Toefieniads inhibition zone Wiy 8.56 Haans®
waznsAnzaIma wanyia wasanla 2as8n-
wugw, 2553 Tiuaiideandasdiu msadaneny
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FudamesasafanenuriuiudedouveiiGedalse
vesie lunuuazdaiuegiio wuhasanavenu
siiuudsamusaiignilumsiviadawuaiice
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Vibrio vulnificus, Aeromonas hydrophila,
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Staphylococcus epidermidis, Bacillus subtilis

waz Edwardsiella tarda §én MIC Tuz4 3.91-125

a a
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ualiualiigenndasfumsnageuidie Escherichia
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sfeuiiususinsasusudals fidaae inhibition
zone LYNAU 7.5+0.6 WAT 8.0+0.8 NadLNAT
muddy Fayatuaadliiiuhaiuiuninsoduds
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FIMENTIUNT FdnuIal uazane, 2559 Naday
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dulnajuniuluEeimsinmlsn ansiinideds
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= Lo & & o v =
lgndgugudauuaiisela nmsdnwues Cheng
AL. et al, 2001 N¥iEtheuzGssulsemuaspiiy
Usinagadie 8 nSuaadu e linurainadsansa
matlunieaagtha®™ nemsed 3 ugaa MIC,,
YDWRUTURUSUONFNN 059 1 UanTa 84-2 NEUL
& . . [

t8® Vibrio spp. ¢WNU 2-6.4, 1-3.2 Wae 1-10
Hadnsudaiiaaans luzaeiansanans 3 aila da
Ms8usNEe Bacillus cereus Waz Staphylococcus
aureus NNV 5.2, 3.3, 4 UL 5.2, 3.2, 7.5 NaaNIN
aaladans auaau lagansanauiiuguiugnss 1

gNBaNgaeaeaine (Vibrio cholerae) (1843

g }

M MIC,, 52AuMNgan 3.2 HadnTn/Tadans

22D

Tumsinnilansasaviiviuliamansaduda
o Salmonella spp., Shigella spp. waz
pathogenic Escherichia coli l6 Felaiganagaeniu
Dai C. et al, 2022 ﬁwuiuﬂa{@ﬁummsaﬁu&L%ya
Escherichia coli waz Salmonella enterica serotype
Typhimurium 14¢? aailasnnaiievesssaia
afiusuiinlsnesay Tasmsanwuas Tyagi P.
et al, 2015 l¥msimaspiuuignsansagd (anu
UIINB > 979%) wamsAnwnuTIAauMINTD
aneEalanadisuuaitaunsuINLazLATHAY
(2 l,%ya Staphylococcus aureus, Enterococcus
faecalis, Escherichia coli wo¢ Pseudomonas
aeruginosa NANNINTY 25, 50 Way 100 UM
LANAI9IINAISANEIASI G ldansadusale
iasnnldasasaneveiuiulunsnasay 39
aafiieasaiululSinauandedu® uananil
stsznavivlusiivduiivanmiiannieasaiu
aailkafeMINaaEaY W NI (turmeric oil)
Fafgnidudadauuai3aunsuuinlddnin
unsuau® Sanchez-Villamil JI. et al, 2019
seuhiisfiasUsenauInailusaasiignatuda
HauveiiGeld Fuiiusuillasawasansisznay
naulwaiueawiuiu® Msfnwwes Taguri T. et al,
2004 naMdsRiEnilnafuaagelinamstiudaie

Staphylococcus aureus Wwaz Vibrio spp. laana
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Salmonella spp. woz Escherichia coli®” gy GINT!
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nanasaiuaad lumheiudunugueaennlgn
TuNunFaniaawys 91w 22 618819 N 4 TUND
v ao = a
ara3slasnlansWyliaveanalranssousgs
(HPLC) wul3mnaumaspiiuasesngas 4.10-10.35
¥ @ o o o Y a s a s
Togwnmin WanSeudisunulmnanasaiivase
oanga i uFuWuguassa nlunis@nwiiiian
LAB3SANUBELIINUSBEAY 5.8+0.7 LABUININ
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P s 1 & 2 M va 7 a
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g a = .{ % 6’5
asnasaiiuiinalnmseangndlumsduss
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¢ a 3 A v g
1) 1ea5aNuIUNIUMIMNUINEYNEaE Lo
LABSANUILTNAETZUUNMIBNRIUULAZANNTNY O]
wpBaNas limaame laun e Staphylo-
coccus aureus Wwor Escherichia coli 2) Lﬂa§@ﬁu
o 3 v ay o % 3 d'
gugamsaseluleflan Taadugeszuumsdaansuad
g , o v -
10 (quarum sensing system) MlAzaimzin
Auinaswaznsasalulailay (biofilm) lown
\7e Staphylococcus aureus woe Escherichia coli
3) LABIQNUGTUEINITUUNAIVDUTAS Laaduds
Filament temperature-sensitive protein Z (FtsZ)
Fafulusdunsienudndulumsuiazas loun
e Bacillus subtilis waz Escherichia coli way
Jd a vV Y a = g o v
4) wasgiunszauliiaanuessameluadimli

wasme lown 1B Salmonella ser. Typhimurium
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waz Escherichia coli® ainnis@nwiua
wavgw Ussdvgdall waswssiian Auiinwa, 2554
waaslifuiimsaangnizesnasaiiuaadiy
[{uuuy dose-dependent #a mIpangnatiuia
\Wevaunadgiusadianuduiuslosnseiy
ANNINTULBIET UazNUILARIANUDEAENNTD
v liaduedauuaiiis Helicobacter pylori
wWasuwlasgusennveulduilugusanauuas
MNEadet NI FeiinansmsAnmasineds
nalnmsaangnizennasaiiulumszhidauuaiiGe
M3AN®289 Rai D. et al, 2008 wWuinAasaiy
Juiu FtsZ wazaamsnungnzaslslofaiuun
(protofilaments) ¥aN Bacillus subtilis Tuvaan
neses hlwudimsiinsnnurasuasdeuuaiice
16¢® msAnwves Mun SH. et al, 2014 Wuh
wosgiiumasadugudelundgy MRSA was
MSSA lalaanszquldiianisduiussuing
ATPase inhibitor w8z detergent thatilu
d15Usznau ATP-binding cassette (ABC)
transporter d4WanIzNUGDLiDNIBATD
FouuafiZelae uazdnuilinalnmsaangns Ae
wasaiuduiuluilalnouau Fufluasdisznay
Ypentugadraudauuaiiieilfiiansiud
msta3aadauuaiialat?

msanwil 19188 Aeromonas spp. uaz
Plesiomonas shigelloides MAvusnmlunds
fro8e udinnzaesluside lawsaivle
wlilsisnansathanlEnasauls wasiidau isolate
fumasaulidr MIC wand1eainidaniia
WWeafuaIn denumIstinsIuIuEaudazyie
Taifaendh 30 isolates lumsnagaurivelilawa
ﬂﬁiwmaauﬁmaumuttaz%mLﬁ)umnéq"z”iyu F
msiindauuaiiianelsaiiuanldnngiheiie
Tiasanudsslemilumsldnaunueraiugain
sandemsldadugagwiduasarvanuin il
MIUANAMMNITUUMINAaaUlUIF broth micro-
dilution shelumsanmasasaly

asu
9

SsafangunniuFuneRusuaday
039 1 WazAse 84-2 ManAMILEMUDS 95% lu
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E{’IN’I‘SEIE‘}JJUQ,;\‘IL%E] Vibrio spp., Bacillus cereus
wae Staphylococcus aureus 1o Taamanunu
mgauassanalumsiugamainuasdadnan

v @

(MIC,,) vy 1-10, 3.3-5.2 Wag 3.2-7.5

NadNTNEaNadans MUY WINUFURUTATI 1
g

§N1508U8UT08%NG (Vibrio cholerae) lan
figail MIC,, whify 3.2 fadnSudaiiadans dmsu
Bacillus cereus was Staphylococcus aureus
WUNE MIC,, (NNU 3.3 1ae 3.2 Nadnuaalasans
auddy aiuun 3 wuglgn Timunsadudaie
Salmonella spp., Shigella spp. a2 pathogenic
Escherichia coli 16 fidnanuidugiuszning
25-1,000 NAN3NGDNAAANT YDYANINMIAN
assiimafulsslamidmdumswannmayulng

Nnasanaven vyt uiNe lUWann Jundan e
fall

Aeeanssndsema
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Antimicrobial Activity of Turmeric
Ethanolic Extract against

Enteropathogenic Bacteria

Suwandee Sapcharoen and Natthacha Duangrak

Regional Medical Sciences Center 12/1 Trang, Muang District, Trang 92000, Thailand

ABSTRACT Antimicrobial resistance bacteria is a major threat that widely impacts humans, animals,
and environments at both national and global levels. The use of herbal drugs is an alternative approach
to reduce the use of antibiotics in humans. Since Turmeric (Curcuma longa L., Family Zingiberaceae)
contains curcuminoids as the main compounds, it has been reported for various pharmacological activities
such as antibacterial, anti-inflammatory and gastrointestinal disorder treatment. Therefore, the turmeric
ethanolic crude extracts from 3 cultivars, Daeng Siam, Trang 1 and Trang 84-2, were selected to study
for antimicrobial activities against 40 strains of human enteropathogenic bacterial isolated from food and
water, and also reference strains, which were Salmonella spp., Shigella spp., Vibrio spp., Bacillus cereus,
pathogenic Escherichia coli, and Staphylococcus aureus. The extracts from all these 3 cultivars showed
growth inhibitory activities on Vibrio spp., Bacillus cereus and Staphylococcus aureus using the broth
microdilution method, with the minimum inhibitory concentrations (MIC,,) at 1-10, 3.3-5.2 and 3.2-7.5 mg/mL,
respectively. While Trang 1 cultivar revealed the highest inhibitory effect on Vibrio cholerae at MIC,,
3.2 mg/mL. However, all extracts at the concentrations of 25-1,000 mg/mL did not show antimicrobial
activities against Salmonella spp., Shigella spp. and pathogenic Escherichia coli. This study information

will be useful for further developing of herbal products from turmeric.

Keywords: Curcuma longa L., Antimicrobial, Enteropathogenic bacteria
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Determination of the Minimum Time for
OSL Signal Annealing after Reading
Radiation Dose of Inlight® Basic OSL

Dosimeter before Reuse

Sataporn Klomkaew and Udomsap Chanthason

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The Inlight® Basic OSL radiation dosimeter is a personal radiation measurement device
used to measure X-ray, gamma ray and beta ray, which can be reused by a light exposure from an auto-
matic OSL signal annealer and the residual radiation dose value after annealing must be less than 0.1
millisievert. It is important to find proper time being used to erase the OSL signal of dosimeters to achieve
maximum efficiency. This study aimed to determine of the minimum time of OSL signal annealing after
reading the radiation dose of Inlight® Basic before reuse. It was found that the annealing times of 0, 10,
20, 40, 50, 60, 80 and 160 seconds, gave vise to radiation dose of 9.59, 0.78, 0.27, 0.07, 0.06, 0.05, 0.03 and
0.03 mSyv, respectively. Therefore, the minimum time for OSL signal annealing was 40 seconds for those
OSL dosimeters that received a radiation dose not more than 10 mSv. This Information from the study

will be useful to reduce the time it takes to anneal OSL and thus the operation time.

Keywords: The InLight® Basic OSL dosimeter, OSL signal anneal, OSL signal annealing time
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Development of SASIT Kit for Thai People Aged
over 50 Years in Pattani Province

Sirilak Lertpongpiroon and Aussavashai Shuayprom
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fluedasiladansaaiody (early screening tool)
dmfuiifienudssasiiulsamsiudu® Tag
aytiumanagaumsiunaugnussyliiiludared
Tumsitasalsamniudu® sudlsafiduiugiu
SEMINMSSUNALUANS I UAMIZA NN LEN )
Tspoalawas® Wuau
Hammssunduduiymanuldussnly
gihelsansaynuaseihelsaniessuulszam
Hagthutszmalnedilifiedesiiamnaspuiiannse
Ussifiumsgapdamasunauld dewanssnuliigihe
fiitapnmssunaulildsumsquanthamanza
msnagaunssunay nagauld s 35 e
msfassduanudindurenauiiiasge (smell
detection threshold) M5IASLAUANINEINITO
1uﬂ’1‘iLLElﬂLLEI::ﬂ§u (smell discrimination test)
LLazmi"’fmzé'ummmmsdlumis::qﬂﬁmna\‘méu
(smell identification test) ‘?;Qﬂ’l‘iwﬂaaquﬁﬁﬂ
yaanausnsolfifuaiaciiodsnlumsifase
fihalsafifiedussuulszamlussaziEuusnia
Tsasalawaic™ wazlsamspudu® Tsaanudon
PaeszUUsEamaY 1 Wy Huntington’s disease””
multiple sclerosis™” TsaNN30112% 121 schizophre-
nia®? ({luau ﬁ”'quﬁtgméwﬁ’fywmmsmaamzq%ﬁﬂ
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apendu Ao nauiilssnnsudazsana dany uas
Tausssn Aquieglaimiauny mlvvanedssnea
Faswdainiasiionadauszysiionasndwiuuas
fies tiailesfuanuiionaaeiwamnagoud
Lﬁmﬁumnmﬂajiﬁﬂnéuﬁzu L3U 5ANAFRU odor stick
identification test for Japanese (OSIT-J)"*
apslszmadiu yanaday University of Penn-
sylvania Smell Identification Test (UPSIT)""
49naddU Connecticut Chemosensory Clinical
Research Center (CCCRC)"” wazzanadau
cross-cultural smell identificatioin test
(CC-SIT)"? waelszmaanigainsm ganadau
Korean version of the Sniffin’stick (KVSS)"”
PeUssinamuale uasganaday Sniffin’sticks
test (SSTY™® wasUszinagasuil Wudu dagiu
iniasiionadoussyziiauasnduiiinsldfuad
uwsvanalunaneissing #o Sniffin’sticks test 39
Wuduwuuwazvansdszmalawengnathanwan
wasusuld

msAnwnsdunausasgluajanlnglu
Usundlng U a.¢A. 2013 Chaiyasate S. et al®®
Idnsnumstnmanuansalunsfunaunas
massyiiavesansiinavluaulng Tasmsinm
Tuaaasinsiuu 81 au Fengsenin 22-60 U
nagauanuansalumsiunaulasliyanadau
n-butanol test (n-butanol threshold) luszeau
anaduguiienedu 11 sy wuhamsdunau
dilvnjaglusedumad o (szduemudadu 0.06663
Fadlua/a05) I 33 918 (SPUAT 40.7) Uaz
mManadauszyriiauaInduay 15 nadu Maau
nAuLUY 4 @uden wuhe@aiasansanay
monunauldgndands 13.6+1.4 nau lasfindu
1w 13 Ty 15 ndu fimadassansonauldgn
wnnhioeaz 75 naufineugnuazduiasanniige
Taun e (Jewaz 100) dauﬂﬁluﬁmaugmta:
Fungiasiig ldun uzun (Fasar 44.4)

1uil @.6. 2019 Riyaparn K.®” lasheanu
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Sunduluggemgzlng masdnnlusmaidias
818 50 Yould 1w 80 Ay HNDIYIEVTN 51-84
U dnwenumananlumsiunau Tesldganasay
n-butanol test luszduamandnduiiensdu 11 seou
wuhemssunaudniluaeglussdumed 7 (ssdu
ANNINTY 0.59963 NadlNA/AAT) NUIU 22 T8
($o80s 27.5) WarMIsLYBTinEaINALIILIL 10 NAY
MABUNAULUY 4 GAdBn WuhamaasanIngo
aaummunauldgndenis s.66+1.4 nau lasd
nawiuu 6 Tu 10 nau imanaasaansanauld
anannnhiasas 70 naufineugnuazAuLABINNTiga
Teun hifuedas (Jazay 79) ﬁaunﬁ'uﬁmaugﬂuax
ﬂfumtlﬁaaﬁqﬂ loun uzd (Sp8az 53)

111 @.@. 2014 Kijjavijit T. et al®” lasieanu
msdnunihiasmsliganaaaussyniiouainau
Sniffin’sticks uuu 16 nau ludszmnslnediidy
Tsawsiudu wuhgithalsewsiuduaaelnaiianu
UnWIaeaMeMssunauaeiiiaddyudediu
fihelsamsiudunaslsamadu g managaussy
siievaanauminsaldnuungihalsamsiuduaan
nnaulnd (ndumuay) 1d nauildlumsmasou
szTinwaInau Sniffin’sticks test 1101 5 T 16
nau unduiinguamaiasnengugihalsamsiu
duuazngumuaulizan

Nanumsdne 1uil a.6. 2015 289 Pinkaew
B. et al® (fignfumsuennaunasazuuussysio
gaenduluaulnafimsiunduund mmsdnwlu
21andlAsUNA 4981g5E1IN 18-60 U U
128 AU AansBIEENAsIRMISUNAUUNATE3S
phenethyl alcohol (PEA) olfactory threshold
test WUTINMSINTZAUANNEINTO LUMSUANULEE
NAUNAY 16 (13.5-16.0) WarMIsvyBiauaInay
U 10 nau mesunaunvulaifidaudan wuh
madasmansonaumainnduldgndasiais
8+1.5 nau laefinausnnu 6 lu 10 ndu fimaaias
aansanauldgnainnniidasas 75 naufinaugnann
ﬁq@ Town mun (Saeaz 96.2) fi'suﬂaluﬁ'maugnﬁaﬂ

g laun yn3 (Sovaz 49.23)

Famsliasuunlumsnasaumassyziiouns
naulunsnumsAnindnangadu®* azuand
210 Sniffin’sticks  test M lvliannsaudacs
WIBuieuanan@ee 9 mu threshold-discrimi-
nation-identification score (TDI score) a9
Sniffin’sticks test® lg

NENUM AN Pitipakorn K. et al®”
Tdwannmanadauszysiionasndu dmiuaulng
Wuu 16 ndu Aaaundunuy 4 didan Livelw
aansowlanalSauiiaulnaaaaN g au TDI
score 284 Sniffin’sticks test l¢i lagynmsdnuly
AFNATUNAIIUI 35 AU 4NBIYIEWIN 20-60 U
wuhansodadennauiimaaiasdues ldnau
Vv 16 nau fimaasiasanansanauldgnannnt
faenz 75 (Sa80y 88.6-100) NaufinaugnaNNTiga
(3o8at 100) laud & 1haulne Sealnuan nseiiiey
Fuussa azlad e avanu uasinlne drundu
finaugniiasiige Aa uewin (3asas 8s.6) Taams
AnwillFnavlumsnadaufiensnn Sniffin’sticks
test 1191 10 NAY

esannduduiiesnuduinauie
WOANTINNNTHNUSTINUAZMITUYTEMUDIMI TR
udazlszna manadauanuaanalumsiunay
Jedpadanaslinduiisumanagauimanziu
Sausssuty 9 tewannliminzausulszanns
ustasilszna Tastlagiumsfnmidasmanadaums
Sundudsihion uennnildslifiniasiionagausey
silavaanduiifunasgudmiuaulnalasmme
wasslifienndssypiiavasnauluudaznduaguas
Ussznnsarannnd 50 1 middeiiReiingusvaed
iieWanniaInsiianaseuszyziiounsnauiianansn
nadaulamenuiad (self-administered smell
identification test kit; SASIT kit) 371421 16 nau
MmaaunauLuY 4 diden gunsailda 1 auuding
woziilamenndszysiianasnauluudaznguans
apalsznnslnaangannnd so U Ainmsldnaulnd
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Development of SASIT Kit for Thai People Aged
over 50 Years in Pattani Province Sirilak Lertpongpiroon and Aussavashai Shuayprom

tive observational cross-sectional design aiiu
= < = a = ] & = &
sUuvumsdnw Wumsdnwziia methods-  misdnwlugiudaunnsen w.a. 2566 dadau

oriented research FigUuuumsI3eiu prospec-  Fuaw .. 2566 Gauanslumni 1

Study flow diagram

Thai volunteers aged >50 years Excluded patients (n = 5)
between January and March 2023 (hypothyroidism = 2)
(n=74) (neurological disease = 2)
(Hx of radiation at head and
neck = 1)
Not include criteria (n = 8)
Informed consent (unable to perceive n-
(n=61) butanol at 0.59963 mmol/L
concentration)
. The volunteers received an explanation
Examination room of how to use the SASIT kit for testing,
(Temp 28 35 degrees " and prepared to take the test themselves
Celsius) (SASIT-Q)
The volunteers were
required to abstain from
eating, except for plain I
water, 30 minutes before
starting the test
Start opening the packet containing the
odors, beginning with odor number 1,
and hold it approximately 2 cm away
Time the test s from the nose. Allow no more than 20
seconds for each odor to be sniffed
before proceeding to answer the SASIT-Q
questionnaire
Begin the second odor at least 20-30
seconds after the first odor, and continue
in the same manner until all 16 odors .
have been completed. Then answer the Llelc it
questions about the difficulty of the (n=1)
SASIT kit

Analyzed (n = 60)

MW 1 Study flow diagram
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a9

NSEMENATDUINNONWS DN T UNBNSELWE
(paper strip) 2U10 13 x 1.5 BUGLNAT WazHdd
agitllsnnaediuuaadanzun 5 x 7 wUANGS
(CLHB1688, The Sea store, a5190455U5zan5uaU)

aslinay

sslnausnu 16 nau Aadenlaasads
NnnauiiiisenuITenaumhii e yasiy
nauiiimswdauazimhelumagaamnssumely
Usznalng eaziBonaadl

1. ﬂa'uaza’lil‘ljlﬂl,ﬁlwilluﬁu (orange flavour)
Bath: 220704153 U¥n ailfasinasaistu e

2. umaunauuaulng (Thai perfume
fragrance) Batch: 20221107 USHY LARAMIA
Aadlalstu Mfa

3. nauszENTNTuFanlnuan (chocolate
flavour) Batch: 20221107 USHY ANAMA
Aadlalstu Mfa

4. nauazarBlENTUNSLTiaN (garlic
flavour) Bath: 22061125-6 USH®N LANNMA
Aadlalstu Mfa

5. nauazansENTuFUUzse (pineapple
flavour) Bath: 220606452-2 USHN tANAMA
Aadlalstu Mfa

6. wauvanszmanzladihy (lemon grass
essential oil) Batch: 27671231 USHW ANAMI
Aadlalstu Mfa

7. ﬁwﬂmmwﬂmmnﬁfq (fish sauce) USHN
qma’mnisuﬁwﬂmsxﬂaq NN

8. fwﬁuwamzmaqwam (floraline rose 61)
Bath: 3029172 USHV 8Nd0 NG

9. NAUNENEIMNINING (corn flavour)
Bath: 22071051-4 US#% filauaaiin e

10. NAUAZABUNITNTUNEIW (tamarind
flavour) Bath: 22070415-4 USH®N LANNMA
Aadlalstu Mfa

11. fwﬁuwam:mﬂmsgs (camphor oil)
Bath: 20220707 U3t filawaaiin na

12. uA$ Uy (CARE BLUE) Yhviaunau
Bath:0000068017 USHN 84&a NG

13. nduazaeundndun3eu (durian
flavour) Bath: TF642274 USHY LANAMA
Aadlalstu Mia

14. NAUAYANLINENTUR UG (mint flavour)
Bath: 22060698-1 U3t il fnsinasiaisdu e

15. ﬁwﬁuwamzmagmﬁﬂﬁa (eucalyptus
essential oil) Bath: 20211208 USH#% filauaniin
NN

16. NAUNANBINTHENIT (coconut flavour)
Bath: 22051145-2 USH" filauaafin 2100

qmﬂﬂaamzqwﬁmwmn’éuﬁmmmaa (self-
administered smell identification test kit;
SASIT kit)

AONADUSHBIAYBINAUMIEALLDY LOFENTY
Tasunineraaasnisunwnd Tuiesdjuanis
BNNTHINEANTATNTUNNE NTENTNATI TG
PGB UANUENSUTINATNIEY W.A. 2565 la8Ya
naday Usznaude gesegiilisnwagdnuuadon
Uaaiinzwe 5 x 7 wufiwes maluussanszany
nagouvenudaiuvenszve ifaslinau
U5305 0.3 faaansaazes (naufianuussluszeud
imMInaUaUBIABNINTEEY; suprathreshold level)
ymagaamesenuaziiatladieiniasdagyanma
ssyminaaadumihluudazgavitelignaday
stymiiaveandumuadunIneaildsu S
16 %09 Usznaudae du waulng Faalouan
nsuilen duissa azlad e uau dnlwa
wzenn Msys ulludn NSy axszumi ganddds
wasNeniN lasudazyadagiiiisnnasdazgnussg
snasslugesdinanadnyiin PE (polyethylene)
210 7 x 10 wBuines Uathngesdin ﬁgqf':ﬁunu
Faglumarganadaussyriiouaanaudisauias
pgffilszanal 23 1N da 1 FAMINATOY FILAAS
Tumwil 2 upzuuunaFaUsHyBHauaIn AU B UEY
AIADUNAULUY 4 daLaan (self-administered

smell identification test questionnaire;

SASIT-Q) sauaaslumui 3
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Development of SASIT Kit for Thai People Aged
over 50 Years in Pattani Province Sirilak Lertpongpiroon and Aussavashai Shuayprom

MW 2 FANATDUTEYBHAVBINAUMIBAULDI (LU 16 NAY)

Self-administered smell identification test questionnaire (SASIT-Q)

yoo1anailns LUl nandugn

v { ! ! S Y A o w ‘¢
nynInUImMAasULTe A iuAnILdunduInlandy Bewnuaduiues 1-16
warlvaziunANAUAERaNAUNANAIA 1-5 Avuuu Inesedudl 1 azwuu Ao luaweeiay audla

o o 4 Y
FLAUN 5 ALLLUU AD F‘]‘uLﬂEJlI']ﬂ

. v . mméuman?iu
oS fdannau
(1-5 Azuuw)
1| e nany AER A
2 | dheulve n5Ys azlas NiSeu
3 | ugwm Vi aly Foalnuan
4 | vhfun 39 AEEANIIFY ¥huan
5 |Tamn ay unaly dulzin
6 | nsiSsuuns | nsewn aglas AU
7 | NIz ﬂ‘?uw? vdan
8 | ihile ATy WENST2 nsuLiie
9 | nsudley nelas 11710 ViSey
10 | Tuwme dle 1gu IENEY
11 | nlps n3Ys e Tpan
12 | uwdudin i 18 ATy
13 | wyu 38y ale 7Yys
14 | amewue’ arlas 14 dvszul
15 | gendudia dudesa udadin Taan
16 | amlwe Fonlnuan | uzns1 ¥huan

Tnazuuunennglunsiuuuegeunssryrinvasnauiiaud 100 Azuuu

0 f® 1NN WAz 100 Ao 98NN ATWLU

MW 3 ULUUNAEBUIEYZTAZBINAUMEAULBY MABUNAULUY 4 GIa8N (self-administered smell
identification test questionnaire; SASIT-Q)
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nandszmnsdnw
MmMuuuInelagealalisunsn Stata
Version 16 malagun@giuain Oleszkiewicz A.
et al, 2019°Y laa@nw lusraadlnsgamuaaam
9,139 au g 5 U dv wnn 81 U udadunguany
5-10 1, 11-20 U, 21-30 U, 31-40 1, 41-50 U,
51-60 T, 61-70 1), 71-80 1 wazannn 81 Hauly
wuh@as (mean) TDI 2aNgy 51-60 U 138
iisufungy 61-70 T ey -1.59 uazAiadas
TDI 2aangw 61-70 U wisuiieunungy 71-80 U
feiiu -3.33 Femuadieszuedulszans
aNutU (slope coefficient) ma’lé’auuagmwm
Myanaszasa) TDI Lﬁamqmﬂﬁunﬂﬂ 10 U log
mvualianuees slope #osigRivieiy
nn 10 U Ad -0.174
Null: effect = laianasluudaznguany
Alternative: effect = 3aNGNDIYAL 17.4%
T smuna sample size loanagauanuzu
(Batdu (linear regression slope test) 1uLL(§ia8ﬂEj3J
N8 fieniads TDI anasdes 1 luaine -0.174
awauulsznslumsanmle 53 518 Lile
GENMINTIANUMITAAZaIAsuY TDI nn 10 U
17; 17.4% ‘lel'ia:ﬁl‘u significance = 0.05 LLaz power =
0.80 MUUALYAN covariate standard deviation =
1 waze standard deviation = 0.5 utaiuyszanns
Anwannu 15 51 1ULL(§ia3ﬂth°ﬁ’quﬂ3\‘1 4 NQY
(#negannd 50-60 U, 61-70 U, 71-80 U wae
ann 81 Tauly) sustanae 60 518

Hunaunsivg

LO3ANNIINATOU

UszndunudBamusiaasasmilnena
INAZBUALLWANTNNNAEUT 818 50 Yauld Tu
Jmnataanil lesdaiheUsemnaunuslulsanenua
wazkugoamangulatene g iethnids Tag
ﬁwmimaauﬁuwuﬂ@ﬂmuaﬂ Tsawenuratdaail
Feaaanasazldsunmsesuetisnunudsouas
saumudayaiugumuuutuiindaya

LNATINISANDIFIFNATLEN

tnvinIsanaIaIdnasidn Usznauaae
1) EUMIN TN TIUNG MelEMInTIagesaynn
MU (anterior rhinoscopy) 2) KIUMINAFDU
M3ueNNaY n-butanol Iﬂﬂmmmisqmmﬁmsg
&5 n-butanol AMNTNTL 0.59963 adlua /a0 39
Huszdumenudndumaslumssunau n-butanol
apsaulneiifiongannn 50 1 aindn 2 e My
lsle 3) sumsdansashlifiamsduahsseu
suust laglduvudnnsaslsaduad 2 MoIn uaz 9
Mou (patient health questionnaire-2; PHQ-2
oz patient health questionnaire-9; PHQ-9)
uaz 4) FUMINAFDULRERANTBINIZENDIHDN
Tuggeanghlaifiamzanuiidow laglduuunaday
gmwanaadasduatune lng (mini mental
state examination-Thai 2002; MMSE-Thai
2002) MNTUMIEENATEENUNNTIT NN
azgnanaigdumsldnaumanseaudinliiie
mmauﬁgmmw’%aﬁmmﬁﬂﬂﬂﬁﬁ'uﬂ ADUBIUIN
Tutanansuaaaanuiiugan (informed consent)

LawinIsANaIEIENATAAN

tnainsAnalddNasaan Usznauaie
msfusanianisiunauiinund lsaneayn
Tsameszuudszanm lsamedang Jomswianeau
manadau 1 dUand Fusziimsunaduusnszgn
Tunhudedues Useifehumsmenssusnudsyy
wasahan Tnsaadinnud wasdaguynins

msnmaauszq%ﬁmwmnﬁuﬁ'wmmm
(self-administered smell identification
test; SASIT)

FunaumMsNagay 63l 1) araadasesy
UssmuamnsencinhulaneuEumsnagay 0 107
aéiuﬁaqﬁﬂauquqmwgﬁﬂszmm 28-35 846N
wadea Liflidsmianausunumsnagau Surls
modneismsliganadeussyriinvasnaudie
auasetNazdaatauEThmmasau wazsuthnm
1 e ieldmnumeesusmesautasmuanans
Ltuuwﬂaauszqﬁﬁwaqnéuﬁmmmaq TENRIN
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Development of SASIT Kit for Thai People Aged
over 50 Years in Pattani Province

Sirilak Lertpongpiroon and Aussavashai Shuayprom

msnagaulviraariastatnassanisnadgeu
waldlvnauwazanmelarughmeln (retro
nasal breathing) 2) ﬁmwmaamzqwﬁmmﬂﬁu
meautdlioaduasitlagedynaddn Anzas
apfidisunpsdiiuuadmuazanaslinauiiusseg
Meluraensaas 1 909 GEEIFUMNVINGLEY 1-16
Togfogadliviennayn 2 wudwes iailasiu
msﬂut’ﬁauwmmsu%nmwﬂwaqmmaﬁm
sewiamsangasihuiiadlausslngu 3) Tdom
Tumsanudaznaulszana 20 Si tial¥nuniu
anusasnauiflunaurasezls wazlvanaasing
aaundnannauudazgasiniunauasls Tag
nsmMnuInasuuadsninainilunauuasas
Tonauiimasauagann 4 duden daaadaslais
Tflunauesls svanaiasdadanaaudidanle
fLdanwil (force-choice) Wnaauziinzasnaule
gnaaaliAzuuuiIny 1 AzuuY wAdINBURNA
TAazuuuwnny 0 Azuuy 4) anandNAs ALY
mmﬁ'umﬂsiaﬂa'uﬁﬂu (familiarity rating) log
ATLUUTMeALd 1-5 AUy (likert scale 1-5)
52Ul 1 asuuu vansieomadaslidueanauae
uiszduil 5 Azuuu minsdeemaiasduiag
nawIND 5) nasmnanud inenslvinauasluwesdy
waztlowae tiatlastumsnszaneanaulusime
waztSuszazaagating 20-30 WM AauANNAL
fald tienanasemsiiaanudwasdszanms
SunaurnIvanaliraslszamnssunauanas
(olfactory desensitization) LLae 6) Lﬁ'ammaﬁ'ﬂs
VhLaﬂmiu:umfn@aausxqﬁﬁmmﬂﬁuﬁmmmaq
AsUN 16 nau anadanasliazuLuANNEndE
Tumsmuuuneday Aezuuudy 100 pzuuy log
5EeUT 0 Manede ennn wazsEAUT 100 MaNEE

YN

A385554NI5IAY
NIUNISSUSBIRIEEITNAISIAY INAMUL
NSINMSIZ85558IE Lsawenuataeil vuea

FUTD9 003/2565 LiBIUN 27 NQUIBU W.6. 2565
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MIAidaya
Aenzidayaiugunadddisdifonas
Miade l,l,axahmﬁﬂqmummgm ihiauaminae
yanamInasauMsszysiiovasaslinay lusu
Mnunduiiaaiassainsansumaiunauldgn
099 (AzuY SASIT) szgznamaglumsuuy
naseusHyrilauaInduMEAULEY ANNENOILYDY
wWUUN@daUaAN visual analog scale (VAS) score

TagNUUNMUNALDZNGHDE

G

MENFNAIHNTINMIIEUIU 60 M8 T ume
davdiludandiu 1:3 01y 51-86 T 1nds 69.1 T
(SD =10.9) NGNDINTNATAINDIE 4 NN NYNDL
15 au laun ogannn 50-60 1, 61-70 U, 71-80 U
wazannn 81 Taull Sudemandaaudamain
WNs AU 1:4 M3AnsEaUlIaNaIviagand
Sagaz 45 AlsaUsziseuay 78.4 Aa LWV
(Sowaz 10) anuauladiags (3a8az 35) W13
($away 1.7) TsaUszneraun (Sovaz 31.7) Wy
lasiuludongs Tsaviala Wudu druluglieg
qqu‘% (Sa8az 85) wazliiiainsvadlsaduia
(5989 93.3) Fauaaslumei 1

NUANSANMASIINUNTNAUTIUIY 14
AALIINIINNA 16 NAU ﬁmmaﬁ’ﬂsmmsamaugﬂ
MNNN3BEAT 75 Tmﬂnﬁ'uﬁmmaﬁmmaugnmn
ﬁqm 6 nau laun N3y Faalnuan (Sopaz 96.7)
nsuiien azlas wzenn mays (Sezaz 95) dunau
finougnuazduasnniige asuuuiuiesas 90
loun azlas (Sasaz 95.0) nsziiey (Sa8as 95.0)
nGeu (Sazar 96.7) uihidn (388 75.0) MuAIAU
dunduiinaugniiasiige da naunswin (Fosay
61.7) uaznauiiduasiosiign da naudzszum
(5080 54.4) Fauaaslumen 2

wamwﬂaamzqﬁﬁmmnémﬁwmm
maaraslinmlumsnagaumis 16.9 Wil uay
FAANNNNNEVNNITNAFTDUYNINY 84.6 ATUUY

NUIUNFUNDIFAFNATFINITONBUAIDINN AU LA
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M9adi 1 Demographic data of participants

Factors n (%)
Gender
Male 15 (25.0)
Female 45 (75.0)
Age 15 (25.0)
>50-60 15 (25.0)
61-70 15 (25.0)
71-80 15 (25.0)
Over 81 15 (25.0)
Mean + SD 69.1£10.9
Religious
Buddhist 48 (80.0)
Islam 12 (20.0)
Christian -
Education
No education 3 (5.0)
Elementary school 16 (26.7)
High school 14 (23.3)
Bachelor degree or higher 27 (45.0)
Underlying disease
None 13 (21.6)
Diabetes mellitus 6 (10.0)
Hypertension 21 (85.0)
Malignancy 1(1.7)
Others 19 (81.7)

Smoking status
Never smoked 51 (85.0)
Stopped smoking (years)

0-1 -
1-5 3 (5.0)
5-10 1(1.7)
Over 10 5 (8.3)
PHQ-2 & PHQ-9 score
None 56 (93.3)
Minimal depression 1(1.7)
Mild depression 3 (5.0)

Moderate depression -
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@1319# 2 Smell identification on selected odorants (%) and familiarity rating (scale 4-5, in %)

Item Odorant Correct identification Familiarity rating
1 Orange 86.7 84.6
2 Thai traditional scented water 80.0 77.1
3 Chocolate 96.7 86.2
4 Garlic 95.0 98.3
5 Pineapple 65.0 82.0
6 Lemongrass 95.0 100
7 Fish sauce 91.7 81.8
8 Rose 85.0 76.5
9 Corn 93.3 83.9
10 Tamarind 95.0 86.0
11 Camphor 95.0 87.7
12 Baby powder 75.0 93.3
13 Durian 96.7 96.6
14 Mint 76.7 54.4
15 Eucalyptus 83.3 80.0
16 Coconut 61.7 81.1

andaady 14x1.95 ndu wiafidundsezuuy  ewaslulszmnslnadndengunni so Tl

SASIT tifu 14+1.95 satulunmsdnuiise vy 1421.95 Tesdedsazuuy SASIT szuia

ffmuwhﬂnawaqmimaauszqwﬁmwaqnf?a'mi”aa (WAVIQN (13.3-14.7) waztware (12.3-14.2)
Fauaalumsed 3

@519# 3 Normative values for SASIT by age and gender

SASIT (0—-16) VAS Test duration(min)

Age (year) n

Mean SD Min Max score Mean
Female
>50-60 10 13.9 1.4 12 16 93.1 16.8
61-70 13 14.7 0.6 14 16 88.9 15.1
71-80 12 13.5 2.1 9 16 81.5 19.1
>81 10 13.3 3.0 7 16 78.0 17.0
Male
>50-60 5 14.2 1.5 12 16 80.8 13.8
61-70 2 14.0 2.8 12 16 77.5 16.0
71-80 3 12.3 2.3 11 15 93.3 19.0
>81 5 12.4 2.1 10 15 79.0 18.2
Total
>50 to > 81 60 14 1.95 7 16 84.6 16.9
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Development of Self-Administered Smell
Identification Test kit for Thai People

Aged over 50 Years in Pattani Province

Sirilak Lertpongpiroon’ and Aussavashai Shuayprom®
! Pattani Hospital, Pattani Provincial Public Health Office, Pattani 94000, Thailand
? Department of Medical Sciences, 11000, Thailand

ABSTRACT Smell identification testing is employed for diagnostic and treatment monitoring purposes
by otolaryngologists in cases of olfactory dysfunction. However, Thailand has no standardized toolkit
available for smell identification testing within the Thai population. Therefore, this study aimed to develop
a self-administered smell identification test kit (SASIT kit) comprising 16 odors with a 4-choice response
format. The SASIT kit was designed to be user-friendly, cost-effective, and disposable. The study was
conducted with 60 normal Thai volunteers aged over 50 years at the Pattani Hospital from January to
March 2023. Participants underwent a check for normal nasal conditions and passed the n-butanol
smell test. Besides, they were initially screened to be free from severe depressive symptoms and cognitive
impairment. Following these evaluations, participants were subjected to the SASIT kit. The results showed
that male participants outnumbered female participants at a ratio of 1:3, with an age range of 51 to 86
years and an average age of 69.1+£10.9 years. The average test duration was 16.9 minutes, with a difficulty
level of approximately 84.6 points. The participants accurately responded to olfactory questions, with a
mean SASIT score of 14+1.95. Moreover, most of the participants exhibited a correct olfactory response
rate exceeding 75% for 14 out of the 16 smells. In conclusion, the developed SASIT kit is suitable for
diagnosing and monitoring olfactory dysfunction within the clinical practices of otolaryngologists. This

tool might be used to replace previously imported.

Keywords: Development, Olfaction disorder, Self-administered smell identification test kit
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Quantitative Microbial Risk Assessment of Salmonella spp.
in Bottled Water Patcharee Chittaphithakchai et al.

Quantitative Microbiological Risk
Assessment of Salmonella spp. in Drinking

Water in Sealed Container

Patcharee Chittaphithakchai," Wachirapa Kheowrod," and Sukhuntha Osiriphun®
'Regional Medical Sciences Center 5 Samut Songkhram, Muang District, Samut Songkhram 75000, Thailand
*Faculty of Agro-Industry, Chiang Mai University, Muang District, Chiang Mai 50180, Thailand

ABSTRACT Salmonella spp. are pathogens of serious public health concern as they cause food
poisoning in humans. The objective of this study was to quantitatively evaluate the risks associated with
Salmonella contamination of consumable bottled water in 15 randomly selected provinces of Thailand
between October 2020 and September 2021. The study revealed that one out of a total of 346 samples was positive
for Salmonella. The prevalence of Salmonella contamination was 0.29%, while the concentration
of Salmonella was 0.01 CFU/mL. The amount of water to be consumed per day was 2.151 L, and
the number of exposed microorganisms was 21.51 CFU. The response to dose assessment showed the risk or
probability of illness at 0.0000108 and 0.0452, as estimated by the exponential model and the beta-Poisson
model, respectively. Based on the dose-response assessment model, at the concentration of microbial
exposure of at least 10 CFU/mL, the probability of illness was 0.02324. The exposure assessment showed
the probability of exposure to Salmonella at 0.00289. Thus, the risks of illness due to drinking bottled water
contaminated with Salmonella were 0.000000031 and 0.000130619 according to the exponential model and the
beta-Poisson model, respectively. The quantitative microbial risk assessment revealed that the bottled
water consumption in the study area was within acceptable and safe risk criteria. This study approach
could be used as a prototype for microbiological risk assessments and applicable to other food types or

pathogenic microorganisms.

Keywords: Quantitative microbial risk assessment, Salmonella spp., Bottled water
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msﬁ’muﬁ%ﬁmeﬁmsma‘ii”]aqﬁ’uﬁﬁmﬁ’mgﬁ%
ANANLUNZBaIUd Azl waIan wazdy
lagtasays GC-MS/MS

WIIANA AzWanIIm waz 1aH Jaal
AUEINENATNTIISUNNET 1/1 (FeNTIE DUNBNBN HENTIE 57100

unaata fnuazwaligaduamsiuslneaiaunsuans dasnnilsslemidasemedluunas Sandiu w359
waztdulaams ﬁqﬁuﬁﬂLLazmalﬁﬁﬂgﬂiuL%qutﬁﬁt‘f‘ﬁ’iqﬁmﬂﬁmﬂﬂﬁLﬁ'uwamam Feflanuidssansiedandadu
suaNaaguWeIfuslne veslfudinslamusauenulilavedidiwnziasieiilasnumiadagizanai
122 %iiaans unznanld azh wasen uazdu Tasatauazidaaisumuludmatededs quick, easy, cheap, effective,
rugged and safe (QUEChERS) uazinanasadassiaisiaias GC-MS/MS Tagnaila multiple reaction
monitoring (MRM) Liaaas35unIu Fiitenududuasweimsieneii 5-500 lulasniudanlanda
aglunawiansu (R’ > 0.98) aNauNy (accuracy) Tunzuald azh wasan wazdy fendudy gwrecovery
11219 63.6-112.129, 70.01-117.46%, 61.74-111.24% U8 49.00~117.74% MNEIAU UWazANNLAL (precision)
dautﬁmmummgmé’uﬁwﬁ (%RSD) Liifiusasas 20.00 MIANNANMIATIANY (LOD) wazlannamsnsiany
@FaU5nae (LOQ) 0.01 wae 0.02 Naansuaanlansy muaiou el uamumsaimsanas Tuilhudszana
w.A. 2565 SnhIEARauianTiensimaeilasiumiadasieluinuasualiinnu 217 dag wuhiidn
uazwa lide laihuanasgiuaiuiu 63 Mo (59882 29.03) %ﬂmitﬂﬁi’jmﬁ'uﬁﬁﬂﬁ'mgﬁwﬁwumﬂﬁqﬂ 2 AUAULTA
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BN NI 88 §15 wazlalEhun iy 34 s aealsimuaasiimsmuaauds Iisnun el AsBUARNUTELN
YN Ha L u,a::?iﬁmaﬁmuﬁﬂgwmﬂﬁmuﬂdam

maay: Msweililaiumiadagiizande, GC-MS/MS, dnuazualias
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Method Validation of Pesticide Residues in Cabbage,
kale, Carrots and Oranges

Pakphon Chaphonpak and Wasinee Wongwai

unin

fnuazualiifluemsiifuisg i uas
loonsmnnang asdmsamnalanuuzihlvuslan
fnuasualiagneiias 400 nindaaudaiu iiaan
anudssdamaiiulsamlauazusfouesiin®
Famauslnadnuazualiflildvslemigege msidan
vilnadnuazualilivanwamesiio e lwldaaem
3915w Indiu wazleamsadnasudiy
anufisnuslaadnuazualaidifinannduvi s
HUssnaumsuasinyasnsimsimzUgnizawiding
waztilaviinwandainsasaainsldtaianisuae
719 i asedidesiumiadasisuazlend
gy mlvfenudsmsandsssansiadiilesiu
miadagialundonamanyns fdaliifamanssn
fugumwiauuuEeaasdauwdumuuiinues
asfilasu Tasasaiimaiasilisamedinady
szuugiiguiueassmeuazaanaliionzSale
Ussinalnafimsimuangminefiiedesiuans
wiiflasiumiadagizananludnuazua liae
MUNIEINTUA RIS W.A. 2522 laaUsznd
nNIENTNNDIIMEY (VA 387) W.A. 2560 913
ffiansfivande® dendasfumsmmvuaiunams
ﬁHmﬂﬁ'Ni;jﬂqm (maximum residue limits; MRLs)
LLami’J’agawaﬁmqﬁumwﬂﬁﬁﬂﬁ 4 NUNITENBUYA
Jogduase w.A. 2535 aanaadaNe (default
limits) dwiuisuasFinumsivandegagad
Uuilounnamaitliaandnidesld (extraneous
maximum residue limit; EMRL) LﬁamuQu mnu
Qua adauFuAN uasAudiahmhamely
Uszinallamnasgu fiqunn uazanudasads

maensvinsiadidasiumandagizans
Tudfnuasualinasguainenmansmsuwndi 1/1
Feee wwaldiedasudalasuninsndl (gas
chromatography; GC) fimheasia’e 2 #iia fa
141A58%H (micro electron capture detector; HECD)

uaztaW WG (flame photometric detector; FPD)
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53 #llaans vty leg pECD as13iesezvila

e

PUIU 30 @5 waz FPD uu 23 d15 2omsil
fitunaugenn Taveznmuaznssuumaianzy
iy SInidesfasuauheriagsiienzd
tagtiulawamunidanaienzdaseiilasnumie
dnginlaaldinaila quick, easy, cheap, effective,
rugged and safe (QUEChERS)® as19t@9e
siauazUsinn losldiniasudalasuninsns il
unaaUnlasiinas (gas chromatography-mass
spectrometer/mass spectromer; GC-MS/MS)
Fuihasihe 08 Usndemsiadl wazasnse
Jezrafiouazinuaslaanniy naamsido
Futaansiaiivazdhazasildlusunauaiouas
ms"‘nmwzv‘i’ﬁmaa’manawwiaqwmwmmL’«j”mﬁw“?i
Hufianuluszazenle fuauamsanaiensi
122 #ileds aelasumsdrananmalulaiain
Tassmswaurdnaniwiesadnavasujuanis
aiensiaseiillasiumindagiiy andin
AMMNKIZANNUIBAAEDINT NTNINEIAITNT
msuwnd ieligudinermansnisunnduas
ww3adraiasUfuanslaidnannlunisasia
Ieeiiletas aadanmssantansINeNia
wazlidasdsdathaiialieneifianinaannuay
anulanafeams anaudauasnagauany
TAlavasisasinimnerimes GC-MS/MS ua e
iwannilglumssnatiansindenzdiiag
inuazralsl tiadhssSimsanawasasiaiiilasiy
miadagiiy Midhiudiuemsuazaudans
FeuaY WazlTeauad %mﬂuﬁuﬁ%’uﬁmamm@uﬁ
Snenensasmsunngs 1/1 Beene Tuflulszna
.. 2565 Lo TIUTINTOYANIMINTIVIATILWT LK
Jiazduarduazitiledamsiuaiathoas
Utamsasadenzianseiitlesiumandegiiy
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-7 acda r'd =~ Y % o % 4 Gl k4
msiansiensinseiidasiumiadagiizand
Tupzvranld ez wasan wazdw

WITAND FWAWIIA oz NFU ']"P:NVIQ

g15tANUazEIININIFIU

d151AN: acetonitrile (C,H,N) HPLC
grade (J.T.Baker, USA.), acetone (C,H,0) AR
grade (Merck, Germany), n-Hexane (C,H,,)
HPLC grade (J.T.Baker, USA.), ethyl acetate
(C,H,0,) HPLC grade (RCI Labscan, Ireland.),
magnesium sulfate anhydrous (MgSO,) AR
grade (Merck, Germany), sodium acetate
(C,H,NaO,) AR grade (Merck, Germany), 1%
glacial acetic acid.(C,H,O,) AR grade (Merck,
Germany), L?l’lﬂﬂi aw‘%qm’ﬁf 18.2 MQ, dispersive
SPE I Usznaueie magnesium sulfate (MgSO,)
150 mg, primary secondary amine sorbent (PSA)
50 mg ez graphite carbon black (GCB) 50 mg,
dispersive SPE II Usznauee magnesium sulfate
(MgS0,) 150 mg, silica (SiO,) type irregular
particles 40-63 micron, 6 angstroms, 50 mg,
primary secondary amine sorbent (PSA) 50 mg
ez graphite carbon black (PSA) 50 mg (Vertical,
Thailand)

#13HIAIFIUL msazmﬂwawaqmsmﬁ
Upanumandngwgany 122 gHams ANy
g1999Uszanm 97.0-103.0 lulasnSudaiiadans
NEasBEATadRNATTIUN 122 ¥iA GILTA
Tums9# 1 mass transition 283159 luedas
GC-MS/MS Lﬂi@%ﬁ@]ﬁ’rﬁﬁﬁxﬂ certified reference
material miﬁy'wumﬂuwﬁmﬁmsﬁwm CPAChem,
C.P.A. Chem Ltd., France

wa3asiiauazaunsel

Lﬂ%}aﬁ gas chromatograph-mass
spectrometer/mass spectrometer (GC-MS/
MS): (Agilent 7890 B, TQ 7000C Triple
Quadrupole MS/MS, Agilent technologies, USA),

1A38979%10 electronic balance 0.01 mg (Sato-

rius, BSA224S-CW, Satorius group, France),
moulinex (Marvel-X, MV289, Thailand),
centrifuge MINL3158Y 3,500-4,000 rpm
(Dynamica, Velocity 14R), heating box (Thermo,
TS-18822, Thermo Fisher Scientific, USA),
vortex mixer (SI, vortex genie2, Scientific
Industries, Thailand), freezer -18°C (Panasonic,
SF-PC1497, Thailand), micropipette 2U1®
0.5—1,000 ul, (Accumax, Smart, India), ARaNY
HP-5MS, 30 m, 250 um id, 0.25 pum film thickness
(Agilent, HP-5MS, Agilent technologies, USA),
centrifuge tube 116 15 ml wae 50 ml, volumetric
flask 9116 100 ml tag 200 ml, amber vial U0
2 ml, graduated tube ¥ 10 ml 8¢ bottom

glass insert 2176 400 pl

M8 UAENITLAIUNAIDE
shaghaildlumsnasauanulFlavadia leud
nzuald ez wasan wazdn Feeuenmsuazen
Benpedanaday wazlinuduanuiasuniuas
willlasturiadagiinand e 122 siioms w3ew
fraehema CAC/GL 41-1993 Taznznaild
sl worduldvuanndiu wesanldvnauaiido
dudulusen udnihdademnuailulwiiuile
ieniu Tasudazdashafivhuin 1.5 Alandu Fauts
fmoealdluvane centrifuge tube MBENAZ 10.0 NN
(analytical portion) fagangslaildihanieney
Fulugusiigumgiionnd -18°C AewhllinIew

wazNAdauMELAIae GC-MS/MS

IBLOFENEITINNIFIU

Stock standard (122 7HAET) ANNANAY
10 lalasnsucaiinaans

Uude stock standard @uLTNAU 100
lalasnSudafiadans Usues 1,000 lulasans
avlunaiadsines 10 Jadaas warUsudSinaslv
ASUMIE acetone
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Method Validation of Pesticide Residues in Cabbage,
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Pakphon Chaphonpak and Wasinee Wongwai

Intermediate standard ANLTNTY
1 lulasnsunaiianans

UiUe stock standard @NNLTNTU 10
lulasnsudaiiadans Usuas 100 lulasdns aslu
amber vial 2110 2 §adans warUSulSuasae
matrix solution 900 lulasans

Working standard aaaingu 500, 250,
100, 50, 20, 10 Waz 5 WUNSTHGANADANT

UwUa intermediate standard @N@NTY 1
lulasnsuaaiiadans USuas 500, 250, 100, 50,
20, 10 e 5 LNIATANT MNAIAU 89ly amber vial
21110 2 §adans USuUSinasee matrix solution
auiiusines 1,000 laulasans

A5M3ENALAzNII clean up MaEIN AI8ID
QuEChERS (extraction)®®

Feadaagaiunazidea 10.0 n¥n avly

centrifuge tube 2U10 50 NAFANI LAN acetonitrile

Nenuxanaaauluvig Fadniueaanlaniy UsinawasasNnaInumMnnaINgaseadl

fiLiin 19 glacial acetic acid 10 F93305 WENDENIUI
Wunan 1107 Hiun magnesium sulfate anhydrous
4 N3N Way sodium acetate 1 NN (ALNDEINUT
Wune 1w mﬂifuﬁﬂﬂf']umnmsﬂau (centrifuge)
MeANNEIToUYTEINY 3,500-4,000 5BUABUT
Hunan 5 il wisensatadulaile 5 Tasans
1dlu centrifuge tube 2110 15 Aadans W lumla
‘U%Ej‘ﬂg clean up laamsi@un dispersive SPE I
wefunm 11 wazthl centrifuge Snaseaas
ANUL3I5BUUSENI 3,500-4,000 SBUABUIN
funan 5 it wiesanadwlaile 2 fiaaans 1dlu
graduated tube 2119 10 §93895 1 lUszneae
heating block s YSuUSanasmeasazaeuas
n-hexane:ethyl acetate (3:1) AuUAIU 1 NadanT
Hunsudzeias vortex mixer W lunagaum
sliouazUinamsinimiadasizandedeinias
GC-MS/MS

[

volume of extraction solvent x final volume

multiplier factor =

volume of extraction solvent
weight sample =
aliquot =

final volume =

multiplier factor

weight sample x aliquot

USunasasasanenldana (adans)
WINUNMBEN (N5N)
Usunesssananauinansziveg (Naaans)

Ysmnasgane (19dans)

10 mL x 1 mL
10 gx 2 mL

= 0.5 mL/g

Usinaanseiidaanuinindagivg, P (mg/kg) =

Toe P

amount

multiplier factor

M5815NTHANENFFATANTUWNE
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amount (ng/mL) x multiplier factor (mL/g)

1000

USinaanseiidaainunandnsng (mg/kg)
USunaemundurasmatNnaunnNNNeIeN (ng/mL)
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159529 NHAIY GC-MS/MS

R R R RIGEREA L I FAT L G ARTRGFY
Yesfumindasiiglosinaiin GC-MS/MS
(anmzwauadasilawanniuaslosaslfuams)
Tdneaaui: HP-5MS, 30 m, 250 pmid, 0.25 pum film
thickness *?iama:: Injector ALS, pulsed splitless
mode, initial temp. 80°C, hold time 0.1 min,
300°C to 300°C cryogenic use temp. 50°C g
injection volume U 3 ul GC oven temperature

program (Wu initial temp. 70°C hold time

1 min, rate 50°C/min to 150°C, rate 6°C/min
to 200°C, rate 16°C/min to 280°C hold time 8.5
min, rate 50°C/min to 300°C hold time 5.5 min,
post-run temp. 70°C, equilibration time 2 min, ion
source temp 280°C 14 Quadrupole temperature
MS1 Quand waz MS2 Quand 71 180°C wazld
constant pressure mode 23.6 psi Usanasiide
4 lulasaas nniuanaiaUsinalesld MRM mode
awaaslumed 1

®13°199 1 Mass transition zavastaiillaanuuasmindagiy 122 gilaas lue3es GC-MS/MS

Transition 1

Transition 2

Pesticides RT Q i Dwell i Dwell
(min) uantifier Time CE Qualifier ime CE
(m/z) (eV) (m/z) (eV)
(ms) (ms)
1. DDE-p,p’ 13.89 315.8 > 246.0 10 15 246.1 > 176.2 10 15
2. DDT-p,p’ 15.19 235.0 > 165.2 10 20 237.0 > 165.2 10 20
3. DDD-p,p’ 14.60 234.9 > 165.1 10 20 234.9 > 199.1 10 15
4. acephate 5.19 136.0 > 94.0 10 10 142.0 > 96.0 10 5
5. alachlor 10.94 188.1 > 160.2 10 10 188.1 > 132.1 10 15
6. aldrin 11.80 262.9 > 192.9 20 35 262.9 > 190.9 20 35
7. ametryn 10.98 227.0 > 58.1 10 10 185.0 > 170.0 10 5
8. bendiocarb 16.02 166.0 > 151.1 20 15 126.0 > 52.1 20 5
9. BHC-alpha 8.07 218.9 > 183.0 10 5 180.9 > 145.0 10 15
10. BHC-beta 8.92 216.9 > 181.1 20 5 181.0 > 145.0 10 15
11. BHC-delta 9.48 217.0 > 181.1 10 5 219.0 > 183.1 10 5
12. BHC-gamma 8.92 216.9 > 181.0 20 15 181.0 > 145.0 20 5
13. bifenthrin 15.94 181.2 >166.2 10 25 181.2 > 165.2 10 10
14. bromacil 11.59 207.0 > 190.0 10 15 205.0 > 188.0 10 15
15. bromophos-ethyl 13.20 358.7 > 302.8 10 15 241.9 > 96.9 10 30
16. bromopropylate 15.93 341.0 > 185.0 10 20 338.8 > 182.9 10 20
17. buprofezin 13.99 105.0 > 77.0 20 20 105.0 > 104.1 20 10
18. butachlor 13.43 176.1 > 147.1 10 10 160.1>132.1 10 10
19. cadusafos 7.76 158.8 > 97.0 20 15 158.8 > 131.0 20 5
20. carboxin 13.97 234.9 > 143.0 10 10 234.9 > 87.0 10 20
21. chlordane-cis 13.41 372.9 > 265.9 10 20 374.9 > 265.9 10 20
22. chlordane-oxy 12.64 114.9 > 51.1 20 25 114.9 > 87.0 20 15
23. chlordane-trans 13.12 372.8 > 265.8 20 15 374.8 > 265.8 20 15
24. chlorfenapyr 14.28 246.9 > 227.0 10 15 327.8 > 246.8 10 15
25. chlorfenvinphos 12.83 266.9 > 159.1 20 15 268.9 > 161.0 20 15
26. chlorobenzilate 14.38 251.1 > 139.1 10 15 139.1 > 75.1 10 30
27. chloroneb 5.75 191.0 > 113.0 20 15 208.0 > 193.1 20 10
28. chlorpropham 7.30 213.0 > 171.0 20 5 213.0 > 1217.0 20 5
29. chlorpyrifos 11.90 196.9 > 169.0 15 15 198.9 > 171.0 15 15
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#1599 1 Mass transition 2a9anstaiidlasiuuasmiandagiy 122 ¥iiaas luaias GC-MS/MS (¢d)

Transition 1 Transition 2
Pesticides RT Q i Dwell i Dwell
(min) uantifier Time CE Qualifier Time CE
(m/z) (eV) (m/z) (eV)
(ms) (ms)
30. chlorpyrifos-methyl 10.59 285.9 > 92.9 15 20 124.9 > 78.9 15 5
31. cyanophos 8.96 242.9 > 109.0 20 10 108.9 > 79.0 20 5
32. cyfluthrin I 18.02 226.0 > 206.0 30 10 162.9 > 91.1 30 5
33. cyfluthrin II 18.12 226.0 > 206.0 30 10 162.9 > 127.1 30 5
34. cyfluthrin III+IV 18.26 162.9 > 90.9 30 15 198.9 > 170.1 30 25
35. cyhalothrin-lambda 16.67 197.0 > 141.0 20 10 197.0 > 161.0 20 10
36. cypermethrin I 18.40 181.0 > 152.0 30 20 181.2 > 152.1 10 25
37. cypermethrin IT 18.52 162.9 > 91.1 30 5 209.0 > 141.0 30 20
38. cypermethrin III+IV 18.67 163.0 > 127.0 30 5 165.0 > 91.0 30 10
39. DCPA 12.02 300.9 > 223.0 20 25 313.8 > 257.8 10 25
40. DEET 6.47 119.1 > 91.0 10 10 119.1 > 65.1 10 20
41. deltamethrin 21.05 253.0 > 174.0 10 8 181.0 > 152.0 10 25
42. demeton-S-methyl 6.95 88.0 > 60.0 10 5 112.0 > 79.0 10 5
43. diazinon 9.28 199.1 > 93.0 30 15 179.0 > 137.0 30 20
44. dichlorvos 3.75 109.0 > 79.0 10 5 144.9 > 109.0 10 10
45. dicofol 11.95 139.0 > 111.0 10 10 250.0 > 139.0 20 8
46. dicrotophos 7.56 127.0 > 109.0 10 15 127.0 > 95.0 10 15
47. dieldrin 13.83 277.0 > 241.0 10 5 262.9 > 191.0 10 30
48. dimethoate 8.34 92.9 > 63.0 10 10 86.9 > 86.0 10 5
49. dioxathion 8.83 270.0 > 197.0 30 5 152.9 > 96.9 30 10
50. disulfoton 8.94 153.0 > 96.9 10 10 142.0 > 109.0 10 5
51. ditalimfos 13.48 130.0 > 102.1 10 10 148.0 > 130.1 10 10
52. Endosulfan-alpha 13.35 241.0 > 206.0 10 25 194.9 > 160.0 10 5
53. Endosulfan-beta 14.39 206.9 > 172.0 10 15 194.9 > 158.9 10 10
54. Endosulfan-sulfate 15.08 272.0 > 2317.0 10 14 273.8 > 236.9 10 15
55. endrin 14.22 262.8 > 193.0 10 35 263.0 > 228.0 10 25
56. EPN 15.88 169.0 > 141.1 20 5 157.0 > 110.0 20 15
57. ethion 14.61 231.0 > 129.0 10 25 230.9 > 175.0 10 10
58. ethoprofos 7.10 138.9 > 97.0 20 5 157.9 > 114.0 20 5
59. etrimfos 9.85 291.0 > 181.0 10 5 181 > 153.1 10 5
60. fenchlorphos 11.01 285.0 > 269.9 10 15 286.9 > 272.0 10 15
61. fenitrothion 11.37 277.0 > 260.1 10 5 125.1 > 79.0 10 5
62. fenobucarb 6.80 149.9 > 121.1 20 5 121.0 > 77.0 20 15
63. fenpropathrin 15.98 181.1 > 152.1 10 25 265.0 > 210.0 10 10
64. fenthion 11.85 278.0 > 109.0 10 15 124.9 > 79.0 10 5
65. fenvalerate I 19.73 167.0 > 125.1 10 5 225.0 > 119.0 10 17
66. fenvalerate II 20.06 125.0 > 89.0 10 20 181.0 > 152.0 10 25
67. fipronil 12.88 350.8 > 254.8 10 15 254.9 > 228.0 10 15
68. fosthiazate I 12.30 195.0 > 139.0 10 5 199.0 > 102.0 10 5
69. fosthiazate II 12.35 195.0 > 103.0 10 5 199.0 > 102.0 10 5
70. heptachlor 10.76 271.7 > 236.9 10 15 273.7 > 236.9 10 15
71. eptachlor epoxide-cis 12.62 182.9 > 118.9 10 25 216.9 > 181.9 10 20
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#1399 1 mass transition zavaseiilasnuuazmindngiy 122 linans lueas GC-MS/MS (¢a)

Transition 1 Transition 2
Pesticides RT Q i Dwell i Dwell
(min) uantifier Time CE Qualifier Time CE
(m/z) (eV) (m/z) (eV)
(ms) (ms)
72. heptachlor epoxide-trans  13.40 352.8 > 262.9 10 15 354.8 > 264.9 10 15
73. heptenophos 6.45 124.0 > 89.0 10 10 124.0 > 63.0 10 35
74. hexachlorobenzene 8.19 283.8 > 213.9 10 35 283.8 > 248.8 10 15
75. hexazinone 15.31 171.0 > 71.1 10 10 171.0 > 85.0 10 10
76. isofenphos 12.82 212.9 > 121.1 10 10 212.9 > 185.1 10 5
77. isoprocarb 6.04 121.0 > 77.7 10 20 126.0 > 121.1 10 10
78. isoxathion 14.16 177.1 > 130.0 10 10 105.0 > 77.1 10 15
79. malathion 11.66 126.9 > 99.0 20 5 172.9 > 99.0 20 15
80. metalaxyl 10.97 234.0 > 146.1 10 20 234.0 > 174.1 10 10
81. methacrifos 5.65 208.0 > 180.0 10 5 208.0 > 93.0 10 15
82. methamidophos 3.84 141.0 > 95.0 10 5 95.0 > 64.0 10 10
83. methidathion 13.15 144.9 > 85.0 10 5 144.9 > 58.1 10 15
84. methoxychlor 15.96 227.0 > 141.1 10 35 227.0 > 169.0 10 25
85. metolachlor 11.78 238.0 > 162.2 10 10 162.2 > 133.2 10 15
86. metribuzin 10.40 198.0 > 82.0 10 15 198.0 > 55.0 10 30
87. mevinphos 5.00 127.0 > 109.0 10 10 127.0 > 95.0 10 15
88. monocrotophos 7.78 127.1 > 109.0 10 10 127.1 > 95.0 10 15
89. omethoate 6.75 155.9 > 110.0 10 5 155.9 > 79.0 10 20
90. parathion 11.93 290.9 > 109.0 10 10 138.9 > 109.0 10 5
91. parathion-methyl 10.59 262.9 > 109.0 10 10 125.0 > 47.0 10 10
92. permethrin I 15.87 183.1 > 168.1 10 10 183.1 > 165.1 10 10
93. permethrin II 15.96 182.9 > 155.1 10 10 182.9 > 168.1 10 10
94. phenthoate 12.88 274.0 > 121.0 10 10 274.0 > 125.0 10 15
95. phorate 7.85 121.0 > 65.0 10 10 128.9 > 65.0 10 15
96. phosalone 16.43 182.0 > 111.0 10 15 182.0 > 102.1 10 15
97. phosmet 15.89 160.0 > 77.1 10 20 160.0 > 133.1 10 10
98. phosphamidon 10.35 127.0 > 95.0 10 15 192.9 > 127.0 10 5
99. picoxystrobin 13.59 145.0 > 102.1 10 25 145 > 117.1 10 10
100. pirimiphos-ethyl 12.42 318.1 > 166.1 10 10 318.1 > 182.0 10 10
101. pirimiphos-methyl 11.43 290.0 > 125.0 10 20 232.9 > 125.0 10 5
102. profenofos 13.75 338.8 > 268.7 10 15 296.8 > 268.7 10 5
103. propachlor 6.87 120.0 > 77.1 10 5 120.0 > 92.0 10 5
104. propargite 15.38 135.0 > 107.1 10 10 149.9 > 135.1 10 5
105. propetamphos 8.97 138.0 > 110.0 10 5 138.0 > 64.0 10 15
106. prothiofos 13.69 266.9 > 239.0 10 5 308.9 > 238.9 10 15
107. pyrimethanil 9.20 198.0 > 183.1 10 15 198 > 158.1 10 20
108. quinalphos 12.88 146.0 > 118.0 10 10 157.0 > 129.1 10 15
109. quintozene 8.96 295.0 > 237.0 10 15 295.0 > 265.0 10 10
110. simazine 8.45 201.1 > 173.1 10 5 173.0 > 138.2 10 5
111. tebufenpyrad 16.02 332.9 > 171.0 10 20 332.9 > 276.0 10 5
112. tecnazene 6.82 260.9 > 203.0 10 10 214.9 > 179.0 10 10
113. terbacil 9.54 160.0 > 117.1 20 5 161.1 > 144.1 20 10
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Method Validation of Pesticide Residues in Cabbage,
kale, Carrots and Oranges

Pakphon Chaphonpak and Wasinee Wongwai

#1599 1 Mass transition 2a9anstaiidlasiuuasmiandagiy 122 ¥iiaas luaias GC-MS/MS (¢d)

Transition 1

Transition 2

Pesticid RT . Dwell . Dwell
esticides . Quantifier . CE Qualifier . CE
(min) Time Time
(m/z) (eV) (m/z) (eV)
(ms) (ms)
115. tetrachlorvinphos 13.36 330.8 > 108.9 10 15 328.8 > 108.9 10 15
116. tetradifon 16.28 226.9 > 199.0 10 15 356.0 > 159.0 10 10
117. thiometon 8.12 125.0 > 79.0 10 10 125.0 > 47.0 10 15
118. tolclofos-methyl 10.87 265.0 > 250.0 10 5 124.9 > 47.0 10 5
119. tolylfluanid 12.73 237.9 > 137.0 10 15 136.9 > 91.1 10 20
120. triadimefon 11.98 208.0 > 181.1 10 5 208.0 > 127.0 10 15
121. triazophos 14.84 161.2 > 134.2 10 5 161.2 > 106.1 10 10
122. trifluralin 7.58 305.9 > 264.0 10 5 264.0 > 160.1 10 15

msnadauanyltleuaaid (method valida-
tion)™®
MINAFIUANNINNIZIAIZAVANID (specificity)
AOTTNAITIUANNENTU 500 W TUNTNGED
198305 319U 7 T TUfine retention time (RT)
(8¢ ion intensity ratio Wunmsuaaesmsuana?
WulosauuarmwasnudiinnsausasasuNasgIu
e IR AAAINTILWIZLIZ997 9E S U Az ila
na§ay method blank Taaaamudafinanndels
WAL 10.0 NEN AU 7 T UATNAEDY matrix
blank afamudafinanns iy 7 9 lagrihdad
nzuald ezth uasen uazdn Alifimsandeas
ssnaula hsmagaumNnsEUILASENGIaE
Msane wazihlunagaumaiiauazUSinaasiai
Miadagiandadeinias GC-MS/MS ilaliwy
Reduanuvsenuiafifidyana signal-to-noise
(S/N) #pen 3 58 RT ?Tuinﬁlﬁmﬁ'umsmmgm

LEIIMIBRNANNNINIZLAIZS

mwvfjmﬁumwmnsw\lmmgm (calibration
curve)®

5NN WNINIFIULUY matrix-matched
calibration (MMC) lagldansana luwaazainan
neznald Az wasen wazdn filu blank iy

MMz LAPIN intermediate standard solution

M5815NTHANENFFATANTUWNE
7 U 66 atUN 1 ¥nT1AN - AN 2567

aswaditlosfuiiadagiieiiuniu 122 silaans 9
ANMUENTY 5, 10, 20, 50, 100, 250 WAL 500
wluniuaaiiadans 10U 3 9 wazdarnieies
GC-MS/MS &34 calibration curve 3%
concentration Wae peak area WINIAIUIUAD
guﬂizaﬂgﬂWSﬁ’ aaula (determination coefficient,

R?) \nainseausuaasnnnNvsawiny 0.984”

AaNnNeuainI13niany (limit of detection;
LOD)

nadaulagMIPNTTNNITIUNTNADIE LA
Yasnumiadagiigaunu 122 #liaans avludiae
nevald Az uasan wazdn HANNENTY 10
Tulasnsuaanlansy 110U 7 51 uaznadaUMNIS
i wan lagaenanudya e esisnasy
Taefien S/N 3nnn 3 uazil RT whiuasanasgu
W9

ARAINOVBINIINIIAINULBIUTII (limit of
quantitation; LOQ)
nadaulaanSLANEITNINTFIUNENYDIES
wiilasnumiadagiiziiuin 122 wilaas avly
fhatanzuald ez wasen wazdy Henudty
20 lulasnSudadlansy 10U 7 91 uaznadDU

AMNITNWAL PDNUUMUIUINUTINUFITNATIANY



-7 acda r'd =~ Y % o % 4 Gl k4
msiansiensinseiidasiumiadagiizand
Tupzvranld ez wasan wazdw

WITAND FWAWIIA oz NFU ']"P:NVIQ

WEUAUEITNINIFIN %recovery GBINIULNY
nMsgansuadluge 70-120%® %RSD Hinwd
o £4 v J <~ 1 o vV (8>¢N
MItaNuAaNUaanIWIaLNUSaEas 20§ S/N
U <~ " W o . <
WNNIMIDLMINY 10 wazdl mass ratio (Huly

ANLNUA

72903 dUn59209753tA51eY (linearity
and working range)
nadaulaamsiiuasuasgIuasluaiady
nzuald anh uasan wazdn Henndugy 5, 10,
20, 50, 100, 250 4@ 500 bulASNSNABAlaNIN
NAFOUTETUAL 3 T WALNAFEUMNAE 99N
ismfwmwLﬁ'uﬁ'uﬂmmsmmgmﬁtau (x-axis)
FUANNENTU BN INATIURATIANY (y-axis)
Nntumnamdssansmsaadula (RY) ot

[ £4 1 G| 1 o (10)
NIIYBDNIUGNNNINNNNIBLNINU 0.98

NINAFAUANINUNULAZANINTEY (accuracy
and precision)
nadaulaamsidnarsniasgriuluaiatig
nzwanld e uasan wazdw (sample blank) 7
5¢0U LOQ, 5 Wh LOQ uae 25 twh LOQ ey
20, 100 war 500 lulAsNSNABAlANSN MuaaU
NAFPUSEAUSE 7 % UAZUIN %recovery WU
%RSD lagnauminsaansuaNLLU %recovery L1
%29 70-120%® wazmium %RSD nawinseansu

¥V Vv J < \ e Vv (8)
ADNUBYNIINIDININUIDYRS 20

mMsUszanae ANy liinivauyainsin (uncer-
tainty)'™'®
maenzdaseiilesmiadagizanaialy
snuasia laian nadaulagldismsues EURACHEM
TaganulsiuiuauradnIsInn e Hedaunas
anubiwiueunnuvdsiifinansenudamsiasiey
Nntunmuaaanyliuiuau s edisseu

ANNERNY 95% laalda k = 2

m‘sﬁﬁmmsma‘ii"Jmﬁ'uﬁﬁ'mﬁ'mgﬁmnﬁ'wiuﬁ'n
WK Laan
YauUszana w.6. 2565 WIDMINWHUIUL
luldehsasnamseiiianumiadagizans
122 #Heas Turnuazna gy 217 et
T@sumaeennaUaINSUATENITENYDI LazLNEE
Toguuanguaei’ s
magnnnlu (leafy vegetables) WU 49
MIBEN U Az HNMAFBNLE HNMADTEININGI
%) = [ v
wazHn luden Wuau
faENKNasENanzyian enciurnluresnszna
nenan (Brassica vegetables, except Brassica
leafy vegetables) 11U 17 MvEN WU nernaUd
- @ 3 a & ¥
Us9AlAd wazinasznansuanUa 1Wudu
dagnwalinsznadu (citrus fruit) 3y
21 gata U dx dula waztanau udu
MEINNNIINLALNI (root and tuber
vegetables) :MUIU 1 AIDEN 1FU WATAN UL
a < 4
w507 Wueu
GIDENNHNLATNALNDY MUIU 129 GAIBE
WU uiie {0 938w wWin welia wazagu
Id v
(W uau

We

msAnTEIaMsanaLezMsMARasUNIY
a835 quick, easy, cheap, effective, rugged
and safe (QUEChERS) uazmsasiai@sehiuuu
multiple reaction monitoring (MRM) FELATDY
GC-MS/MS annaddu method blank lagld
ﬁmé"u 10 NSN UWBLMINAFDU matrix blank law
Whathanzwanla azth uasen uazdu anamaia
fiwann maasalinusssumuiliduanuiiaass
nialnalAesnuasnesgIu MIvansansaia

o =~

dyananiamseiillasnuuazmiadagiislatamy

oo
v T
Il

Tifidssunmumnunindiiane aeudaslumnd 1
UazMIFINNIINEITHNATTIUANUTNNUS 29I
ANMNLTNYY (concentration) ﬁluﬁlu‘ﬁsl@ql’ﬁﬂ (peak
area) losfnnufluduasefigulaiionududy
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Method Validation of Pesticide Residues in Cabbage,
kale, Carrots and Oranges

Pakphon Chaphonpak and Wasinee Wongwai

Tugre 5-500 W lunsuaeiiadans Tanuduwus
Faduass (linearity) losedulszansmadedula
(R*) 8g9s1IN 0.9950-0.9999 laansWanasgu
NNl (R*) §4nn 0.98 saaaslumndi 2
AW AT 031 A A289015AIANULAZT AR A
22N INNNIABWUI1Narnu 10 uae 20 lulasnsu
danlansu anareu arensusulunzuaila
Az uATEYN wazdn aglurie 63.6-112.12%,
70.01-117.46%, 61.74-111.24% W% 49.00-117.74%
auaeu Tasfufiaasiiiunasinisaaniuly

magnasnniioas Tudegnnenald uasen

+TIC MRM (** -> **) 220509_16.D (method blank 7)
x10 5+
1.8+
16
14
A 1.2

14

Counts

0.8
0.6
0.4
0.2

L—_/\_ l AN

WATEN PIUIY 94, 117 wae 121 FHAEIT MNOU
ﬁmwmﬁmagﬂuﬁw 0.82-18.83%, 0.52-18.95%,
0.46-19.57% Wa¥ 0.73-20.00% MHUMAU AHIULFAI L1
M7 2 uae 3 F3amsiannimenuliwivay
fignurnan chlorpyrifos ludiagrenzwarls
WNAU 0.0149+0.0085 NaANSNABNLANSH WaLENS
Alaisansaasmanulafienudniu 20 lulasniuda
Alanu s 8 wileans Aa dioxathion Tunzwaa
Az Wwaz acephate, BHC-delta, metribuzin,
omethoate, phosmet, phosphamidon wa¢

terbacil Tuuasan

method blank

T T T T T 1 T T T T T T T T 1T T T T T 1
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

+TIC MRM (** ->*) 220823_09.D { (matrix cabbage)
x10 57

Counts

354

3_

2.5

L v

Acquisition Time (min)

matrix blank cabbage

T T T T T T

34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

ﬂ’l‘W‘ﬁ 1
a = method blank,
b = matrix blank cabbage,

Acquisition Time (min)

TasunlnunsuuaasdyanaunUnaNNEITUNMULAZETINATTIU

¢ = matrix blank kale, d = matrix blank carrot,

e = matrix blank orange waz f = WAETMM951U standards 122 #HAENS

M5815NTHANENFFATANTUWNE
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m’sﬁ@uyﬁ%ﬁmsmﬁaﬁmﬁﬂmﬁ'uﬁﬁmﬁ’mgﬁmnﬁ'w
Tupzvranld ez wasan wazdw NITAWD BEWANSIA wae NFH 199l

+TIC MRM (** ->*)220512_31D  (matrix kale)
x10 %
22
2_
1.8+
164
C 14
12

‘|_

0.8

0.6

0.4

0.2

Counts

matrix blank kale

ST M A v

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Acquisition Time (min)

+TIC MRM (** -> **) 221017_01D ( (matrix carrot)
x10 7|

09 matrix blank carrot

Counts

0.8
D 0.7
0.6
0.5+
0.4
0.3
0.2+
0.1

A

T T T 1 T T T T 1 T T T 1T T T 1 T
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Acquisition Time (min)

+TIC MRM (** ->**) 221017_09D{ (matrix orange)
x10 34

Counts

8 matrix blank orange

7_

i |
J.—l-t—'t._f—L .
T T T T T T T T T T T T T T T 1 T T T T T T
3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Acquisition Time (min)

awd 1 TasunnunsuudasdyanuiunannassumuuLaz@snasgIuss (aa)
method blank,

matrix blank cabbage,

o
Il

matrix blank kale, d = matrix blank carrot,

[¢)
1]

matrix blank orange w8z f = WAE1ININI3 U standards 122 BHAES
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Method Validation of Pesticide Residues in Cabbage,
kale, Carrots and Oranges

Pakphon Chaphonpak and Wasinee Wongwai

+TIC MRM (** -> **) 220509_03.D (std. 250 ppb)
x10 &7
‘| -
0.9+
0.8+
0.7
0.6
0.5+
0.4+
0.3
0.2+
0.1

Counts

Al

I
3 4 5 6

U

7

d' 1 C}
i 1 Tesnlnunsuudasdyanundnaanna

standards 122 #iad1s

L lhl

T 1 T T r T T T T T T T 1
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Acquisition Time (min)

FIUNIUUBLAININTFIUYDN (61D)

a = method blank,

b = matrix blank cabbage,

¢ = matrix blank kale, d = matrix blank carrot,
e = matrix blank orange waz f = W@

Dicofol - 7 Levels, 7 Levels Used. 7 Ponts, 7 Points Used, 0QCs
x1069 y = 3545.411053 " x - 12826 281858

184 R"2= 099929346
Type:Linear, Origin: Ignore, Weight None

Responses

#1531955 U standards 122 #1ad5

standards chlorpyrifos

1 MM (186.9 - 160.0) 220508_030
# g0t 12,043 min.
| ¢

8 |

1965 -+160.0 , 18891710 313824
F %107 ] Rato - 052 (982 %)
Hato- 1110 (532 %)

+ MM (11.684-12.112 minj (186.8->"19..

£ x0®

a
a

578
1890

Relztve Azundance

IL 15

e 11 12 121
Acxuaisition Time (min)|

1869

—
W0 200 260 200
Mass 1o Gharge (m7)

e 18 1z 121
Acquisison Tine: (min)

8 100 120 140 160 180 200

DDE-p.p' -7 Levels, 7 Levels Used. 7 Points. 7 Points Used. 0QCs
2 x105 |y=2331.771484 " x + 189.718585

R"2= 099958892

Type:Linear. Ongin:ignore. Weight None

20 240 260 280 00 20 340 360 380 400 420 440 460 4%0 500 520 540
Concentration (ng/mi)

standards DDE-p-p’

1 MM (3158 <> 246.0) 220508_02.0
£t 13822mn.
8

315852460 , 2461-> 1762 3178+2{ |+ MAM (13.876-14.035 min) (315.8->"24..

£ xa0®
8

1762

Reletva Asundence |
PR

2451 3158
S Ay 5
150 200 250 200 250

Mass 1o Ghiarge (m7)

"

Acquisition Time {min)

12
Aoquisiton Time (rin)|

20 40 60 8 100 120 140 160 180 200

o

i 2 anvnespuuezlasaininunsuaesas
A = chlorpyrifos 8z B = DDE-p-p’

. NsasasInenadasnmsunng
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220 240 260 280 300 320 340 360 330 400 420 440 460 480 500 520 540
Concentration (ng/mi)

N193371U



m’sﬁ@uyﬁ%’?Lﬂswﬁmimﬁﬂmﬁ'uﬁﬁﬂﬁ'mgﬁmnﬁ'w
Tupzvranld ez wasan wazdw NITAWD BEWANSIA waz NFH 199h

P3N 2 ANNiLLezANNBaInsalidasiumMIadagieme 122 ¥liams NeNuLNTY 20, 100 ez

500 ug/kg lunzramdauazazin

nzwanla Az
Pesticides 20 ug/kg 100 png/kg 500 ug/kg 20 ng/kg 100 png/kg 500 ng/kg
n==17 n==17 n==17 n==17 n==17 n==17
%Rec %RSD 9%Rec %RSD %Rec %RSD 9%Rec %RSD 9%Rec %RSD %Rec %»RSD

1. DDE-p,p’ 86.60 9.46 73.60 3.48 80.00 2.75 79.67 7.20 105.52 1.01 100.34 0.95
2. DDT-p,p’ 82.33 14.31 71.75 3.91 70.41  9.18 82.13 11.10 g5.20 2.78 95.23 1.06
3. DDD-p,p’ 91.78 13.99 72.65 3.37 95.20 4.36 76.50 6.97 96.35 2.52 92.68 1.03
4. acephate 72.91 8.18 109.53 3.63 75.23  4.45 91.95 1.62 7490 8.86 87.72 2.53
5. alachlor 85.85 13.47 172.33 2.09 76.49  4.49 73.54 7.90 91.22 4.34 92.51 1.05
6. aldrin 85.88 10.56 76.34 3.34 84.41 2.34 79.48 6.12 102.64 1.32 100.16 1.38
7. ametryn 80.99 11.03 75.81 38.57 78.71 4.75 81.82 9.68 105.38 1.51 108.57 0.93
8. atrazine 86.36 10.93 74.71 3.72 78.95 3.11 77.44 7.69 104.87 1.30 106.04 1.07
9. BHC-alpha 84.12 9.92 75.52 3.84 83.87 3.08 83.22 9.27 94,92 0.83 95.77 0.08
10. BHC-beta 85.00 18.83 73.89 4.71 81.71 2.38 70.53 10.89 96.57 1.99 93.43 1.93
11. BHC-delta 81.43 14.18 173.22 5.91 65.77 2.40 81.26 8.30 97.55 1.82 95.87 1.51
12. BHC-gamma 87.62 8.58 173.89 4.87 63.60 2.54 76.87 1.98 8§58 1.47 92.86 1.30
13. bifenthrin 89.90 12.91 75.90 4.25 83.11 2.02 76.22 10.88 106.26 0.83 104.35 0.88
14. bromacil 79.32 17.18 73.16 2.33 72.43  6.10 74.45 .06 113.78 1.44 112.12 1.38
15. bromophos-ethyl 79.65 9.95 71.96 3.98 68.63 3.89 85.66 11.45 107.17 1.39 102.09 1.05
16. bromopropylate 86.52 14.20 76.62 0.82 77.19 2.97 73.26 8.22 101.70 1.05 98.88 0.67
17. buprofezin 84.06 17.09 75.17 2.07 87.81 2.38 78.55 11.22 99.02 3.91 94.00 1.15
18. butachlor 82.05 12.88 77.50 1.94 66.86 8.25 76.21 2.88 100.16 1.76 93.82 1.56
19. cadusafos 87.67 11.90 74.54 4.21 93.51 2.94 73.29 7550 102.94 2.17 101.89 1.11
20. carboxin 79.43 7.30 77.32 2.66 71.93 6.70 75.58 14.28 110.71 1.24 101.47 0.52
21. chlordane-cis 85.85 11.56 73.78 4.62 79.57 2.86 71.13 10.03 101.11 7.82 101.15 0.71
22. chlordane-oxy 88.93 10.93 73.35 2.66 84.78  2.43 71.52 857 94.73 1.06 93.99 7.37
23. chlordane-trans 86.69 11.80 74.54 4.70 177.44 2.18 72.30 9.57 109.29 1.38 105.07 1.52
24. chlorfenapyr 88.27 13.18 76.68 4.04 78.58 2.27 72.61 762 103.96 1.64 97.25 1.46
25. chlorfenvinphos 81.39 16.77 74.48 2.25 68.50 4.33 115.84 579 100.90 2.07 95.89 0.99
26. chlorobenzilate 89.81 13.25 72.87 3.82 84.30 2.29 72.75 832 96.38 0.92 89.76 1.39
27. chloroneb 93.65 14.60 71.29 3.46 89.08 3.69 71.36 g.40 93.94 3.05 93.65 2.28
28. chlorpropham 85.93 10.05 73.91 2.12 72.80 7.25 80.41 12.94 95.34 3.92 96.88 0.89
29. chlorpyrifos 84.04 12.42 71.56 4.09 173.65 4.21 77.45 9266 108.44 1.25 103.64 1.35
30. chlorpyrifos-methyl 81.31 15.79 74.97 2.60 69.60 11.35 76.01 4,34 77.41 8.02 91.30 1.45
31. cyanophos 81.65 15.93 75.07 2.96 70.00 8.35 72.72 8.20 97.35 1.67 96.01 1.02
32. cyfluthrin I 87.43 17.42 93.36 9.55 175.07 4.06 70.75 993 81.75 3.08 83.05 1.48
33. cyfluthrin II 74.81 11.60 78.41 4.23 91.16 6.18 72.86 9.00 113.07 3.53 100.47 1.28
34. cyfluthrin III+IV 71.49 3.88 85.51 2.16 93.13 4.20 74.18 765 113.56 3.31 113.08 1.11
35. cyhalothrin-lambda 89.95 17.45 70.38 2.14 90.28 7.02 72.84 10.28 91.87 2.11 93.37 1.07
36. cypermethrin I 82.75 18.04 72.20 1.79 83.22 17.12 80.06 12.21 94.48 3.89 111.01 4.29
37. cypermethrin II 83.10 17.52 87.16 2.66 87.85 470 72.12 9,00 91.98 3.72 99.58 0.87
38. cypermethrin III+IV 84.13 15.25 85.52 2.91 92.35 4.81 86.60 7.46 96.02 4.02 100.13 1.24
39. DCPA 87.02 11.59 70.12 2.96 78.01 2.65 71.48 7.34 100.30 1.45 95.20 1.03
40. DEET 91.47 13.53 175.05 3.23 93.25 2.25 83.68 .09 105.60 1.83 100.44 1.42
41. deltamethrin 71.66 8.91 87.54 1.74 81.37 14.82 72.69 g.11 85.23 9.42 99.52 8.92
42. demeton-s-methyl 80.30 15.37 81.41 3.01 68.53 5.91 76.68 3,21 109.50 6.81 114.36 1.98
43. diazinon 89.13 12.23 74.94 4.00 87.99 2.51 71.11 7.98 107.93 1.67 106.09 0.92
44. dichlorvos 78.08 13.11 70.96 4.31 80.40 12.74 179.37 4.67 109.36 1.99 111.21 1.68
45. dicofol 91.51 15.79 85.69 1.92 67.33 9.43 72.52  17.20 115.30 3.43 111.88 2.79
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Method Validation of Pesticide Residues in Cabbage,
kale, Carrots and Oranges Pakphon Chaphonpak and Wasinee Wongwai

P3N 2 ANNiLLezANNNaaInsalidasiumMIadagieme 122 ¥liams NeNundy 20, 100 waz
500 ug/kg lunznaUauazazih (do)

nznanla A
Pesticides 20 ng/kg 100 pug/kg 500 ng/kg 20 ug/kg 100 pg/kg 500 ug/kg
n==17 n==17 n==17 n==17 n==17 n==17

%Rec %RSD %Rec %RSD %Rec %RSD 9%Rec %RSD %Rec 9%RSD %Rec %RSD

46. dicrotophos 74.56 15.33 86.93 3.40 68.55  5.19 ND ND  74.48 10.41 80.94 1.70
47. dieldrin 86.12 11.08 77.31 4.98 75.84 3.32 75.49 6.81 101.30 1.69 97.56 2.46
48. dimethoate 77.11 16.70 80.23 4.23 66.94 8.63 95.06 7.41 g82.64 9.23 97.10 5.87
49. dioxathion ND ND 110.11 3.30 87.45 6.22 ND ND ND ND ND ND
50. disulfoton 81.99 10.29 87.67 2.24 96.14  2.73 102.04 14.24 99.42 2.04 101.24 1.00
51. ditalimfos 72.19 9.79 87.39 9.51 73.40 9.93 112.42 5.81 116.95 2.68 116.00 1.51
52. endosulfan-alpha 84.17 12.79 74.68 5.34 69.66 2.69 71.46 7.24 113.57 1.30 105.25 1.82
53. endosulfan-beta 84.84 9.58 72.68 2.18 76.10 4.85 72.98 7.90 101.07 1.27 93.71 1.64
54. endosulfan- sulfate 80.43 1.84 74.22 3.84 67.16 15.89 71.18 6.97 91.98 1.31 84.04 2.38
55. endrin 81.97 10.06 72.52 2.18 72.95 3.27 78.69 1.87 9547 0.84 91.96 1.29
56. EPN 93.57 11.78 176.90 5.46 73.04  9.55 75.26 7.76  82.33 4.73 92.12 2.28
57. ethion 84.69 15.64 82.55 6.34 179.83 4.85 74.41 5.45 8535 5.67 89.21 1.16
58. ethoprofos 86.49 11.73 71.59 3.44 90.08 3.81 72.86 8.14 103.79 2.95 103.71 1.06
59. etrimfos 86.09 14.36 74.29 2.89 80.70 5.94 75.04 6.11 117.17 2.50 117.46 1.17
60. fenchlorphos 82.89 13.71 73.36 1.95 67.06 7.21 78.39 7.22 96.67 1.65 95.59 1.15
61. fenitrothion 77.97 11.78 76.80 3.13 80.68 13.42 108.28 17.19 70.15 7.73  80.07 2.61
62. fenobucarb 86.74 12.86 76.07 3.79 88.86 4.56 77.43 6.97 101.88 2.65 100.56 0.95
63. fenpropathrin 88.27 14.32 70.31 3.08 72.16 3.56 74.17 9.78 103.67 0.82 100.91 1.20
64. fenthion 84.67 15.56 83.56 3.01 67.77 6.81 71.62 8.43 105.93 1.62 98.13 1.05
65. fenvalerate I 76.29 4.04 84.56 6.10 86.62 5.93 73.44 8.34 110.38 3.05 114.54 3.90
66. fenvalerate II 88.97 12.50 77.48 5.32 92.06 7.80 99.29 18.56 81.70 5.84 87.17 2.49
67. Fipronil 89.28 6.45 74.01 3.17 81.06 6.95 82.25 8.24 114.60 7.98 95.50 1.50
68. fosthiazate I 87.46 12.27 87.64 4.71 65.45 4.07 105.54 7.92  92.34 11.90 178.56 4.20
69. fosthiazate II 91.42 8.74 87.57 6.56 64.57 3.88 93.49 9.38 99.47 5.17 177.63 13.95
70. heptachlor 75.51 5.84 71.10 3.20 80.87 4.68 94.38 10.09 77,61 8.79 89.12 0.98
71. heptachlor epoxidecis 87.40 11.99 73.53 3.76 68.44  6.49 73.78 12.10 105.90 13.98 100.75 11.80
72. heptachlor epoxidetrans 87.41 13.93 74.33 1.98 79.97 2.26 73.78 9.52  96.25 0.98 94.01 1.39
73. heptenophos 95.91 4.15 72.79 3.46 68.45 5.79 75.21 5.42 7968 4.89 82.13 1.93
74. hexachlorobenzene 91.58 11.87 74.21 4.55 90.18 2.21 71.87 17.53 88.94 1.76 88.96 1.25
75. hexazinone 83.02 11.55 72.87 1.79 172.20 7.02 98.45 7.85 111.99 5.36 108.91 1.49
76. Isofenphos 83.82 11.29 74.76 1.77 80.76 2.94 71.37 10.17 104.29 1.12 95.33 1.05
77. Isoprocarb 92.62 14.48 75.53 4.55 87.81 4.12 85.82 5.80 99.34 1.89 100.21 1.45
78. Isoxathion 93.90 13.90 75.90 2.60 71.78 2.59 75.63  9.58 83.93 2.79 80.37 1.89
79. malathion 77.02 16.10 73.06 2.67 68.36 11.60 72.22 7.00 95,17 4.02 92.81 1.31
80. metalaxyl 82.82 11.16 74.50 4.27 68.25 5.13 73.15 5.92 106.23 1.36 96.99 1.34
81. metacrifos 81.48 13.63 70.62 5.31 81.21 5.22 79.33 6.51 94.77 1.26 95.77 2.54
82. methamidophos 86.78 9.80 78.02 4.22 72.45 4.81 76.45 0.99 g9.05 8.59 103.21 2.73
83. methidathion 95.25 14.19 84.76 3.54 73.17 6.18 110.08 5.03 g89.55 3.55 84.86 1.80
84. methoxychlor 85.45 16.64 71.18 4.27 71.28  7.78 76.93 13.64 g84.48 3.21 94.41 0.84
85. metolachlor 83.76 14.30 70.23 2.74 71.86 4.01 70.23  9.77 104.63 1.58 98.52 3.27
86. metribuzin 86.39 10.57 71.37 4.91 68.60 3.89 86.97 8.60 112.71 3.37 109.67 2.03
87. mevinphos 83.77 10.47 72.59 5.28 74.30 5.71  70.53 .22 99.98 7.08 107.74 2.87
88. monocrotophos 97.37 9.85 107.06 3.94 72.44 7.41 74.63 4.43 76.12 11.94 82.13 2.49
89. omethoate 77.73 13.05 109.67 3.72 94.98 6.20 70.01 18.95 84.28 15.05 96.09 2.80
90. parathion 79.17 18.82 72.24 2.71 72.34 11.51 109.04 7,10 71.34 6.09 87.82 3.63

vnewa: ND @ Not detected
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m’sﬁ@uyﬁ%’?Lﬂswﬁmimﬁﬂmﬁ'uﬁﬁﬂﬁ'mgﬁmnﬁ'w
Tupzvranld ez wasan wazdw NITAWD BEWANSIA waz NFH 199h

P3N 2 ANNiLLezANNBaInsalidasiumMIadagieme 122 ¥liams NeNuLNTY 20, 100 ez

500 ug/kg lunzuwaUauazazih (do)

nzwanUa Az
Pesticides 20 ng/kg 100 png/kg 500 ng/kg 20 ng/kg 100 ng/kg 500 ng/kg
n=7 n=7 n=7 n=7 n=7 n=7
%Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD 9%Rec %RSD

91. parathion-methyl 82.11 16.08 70.28 4.57 71.32 10.52 75.39 4.47 77.62 7.34 91.53 1.28
92. permethrin I 92.67 13.29 72.65 5.20 85.56 1.50 74.11 9.03 105.64 2.91 103.72 0.99
93. permethrin II 81.31 15.89 70.97 2.40 72.81 8.14 79.89 12.85 95.08 5.49 97.32 1.34
94. phenthoate 80.39 12.90 72.73 3.86 67.96 4.88 75.87 6.29 89.24  6.78 93.97 1.05
95. phorate 86.82 9.29 72.01 5.30 93.21 2.98 75.64 7.08 94.10 2.98 97.55 1.15
96. phosalone 82.65 14.67 174.83 4.39 69.06 5.56 94.04 4.15 96.25 5.64 91.61 1.42
97. phosmet 83.66 8.22 100.10 13.67 72.24  9.17 77.51 8.47 71.60 4.27 84.95 2.43
98. phosphamidon 88.41 17.01 81.07 4.86 86.25 8.75 89.41 10.53 90.56 14.65 95.25 2.10
99. picoxystrobin 89.46 11.72 71.03 6.07 88.54 1.91 71.04 6.63 101.70 1.15 90.84 0.86
100. pirimiphos-ethyl 82.30 13.33 71.16 4.64 76.02  2.04 72.05 7.93 99.40 1.45 94.75 1.68
101. pirimiphos-methyl 82.82 14.15 70.60 4.97 177.50  3.45 72.21 8.22 98.29 1.23 95.24 1.11
102. profenofos 82.21 12.82 75.45 3.53 70.94  5.40 99.47 4.92 92.02 1.83 86.08 2.26
103. propachlor 84.95 12.98 72.33 2.59 77.01 6.94 71.97 8.79 101.42 3.00 97.35 2.81
104. propargite 95.04 10.00 71.01 1.34 70.32 9.68 70.89 10.01 116.80 1.68 108.73 6.41
105. propetam phos 86.60 13.28 85.67 2.88 90.61  2.94 106.11 9.30 96.76  3.63 97.70 1.07
106. prothiofos 85.05 10.70 75.53 3.88 72.94  3.95 74.98 6.31 99.61 0.86 95.69 1.11
107. pyrimethanil 75.86 3.78 72.89 4.72 81.10 3.54 111.50 12.62 101.80 0.72 101.28 1.23
108. quinalphos 80.56 12.25 78.42 3.29 69.73  8.20 74.58 6.61 106.44 1.49 97.99 1.17
109. quintozene 79.88 7.45 71.04 3.64 68.98 11.27 89.12 17.26 74.88 8.27 91.18 1.46
110. simazine 83.94 10.16 74.27 5.01 78.37  4.00 75.33 6.05 101.61 1.28 102.81 (.89
111. tebufenpyrad 86.01 13.40 71.22 4.66 75.75 2.86 71.71 10.51 113.33 0.56 109.90 (.78
112. tecnazene 81.51 17.68 71.59 5.04 73.48  4.84 97.38 17.80 77.57 7.74 91.64 1.49
113. terbacil 85.00 14.76 74.35 2.62 66.09 7.74 70.74 17.38 109.36 5.65 104.93 1.02
114. terbufos 85.61 10.85 85.54 2.01 90.75 2.90 72.42 8.27 93.28 4.60 97.63 1,04
115. tetrachlorvinphos 80.79 8.63 80.94 5.32 65.89 9.21 94.40 2.77 94.99 1.92 80.65 3.56
116. tetradifon 87.68 12.52 172.56 2.23 67.40 1.93 72.76 8.50 109.50 0.81 106.25 (.72
117. thiometon 84.13 9.33 85.86 3.03 84.41  4.52 70.34 10.70 102.18 1.67 103.83 1.35
118. tolclofos-methyl 85.26 12.60 71.04 2.98 79.51  4.33 70.33 6.51 98.84 2.54 95.28 3.28
119. tolylfluanid 72.24 17.21 112.12 2.90 79.46 16.43 97.93 4.62 101.93 6.17 91.97 3.7
120. triadimefon 81.63 10.73 73.66 2.28 77.92 4,19 70.10 8.96 104.24 0.91 95.85 1,93
121. triazophos 86.83 10.39 74.45 6.25 70.98  6.42 109.16 5.49 90.49 3.09 88.82 1.37
122. trifluralin 85.33 14.98 88.26 1.72 170.06  9.34 78.73 4.84 70.95 5.05 89.68 1.58
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Method Validation of Pesticide Residues in Cabbage,

kale, Carrots and Oranges

Pakphon Chaphonpak and Wasinee Wongwai

M3 3 ANNWLLazANNNENIaIn T uMIRdagNaNg 122 Bliaans NANuLNTY 20, 100 WAz

500 ug/kg luuasanuasdy

nezvana axh
Pesticides 20 ng/kg 100 pg/kg 500 pug/kg 20 nug/kg 100 ug/kg 500 ng/kg
n=7 n=7 n=7 n=7 n=7 n=7
%Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD 9%Rec %RSD

1. DDE-p,p’ 103.07 5.07 104.10 3.59 91.18 1.28 86.53 9.03 109.99 2.23 102.52 1.32
2. DDT-p,p’ 91.12 6.05 74.73 4.67 80.17 9.78 79.42 7.41 110.86 1.07 90.99 5.45
3. DDD-p,p’ 107.26 5.10 97.87 2.32 83.50 4.05 75.77 3.81 90.19 2.68 94.73 7.18
4. acephate ND ND ND ND ND ND  94.76 14.64 104.95 6.76 103.92 2.23
5. alachlor 106.13 4.84 91.68 1.90 77.29 1.36 83.16 13.78 99.03 1.38 99.60 7.10
6. aldrin 96.59 3.24 100.87 1.52 86.87 1.63 80.63  9.27 104.99 3.72 112.04 3.91
7. ametryn 102.92 4.95 90.08 2.15 78.46 2.07 90.04 8.60 94.78 1.79 98.79 8.61
8. atrazine 100.69 6.04 93.56 1.19 81.44 2.41 71.68 2.55 104.68 1.96 110.37 2.04
9. BHC-alpha 97.00 5.23 91.80 0.92 82.33 1.56 87.72 7.77 97.59 3.68 110.38 1.83
10. BHC-beta 86.14 2.52 89.30 1.28 71.57 2.48 85.21  9.33 103.82 3.79 98.92 17.31
11. BHC-delta ND ND ND ND ND ND 79.89 9.36 93.99 2.86 97.21 5.47
12. BHC-gamma 85.69 1.95 87.67 1.59 84.86 2.97 73.64 2.79 100.33 1.29 81.59 17.51
13. bifenthrin 95.21 5.65 85.71 6.50 71.49 2.08 75.62 5.69 84.71 5.49 93.68 4.65
14. bromacil 86.22 11.99 74.59 4.03 71.48 10.31 84.62 4.61 92,53 2.15 103.68 3.26
15. bromophos-ethyl 104.06 6.49 92.62 2.84 83.56 2.63 82.68 12.10 98.69 0.99 95.77 5.97
16. bromopropylate 88.84 3.73 81.30 8.10 71.99 5.97 84.36 9.93 88.49 10.94 97.06 3.41
17. buprofezin 91.01 138.37 83.87 3.80 81.71 3.14 79.65 7.74 9557 1.53 93.98 4.87
18. butachlor 101.68 7.16 71.71 3.60 73.12 0.90 72.47 11.40 107.71 1.51 101.85 6.85
19. cadusafos 101.07 5.77 93.89 0.91 80.26 7.92 75.50 11.04 99.34 2.59 106.13 3.42
20. carboxin 81.08 11.09 71.98 6.59 94.40 6.84 77.59 5.08 81.49 10.53 93.13 3.64
21. chlordane-cis 105.55 4.59 103.25 5.55 91.35 4.07 83.20 13.47 107.61 3.48 95.38 5.88
22. chlordane-oxy 100.68 3.06 92.30 1.71 79.60 0.93 88.08 9.49 104.60 1.95 111.28 2.17
23. chlordane-trans 108.41 2.89 101.07 3.17 91.14 1.01 70.31 5,63 103.01 4.76 101.55 6.31
24. chlorfenapyr 99.98 3.81 77.93 6.37 70.92 1.61 70.69 .02 93.15 3.61 97.00 6.19
25. chlorfenvinphos 108.46 2.51 74.75 3.52 87.03 2.12 84.76 9,96 95.17 5.52 95.20 7.72
26. chlorobenzilate 100.15 4.40 87.34 5.42 77.83 1.44 83.56 9,59 94.20 3.11 93.21 3.45
27. chloroneb 87.09 5.86 100.50 7.56 82.19 0.97 87.27 10.31 94.49 12.18 99.24 1.24
28. chlorpropham 91.20 9.06 111.24 2.80 87.22 2.18 73.79 5.85 107.69 3.23 109.06 3.24
29. chlorpyrifos 101.18 5.89 91.38 1.62 79.36 1.35 73.78 8.42 102.28 4.14 99.60 4.38
30. chlorpyrifos-methyl 98.90 4.91 75.94 2.01 90.03 2.74 85.93 7.74 96.25 5.72 112.05 2.84
31. cyanophos 103.87 5.17 74.63 6.04 76.58  4.71 78.82 6.04 97.95 2.57 106.85 4.14
32. cyfluthrin I 92.33 4.19 176.55 3.42 93.32 8.11 96.73 10.49 85.76 2.28 71.81 5.75
33. cyfluthrin II 87.93 13.22 74.35 2.58 86.13 7.42 91.11 11.69 106.82 2.84 93.36 3.22
34. cyfluthrin ITI+IV 85.80 4.82 72.80 3.45 94.14 2.69 75.48 .23 107.24 1.90 97.54 5.36
35. cyhalothrin- lambda 90.74 3.58 74.09 3.71 83.26 9.88 85.51  5.41 100.76 2.94 112.22 1.70
36. cypermethrin I 86.32 6.81 75.50 2.88 96.86 2.07 89.24 3.88 113.03 2.04 110.02 3.36
37. cypermethrin II 87.27 6.65 176.12 4.84 92,53 2.45 81.46 3.71 105.71 4.97 91.05 9.89
38. cypermethrin ITI+IV 82.29 10.78 75.66 3.02 95.33 7.01 82.81 3.96 101.57 6.42 78.25 3.49
39. DCPA 105.76 4.42 103.63 1.95 91.03 3.50 71.89 552 102.55 5.28 97.84 5.11
40. DEET 93.78 6.17 99.42 1.10 85.27 1.44 85.10 3,11 101.03 5.88 97.00 2.81
41. deltamethrin 91.24 8.35 72.17 4.26 71.36 4.76  71.11 4,15 105.04 3.49 108.83 1.88
42. demeton-s-methyl 98.21 7.11 175.73 1.46 73.81 3.66 97.13 .50 96.86 1.53 108.62 1.98
43. diazinon 99.58 4.89 99.46 0.84 87.24 1.57 71.28 5,50 98.38 1.69 110.64 0.96
44. dichlorvos 108.36 8.28 84.48 6.68 70.55 0.46 99.50 822 102.86 9.61 92.98 4.19
nnewa: ND @a Not detected
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Tupzvranld ez wasan wazdw NITAWD BEWANSIA waz NFH 199h

M3 3 ANMUNULazANNNENIaI Rl uMIRdagNaNg 122 Bliaans NANuLNTY 20, 100 Wz
500 ug/kg luuasanuasdy (do)

nznaa A
Pesticides 20 ng/kg 100 pg/kg 500 pug/kg 20 pug/kg 100 ug/kg 500 pg/kg
n=7 n=7 n=7 n=7 n=7 n=7
%Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD

46. dicrotophos 79.80 13.10 85.74 2.90 71.64 3.15 83.21 10.41 106.02 3.23 97.91 3.23
47. dieldrin 109.04 1.85 100.97 3.38 91.71 2.56 71.67 7.18 106.91 1.99 92.51 5.14
48. dimethoate 90.95 5.07 90.83 0.63 81.88 4.81 80.99 14.85 92.56 3.88 100.11 3.36
49. dioxathion 76.44 15.76 103.39 3.82 98.70 1.81 80.49 10.94 86.78 7.09 77.11 11.23
50. disulfoton 100.80 6.78 96.68 0.87 86.19 3.95 76.35 11.53 98.11 2.90 113.66 2.82
51. ditalimfos 93.75 6.68 88.64 6.75 73.45 3.80 71.04 4.37 115.85 0.87 109.81 3.75
52. Endosulfan-alpha 100.12 4.39 92.51 2.86 85.31 3.03 72.66 11.73 102.20 7.55 92.06 6.00
53. endosulfan-beta 107.43 2.97 85.94 5.46 76.01 6.28 73.36 7.92 103.60 1.03 98.39 2.20
54. endosulfan-sulfate 100.96 7.62 72.65 5.01 75.87 4.45 73.80 13.83 103.43 2.63 101.60 1.87
55. endrin 106.60 3.40 92.24 4.19 87.67 1.13 72.13 7.98 96.46 5.86 93.78 5.86
56. EPN 80.28 7.18 79.08 8.75 74.51 4.58 98.65 3.56 86.33 8.48 110.07 3.27
57. ethion 98.24 6.97 70.49 4.71 74.59 4.85 71.98 5.43 92.64 2.38 95.81 4.71
58. ethoprofos 102.80 4.79 93.01 0.82 81.04 0.94 70.58 5.97 97.40 2.34 111.58 3.35
59. etrimfos 96.08 12.52 88.77 0.99 76.38 1.67 74.04 3.16 94.27 1.40 108.36 2.08
60. fenchlorphos 93.68 4.19 80.32 0.98 72.81 0.93 76.02 6.59 95.92 1.55 111.35 3.22
61. fenitrothion 85.92 4.17 97.83 7.42 93.20 2.25 91.16 7.43 96.44 8.00 99.96 2.79
62. fenobucarb 105.36 4.83 91.82 0.88 76.75 1.78 74.34 4.64 98.71 3.05 101.24 2.44
63. fenpropathrin 89.27 4.81 73.32 2.43 75.00 4.30 73.55 4.22 85.50 4.72 97.35 2.41
64. fenthion 107.20 2.75 74.87 1.89 71.69 1.56 76.63 5.19 103.56 3.22 94.67 4.58
65. fenvalerate I 89.54 7.86 75.40 7.13 90.25 1.98 77.51 3.93 105.90 2.97 103.41 3.41
66. fenvalerate II 84.88 19.27 74.77 4.99 92.65 2.19 86.08 6.13 102.62 7.04 93.23 4.93
67. fipronil 77.96 10.28 103.20 5.33 76.85 5.35 49.00 5.72 94.04 4.98 73.04 4.13
68. fosthiazate I 96.67 10.15 102.44 1.40 74.56 4.99 91.49 15.30 96.91 2.91 97.32 2.96
69. fosthiazate II 104.63 5.67 92.79 8.68 75.44 3.43 111.43 5.97 107.31 3.04 104.39 2.10
70. heptachlor 97.69 5.34 90.15 2.03 82.74 6.98 72.53 6.43 96.96 3.24 112.78 2.79

71. heptachlor epoxide-cis ~ 101.59 7.78 89.78 6.84 81.47 1.80 87.80 12.66 106.88 3.57 101.44 9.20
72. heptachlor epoxide-trans 102.10 5.08 98.95 1.71 87.66 1.07 70.63 5.57 103.37 3.60 108.70 2.91

73. heptenophos 105.63 8.39 75.38 4.78 73.47 4.29  97.60 16.09 98.07 9.59 99.74 1.63
74. hexachloro benzene 81.37 5.63 103.16 1.44 88.91 0.92 90.74 4.67 94.47 1.84 110.64 3.10
75. hexazinone 75.36  9.70 74.65 4.80 74.51 4.99 72.02 6.78 100.78 4.66 96.87 2.84
76. isofenphos 109.95 1.83 94.64 2.58 86.13 3.40 82.16 11.75 103.40 5.09 94.27 7.78
77. isoprocarb 102.21 4.08 92.57 0.68 77.07 1.12 80.31 3.74 92.76 8.77 97.08  3.47
78. isoxathion 80.50 12.72 75.56 2.25 76.73 4.19  83.96 12.96 90.25 6.36 96.10 2.55
79. malathion 108.70 3.32 85.27 6.49 86.57 6.48 98.06 16.36 104.11 5.40 102.76 1.74
80. metalaxyl 108.48 4.43 83.06 3.81 73.58 2.61 80.70 4.43 100.40 2.97 92.86 9.55
81. metacrifos 95.08 5.44 92.33 7.11 78.20 3.66 76.35 11.91 94.08 11.83 101.92 1.24
82. methamidophos 74.41 4.61 84.56 1.47 74.97 3.49 96.76 19.50 96.17 10.94 95.47 2.54
83. methidathion 104.15 6.08 71.88 1.90 71.86 3.91  92.37 10.82 96.24 3.70 110.92 1.99
84. methoxychlor 86.86 9.03 73.54 4.10 73.35 4.28 78.05 7.88 84.17 4.38 99.18 3.09
85. metolachlor 110.31 1.16 86.87 2.38 76.27 2.04  90.95 5.72 110.30 2.08 103.90 4.12
86. metribuzin ND ND 79.26 2.90 75.49 2.63 92.75 9.28 109.50 1.89 106.56 4.52
87. mevinphos 89.11 14.63 74.39 7.61 81.02 7.26 103.44 12.86 82.40 11.58 96.15 2.33
88. monocrotophos 107.49 10.69 83.07 8.80 80.83 5.27 89.16 20.00 106.55 5.85 85.76 8.81

wnga: ND @a Not detected
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Method Validation of Pesticide Residues in Cabbage,

kale, Carrots and Oranges Pakphon Chaphonpak and Wasinee Wongwai

M3 3 ANNWLLazANNNENIaIn T uMIRdagNaNg 122 Bliaans NANuLNTY 20, 100 WAz
500 ug/kg luuasanuasdy (do)

nznald Az
Pesticides 20 ng/kg 100 png/kg 500 ng/kg 20 ng/kg 100 pg/kg 500 ng/kg
n=7 n=717 n=17 n=17 n=17 n=17

%Rec %RSD %Rec %»RSD %Rec %RSD %Rec %RSD %Rec %RSD %Rec %RSD

89. omethoate ND ND ND ND 61.74 1.53 86.19 4.17 111.61 2.69 90.12 4.66
90. parathion 109.73 4.26 62.70 3.66 87.40 3.17 81.71 4.44 94.62 4.46 96.17 5.37
91. parathion-methyl 91.61 13.94 67.86 2.03 82.61 10.94 86.12 7.64 95.91 5.01 109.81 3.52
92. permethrin I 90.01 7.67 84.24 5.39 71.75 4.72 81.47 8.31 82.95 6.44 87.42 14.05
93. permethrin II 70.55 11.47 175.03 4.83 70.46 5.69 82.73 8.23 87.06 9.87 108.18 4.25
94. phenthoate 104.71 3.46 62.08 3.45 84.45 5.39 76.90 9.45 104.86 4.01 94.74 2.94
95. phorate 96.48 4.42 92.50 0.80 82.26 1.14 71.17 6.15 97.50 1.89 107.43 2.72
96. phosalone 74.16 7.87 64.32 1.15 178.11 1.22 88.06 10.89 87.94 8.72 108.71 3.65
97. phosmet ND ND ND ND ND ND 99.66 20.00 96.17 10.94 88.35 7.62
98. phosphamidon ND ND ND ND ND ND 86.01 17.08 117.74 12.80 115.76 5.91
99. picoxystrobin 100.47 3.32 92.54 4.92 81.31 2.53 72.30 11.61 98.34 0.73 102.14 5.79
100. pirimiphos-ethyl 103.14 5.32 102.27 2.04 87.99 1.80 70.90 5.34 104.08 4.70 96.65 4.49
101. pirimiphos-methyl 102.99 6.36 94.62 1.33 83.70 1.44 71.86 5.22 100.05 1.69 103.11 5.86
102. profenofos 100.47 17.35 74.67 2.87 71.07 5.49 112.92 3.00 96.27 1.90 100.55 3.64
103. propachlor 105.49 5.52 81.92 1.04 170.97 0.76 76.23 5.04 98.72 2.89 100.37 3.25
104 .propargite 94.60 9.68 72.75 5.27 175.24 2.79  74.73 10.70 92.60 1.88 86.59 4.52
105. propetamphos 104.81 5.78 98.94 0.97 87.36 3.22 79.50 4.98 97.13 1.97 106.48 6.23
106. prothiofos 107.58 6.99 84.70 2.37 76.22 4.81 71.21 5.98 110.88 2.18 105.52 3.45
107. pyrimethanil 72.74 1.07 94.88 1.43 81.66 4.82 79.95 5.98 95.99 2.32 108.17 3.12
108. quinalphos 105.68 6.95 74.51 3.84 75.10 2.42 72.34 6.49 102.64 5.58 95.03 8.13
109. quintozene 81.24 3.94 86.60 1.69 88.35 5.92 76.41 14.65 92.71 5.86 113.35 8.32
110. simazine 90.74 19.57 90.40 2.10 76.91 0.78 81.05 4.13 94.81 1.17 103.95 3.07
111. tebufenpyrad 82.52 2.98 81.35 7.31 75.87 2.83 71.90 6.26 85.96 3.04 103.30 1.84
112. tecnazene 90.58 5.25 80.06 9.94 75.55 11.93 83.82 10.27 95.35 5.76 102.46 2.75
113. terbacil ND ND ND ND ND ND 85.81 5.41 95.06 2.09 96.79 10.97
114.terbufos 97.45 5.30 96.07 0.74 86.49 4.31  77.67 14.42 99.16 4.32 112.47 1.64
115. tetrachlorvin Phos 101.20 8.76 77.39 2.81 82.05 6.99 72.11 12.42 116.10 2.11 102.31 1.82
116. tetradifon 79.24 3.83 178.52 3.93 72.32 2.25 82.14 11.66 91.35 1.34 111.45 2.57
117. thiometon 91.44 5.04 90.83 0.63 81.06 2.26 72.91 5.60 98.77 2.28 105.29 1.62
118. tolclofos-methyl 100.18 5.32 100.73 0.87 87.41 2.58 74.12 6.35 97.44 1.55 104.42 3.46
119. tolylfluanid 100.87 10.14 73.22 4.82 85.10 2.10 73.11 14.33 106.47 1.91 99.37 6.88
120. triadimefon 108.56 2.56 87.32 3.00 81.06 2.77 83.66 7.68 103.49 6.22 94.79 6.37
121. triazophos 91.55 5.39 176.24 2.04 75.81 2.22 74.79 5.28 73.56 1.78 93.76 4.14
122. trifluralin 99.46 4.24 92.70 2.13 70.72 6.75 75.17 4.36 90.89 5.93 113.25 3.48

nanawa: ND @a Not detected
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wunuvasanulauduaudiulvaianan calibra-
tion curve BNFININTFIU (Co) 62.24% TDIBIND
@9 method precision 19.70% final recovery
15.26% &)U standard solution (a2 final volume

AD 2.27% WAL 0.53% MNAINU AILFAN UMW 3

1 £ 4
sl @ =<

HinAsienziinaunduanasain ey
asiaiiflasiumiadagiinludnuazualaiae fids
05393 o guiinenenaasmaunngd 1/1
@E998 IUIU 217 GIDEIN WUIINANITNTIR
Aeneilinumnseidesiumindagiiy w132
et Aallusazaz 60.83 wuamsaiiilasiuman
dagiie 10 85 daeh Aadlusasar 39.17 B
Tusnuiliihathefishusnassiu s 22 Gt

Aoflusesa: 10.14 wazlishuanasgru huau

63 sathe Aniludpaas 29.03 dauaaslumMui 4
Fawulunduiinlu (leafy vegetables) $1uu 21
a9t waldaszgadu (citrus fruit) I 15
thatha finasenansanenciudinluzasasznansian
(Brassica vegetables, except Brassica leafy
vegetables) 113U 1 aghe Mathainuazualaiay
NI 26 MaeN lasnumsiaiidlasiumiadagivy
andalusnudadiaanniige 5 sudusiiaans
@a chlorfenapyr, cypermethrin, pyrimethanil,
chlorpyrifos azlambda-cyhalothrin TaadiuSano
finuluginiasnd 0.02-0.94, 1ipani 0.02-4.13,
14pENI 0.02-0.48, UDENT 0.02-1.14 LATUBNI
0.02-0.49 §aansuaanlansy MuaIaU

Relative uncertainty (%)

Total
Sample weigth  0.01
Final volume 1 0.53
Standard solution m 2.27

Calibration curve
Recovery mmmmE 15.26

Precision mmmm 19.70
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I 6224
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= o
AU

Wiengvmsiaidesnumandagizanee
ﬁﬁmm‘iﬂmmu multi pesticide residue analysis
N300533NsRa sl Ueanumiada gy
anenalaanu 122 #fieans lu matrix Aidlunzwaa
Az1n WASEN WaTdN eBLA3ay GC-MS/MS
Toald QUEChERS lunisanaciag19isniam
Fasuniu 393EmsiiluasRtdszansawidlud
gansuuazldnuadunsvanglunsiesanaags
Feannsaanauazmiasesuniulaluaidieiu
wuihismsiinanaudnsusaasisiensiiionu
Fmzge ilasannldmireasiaiaiifiu mass
spectrometer AMIAMNAYBNNIIATIVWULYIINY 0.01
Haansuaanlaniy warmIANNAVBINITATIANY
FaUSinawhiu 0.02 fiadnsuaanlansy Fei LOQ
dalimansandmiumaniilasiumiadagiilad
msfwuae MRL #edaslden default limit #o
0.01 Aadnsuaanlansy Susuanuudulimnaudu
s%recovery glunie 49.00-117.74 Faiitnui
mszaniueglurniesa: 70-120° wuihdud
Tisunasilildanududumnga Feanaiaan
anuaaawaaulumsiaisudsgeiesdudas
finsdnwaald druenudisefiendrudesiun
NAIPIUFUINS %RSD wasaglugn 0.46-20.00
aglutnaisansunnars de Liiusesas 20
38msHaaudNRusiBaduase (linearity)
Tagardulszansnisaadula (RY) CEEEATRRN!
0.9950-0.9999 lagnm1Wun3z VB ITNNHLA
e (R?) gand1 0.98"” aglunamimsganiu 38ms
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s'z‘;mﬁﬂmnmmqwmﬂﬂizmi Wy leasmasy
aglu matrix 2avnuaznalyl Mliasialinuas
9nia Wasniie matrix effect™® S8l lums
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Method Validation of Pesticide Residues
in Cabbage, Kale, Carrots and Oranges by
GC-MS/MS

Pakphon Chaphonpak and Wasinee Wongwai
Regional Medical Sciences Center 1/1 Chiang Rai, Muang District, Chiang Rai 57100, Thailand

ABSTRACT Fresh fruits and vegetables are the most popular and widely consumed foods as they
are rich sources of vitamins, minerals and fiber. Therefore, in commercial farming, using pesticides for
increasing agricultural production is inevitable, resulting in pesticide residues affecting consumers’ health.
This study aimed to validate the method for multi-pesticide residue analysis of 122 pesticides in cabbage,
kale, carrot and orange. The Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChER) method was
employed for the sample extraction and clean-up process. Then it was analyzed by GC-MS/MS with
the multiple reaction monitoring (MRM) technique to reduce interference. The method’s linearity range
was 5-500 ug/kg, with R*>0.98; the accuracy %recovery rates in cabbage, kale, carrot, and orange were
63.6-112.12%, 70.01-117.46%, 61.74-111.24%, and 49.00-117.74%, respectively; and the precision %»RSD
was less than 20%. The method showed a limit of detection (LLOD) and a limit of quantification (LOQ)
of 0.01 and 0.02 mg/kg, respectively. In the fiscal year 2022, the method was used to analyze pesticides
in 217 samples of fruits and vegetables. It was found that 63 samples did not meet standards (29.03%).
The top two commonly detected pesticide residues were chlorfenapyr and cypermethrin. In conclusion,
this method for kale met all acceptance criteria. In cabbage, carrots, and oranges, 88 substances met
the criteria, but the other 34 substances did not. So, further studies on this matter to meet the multi-pesticide
residue analysis criteria for fruit and vegetable categories and all pesticides according to the laws and

regulations should be carried out.

Keywords: Multi-pesticide residues, GC-MS/MS, Fresh vegetables and fruits
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M5ANIUSEENSAINMITHTIAANTBINNUTULATH
Tundialngainsssd #1835 Non-Invasive
Prenatal Testing (NIPT) «Sguthaunu

79 Quadruple Test (QT)

WIUN AUE Fuen Jadilail waz AINs TuAUNT
AUEINENATNTNISUNNET 3 UATFITIA BUNBLNTN UATTITIA 60000

unanda UagiunsnsIadansaseeid quadruple test (QT) mmmé’fmﬂimﬂajummsmaﬁﬁtﬁﬂmﬂ
mmﬂmﬂnawaq‘[ﬂﬂu‘[wwjﬁ 21 lospeaz 81 Lﬁawummtﬁmg@ﬁmmﬁm%mnﬁué’uﬁqﬁﬂﬁ'ﬁmwLfi'muﬁ'mm
NNMSLSYAL 0.5 NBNUMNIATIAABULEMIAlUATIANNAIBENLEEANITAIAI8ID noninvasive prenatal
testing (NIPT) dianauaiuenga mﬁﬁ'ﬂﬁﬁqlﬁ'ﬁnmﬂizaw%mwmsmnﬁmﬂimmjummiﬂnﬁﬁmﬁﬁ NIPT
Wisuisuiuas QT Tegddinzhesitonsialastulsn (karyotyping) ({usadudy Naﬂ']‘ﬂﬂ’i’mﬂfj&lﬂtﬁﬂﬁgﬁﬂi‘iﬁ
PUIU 2,120 8 MALsINeNIa 24 uvis luthudszana w.d. 2565 wunis NIPT m’smlﬁmalﬁ'mgﬁwmu 19 98
(50882 0.90) @zhandnse karyotype 11U 19 98 wumsnilanufiaUndnvuelupaeiiia QT wuwalﬁ'mgﬂ
§110U 669 18 (3088 31.56) WXNANIEINTIA karyotype 31U 563 T AnalaslulandaUndsay 19 98
(30882 3.37) MIAAMUMINTININ 1,557 T8 (W8 QT 1deeen 1,451 8 uazUfidsmsianzthag 106 18)
fingwilidaundsnaanlainumsniinguaimaanl msUsufiudeadd Kappa fissduamuidaiu 95% e
Wasuiisuds NIPT fu33 QT wuilifienusanadasdy (KC = 0.040) iadsuidisufumsiazines
tioasatusiumalaslulzy wuhid NIPT fienusanesasiulussdudinn (KC = 1.000) Tusaeiis QT Taidl
ANNFaanand (KC =0.000) a3Uld11msns1ad1e35 NIPT ﬁﬂmmmuz‘hgmazmﬂaﬂé’mwmstmzﬁm‘fﬁ
iasieaiuiudladisuiuds QT 183asas 30.66 annsmhlUldanadansasnguarmsamizesmsnluasssila

penaNUsEaNSW

AdIAn: MINTIAANTI0NIZUlesy, Noninvasive prenatal testing, Quadruple test, M3nsIalaslulawy
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unin

ﬂejummimnﬁ (Down’s syndrome) W
aMzunnsasmailganiasalsaniledeinan
anuiinundizaslastulaudd 21 % 3 una (trisomy
21; T21) loadanwazmsudataannuszauadtuan
gaannaulnd Ao Uszaua@tlayan (intelligence
quotient: I1Q) Uszuau 25-50 uanmn‘ﬁ@'ﬂm
Fafidnwaemhandisnne wu dssuinnan (small
head) vhenasuuy (flattened occiput) aulnaj
anihn (tongue protrusion) %ng‘ﬁu (up-slanting
palpebral fissures) G‘?ngmu (flat nasal bridge)
RIniNUSaeuAendaw (redundant nuchal
tissue) ?8AINDANYINN (single transverse
palmar crease) nszgniananuasidasduvia
el (hypoplasia of the middle phalanx of the
fifth finger) Faviesznininuhivilazasani
AMUn& (sandal-toe-gap) WumMENdLisauLs
(hypotonia) waziilafimsuaniiialag@mznme
wﬁhf"?uﬁ'mﬁﬂa%"a (endocardial cushion defects)
a1ldaadu (duodenal atresia) Gaulssosd
MuiaUn@ (hypothyroidism) waztiinlanma
HaNz3dindanan (leukemia) Wuau® log
guemsalzasmannguainsanitlulszinalne
wuuszana 1 Tu 800 84 1 Tu 1,000 209M5A0EA
Manae e

mansadansasaaicsnssdiilaangi@man
msfiyaslunguaimsanuiinmsiannmsmuaau
Taun msldarguasaaioanssd msasaastieil
Tuidaanaraziia laun pregnancy-associated
plasma protein (PAPP-A), alpha-fetoprotein
(AFP), unconjugated estriol (uE3), beta-human
chorionic gonadotropin (B-hCG) w8z dimeric
inhibin-A s28NUNITATIAIANNAAUNAA
paudmamuigy Mnaimawsnaulivasis
nilulasanausnuazlasmaidawasnsnnsss
iaiialszansmwlumsanadansasligedu®?

dvsulsznalnaldisnisasianansasalraids
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quadruple test (QT) logas1aen53 10N lUdonan3
Gans3flasanad 2 1w 4 #ile laud AFP, uEs,
B-hCG waz Dimeric inhibin-A #sogluza
ansuszlaminmsduasugunnuazlasnulsnvas
dinnuvaniseiugummwuisn@lulssmea G
UssLANUasapunYBIuIMIaNsITNEY (atufi 10)
daduil 7 wwneu 2559 anadansaslunguihuing
niaanssfsang 35 U auld wezludauaman
w.d. 2563 penadnduszlonilvnsiananses
ﬂiaUﬂqumjaﬁ”’qmiﬁnﬂﬁqu ABYaNITNIIA
ANNTBINENDINITANMIUMNUUINNNZUH U0
NYIneasgiusunndurialszinalng wuinis
QT fianubilumsaansasmsniidiuanmizulasy
sa8az 81 laainauinansazas 5 dayaannanu
U3MINTAAANTINGNDINTANUMEIT QT 289
@uﬁ‘iwmmamﬁ’mmwwﬁﬁ 3 UASEITIA (AN, 7 3)
seeTudl 1 aena w.al. 2563 Beuil 30 Auene
W.A. 2564 N5ATIIDENTSNYBINANGIATSA
lasumnlssmenuamussmainy 62,625 N8
ai’m,unl,ﬂumjaﬁymssﬁmq 35 YU Suu 12,238
uazmqeiwm'w 35 U 91U 50,387 98 WUNAATIA
L*ﬂumjuﬁﬁmmLﬁmgqsiamsﬁmaﬂumsﬁtﬂu
aMUBUlaTNIIN DU 4,778 N8 (38T 7.63)
Tosdundedsnssdangaaud 35 Tauly Sasas
18.69 (1UIU 2,287 918) ‘?%ngmﬂnimzﬁ\ié'?miiﬁ
nanagieend 35 1 finuanudeegedosas 4.94
(@MU 2,491 8) ﬂaluﬁﬁwamsmﬁmnsamﬁmgq
wnndazimsiazinaiauaasaiiadldass
amiigulasumeisnsialasiulan (karyotyping)
LwimimmfméwﬁaLﬂumsmamw'gﬂgﬂ (invasive
testing) waraanlindieninssdianudsde
MIUNYATNNMIAEIBEE 0.5
Ua3liuiims0513Aan329nguaIM ety
1:Li§ f gﬂ (noninvasive prenatal testing; NIPT) a9
Wumsasindduteresmsnluassdlagldaiadie
Bomansan (cell-free DNA) {uisidinenuiil

Ussangnwgs Ianauiuenannniuaslinauina



UszanSmwmsasianansasmidulasumeds NIPT wWisudieunuds QT

WSUM MNWUS wazAne

UpeNIMINTIANEId QT 35 NIPT d1u1500573
wudiduerasmsnluasssiaglunssuaidaninson
Gaudogasad 5-7 FUaWCY Hmamanadauas
wiuganntuilannaluinsnifiogassdaud 10
Fuoviduly ilasnniluinmee cell-free DNA
tnEu® Tag NIPT denahlumsasianumsn
TuassAdluamiidulasusesas 99.3 MmedasINMs
NNz 0.1"” MInTIARNANIBIAILIS NIPT
Freaaumsanzina lundgnnssiuazan
anudsaiazasmsnluassdanmsazines
NNMIANTaYaUTEENTNMINNITAIIAANT DY
aniBulasuaeemsnluassfinla NIPT lu
Uszinalnawuldias mAdeidiiagussadiiie
dnwmanulh (sensitivity) aNNNWIE (specificity)
AMMIMINenauIn (positive predictive value)
AMIMINENBaU (negative predictive value) Waz
ANNFRNANDY (agreement) YBINITATIVAANTB
amiaulasulundslnesnssdeeds NIPT wisu
Weunuis QT wazlszidiuds NIPT aamsaausuno
wa’quﬂﬂssﬁﬁﬁmgﬂmxﬁmsgwLﬁamaﬁﬁaﬁﬂmm
Roundnaslasiulangii 21 lasmainzhandeis

karyotyping Tumstiueu

nanmag AN
naNEENAINEIAIAIIFE Ing 2§
J [ I'd Jd v
A594 14-18 dUad ehneassanulsawaruia
MA5IulATINITIVNG 24 UKWS SEWINLABY
ANMWUS-NUENEY W.A.2565 wazdnaglunguil
ANuEgaamsliuashiianuiiaunfzadlasulyw
@ 21 (NquIMIANIUFULATH) UALKIUMIRITON
ANLEDNLINTINNUITEMINRANLNUARNITAALADN
feeeeeNlpedaladaniia (inclusion criteria)
oail 1) MANeIAIIfIgNINNT 35 U 2) NN
asafnesaasayasautauuanizulasy 3) nda
o = va [ 4 da
aeassanivszidauluasavainuanidulosy

]
adao 3

WY NpIuazanAndanudunusneaglian

4) NNANATIANHUIEIAUBINBURIYATIS 20
dUan aaud 3 aseBuld way 5) wieAeATIATINU
HAMINAAANTDY QT LFENGN UaztnamiiN o
fmaean ldihandne (exclusion criteria) lown
aaaasignaansasnNulasIsudnaum
< = A & s o
wigualanain w3andeaeassaniauIumsn
J 1 J
TuassAnnni 1 518 (As3FuE®)
AUNBUNMIANNHUOIUVDILATING
ATLUIUMSLASHNAIDENILALANLA UMD
TagnganeAssAnINNMINguaIad 1N NAn®
giasladnsulasensazldasuamuuzinenug
NENBINTANIN MIATINAANTBY MIATINEUEY
LHBHAAANTBUTLIGY UAzNIT8ANITANATIANTD
MIQUAMINEBNUMINANNIENFNINMIANIUNS BN
aunylutenasiiugansunMInTanIsaNNENasla
(consent form) nsanUseidndaninssAuaziiu
Y ] & a a aa I
mMaddanlinnes 15 Jadans lesusniluvasa
s A Ao v o & @ a A aa
udaa liigsnuidanuled Usuas 5 Taaans
dl' Y = v o % o k4 aa
wialdlumstduuendsudmsunsianansesnieis
QT wazldaaaansuldu cell-free DNA USanas
a aa dl L v ac o 1 e )
10 Ha9905 LNBOIAAANIANNILI5 NIPT 11aueneN
ggszuumszua (logistic) NIMIAIUANYUNYH
YNNDNAIDENNTSNIULaLen cell-free DNA
gj 1 Y dl v =3 v a vYa
AN SuNlsawenwaaunNaudias udns
A0, 1 3 LNBATINIAIIEH TI9LTIBIUNINTIA
a '3 k4 Ql % td' vV 1
Aenzinsaumsudananaudalsanenunafiingiu
Tas9ns5mMessuvuaaulayl (web online report)
wa il uSnmzaslsanenuanudusgudena
MM NTANBNITATIANANTBIBEN LAae 19Nl
WUANIFENFY NNIHINENUIAADIUIUIATINGIA
@21835 karyotyping (Wansiadanaduduny
WNBNUSUATIVMNTEUVVDI LNV UALEIHE
naUANES fn. 1 3 Maluszezna 1 1oy naansu
NAOIIY NIUNINITINAANTDINA M NLTFEIIAI VAN
aanssAazlilasumsasadiugu uaazlinsiamu
anuiaUnfvaamsnmeluszezins 1 @ounas

AR YUADUMIMIUNUNIVING AALFAI LU WD 1
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g1 teedeladenils

1. ndafsnssierguinndt 35 Y

wnawinsAndenenanadas (nclusion criteria)

2. vijasspsssinimenasaymsaunewdunitdiulas
3. viedsnssiiuseiRauluaseuadudumaiaulasy
4. viasasssniiuse iRwitUoanass

5. nAaiATIAInUNan1InTIadanTes quadruple test (QT) 1dedgs

4

a & G ' ' &, ca
Wi’g\iﬁﬁﬂiiﬂuﬂ’ﬂuLa&]ﬁqﬂﬂ@ﬂqiﬂa@ﬂ‘qﬂiLUuﬂ’]’Ju%uIﬂﬁiJ

I3 fa v '
wazifundugaudnsiulasang

!

!

wizden 5 ml. udiu clot

blood taueniudsu

Wzden10 ml. iudiudennsudu (whole blood)

Ténaaninwrann cell-free DNA

!

#am57938 QT

/ l

!

dam3297% NIPT

I N

= i 9 = =l
HaANEE 9N AENGPRHIGERGY

(low risk) (high risk)

a o °
NANAINULETYIAN

a <
Nai.]ﬂ')’]ulaa&]\‘qu

(low risk) (high risk)

I

* n5AiNanSI9 QT wag NIPT

A5298USURIENITANEIATY

Lﬁamw karyotyping

o s & 19w a
fanudssimeg inisiannm

AnuRaUndvemsnaielu 1 eunasrasn

Anseivszfiulsznsnmlunisdansesmi@ulasusieds NIPT uaz QT Tungunddlveiissessd

NN 1 JUNDUMSANHUNUIY

< (% ' -~
NSLIUMBEINLIBN
v v d' v <
@IV NS WENVIATINTATINISAILLAU
LHDNMNNAALE AN VANKBENAIATIANFNAS LA
NINTASINISUSNIAS 15 Hadans dI1UsUnsIa
Aansaan 2 35 1eeAs QT ldmeehadandsines
5 199805 1aViannuuIa 12 x 75 NaaNAT a9l
Y A < £ = J o v d'
Tidaaudamssaiar 30 W wazduuandsun
Tsawenunasinlasams mely 2 Fl® anuis)
3,000 rpm (Uszan 1,500 g) U 10-15 U
&S AV a aa 1 ] < [ v
UENLAUTSN 1-2 Naaans laviaaa luauaztiusne 1
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flgaumndi -20+5 asenuaLied serhesamaihas uay
35 NIPT l#anedhadantSunas 10 Tadaas luraaa
cell-free DNA (Guangzhou Improve Medi-
cal Instruments, China) latuidanasuaiu
(whole blood) LﬁU%ﬂuwwaaﬂLﬁamHﬁqmwgﬁ
19-25 avdAgalded seuiesansaudllagtng
AUFINENANANTNIUNNET 3 UATEITIA TEEzIN

Taithu 5 YU vasnn@IzLdan
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WSUM MNWUS wazAne

MINTIILATIEHMNE quadruple test (QT)
ATIANIMUSINENIEIAN 4 oila lown
AFP, uE3, 8-hCG uaz Dimeric inhibin-A lu
FredEsunamdeninsafdnegased 14-18
Flond fidaanannlsawennainidelasliyariem
AutoDELFIA Inhibin A AutoDELFIA hAFP/
Free hCG Dual tae AutoDELFIA Unconjugated
Estriol (uE3) (PerkinElmer, Finland) ﬁ”JElLﬂ%EN
IANionluNe immunoassay 'g'u AutoDELFIA,
(PerkinElmer, Finland) fnanmansradlu time
resolved fluorescence (TRF)"? lagastiadl
uaazrfialudSuduiunauivadsmnziadelity
NaNNaFaUy LLaxLLauauaﬁﬁaﬁm:gnﬁmmné’m
510lungu lanthanide Mntiuiadannauasd
(AATUSZTNI90™ 400-800 microsecond Wa
T@Fudyanauaanszdu (excitation) Fuifhuseiilaid
Fuanasumumlilamduanadisime dauaas
Tumwil 2 doyanamsiansivinumsiied
w4 wile neuadianuEesdesldsunsy
LifeCycle™ (PerkinElmer, Finland) G’Z’%ﬁﬁwmm
@ AFP, uE3, B-hCG uaz Inhibin-A aanatiy

Excitation

Enhance 320-340 nm

g ¥ g

L2

- .
Feeh

Wiy
I,..

9

X

Emission
615 nm

A

Mmanuheesmisegiulunguiszansndi
218AT3 5NN (multiple of median; MoM) 1
MoM 3 4 @ andnnaenuEsehuiudayann
UsrTandaansss loun mgudeninssd ogasad
Fu-nainziudieiudan Uszidasaayasiu
ngueIMIaMuaznguaINsau ) Useidmaiy
wnvmuiisnndedugau lumsninssdasailaati
matsassfnManaNiin waslszidmsguywa
Idudranuidssiimsnluassdilonaiiy
trisomy 21 (Down syndrome), trisomy 18
(Edward’s syndrome), trisomy 13 (Patau
syndrome) %38 neural tube defect logldmean
screening cut-off NXNANWIBWHAY 1:250 g3y
wamsUsziiwily anudesage A oglunduany
desgannwafiazuusihlihmsidadanounsan
FEMSINEINATNTIANEE karyotyping wely
lawansenuhmanazdsaudunguarimsenid du
womsUszsiiuiiu anudes do Taanudes
asn 1:250 aglunguanuidesmnniiiazuuzi
Timsitasanaunase ualildninganaiimsn

[ v L4
asliiunguenmsaniu

Signal Intensity

Time Resolved Fluorescence (TRF)

MNA 2 WanmMs time resolved fluorescence (TRF) (A): alpha-fetoprotein (AFP), unconjugated

estriol (uE3), beta-human chorionic gonadotropin (B-hCG) was dimeric inhibin-A

Juiuuaufvadndmzieasndiesglungy lanthanide (Wanszduagiidnanuenaay

320-340 nm wiUa@anNANNENIAIY 615 nm (B): MIIAANUTNULEINAAAUTLAIN

2491987 400—800 microsecond”
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MIRTINIATIZH NIPT test
ﬁuwaamﬁmﬁammuéuu (whole blood) e
wanwnaalagldiaies centrifuge (ju 5810R,
Eppendorf, Germany) ﬁmwwﬁa 1,300 g WU 30 W7
aanaaUsnns 4 1addns wanldvasalna
T,osls::"s’qhﬂﬁgoaodm%guma&ﬁmﬁamn's (buffy
coat) 1hluthudaianuEr 2,400 g wu 20 W

wentiummzalamuuy (supernatant) tivalw

Tewanaani lifimasuannsmiudlauniatuilon
ﬁ'aa*?iq@ "l’ciwaamﬁuﬂiwﬂmmﬁa (storage tube)
Lﬁu%'nwwﬁqmwgﬁ -70 aNFIgaLdEd SEWINTENS
ATIVIANER
ijaw%'aumnﬁmaamwmamtﬁ'ﬂgjizumm
LA3 IR TIIA N luNA Vanadis NIPT system
(PerkinElmer, Sweden)®® sznaude duaau
n15ane cell-free DNA lagwann1s magnetic
Beads ﬁaato%mﬁoé’m‘[uﬁa Vanadis Extract
(PerkinElmer, Sweden) mnﬁ?utﬁ'mf’lum
cell-free DNA ﬁ"JEJLﬂéEN Vanadis Core (Perkin-
Elmer, Sweden) #9556 cell-free DNA
dhaaulaifimunisimaiielwlasusu DNA

‘ﬁ(ﬁla\'tﬂ’l'i (chromosome fragments) wazning
Lﬁuqmwgﬁﬁ 95 peFnwalded tausnae frag-
ments NAUIUAU probe FUIUNAIBWUZA LY
Ghl,mm"?iahwazﬂaqiﬂsiuisﬁu@jﬁ 21, 13, 18 Wae
Y Ta# probe éusuusazlaslulzuinisdaaain
fsidssuaefiuanaduiaadeumudLEue
(DNA circle) Niigsidnauasnauiin3mnass
ﬁuqniiuﬁaﬂﬂizmums rolling circle replica-
tion waz3aUsaEsIeeusImInLIAIaTIATIZE
80 1UNA Vanadis View (PerkinElmer, Sweden)
Togl#malulad imaging and counting AU
ludashuvadlasiulaniinsaiadfisuiulasiulay
AIUAN idtassimsiiiniuniaanatuaauds
Taslulaw fauaaddumni 3 wazulanamsnagau
melusunsu LifeCycle (PerkinElmer, Finland)
Tasmsauadadiulaslulsuiinsraiadue
Z-score Tmfulsziandensassdiiumanudes
imsnluasisilomadlu trisomy 21 (Down
syndrome), trisomy18 (Edward’s syndrome)
(e trisomy 13 (Patau syndrome) @ screening
cut-off #94 Z-score §IWM3U trisomy 21 @D 3.5

&%V trisomy 13 Wa trisomy 18 @8 3.15

cfDNA is
extracted from
maternal plasma.

Thousands of targeted
cfDNA fragments are captured
and converted to DNA circles.

(A) (B) ©)

a
MAN 3

Rolling circle replication
products are labelled with chromosome
specific fluorophares.

The labeled objects are
individually counted using
a microplate scanner.

(D) (E)

#ann15m933 Vanadis NIPT system(12) cell-free DNA 289MmM3snaANaIdNI2898150)
a“ﬂnﬁ'ﬂﬁmLaulﬁﬁﬁ'ﬂﬁwwaﬁluoi’nmm“?;ﬁmmwmfﬁLﬂi”n“ﬁtﬁaslﬁ’lﬁ%udm DNA fidasms
(chromosome fragments) (3A): az oﬂf\mmﬂ probe mmuwmﬂwumiuwmm
ATNWIZLN D FIN LI U LB UL (DNA ClI‘Cle)(BB waz 3C): mnuu 2zdiNISIaNY
mﬂmamaﬂlugﬂﬁmﬂu probe Adu waztiingIuauas DNA fidaanis@ienszuiums
rolling circle replication azl¢ DNA saemiishuwufiufiungu (DNA balls) Hazgniiaaan
memsEwasiuandanuluudazlaslulanfiaainmsansaiesesf (sD): @513 DNA balls
fidasuaseniasauny Tasmalulail imaging and counting (3E):iamuaniludadiu
yaslaslulaniinsade
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WSUM MNWUS wazAne

m‘ﬁtmwﬁﬁagaLtazaaaﬁiﬁ’lumﬁmeﬁﬁ'aga

ihifayadadniilinamsnnadsgeduiy
M5@579 karyotyping tBIUGY LazMSHAMNMSN
fiong 1 aundsnana las33 QT wia NIPT

EURb! Lﬂi']%ﬁﬂ')']?dl’) ANNIUNE (""i']‘ﬁ'luTc’lﬂ1§L‘ﬂuU'Jﬂ

M3 1

ANENISIUaU waTAINTINASDY FHFRE
Cohen’s Kappa 7195z0uUtgd1AyniNada 0.05
Tael#lUsunsy SPSS version 25 Baulannuvang

AALEA lues 19N 1

msulaanunanezasmand Cohen’s Kappa (Landis & Koch, 1977)"”

Ad0m Kappa

(Kappa coefficient (KC) score)

NAMINTAAII

(Strange of Agreement)

< 0.00
0.00 — 0.20
0.21 — 0.40
0.41 - 0.60
0.61 — 0.80
0.81 — 1.00

i (Poor)/liganngdas
1o (Slight)
wald (Fair)

unan (Moderate)

# (Substantial)

Gan ApuNaNysal (Almost perfect)

3859INNITINY
msﬁnmﬁvmumiaqﬂ'mmﬂm::nﬁums
NswIasesssumsiIveluaunsuinerdans
MSUNNEG NIENTNEFITUGY WNNELAYBNIDIN
a5 0625/EC 133 a9¥uil 14 qumwus 2565 wazld
%’Uagmmiﬁﬁ’]Lﬁumﬁ%’ﬂmﬂiﬂwsnmaﬁ'nﬁi'm
Tasamagudinenanansmaunndi 3 uasassd
(fan. 7 3) Uszausumihavulsaweruiasu

nAsss

We

MsANIUTEANTAMINMITNTIAANTBINGN
21150174 A2835 NIPT USsuiiisunuids QT
fudunangudessgelasnsiazihanasadie
75 karyotyping °1unzjwm’jq§?\‘1msﬁmuan‘ﬁLLas

duasla1sinlasenIs DU 2,241 1 WU

ool o P2

nauvdennssdniuannnsasanidulasuaisds
NIPT Test %3075 QT iepenslaneganilauas
nanzasndlnenssfn lilaagludauluaasnasi

(exclusion criteria) MUY 119 8 NIOIATIA

famzuialinsnuame M 2 e ududuu
121 918 lddanannnlasams aundangudioa
Tunsidearwiu 2,120 e ‘\l’lﬂI’NWEI’]‘U’IaﬁL'JTlﬂ
mezaslszmdlngsiuan 24 uris Negalsanenng
wazundenanssinghsnlasimsuenmuee
qUMN Faudaslumsed 2
HaMIIAAANTBIANUTULATNA18T NIPT
W‘uﬁmwmﬁ'mqq 19 518 Aaflusesas 0.90 a4
ardfassiuiudamemsinzinaasaceis
karyotyping 911U 19 918 Wumanianuiaund
19 118 Fawamsasanansesnnidulasuaeds QT
‘wmﬁ'mgﬁ NUIY 669 518 (SB8AT 31.56) HUDN
Thazhandnsaidaselasiulsniudy 1oy
563 8 wulaslulzuiianuiaun® My 19 518
(5p88z 3.37) mﬁqéiy'qmiﬁ“?hiﬁmimqmﬁﬁ'ﬂ
Allasumsinzihahainy 1,557 9o (fua QT
(He9en 11U 1,451 18 wazHa QT Lﬁ'mgmﬁi
Tigugansumsianzinasinsiaddaselaslulaa
U 106 98) 167%’1.|msaﬂmumsnnﬂsmﬁ'mq

o o ' a g Ia
1 W]au'ﬂE‘Nﬂaa@luWUﬂ’]ﬁﬂﬂLﬂu@’]’JuﬁuI@ﬁN
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M3 2 NedalnwenuausrNUIUBdNaIRsIANnTINlATIMS

IOUBAIAIATIA
CRIANTINRVTE R RLT galsawenuia AWIA 130 TATINS
(s19)
1 2 Tsanennagasdnd ga3aad 61
2 TSN UDFNLHINTELA NN FUNINIY AN 84
3 Tsawenwnaglave glami 71
4 Tsanwenuanwgsysal WSyl 20
5 3 TSaNEN BTN NULTUNS AU 25
6 TSANENUIAALNILINGS ALNILNGS 52
7 TsaneNuainang NINS 28
8 Tsanenuaassedsensny UATFITIA 78
9 Tsawenwnagviesiil el 13
10 4 Tsanenunasanad 219NB9 69
11 TsanenuanssinNeainmy awy3 56
12 [ENVERITACENGTE g3 77
13 Tsanenuaaszy3 GERTE 98
14 Tsawenuanssiana UUNY3 67
15 Tsanwenwaunusil Unusil 44
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A Comparative Assessment of Non-Invasive
Prenatal Testing (NIPT) and Quadruple
Test (QT) for the Detection of Down

Syndrome in Pregnant Thai Women

Pornnapa Khampan, Jintana Wongvilairat, and Sarawut Ngoenchan

Regional Medical Sciences Center 3 Nakhon Sawan, Muang District, Nakhon Sawan 60000, Thailand

ABSTRACT Currently, screening using the quadruple test (QT) method can detect Down syndrome,
a genetic disease resulting from abnormalities in chromosome 21, at a rate of 81%. Upon detecting
high-risk results, amniocentesis confirmation is required, posing a risk of miscarriage at 0.5%. From
the literature review, there were reports on the efficacy of noninvasive prenatal testing (NIPT)
in detecting fetal abnormalities from maternal blood samples. The objective of this research was to
investigate the screening performance of NIPT compared to the QT method, using amniocentesis for
karyotyping as the confirmation. The study involved 2,120 pregnant women from 24 hospitals in the fiscal
year 2022. It was found that NIPT identified 19 high-risk cases (0.90%), all of which were confirmed for
chromosomal abnormalities by karyotyping. In contrast, the QT method identified 669 high-risk cases
(81.56%), with 19 out of 563 cases (3.37%) confirmed for chromosomal abnormalities by karyotyping.
Follow-up of 1,557 infants (1,451 classified as low-risk by QT and 106 who declined amniocentesis) at
one-month-old revealed no cases of Down syndrome. Statistical assessment using Kappa at a 95% confidence
level to compare NIPT and QT methods showed poor agreement (KC = 0.040) compared to karyotyping
confirmation. However, NIPT demonstrated excellent agreement (KC = 1.000) with karyotyping, while QT
showed no agreement (KC = 0.000). In summary, NIPT screening exhibited high accuracy and reduced
the rate of amniocentesis for confirmation by 30.66% compared to the QT method, making it an effective

tool for screening fetal Down syndrome.

Keywords: Down syndrome, Screening, Noninvasive prenatal testing, Quadruple test, Karyotyping
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LOEL) dianynu 8 lulasnsuaauinine
1 AlanSuaaiu (ug/kg bw/day) uag safety factor
Wuenmvuatiiasawmeanultwiyaunhioan
MIByINUKaNNNaaedludaiguysdinnu 500
PNAMIANIZEY EFSA wun OTA Heanwiu
WeaaWugnI3 (genotoxic) Niluvasanaasy
(in vitro) wasdninaass (in vivo) w@Na LN
anuuiisdanugnIsudalidaay wugltanisel
PRI 1 % v P
niinzurasseslinluladiendasganssminnms
19 OTA wuu repeat dose lugnsiweiiie ssyiniy
nansenulaildiiiasan (non-neoplastic effect)
U@ benchmark dose lower-confidence limit
Tuszaunmldiianansenu 10% (BMDL,,) wnnu
4.73 ug OTA/kg bw/day uazgUansainiinay
wpatilasanlulafiwulunyusy (rat) g Wuna
=y 1 < dq/ .
2 U ssyniliueasnansenuanniiiesan (neoplastic
effect) ¥@ BMDL,, t¥innu 14.5 pg OTA/kg
bw/day"?
g a | I

NnaNuduneras OTA yNoratdudns
1 < o < a 1 v &Y
nansselunyeduazluiivdanugnssn laestagly
aulnedisnuslaaniunuazorvssatie 39
winuwhwaswintuuadaslpsainumstuion
OTA aApuige Fuhluginguszasduaamsdinm
msUsziiumslasuduna OTA :nmMsuslareIms
4 3 7101l wazisaNANNLEEN (risk) 289aulng
Rnmsuslaramsiduiau OTA

Ma8

08NN WNWIe wazwsnUu Mwu 77,
25 Uaz 67 MBEN MuMAU T W.6. 2559-2564
leaedhedansradiessianndinnuauenssumMs
?IvIsuazen (ae.) u,axT,mqmsﬁwsmmiﬂuﬁjau
2a9udWaInandu (aflatoxin) lemsImanduie
(ochratoxin A) ae@3a LuG (acrylamide) ﬁsgmmsm
(sudan red) uazdwlanUaan (light filth) lu
winuiszaiiufisaniauuny3 U w.e. 2559
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d13LANLAZEIININITFIU

81981993 U ochratoxin A (SIGMA-
ALDRICH, USA, mmu’%qmﬁwmh 98%)

d13ANuazIBeTan: d15LANEINSU
MAANLYme HPLC Lo acetonitrile (Supelco,
Germany), methanol (Supelco, Germany),
glacial acetic acid (J.TBaker, China) {lw HPLC
grade

methanol (J.TBaker, USA), sodium
hydrogen carbonate (Loba Chemie, India),
potassium dihydrogen phosphate (BDS, UK),
anhydrous disodium hydrogen phosphate
(Merck,Germany), potassium chloride (Loba
Chemie, India) sodium chloride (POCH, Poland)
aawniimnaiioliu AR grade uazhuigns (1hiid
ANNMUMY > 18 mQ.cm)

w3anasazans PBS lagda potassium
dihydrogen phosphate 0.20 n3% disodium
hydrogen phosphate 1.10 N3% potassium chloride
0.20 N3¥ Uaz sodium chloride 8 N3u azanaluIn

a

US1N05219 1,000 F33905 wazUSulSunasaigun

Lﬂ%imﬁauazqﬂmiﬁ

HPLC (high performance liquid
chromatograph) (KANAUER, 'éu AZURA,
Germany) W3aNMIHLASa9051930%ia fluores-
cence (FLD detector, SHIMADZU, 3u RF-20 A,

Japan), maanil C18 BDS hypersil™

(250 mm
x 4.6 mm, 5 um, Thermo Fisher Scientific,
Inc., USA), Lﬂ%}m%"qmmasl,ﬁﬂﬂ 0.001 N5Y
(Sartorius, i;u LP 20S, Germany), centrifuge
(Kubota, s;u 6800, Japan), shaker (IKA,
‘éu HS 501, Germany), vortex mixer (Vortex
Genie2, i.i:u G-560E, USA), immunoaffinity
(OchraTest™, VICAM, USA), N52mMEN589LUDS 4
(whatman, England), micro pipette 2u1a
2-20, 50-100, 100—-1,000 Waz 1-5 bulAsans,
N32UBNAINYUIA 50, 100, 250 NAdANT,

MaUSNA5PIG 5, 10, 1,000 HadaNI, UNLNBS



msUszlumslesudunalansmandy o lueims

FINS dedan uaraae

2UIA 50, 100, 250 NOAANT, 2IA centrifuge YU
500 499903 way nylon filter AUIAFWTU 0.2
lumsau

EhpIt et

Tog1435 In-house method based on AOAC
2019 (2004.10)® fishumsnagauanuldle
2893518z lA5UMITUTIANNEINTOMNNIATFIU
ISO/IEC 17025 NEUNNOIFIURBUHUANS
nsudneddasnisunnd lasliaideaannves
M3092aWU (limit of detection; LOD) t¥nAu 0.20
ng/kg AnNNaaamMTIaENUsINa (limit of quan-
titation; LOQ) AU 1.00 pg/kg mmtﬁ?imwm
munuazwsnuwiaiieiaansule (HORRAT < 2)
WAL 0.12 Uaz 0.21 MNSIAU ANNUNUBDIID
Uszivanndagazmsaunduiienudniy 1 pg/ke
pamunaglugniaeas 89-100 uaswinuvivagly
FNIDYAL 90-110 MINATIZH JNMINIUANAMMNN
meluiasdjianms (internal quality control; IQC)
nnqmaqmsmaﬁmswﬁ (batch) 1awn blank
m'sﬁwez?w (duplicate) MSLANFITALAIANINTFIU
Tughethaiiemasasmsaunau (s%recovery) uaw
ENINNAFDUAN NN YN UBUIBNUANU SN A

(Fapas® Proficiency Testing) agﬂumm“ﬁ @

NMILEIANAIDE

Faghaghamun USinas 12.5+0.05 n3u e
centrifuge 2110 500 HANT AN TATAUNTN 3%
NaHCO,:MeOH aa5du 1:1 USanes 250 Haaans
wan i nuLazizg10l8 shaker wu 20 Wi
Nntnhheies centrifuge HANNIED 3,500 59U
@ WU 10 W NIBNENIUNTEAIHNIBIUDS 4
Ylaarsezare 4 §addans LeNaIsazara PBS
USinas5 96 Haaans wanlinny ihlusuaaaul
immunoaffinity §WEISUAIUMELN 10 H9aaNS
mlmeaniuiilesld vacuum pump w11 30 3107
%z OTA Metwmuea Usuas 4 iadans avlu vial
20 5 Neaans W lUsumsuiemauialulasauy

Nnntuazasiie MeOH:CH,CN:1hiiuas acetic
acid (29:1) 909dIU 30:30:40 USHe5 1 Uadans
e 191EN NG vortex mixer 11U 30 INH NTBINIU
nylon filter waziaU3anasieeiss HCPL with
fluorescence detector‘ﬁl excitation 332 W luLNAS
AT emission 476 UGS ﬁﬂﬂ’nz@fﬁﬁl mobile
phase &I MeOH:CHaCN:‘L?!;TﬁNaN acetic acid
(29:1) BMIFIU 30:30:40 BATIANSINSG 1.00
fiadansaawi wazUsmasiian 50.0 lulasaas
e NWInULazwInUu Lwsanmad NG INy

NN

MsUsziiunslasudnEd (exposure assess-
ment)

Tedeyausmnmmauitiou OTA (concen-
tration data) wasdayauTanwmsuilaa (food
consumption data) ﬁﬁ‘f‘:

ﬁ'agamiﬂulflau OTA

iilasnndayanamsasainnziiia liny
(Gi'HmH LOD) Ui WIFMseuIn 3 wuu
@ lower bound (LB) #8 HamMsATINATIEWRE
AT LOD v memnh LOQ unumeg “0”
@ middle bound (MB) 8 WamS@sIVILATITH
fislenenndh LOD unuehens “16 LOD” wae enh
LOQ unuaag “I2 LOQ” @ upper bound (UB)
Ao mamsadenzinieani LOD unuiaas
“LOD” w3p s LOQ unuemes “LOQ”

Nnumiae ANs8gIU (median) @)
thﬂ—gqqﬂ (min-max) LLazﬁhLﬁmmummgm
(standard deviation; SD) 2aiuaiazzadaya
Lf'immﬂm‘sﬂizmﬂé’mmﬁagmﬂuuuulﬁﬂﬂ&
Fudenmiisagnudumusinamsduiden 0TA
AFlumsaunalnamslaguis (exposure)

dayamsuilaanurl winuks uaswiniu
LhmmngwuiTagaﬂ%mmmmiﬁﬂulwﬂu%‘[nﬂ
(database of food consumption of Thai people)
PONEIUNNIUNINTFIUTUA NN HATUBTDINITUNN

a

16 U w.a. 2559°" lazhdayamsuilaneims
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yassundlnguaslsznnsnanug (per capita) il
sedumsuslnawasuaziladiulngd 97.5 2BANGN
01y 3 Uauly Taslsdayausinamsuilaauuy
ingredient consumption Ao USuauslaasiw
209u68z3H011s (MuW WinwHe wazwindu)
finanluanmsUszianens

msanaudsinunslasudued (exposure)
nnmsvilnedaaudaiulesldgns
Exposure

(concentration x food consumption)
body weight (bw)

= USinaumslesudned OTA n

exposure
M5uskaa (Mun wWSnWRe wae
winUu) Tu 1 4 whewnlunsy
dadatniings 1 AlanSudatu
(ng/kg bw/day)

concentration = USInas OTA Tumun wSnuwa

wsawsndu vhelulasnsy
aonlansu (ug/kg)
USanamsuslaaniun

food consumption
= Vv = a |
WA Wsansnlu
BN UNSNABAUADIU

(g/person/day)

body weight (bw) hnindRasuaslsznng
Tngang 3 Tauly wuusm
NERECRER LN
57.57 nlansy (kg)
Waldusuamslasuduia OTA nms
Jenziuaazaiia snUSinamslasudues OTA
NNEWNTIN 3 Hila (Mun WEAWHY waznsnlu)
wiae ng/kg bw/day aas 7 3w azlaUFanamslasu
msduiadadansilumhesunlunsuderming 1

Alansuaadmii (ng/kg bw/week)

auLFee (risk)"®
MINNTANANNLFENVDINS LA UaNEF OTA

NN 2 WUINN (9
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mafSsuiisunuaianndaanne
dadlusasazuastsunamslasuduea OTA
1nMs5Uslaa (Mun wWSnwrs wazwsndy) wie
ng/kg bw/week (Wisuisunumanuiaanns
203 OTA (e PTWI tvnnU 112 ng/kg bw/week)

PTWI (%)

Usinamslesudned OTA MUl x 100
PTWI

AMPAUINYBIMSILASUFNET (margin of expo-
sure; MOE)

MOE (dumsildauiisuainisniueya
L‘ﬁ'ENL“IJ‘L! (point of departure; POD) nu@uas
Ussnamslasududiaans 3e MOE 1% fuuunmaluy
msRasananuEsiiaiitatnasuanuaanse
nsdliiatuiitayameivinen litieawaiiazimue
amanulannny (health based guidance value;
HBGV) wiansdifianstiuiiumsiifiiumideiugnss

(genotoxic) Waza3nNaNEL34 (carcinogenic)

POD (ng/kg bw/day)
exposure (ng/kg bw/day)

MOE =

POD (point of departure) f\gﬂﬁﬁﬂmﬁmmu
w%af\mﬂmmwauauaq@iawumﬁﬁmum’lﬁ'tﬂu
f\yﬂL’%Nﬁuluﬂﬁaqmuwaﬁwum@iﬁ 1 (low-dose
extrapolation) tHuA1a199 MeRyIng) u
NOAEL (no observed adverse effect level),
LOAEL (lowest observed adverse effect level),
BMD (benchmark dose) tta¢ BMDL (benchmark
dose lower-confidence limit)

shusumsiiansanenuidsles MOE weq
5 OTA msAniild BMDL,, 910 2 wansznu e

~ wansznuilalziiiasen whifu 4,730 ng/kg
bw/day (ﬁwmmmﬂiaﬂkﬂiulmﬁlLﬁmmﬂwg)

~ wansznuMnietan whity 14,500 ng/kg
bw/day (ﬁwmmmﬂLﬁaqaﬂﬁwﬂulmawg)



msUszlumslesudunalansmandy o lueims

FINS dedan uaraae

exposure USnamslasudund OTA a0
msuslnAonsii 3 %iia (MU WP wazwsnilu)
Tu 1 5u whewnTuniudethmings 1 Alansudaiu
(ng/kg bw/day)

e

msanwnsiuilan OTA
NNHaMIANENUTINUOTA U W.6. 2559-2564
M 169 Maehe wiadumun winuwka wazwsndu
1Y 77, 25 WD 67 e muaeu wuluiiau
OTA MU 4, 7 waz 58 Maea muaeu day
Saziwuiniy 5, 28 uar 87 mumey Usana
A5IANUBEYILNINN 0.10-2.58, 0.10-119.90,
0.10-70.67 pg/kg MNaAU AwasUsane OTA
# lower bound (LB) Tunmunl wSnuiie wazwsniu
WY 0.11, 7.5, 17.13 pg/kg MumGU 7 middle
bound (MB) AU 0.20, 7.42 waz 17.18 ug/kg
MU upper bound (UB) t/NU 0.30, 7.49 Uaz
17.23 pg/kg MNaGU ANsEFINUTIN OTA# LB
Tunuw WSnwirse wazwsnUu whAu 0.00, 0.00 WaL
12.87 pg/kg muau # MB v 0.10, 0.10 Uz
12.87 pg/kg MNEIRU wazil UB whity 0.20, 0.20
war 12.87 ug/kg mumeu daudaslumae 1

M3Usztiunslasudned (exposure assess-
ment)

msﬁﬂmﬁ”lﬁl,l,mmmumm (point esti-
mates) logliayarmisagumasmatuiiau OTA
Tumu wWiauwa wazwsnthu LB, MB usz UB
wazdayalsmnamsusloasasaulnsanngiudaya
Ussnaenmsiieulnauslne 9 w.e. 2559 USum
smnsiuslaasmiulszmnsnanue (per capita)
wpeaulngeg 3 Yaulu wuv ingredient consump-
tion 2asmu WU uazwinty aail

Usmnamsuslnawagzeanun winuss uay
W3NUU LAV 1.21, 0.17 WAL 0.56 NINADAUADIY
(g/persons/day) @ua10U AuINUINIUNIS
lasudueia OTA nmsusloneensudaaiia wuh

Uinaimslasu OTA gega Aa winu uhnv 0.1252
ng/kg bw/day ## LB, MB uaz UB (MNsEFIU
whAuTa 3 5EaU) seasan@amuu hiy 0.0000,
0.0021 W8z 0.0042 ng/kg bw/day"?; LB, MB uwaz
UB auaIau Wagwsnune (inu 0.0000, 0.0003
oz 0.0006 ng/kg bw/day il LB, MB uaz UB
aaaeu dahUsinamslesu OTA mnmsudlae
YNAIWIT 3 FUA TINOUYININU 0.1252, 0.1276 LY
0.1300 ng/kg bw/day %38 0.88, 0.89 Way 0.91
ng/kg bw/week # LB, MB uaz UB muaeu
saudaslumei 2

Ussnamsuslaadiszau 97.5 wasFudlng
(Adiudununguaulneiisimauilnags) zaaniuw
WINUHS wazwsnUu NU 14.47, 1.71 Uaz 2.85 g/
person/day Muaau MnaUSinaumslasudues
OTA ;nmsuilanomsuaazsiiae wuhusum
mslasu OTA gega fa windu iy 0.6371
ng/kg bw/day ## LB, MB uaz UB (ANBEFIU
Whiudt 3 5eeu) sasawn @e muw whiy 0.00,
0.0251 L@z 0.0503 ng/kg bw/day i LB, MB uwaz
UB gua1au Wagw3nwid AU 0.00, 0.0030 La
0.0059 ng/kg bw/day il LB, MB uaz UB ey
ey dohUsinamsldsu OTA mnmsuslae
YBIDIIT 3 FUN FINOU LNV 0.6371, 0.6652 L
0.6933 ng/kg bw/day %38 4.46, 4.66 Uaz 4.85
ng/kg bw/week ## LB, MB uaz UB auaeu
awaaslumaed 2

ANALEE (risk)

NNMSANIINANNLEEINS LA SUTNEE
OTA da4uwinIn e AawlSeuiauusinamslaaues
numannUaanny Aallusaearsas PTWI way
MOE 17 BMDL,, (non-neoplastic effect ttaz
neoplastic effect) é’\‘lﬂj’

Sazavyas PTWI 2a4u3unanslasu OTA
swannmsudlaemuu winuia wazwsntlu AvSina
msuslnaaswhiuiasas 0.78, 0.80 Waz 0.81 7

LB, MB uaz UB muaau Usinamsuslaanszeau
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97.5 WasiBud lngd nusaeas 3.98, 4.16 Waz 4.33
# LB, MB uaz UB auaeu eaudaslumsii s

@ MOE n356l non-neoplastic effect 289
Usinamslasu OTA s1uanmsuslnaenmsing
3 wile fiUSInamsuslaamashy 317,783, 37,073
(e 36,389 @ LB, MB waz UB muanau Ysunams
Wslnafiszeu 97.5 wasiFudlng whiu 7,424, 7,110
uay 6,822 7 LB, MB waz UB sueeu uaznsdl
neo-plastic effect 283U5naunslasu OTA 57
Nnamsuilnammsn 3 #iie Usinamsuslaamas
WY 115,824, 113,648 Waz 111,552 71 LB, MB
waz UB swadu ilSmnamsuslaaiiszeu 97.5
WasiBudlng wnu 22,758, 21,797 way 20,913
#i LB, MB uaz UB awaeu daudaslumsi s

a 4
AU

msdnwusmnumsvution OTA Tunuwl
W3aufisunun sy commission regulation
(EU) 2023/915 wumunynalageagluinmusi
anasgIuanNe Smsunsnuiaazndnluldinoed
anaspuansiisstuion mudszmansznas
NI (20Ul 414) W.61. 2563 WUTWINURIWSE
WINUUAUNIATTIUMYIUN PIUIU 1 UaT 13 GDEN
Aoflusasas 4 waz 19 uady USaina OTA finu
WNU 119.9 pg/kg waz 30.10-70.67 ug/kg
muddu nnmsAnmessinumstudau OTA
Tuwdntuinnuanniige wasUBinumslasududia
OTA Mnmsuslaaninlugage ilasnnmswu
Usinamsvwidau OTA ﬁ@hmﬁmtazﬁ'ﬁﬂgm
g uwiasivsinamauilamipenhinui %
matuidlauzas OTA Fuagiummadladananm
nadaufiiinadamsass OTA 28985 N3UIUMS
matAuier mswdsgduasmsiiuinmdeu
mMaussy Getdafinsandiaganinduiildly
msdnmiwuhaainsouunldifiy 2 ndu Tdud
windulumzuzussalaatinduiy 33 61eeg1 uay
maugllabigtinauiu 34 dreee mmsilSeuiiau
mstuilau OTA poansntulumuusussaaadin

N5F5NTIANENAFATATUNNE
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wazmauzaliain logldana t-test wuheiaae
289U330 OTA ﬁﬂuLﬂauiunWﬁuzUii@ﬁgaaaaﬁﬁm
Tauansheiuatheiitosduiissauanudani 95%
(p-value = 0.98) Gﬁmamdﬂum‘sﬁnmﬁmwz
ussqlildfinadamstuiion OTA
NnmsUsziiumslesuduna OTA M3
uslnemunl wWinuwe uazwinly Aansenanuidss
2 WM Av laemsilSauisunuaanulaaany
Aallusesazras PTWI uaz MOE (margin of
exposure) %qawquisﬂstﬁ MOE {lugnuuamaniia
Tumsdszidiuanulanads (asn OTA fifw
danugnssN uanalnanuiwdanugnssuds
TiFaau TagRasentanszny 2 LUy Aa wansenuf
Tails Lfrmam'%a%’q (chronic non-neoplastic effect)
A MOE snnnnusainu 200 danmslasudues
ﬁmmﬁnaﬁm@wmwcﬁw (low health concern)
LLaxwan'ﬁx‘wmmLﬁaqaﬂfé’a%’q (chronic neoplastic
effect) A1 MOE annnw3awinny 10,000 §a7)
mslasududatufionuinacmugunmmne 1nms
FNFENANNEENN 2 WNMINSANEE WU
anudsnnmMslasuduiE OTA lumsuslneams
4 3 %iia agflusedud smﬁgaﬂitﬁ“?iu%‘[mﬂ%mmga
Togl#tayamsuslaail 97.5 wWasidulnd
dmdumsUszdiumslesuduia OTA asail
Foyamatuilou OTA ldnndaglurasfia
MSRETNNUANENIINMIINSUAZEN (98.) UaZ
WENUBNTY Lazalad19lAsInITE151US N
vuidlousas OTA Tuwsnuisiidamiauuny3 vl
Foyamaudiouzasns OTA analildifuduny
Adwasdinthenatszma msUszdiumslasududa
OTA :nmsuilaaemsasaiionatiaaninay
{lua3s (underestimate) iiasnnla ASDUAGNUVEN
INTEU Y L2 SUNBULAZNANAUH LAIDUNABY
wamsAnmaseiilinnusaumsaluasdaye
amulasaseiiissdures OTA :nmsuilnaems
LﬁaLﬂuﬁagaiumﬂwLquéwsaﬁnLaxﬂimﬁumm
(#enwas OTA nmsuslnasmsvesaulnesaly
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a5

9

Nnmsuszliumslasudued OTA nmMs
valnaarmsussinfusasaulnadaudey 3 Tauld
(ﬁmﬁ'ﬂﬂizmﬂim?{ﬂ 57.57 Dlansy) wuheulne
lasumsaued OTA nmsuslanmun Wnuw
wazwsndu wae 97.5" # MB whiu 0.89 Was 4.66
ng/kg bw/week a3suiisuiusnanalasnds
#i WHO/JECFA fwiue (PTWI 112 ng/kg bw/
week) WU e PTWI 400070 125 Uz 24 19h
auaey satueulnelaSuduida OTA 2103
uilneaglussduitlaanse

aeenssndsznea

2BUBUAN H{D1NEMIENINAUMNULAZANN

UYaaangarmsuasinmihingued vesufuanis

asisuazasUudeau navunnuamiiumsdnmn
o < kY =
SUGAIRRERET)

UG ARGANER

1. World Health Organization. Mycotoxins.
[online]. 2018; [cited 2022 Jan 15]; [4 screens].

Available from: URL: https://www.who.int/

news-room/fact-sheets/detail /mycotoxins.
2. Food and Agriculture Organization of the

United Nations. Mycotoxins of world-wide
importance. [online]. 1994; [cited 2022 Apr 30];
[5 screens]. Available from: URL: https://www.
fao.org/3/y1390e/y1390e04.htm.

3. Aoyama K, Nakajima M, Tabata S, Ishikuro
E, Tanaka T, Norizuki H, et al. Four-year
surveillance for ochratoxin a and fumonisins in
retail foods in Japan. J Food Prot 2010; 73(2):
344-52.

4. dJeorgensen K. Occurrence of ochratoxin A in
commodities and processed food--a review of
EU occurrence data. Food Addit Contam 2005;
22(Suppl 1): 26-30.

10.

11.

12.

Nguyen MT, Tozlovanu M, Tran TL,
Pfohl-Leszkowicz A. Occurrence of aflatoxin
B1, citrinin and ochratoxin A in rice in five
provinces of the central region of Vietnam.

Food Chemistry 2007; 105(1): 42-1.

. dalili M, Jinap S. Natural occurrence of

aflatoxins and ochratoxin A in commercial
dried chili. Food Control 2012; 24(1-2): 160-4.
A UATING, LA FNYTOIUM, BAIRTING A3F0NY,
BN BUH. Anwnmstuidauzasdonuazansla
ATMeN3ud luka liauuiaazmsanUsunaas
Wulagldismemenn. 1 3NNSIEAT 2557;
32(2): 188-200.

wauing seaddu. msialsialansmendu
st Aludlouluwdnuia Bneniinug]. madn
NAINeN, AuInenenans. @ealus: NInenss
e lva; 2559.

UseMANIENI NG TUFY atui 414 (W. 4.
2563) aanmuaNNlunszNIlYaAaIMT W.el.
2522 L%aqmmﬁmmmiﬁﬁmsﬂuﬁjau. TUha
NULUAE @Nf 137 aaufidy 118 (‘Tu‘?i 20
NOHMAN 2563). Wi 17.

EUR-Lex Access to European Union law.
Commission Regulation (EU) 2023/915 of
25 April 2023 on maximum levels for certain
contaminants in food and repealing Regulation
(EC) No 1881/2006. [online]. 2023; [cited 2023
Jun 30]. Available from: URL: https://eur-lex.

europa.eu/eli/reg/2023/915/0j.

World Health Organization, International
Agency For Research on Cancer.IARC mono-
graphs on the evaluation of carcinogenic risks
to humans. [online]. 2002; [cited 2022 Jan 15].
Available from: URL: https://publications.

iarc.fr/_publications/media/download/2618/

a48798b1acf1f630besfcbb3offb2ds56b790c08d.

pdf.

IINT SAULEN. ML Saccharomyces cerevisiae
aaguasily aflatoxin B1 uas ochratoxin A
Byendinus]. snisineneaasuazmalulagms
2199, AnInenmansuasinalulad. njanwa:
NNINNDUEITNATAS,; 2557.

N5F5NTHANENANFATMTUNNE
U 66 aUUN 1 AN - HUAN 2567




Dietary Exposure Assessment of Ochratoxin A in Food

Siriporn Sasrisom et al.

13.

14.

15.

INCHEM International Peer Reviewed Chemi-
cal Safety Information. Ochratoxin A. [online].
2001; [cited 2023 Nov 5]. Available from: URL:

https://zinchem.org/documents/jecfa/jec-

mono/v47je04.htm.
World Health Organization. Ochratoxin A.

In: 68th meeting of the Joint FAO/WHO Ex-
pert Committee on Food Additives (JECFA).
[online]. 2007; [cited 2022 Apr 30]; [74 screens].

Available from: URL: https://apps.who.int/

food-additives-contaminants-jecfa-databases
Home/Chemical/1905.

EFSA Panel on Contaminants in the Food
Chain (CONTAM). Risk assessment of
ochratoxin A in food. EFSA Journal.
[online]. 2020; [cited 2022 Apr 5]; 18(5):
[150 screens]. Available from: URL: https://efsa.
nlinelibrary.wiley.com/doi/epdf/10.2903/j.

efsa.2020.6113.

16.

17.

18.

AOAC official method 2004.10 Ochratoxin A in
green coffee. In: Latimer GW, editor. Official
methods of analysis of AOAC international.
20th ed. Washington, DC: AOAC International;
2019. p. 70-72.
UNINATTIUFUMNHATUAZBINTUWNEA. TBYa
ﬂ"li‘U%IﬂﬂB']ﬁ”li‘llﬂ\iﬂixwlﬂl‘ﬂil. [aaulaﬁ]. 2559.
[Hudu 1 il.a. 2565]. wWhasladl: URL: https://
www.m-society.go.th/ewtadmin/ewt/mso_
web/article_attach/19305/20675.pdf.
European Food Safety Authority. Margin of
exposure 2023. [online]. 2023; [cited 2023 Jun
2]. Available from: URL: https://www.efsa.

europa.eu/en/topics/topic/margin-exposure.

N5F5NTIANENAFATATUNNE
U 66 UUN 1 NNTIAN - HUAN 2567



msUszlumslesudunalansmandy o lueims FINS dedan uaraae

Dietary Exposure Assessment to Ochratoxin
A from the Consumption of Coffee, Dried Chili
and Ground Chili among Thai People During

2016—2021

Siriporn Sasrisom, Supira Jaiha, and Panawan Kluengklangdon

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

ABSTRACT

Ochratoxin A (OTA) is a mycotoxin, found to be contaminated in a variety of food commodities.
It causes adverse effects on liver and kidney and is classified as a human carcinogen. The objective of
this study was to assess the exposure of OTA in consumption of coffee, dried chili and ground dried chili
(77, 25 and 67 samples, respectively). The results of OTA found at 5, 28 and 87 percent, in the order,
were detected. The dietary exposure of OTA was assessed from median concentration using middle-bound
approach average and 97.5" percentile consumption, per capita, of Thai population over three years
old. The estimations of average and 97.5™ percentile exposures were 0.89 and 4.66 ng/kg body weight/
week, respectively. Comparison of the exposure with Provisional Tolerable Weekly Intake (PTWI) at 112
ng/kg body weight/week established by WHO/JECFA resulted in about 125 and 24 times lower than
the PTWI value, respectively. Therefore, the dietary exposure of OTA from these three main categories of food

contaminations reveals a safety level for Thai consumers.

Keywords: Ochratoxin A, Coffee, Dried chilli, Ground dried chilli, Exposure assessment
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AdAe age
SnineguaLInguEawan NININENMaNIMIUNNG WUNY3 11000
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u
]
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Fananedludosmeddylumsifomemiawio dulufideawiosasnansiunuinniidesnnaiigal dilineuas
Soquania nadinmmanimaunnd dsumsudsadifuaaunsafigaieiandioainan 9 w.a. 2563-2565
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W neitayanamansaiignisanaalilinsuazingeangnsiwulusiawiazssnanslugiilulszana
W.A. 2563-2565 MannaRgaiinimnnaiasiulesld color test uazmsasdududsimaina thin-layer
chromatography 8¢ gas chromatography-mass spectrometry wamimaaﬁgaﬁwvinwuauLWWﬁ‘umaawu
nnTlgm 58909 #o nazrauwazi uennnilfawudmiiu end 1alsdu uaslamdu Jageangndluzaanaeiing
anniige Aa Aaiiu sesenn de Taawnduny layniiu uessannlzuay Tagaangndlsziam 2 uas 4 Hasrany
lurasnandrusnniilunnguiuulslassdiu (benzodiazepines) fimsnonunwusnaniesiiolniduiusunas
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UNUI

Jagtutaymeandaludsznalnedang
fiag iilasmngifgmaasuazmasiiumawann
T,ﬂiqa%'wﬁugmé’mmsﬂumﬂuaahwiaLf;m GG
Thlszmalnanmaduiuiidnaauidhaawia
NeTaemeanio tauninsznaaianin
wazlffudumshursseniandaamsudedaluds
Ussinafiany eniawdafianaauiing ldud enth
(methamphetamine) lod (methamphetamine)
11584 (heroin) Acmiu (ketamine) wazAgym
(cannabis) lagwuifiasadradanuaaulall
L‘Tjuﬁawwﬁwﬁmﬁmmsamia%yamﬂmLawam mli
MIMUAZMITUINEENHAUNINTZNEDENTINT
Fefimsuenewaiiiadunuiasanioasnaldiiiu
Pununn Fndudasesaiiguiiahnenuus
msamaigaildlsznaumsmiiined

1150 52ANGINENLENAAVDINANNINNBI-
Uitiams dumsaseiigniiemaiosaseniando
Tumasnawiiduiionsonssydangwans entawiom
Uszananguanaeniando vanedeeanialnlng
Sagoangun’ viemssuve msasaigatiiwdo
gananaavlfiaonssdsuaaznssumsilaanuy
waz U UUNNENENAANMEMINTIATY NN
wgad Manusnw mamans mahluldssTend
WaENITINYNIULNTNGN W.A. 2565 uay
woslfidnsfiasafigaieaninuainaredas
lumhesnuildSuudsaaliifuanuasaiga
Usenaueme dmtuIgnsuaza ANl Ende
dunuamznssunstlesnuuazysudsy
gnando (UUa.) nssnsngdsssn einnuigad
NaNgIUAITIV §IUNIIUAITIAILIAG 11U
UAMINeNMans nsznINgfsssn wasdinguazing
EWEA NININEAFATNNIUNNE NTENTNIFITUEY

dlneIuazinglanda nsninerdmans
msunwng uaauasaigaleaniovainaly
waLﬁumsmnﬁgaﬂmLawammﬂawﬁy’muawam
Tiilnsuazingaangnd lasd w.a. 2563-2565
ﬁmitﬂ?;auuﬂamgwmﬂﬁLf’”{mﬁ'mﬁ’wuawﬁm

Tagtaniznsiuaznseven dauilunisoaa
NSENaNULALAYTIDBNAINEILENAA LA Ny
Usetan 5 msdnwmidaiifagussaediiiasiusiu
wazILAIITUTAYANANITNIIANGAINBILENG
Tilnwuazingaangndnwulueandovas

1 = d‘
naNsErINTNudszana w.d. 2563-2565 LD
M3 TUazQUINTINMTUNTTZUI AU NANER

MIMLHUMIATIAINGIUELENAAZBINAN
PIFNUNTINAGI FHNINFUATIINGIT LAY
EUANAAYBINGN (NN TINTUIENAABINaN LAY

24 a

Hasaigallaiiaeniaesau anaanwuemsuz

boe

NUTTAUTNAALDINGN ANHULEUTNAAVBINAN
Fauhwiln uazvinsasaigalidasdudanih
Djﬁﬁ&i\‘l I@ﬂi‘ﬁ'ﬁlﬁm Marquis reagent Lﬁ'a@ﬂﬁﬁ%m
MstAad (color test) Uuiinasluwuunasumsnsasy
BIANAAYBINAINUALIIENIUNANITATIANGAY
\iaedu wannnildasamasaudiyanszasies
NeasBaaFagaan WwaAfonn dnunzEaIna
wazUianaeaniazasnanildsudasnsaiu
amnUamyusuazniadataeanineenan
Warmmsanaigailuesdjianisiouses
WaN NENUNANIATIANGIY wazaa BNy
M3asRngalliny Yda. drumsianmsenande
ypenaniiimdennmsasisigaitu nsdiily
enandAalilnludszam 1, 2 v3e 3 vdeTagaangnd
danhaellifudnmildiinnuanznssunsaims
WaTE NIENTNAITUGY WiaNMTZeando
209081 duentdwialilnyludszian 4, 5 wse
asszne IddeAuwtnauaauaIu Iudensdl
fedennafigaillaildeawialidedunina
gauau Ansasaigaidunisasiaenanyal
i 3 waila &l 1) MIamefigalifesdudas
color test tiiafinsaNMsildsuLIasFuadEN
2) NMansangadduduciamaiia thin-layer
chromatography lag#aisanaiuniiuas

ASINATYDY spot VANAIBDEIN HIADIATINY
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YRNAITNIATHU Uz 3) MINTIINGIUEUTUGIE
(NAilA gas chromatography-mass spectrometry
ToenUSeuiieu retention time Wae mass spectrum
YAIGIDENANATNUYANEITNINITFIU

msmmgmuazmsmﬁ

198103374 reference standard:
alprazolam (DMSc reference standard, Thailand,
mmu'%qwg 99.27%, Lot No. 02C65178),
cannabidiol (CBD) (DMSc reference standard,
Thailand, ﬂawuu%qwégg.ss%, Lot No. 02A64217),
cannabinol (CBN), (Lipomed GmbH®, Germany,
mmu’%qw'§ 99.43%, Lot No. 377.1Bo0.1),
clonazepam (DMSc reference standard, Thailand,
mmu%q‘n'ﬁ{ 99.81%, Lot No. 02A65197),
clorazepate dipotassium (DMSc reference
standard, Thailand, mmu‘%qﬁ 100.09%, Lot
No. 03B64148), cocaine hydrochloride, (Lipomed
GmbH®, Germany, mmu%qwg 99.247%, Lot
No. 156.1B22.3), diazepam (DMSc reference
standard, Thailand, mmu%qwg 99.73%, Lot No.
03C65103), etizolam (LGC GmbH®, Germany,
mmu’%qw§ 99.95%, Lot No. 79345), heroin
hydrochloride (Lipomed GmbH®, Germany,
mmu’%qw'§ 99.91%, Lot No. 29.3B45.1), ketamine
hydrochloride (DMSc reference standard,
Thailand, mmu’%qm%&&%, Lot No. 02C66185),
lorazepam (DMSc reference standard, Thailand,
mmu%qm% 99.73%, Lot No. 02C62169),
methamphetamine (DMSc reference standard,
Thailand, mmu%qwé 100.00%, Lot No.
03D65164), 3,4-methylenedioxy-N-ethyl-
amphetamine hydrochloride (MDE) (DMSc
reference standard, Thailand, ﬂ’J’mU%Ej‘VIé
100.37%, Lot No. 03D64162), 3,4-methylene-
dioxy-N-methylamphetamine hydrochloride
(MDMA) (DMSc reference standard, Thai-
land, mm‘u’%q‘wé 99.93%, Lot No. 04D64160),
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mitragynine (Carbosynth Limited®, United
Kingdom, mmu%q‘né 98.47%, Lot No.
FM260241401), nimetazepam, (Lipomed GmbH®,
Germany, mmu%q*n%au%, LotNo.1256.1B1.1),
nitrazepam (LGC GmbH®, Germany,
mmu’%qwé 99.80%, Lot No. 47210) wae delta-
9-tetrahydrocannabinol (THC) (DMSc reference
standard, Thailand, mmu%qwéo.wos (mg/mL),
Lot No. 01A65244)

d19819937U: working standard:
1-(1,3-benzodioxol-5-yl)propan-2-amine
hydrochloride (MDA) (BDN working standard,
for identification, Thailand), flunitrazepam
(BDN working standard, for identification,
Thailand), lorcaserin (Toronto Research
Chemicals®, Canada, mmu’%qwg 95% Lot No.
4-HBN-129-1), methylphenidate hydrochloride
(Janssen®, Belgium, mmu‘%q‘wé 100.0% Lot
No. 19MN195), sibutramine hydrochloride
(BDN working standard, for identification,
Thailand) a2 zolpidem tartrate (Cadila
Healthcare Limited®, India, mmu’%qw% 99.3%
Lot No. 2000014)

d151@N: acetone (Carlo Erba®, Germany),
strong ammonia solution (30%) (Carlo Erba®,
Germany), benzene (Carlo Erba®, Germany),
chloroform (Carlo Erba®, Germany), chloropla-
tinic acid hydrate (Sigma-Aldrich®, Germany),
diethylamine (Carlo Erba®, Germany), diethyl
ether (Carlo Erba®, Germany), ethyl acetate
(Carlo Erba®, Germany), fast blue B salt
(Sigma-Aldrich®, Germany), formaldehyde
(37%) (Carlo Erba®, Germany), n-heptane (Carlo
Erba®, Germany), n-hexane (Macron®, USA),
hydrochloric acid (37%) (Carlo Erba®, Germany),
methanol (Macron®, USA), petroleum ether
(RCI Labscan®, Thailand), potassium iodide

(Carlo Erba®, Germany), sodium bicarbonate
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AfeN aeigy

(Carlo Erba®, Germany), sodium hydroxide
(Carlo Erba®, Germany), anhydrous sodium
sulfate (Carlo Erba®, Germany), sulfuric acid
(96%) (Carlo Erba®, Germany) Iﬂﬂnﬂﬁﬁ@Lﬂu
a5taiinlia analytical grade WaziNAUNSDIN

Deionized water

wa3asiiauazgunsel

139 Gas chromatography-mass
spectrometry (GC-MS) (Thermo Scientific™
TRACE 1300 gas chromatograph, Thermo
Fisher Scientific Inc., USA uwaz Agilent 8890
GC System, Agilent®, USA), detector (ISQ™
7000 single quadrupole mass spectrometer,
Thermo Fisher Scientific Inc., USA waz MS
5977B GC/MSD, Agilent®, USA), Lﬂéaq%’qmm
8188 0.0001 N3N JUXPE204 (Mettler Toledo®,
Switzerland), A309HIANNBLEHA 0.01 HAN3Y
'éu XPE205 (Mettler Toledo®, Switzerland),
\3astAnanEn 0.001 fiadniw JuXPe (Mettler
Toledo®, Switzerland), Thin-layer chromatog-
raphy (TLC) plate 2119 10 x 20 LBURLNAT K30
20 x 20 LFUANGT ABBUAIY Silica gel GF254
ANMNKU 0.25 Haans (Merck®, Germany),
Tnsaunen, mquunimﬁq’mﬁma, VGRINEIEAR
FaUANES, UnNNBs, ¥aaANeasdun? waz UV

cabinet (Camag®, Switzerland)

massshemagaususuliisemaind
Marquis reagent™: Wau 37% formaldehyde
solution AU concentrated sulfuric acid lu
AAEIU 1:9
Fast blue B salt test™: Usznauaa solid
reagent Lae solution 1
solid reagent: W&y fast blue B salt Nu
anhydrous sodium sulfate Tuaas1adu 1:100
solution 1: 8¢a818 sodium bicarbonate

¥ <& Vet v v
Tuinnauldienudngy 10% w/v

mMsedosnealsdamsy thin-layer chro-
matography

Acidified iodoplatinate solution ®: azane
platinic chloride 0.25 nSNWaz potassium iodide
5 n¥uluth USuuSinasauasu 100 dadans
L®d concentrated hydrochloric acid 5 Naaans

Fast blue B solution”: azae fast blue B
salt 50 498dn5% lu 0.1 M sodium hydroxide

20 HOIINT

mIasangaiumuanadiy ed alsdu was
Tama@u© > (color test, TLC uaz GC-MS)

NMANIBNAIBEIN (color test)

uaape laziBeauazaenemadneUssanay
1-2 #adnsy ldlunuvaunszlasdan vea
Marquis reagent 1 31U 1 ¥E6 WaLE) NUY
FUNeaNAaAU

NIMTIFAULLIBIAUAIY color test

Toald Marquis reagent msnadaui [ik@uan
£ =] qol d' [ o Y 3
AU WeNY Wenazldaududay nnuy

d' < o ¥ d‘ v £ = ¥

Wasuiudinea msnedaui lrauInnuena 1en
azilasududmasne waznsNaaaud I¥rauIn
fualsduuazlaadu ez deudludaing

MseseNaIsazanamagy (TLC)
vadegeliasiiaauarianadiagre 25
18503 azane@ae methanol 1 §9dans Ny
weh wazihansazanadnlaflanaaun TLC plate
(U335 2 pL) nsdhalsuuazlaandusansdnaga
5 NaaNIN
M3eIaNEIIaaBNINIFIH (LanuaiiweIdiu
MDMA al5au wazlaa1du) (TLC)
wignasazasasulilaanududu 5
HadnSuAaiiaaans 11 methanol wazihluneauy
TLC plate (U3nas 2 ul)
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13RI TUTUMBNANA thin-layer chroma-
tography (TLC)

logld developing solvent MU 3 wila @
system TA (methanol:strong ammonia solution
100:1.5), system TC (chloroform:methanol 90:10)
waz system TE (ethyl acetate:methanol:strong
ammonia solution 85:10:5) TagnTIAdaUMLNU
Paesnsuazd Mnmsdasenaua UV i 254 inTuiwes
Thenatlseiiy acidified iodoplatinate solution
wargmeld visible light manadauiiliuainiu
wmuanlnfuliasne-1hma msnagauiilina
viInfu MDMA ldhidu msnagauiiliuauin
Fualsaulidhitu-1 wazmsnagaudiliuauin

AulaeaulvgdinEu

MIEIFNFIILAIIMIENN (Lunuaitlmiuua
#12) (GC-MS)

vasadelazidaauazdenediadne 10
fiaanu 1hanazmethnay 5 iaaans USulwidues
@28 1M sodium hydroxide anduafagIe
chloroform 10 Na8a613 ﬂsaqmsasmaﬂf?u chloroform
61U anhydrous sodium sulfate wazitazviale
GC-MS

MseIanasazarealage (talsau) (GC-MS)
FIH4GIBE19 10 Faansn Wrnazaraly
FsacanandNaN chloroform:methanol (9:1) 10

198505 wazdeNzvions GC-MS

maesanasazaamad (laadu) (GC-MS)
FIH902DE19 10 Haansu WrnIazarely

methanol 25 188305 wazIANLVee GC-MS

NILEIBNEITAININIFIH (Lanuadadiv
MDMA, MDA waz MDE) (GC-MS)
FeensanasgiuiunuaniWariy MDMA,
MDA waz MDE ag19ar 5 §aansy lagiases
wenfiu thanazaetnau 10 faaans Usuliiluea

@18 1M sodium hydroxide NUUFNAAIY
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chloroform 10 §98875 NspIaaraIaz chloroform
U anhydrous sodium sulfate uazdpszviale
GC-MS

MatesaNaTazaIaNaIgIu (alidy) (GC-MS)

= = YL v v

w3snasnnsgrualsduliianududu

1 N99NSNADNAAANT bUFISAEAISHNANYDY

chloroform:methanol (9:1) WazItATIEHA 8
GC-MS

mMatesanasazasanIgIu (lamdu) (GC-MS)

Ww3sNaTasgIulamduaNudNTY 0.4
aan5uaaladans lu methanol uazdaneviaae
GC-MS

MINTNBUIUMBINAYNA gas chromatography
-mass spectrometry (GC-MS)
dnmzpasszuulasanlans vl (chromatographic
condition)

Gas chromatography (GC): injection
volume: 1 uL/each, inlet temperature: 200°C,
carriergas: helium flow 2 mL/min, splitratio=50:1,
split flow 100 mL/min, column: DB-5MS
30m x 0.25 mm x 0.25 um (Agilent, USA) g
oven temperature program: 50°C (hold 2 min),
20°C/min to 280°C (hold 10 min)

Mass spectrometry (MS) detector: MS
ion source EI, scan mode, solvent delay: 3.00
min, scan: low mass 40.0, high mass 350.0, MS
source 230°C maximum 250°C, MS quad 150°C

maximum 250°C

msanafigainseian (avamasluma laiiv) &
(TLC uaz GC-MS)
MsesanaIsazarIgnlade (TLC waz GC-MS)
o a v v [ Y
ihmagaluwis 5 a5n (duluaaamsan
waawaa biwianaw) Midusudn 9 ldaludnmes
NN 100 Hadans ANl USINIAT 50 Nadans
o ‘s' ] 4 v d! v v 1 =
asalidulufshumsansnuan feanliuianeau nsdl

daeaugunsaitan 19 50% methanol Uszano
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10-50 #0dd05 BedanUidadugUnsaiian
ihansaranamaenusuliiiiuaeais 1M sodium
hydroxide mﬂﬁy’uaﬁ’ﬂﬁqﬂ chloroform NUIU 2 ﬂ’?ﬂ
asaaz 20 195803 LAUFY chloroform WaznIBIENY
anhydrous sodium sulfate Aauih lsewieauwae
US1nes 5 §adans 10 lureauu TLC plate (USanas
2 uL) uagdain GC-MS (Usues 1 L)

msm‘%ﬂumsazmﬂmmgm (134%511%1“414) (TLC
waz GC-MS)

ww3anararsdsuIasgIulunslaiiuals
methanol T laanudndu 1 iadnsuneiiadans waz
Whahsazaneileneauy TLC plate (U3n1e5 2 uL)
waziawen GC-MS (Usuas 1 pL)

MIRINTUTUMBNAYNA thin-layer chroma-
tography (TLC)

Togld developing solvent 3 2 %ia Ap
system TD (chloroform:acetone 4:1) L2 system
TE (ethyl acetate:methanol:strong ammonia
solution 85:10:5) lagaTIdRUMUNUIYBIFITAE
msdasmelaus UV 7 254 inluwns

MINTINEUIUM BLNAHA gas chromatography
-mass spectrometry (GC-MS)
dnzpasszuulasanlans (chromatographic
condition)

Gas chromatography (GC): injection
volume: 1 puL, inlet temperature: 280°C, carrier
gas: helium flow 1 mL/min, split ratio =
50:1, split flow 50 mL/min, column: DB-5MS
30m x 0.25 mm x 0.25 um (Agilent, USA) uae
oven temperature program: 200°C (hold 2 min),
10°C/min to 280°C (hold 20 min)

Mass spectrometry (MS) detector: MS
ion source EI, scan mode, solvent delay: 3.00
min, scan: low mass 50.0, high mass 550.0, MS
source 230°C maximum 250°C, MS quad 150°C

maximum 200°C

msmmﬁgaﬁﬁ'tym (»37318713 THC CBD oz
CBN)®? (color test, TLC uaz GC-MS)
mMsavadautliasdudis color test

Toel# fast blue B salt test Usznaume solid
reagent Lae solution 1 nadaulaginnszmensod
Y 2 wiu Faunuuaziunuilunsie dnaaee
fouan 10 H8805N SIUUAINANNTTAMBUHULL VEn
petroleum ether MU 2 vaa Uaaaliasainan
BUANGNTLAHNTAUHUEN 1UINTEAHNTBIUHUEN
ks M@ solid reagent 31U 2 Wed
MUURINANNTZNY UazWea solution 1 U
2 WEe FNAFHHAIUULNSEMENTEY MINAFaUT

TinauInfivansngu cannabinoids leiUudaieuas

MesanaIazarIgnlade (TLC uaz GC-MS)

heehasymniuiiguia 250 Tadnsu
astidudrvresdunmanmsmauaa liuieuay
vunfluzudn 9 usly methanol 1 fiadans Wuna
12 #laue Nntuhasazansdulavaauy TLC
plate (U105 2 pL) wagdaiesevions GC-MS
(U3aes 1 uL)

uaas sty invduluaiduhsuiaen
sovauniluead wisndathalaesuhiuiym o.5
AN %50 1wad 1 N5N wily methanol 10 Hadans
flunan 12 $lus nntuhasazanssiuls neauy
TLC plate (U5aa5 2 pL) wuazidairn GC-MS
(U3nes 1 ul)

MIeIeNaITazaIslnnsgH (THC CBD uaz
CBN) (TLC waz GC-MS)
= v v
LO3BNBTNUFITNINIFIUAIY methanol 14
Hanuudy 1 Jaaniuaaiiaddns NnUUREOUY
TLC plate (U311@35 2 puL) uaziaiznen GC-MS
(U3ues 1 L)

13N BUTUM BNAYNA thin-layer chroma-
tography (TLC)

Togld developing solvent 91U 2 %16
f8 system 1 (benzene:n-hexane:diethylamine

50:20:2) ez system 2 (petroleum ether:ether

N5F5NTHANENANFATMTUNNE
U 66 aUUN 1 AN - HUAN 2567
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4:1) lagn51daUMLRUNYBIEISLaLENMTERY
melowas UV 9 254 inluwes wagldunenalss
1Ju fast blue B solution

N30T UTUM EINALA gas chromatography
-mass spectrometry (GC-MS)
dnzpasszuulasanlans i (chromatographic
condition)

Gas chromatography (GC): injection
volume: 1 pL/each, inlet temperature: 200°C,
carrier gas: helium flow 1 mL/min, split ratio
= 50:1, split flow 50 mL/min, column: DB-5MS
30m x 0.25 mm x 0.25 um (Agilent, USA) uas
oven temperature program: 50°C (hold 2 min),
20°C/min to 280°C (hold 5 min)

Mass spectrometry (MS) detector: MS
ion source EI, scan mode, solvent delay: 3.00
min, scan: low mass 40.0, high mass 550.0, MS
source 230°C maximum 250°C, MS quad 150°C

maximum 200°C

mimaaﬁgaﬁf@qaaﬂqn§(8’l°’ (TLC uaz
GC-MS)
MsesENEIsazananagle (TLC)

vamag e/ mnnluuwalyaliaziden log
1deenannu 2 e/ /ualyga szae6Ie methanol
1 95803 wazwsh Mntunhasazassiulanaauy
TLC plate (U3nes 2 ul.)

dmSuamily nsdidrataune Fadhata
5 898054 WarazaI868 methanol 1 Uadans
nsdighathadufiadasualazdon Fadrata 10
Faan3N Waraza1ame methanol 1 Nadans NaUIN

sazanaadiulanaauu TLC plate (USinas 2 plL)

m‘sm‘%smmsazmﬂmmgm (TLC)
LO3ENALNYFITNIATFIUMIE methanol THle

ANUENIY 5 NaanSuAaNadans warid@sazas

flanaauu TLC plate (U31as 2 L)

N5F5NTIANENAFATATUNNE
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113038 UIUMEINAHA thin-layer chroma-
tography (TLC)

Toal% developing solvent 2w 2 #iia
A8 system TE (ethyl acetate:methanol:strong
ammonia solution 85:10:5) Waz system BDZ
(n-heptane:chloroform:ethanol 50:50:10)
aTRdaumuINasasnmMsdasmelauss UV
i 254 wluwes weddiheawsdidu acidified
iodoplatinate solution §wsuAmMAUlH developing
solvent ¥u system TA (methanol:strong
ammonia solution 100:1.5) ttae system TE (ethyl
acetate:methanol:strong ammonia solution

85:10:5)

MseaNaEIsazaIgnlate (GC-MS)

ihansarmecageildnnmansaiigaide
TLC U33n95 500 uln5805 139319618 methanol
2 1998805 wazderials GC-MS

w3sndageamiiy laadenedingrs 10
8505 azarugisuy 10 Haasnsuazvly
fue19@8 1M sodium hydroxide 31n%u
dnna28 chloroform 10 Nadans NI
anhydrous sodium sulfate wadtas1zviaae
GC-MS

msm‘%ﬂmmiazmﬂmmgm (GC-MS)

L3BNAZTNBEITNINTFIUME methanol W
leanududu 0.5 HadnsSuneiadans wazdeey
e GC-MS

duSudendiu Fearsuiasgruaa iy
5 fiaansu azangluth 2 Haddes wazvhliifluea
#28 1M sodium hydroxide anduaRagIe
chloroform 10 §8dan3 laANuduL 0.5 Nadnsu
faNadans NI9NKIU anhydrous sodium sulfate

wazdteszions GC-MS

MINTBUIUM BINAYNA gas chromatography
-mass spectrometry (GC-MS)
dnmezaasszuulasinlanniml (chromatographic
condition)

Gas chromatography (GC): injection

volume: 1 pL/each, inlet temperature: 200°C,
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carrier gas: helium flow 2 mL/min, split ratio
=501, split flow 50 mL/min, column: DB-5MS
30m x 0.25mm X 0.25 um (Agilent, USA) uae
oven temperature program: 50°C (hold 2 min),
20°C/min to 280°C (hold 10 min)

Mass spectrometry (MS) detector: MS
ion source EI, scan mode, solvent delay: 3.00
min, scan: low mass 40.0, high mass 550.0, MS
source 230°C maximum 250°C, MS quad 150°C

maximum 200°C

1300
1,225

ATUIUA ALY

1200
1100
1000
798
900
oo 773,769
700
600
500
400
300
200
9;04 &
100 73 8 2
III 7 2 108
0 - ——

We

31nNISNUTaYanIsnsIaigIdeILdnde
229na N 1UgN Thudseanss w.6. 2563-2565 WU
winhinniauazUSinawasenianiaunazaiio lug
3 U Sululuiemadeniu Tageaninuasnarei
Qﬂéqmmmmnﬁqﬂ fo wnuamweniiulugluuy
fiauazuuume Famuammiudaduenanie
Tilnuusenn 1 5898980 @ NSEvaNULZAEY
wanani wusnEndeuesnasinfludaniiv ed

wlsdu wazlaedu eeuaaalumwi 1

W 2563 m2564 m 2565

15 | 20
3 ib » Oy & &
& «60 $ oo ~ N N %gb ﬁéﬁ
AR & & &
& &
S &
mtﬂwﬁmﬁmwﬁu

w1 USinaenendesasnanindinsangadlugithulszana w.a. 2563-2565
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dainsanihwingesnanudazaiin wuh
mﬁmaxlaeﬁﬂuﬂmnawﬁmnwumn*ﬁ'qﬂam
Suduusn warasianaennwuluzasnareielug
Humuanwoniiy daniiu w@lsdu wazend Fedens
Tifhuinrasesnmeinuinng dausaslumsei 1

weast WUINPUIUMIDENNYBINAINENIUIAD UL
d' v Cd = N~ =
AMNue lagana Tudl w.a. 2565 waa IALIUNTMS
= =~ = = A:' g J =
ATNINUAMANY 1D waztalsduNNduInnIN LUl
W.A. 2563 AT 2564 §IUNTLYNBN UIANNTLYDN
uazHANN NN A MsaansIpeataehuiulase

Warhdayaeiandoudazsiiodaiudadin  dauaaslumwi 2-4

WSsuigufuIUIUELENAANINAN e STy

P a H o P a 1y
G19INN 1 ﬂilﬂm‘uﬁ‘ﬂuﬂ‘ﬂa\‘mm\‘WImﬂi’mwgﬂ‘lﬂuﬁjﬁﬂﬂnﬂituﬁm W.F. 2563-2565

USainaasnarsnnsianu (pad)

% Yaudszanm w.a. 2563 Yaudszana w.a. 2564 Yaudszana w.a. 2565
BLanGio Wwiin dadu wmin daaiu wwiin dndiu
50 Tamhwin (%)  (0%3)  Temhwiin (%) (n3%) Tamihwin (%)
& 1,215,211 46.81 7,665,304 51.43 8,134,568 77.68
lad 486,842 18.75 5,433,337 36.46 1,524,137 14.55
Aondu 660 0.025 373,693 2.51 69,425 0.662
D 802 0.031 31,225 0.21 101,717 0.97
walsdu 564 0.022 795,175 5.34 122 0.001
Tamau 39 0.002 1 0.00001 770 0.007
WanIzvioN 743,332 28.63 349,634 2.34 - -
gy 148,683 5.73 255,233 1.71 641,491 6.13
U 2,596,133 100 14,903,602 100 10,472,230 100

USsnaenawdanasnannhilaulssana w.6. 2563

HRAAUIAN TN g
6.79% 2162%

Ay
9.17%

dANNTzvian
6.91%

lad
34.25%

ANHnszvian
17.62%

Tan1au 1alsau

0.20% 0.42%

= a a a a o
MNAN 2 ﬂimmsnLawmmmnawnmmmwgmuﬁluﬂwﬂs:mm W.F. 2563

N5 5ASNINNANFAS N TUNNE
U 66 aUUN 1 ¥ATIAN - HUAN 2567
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USinaaniezasnarelutliudssana w.a. 2564

&1

NARAUNN TN 31.77%
0.40%
Aty
6.33%

dANNsEviaN
6.37%

ANinszvia
14.21%

alsdu

TaPau
0.08% 0.32%

lad
35.23%

= a a A a =
NN 3 ‘ﬂilﬂmﬁﬂL’d‘wGlG]"ZI’rNﬂa’N‘VIENGI’ﬂ%‘Wg%uquﬂﬁuﬂisuﬁm W.F. 2564

USinasaniezasnarelutlaulssana w.a. 2565

2111
56.38%

a o s
NARNUNNEYTN
0.59%

ey
8.65%

L N

dRNnszvian

.
0.29% // \_
ANdnszvian T au La‘[‘:ﬁu\ \ Anilu

0.15% 0.15% 1.47%

~_lad

20.67%

5.35%

Mui 4 YSnaenandezesnanidiasangalluteudssann w.a. 2565

.

DYAHANITATIANGIUVDINAILANIT
Wuiagaangnideiauaziszamdaunds 3 1
Tuastleudszan w.6. 2563-2565 ATIANUAMNTIY
mn'ﬁ'q@ 5948430 A 1PanBuwn (clonazepam)
loyns1fiu (sibutramine) uazdawsilguan
(alprazolam) MmuaIaUu Fauaaslumi 2

Lﬁaﬁmimmuawaﬂdwﬂ #Ans1anuuaz
wlsUssLanmarauaznalnnmssangnaniaein
Uszamn laun arsnadszam arsnszduiszan
ssvaaulszann aslelensd uazansau  Aianuas
a1z ? Gauaaslumsed 3

M5 INSHAINNFAFASMSUNNG
U 66 aUUN 1 ¥ANAN - HUAN 2567
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[
=

P a ° o < 1A
GIINN 2 “ZiuﬂLl,a::‘-a’lu’Ju“ZIEN'JGIQE]aﬂi]YIﬁ‘VIGI'i"JQWUﬂlu“ZJmﬂmﬂu‘ﬁ’Nﬂ\‘mﬂ’izu’lm W.F. 2563—2565

Yavuseanas w.a.

. P 4. . 2563 2564 2565
Uszianingaangnd #aingaangnd - - -
NUIU DUIY NUIU
("1a819) (M198149) (M1a8149)

o < (11) o

TagaangnalseLan 1 laynaniiu 10 14 5

[ l;o‘ = =

TogaangndUszin 27 Aoy 92 104 73
AW LA 10 4 10
Waluanguws - 5 3
DAY - 2 9
WiaNie e 1 1 1
Ty Buws 7 1 5
TunsBuns 8 3 -
ToantaN - 2 1

agaangndUsein 4 Taaundums 18 15 16
ABDITLNG - - 3
Taasduny 3 13 -
anlzuan 8 2 -
ARTULNY - - 1
FRLY 157 166 120

P v ] a LAt 1 a
MINd 3 MsulenguEEndamuraLaznalnmsaangndnisaiadszamn®
Usztansaniio NN LaNABINS gnaniludunss

ansnszaulszam™?
Taun wnwanmamiiy
Tamdu wazandy

¥ lisEndudh nasdunssas aemuda
mahanuldunniu 3elasasu 80
finds 1ds aana danudulag
Yaauassauaslumsndiay waae
i waz NN UL UUNIGN

Uadsue nszdunszdrs Iannea
wania uaulindu A1 a1sual
FULT QUITET NNATEUN FaNHLA
Taaaiianil aqmwnvﬁi'wmﬂgqﬁyu
wiladus uazenuaulaiings hum
2ene thavas aauld o1deu snanu
DENNDINS LAZAAMINBUFUDIN LG
omaiilaldifunne Taun #n Titugs
ialsavaantionduaiuaziila &5
nszgulszamuNg) @mnsomiiie
MMIMeAnUsEam @y anaevasiie
(delusion) ¥1952w9 (paranoid
delusion) lagudeayudd (auditory
hallucination) %3atiunInnasu

(visual hallucination)

N3ENINFIANNEFASMSUNNEG
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a ' ' a Lala a '
M3d 3 MsutenguenEnwiemunauaznalnmsasngnsiisaainlszam (de)

UFLANSNTNAR

Ll v o
q‘nﬁ‘“%lﬁwma\iﬂjﬁ

Ll & @
gnantduauaing

asnatszam”® laun ennguiuulyle
astlu wu leasduwn danslyuaw
Taaunduwy raslaazdwanlue

ABDTNN 9DNTUNY UBE
WgluanZuma

mlvsdnnaunats auLAGN
sanugy anansinnina
Hanunauaneaan

=

mldgadeaniduasanuainise

o

o

Tuns@adadula gadsanumssn
seazay dusy vneulinausuaima
osual ndwiiesauuse ndwiiame
mMsUsEEUY MIsRUFLaNEaEh
waluda Jedeu aauld andeu na
msmala nsedunsede 11251 wn
THszazamuazSnannn mamlviie
2IMSBULAD

asvieaulszan®”
Vv 1 = = =
laun enduasAmiiy

filssmmsSuiliduda wu ud
Foau iumwande lagudes wis
Susdlduinda fvszamdndanasy
vnaudumwioadeluwdaiony
fAnmsFuaueanldsuulas
wilavagluammlihwminvdagde
msfudaunaden maddnayna i
ansualguiadage

FUFU WNATEUWN NIEFUNSEENE

unilnfiundr aauld o1deu tadswe
ENALLST AMNBENNBNNTANS NI
iy fodu ldtuge wilasan @nd
maaadulades uiumzens la
wudy anwuauladiags vaulinay
thnusts $n maasin hiaamslsean
thnn1e Hallucinogen-induced

persisting perceptual disorder

#slatleaad’® (opioids)
Taun alsdunaznasiily

mlizanedunaniviage guaue
Feussimamsthe janaau
wilauagluanuily

aauld ondeu meladh mwsish shuen
@n Fdeudser Uiadsue wilau
sziluan fliudu whues thnwis dau
wse Liinennamns wazvasdn mmstile
THduzne laun fwiady Buuse
SuHUIndFNINNITTIRBNTLAU
néwiiedauuss welath Tvauvan
Tudaa (pleural effusion) wlatdu
$as wazdianudulafios saum
@n Ligdnan namsmela auaradeun
ANNAE

gy **?
loun Amuazasananam

< ° Y Y
figndrauaare MlWanaay
25alGEa

g anuaulaiings auea
(NAANZUWIIN (panic) Taidassviannay
anway Adgymeanuduasmsiseus
FEUUAAIIUMUYNNG UNAULAANIE
Tsndavsaanahllg “amotivational
syndrome” #4HBINIWSINUAA
wazanaNyE@salumsanda M
Tieennviau luflanuauladgudian
WapANTINAY
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M3Nf 3 MsutngnenEniomurauaznalnmssangndifidedadszam® (da)

USLLANSUTNAR

P

gNoNELaNAaInNII

P

gnanduduasa

nsznan®
Taun AnnseranuazineNnsEay

figndnszquanauilaldusumian
mldeanudamannuninle ligdn
28NS wazAslEUSumninaz
wliiinanaUszam sawmdeanems

finam fimmsdavmaszuradiuaw
naau vesyn Ununs daanzuas
Aeanmsnaumatilavealdluiiuil oy
finemsgauwse 3anlufiuse dounas

thading

haiasnssgnuaznaruile Jld
waads 1hanlua hynlua ovsuaiias
uaulivdu aauld edou uaznszu
n3EN8

wingwa: * Taguulidaduenando

a -4
JAIIU

HaMIaTIIRgITENaNiazasna Tugi
Ueuszanns w.6. 2563-2565 WUTLNNUBNINAY
Wuenawdialvlnwlszian 1 ﬁdmsnﬁgaﬁmn
figananans 3 1 uaadliifuhumuanmoniug
mLﬂumLawﬁﬂﬁuw%ixmﬂmﬂﬁqm wulugluuy
Wouazasiisinduludenthuaslad masdu enh
fiusanauamuanwaniiy 16-25% laghmin yoed
Tagiiusanauamuanlaiiu 90— 989 Tashmniin 3
apsnanaisunuldnanngianuazgmmeluszma
LaTMSERANUEENAAM UL BLAURUT N A
aziusaniisunilazaslsandlng tiladmely
Usznaniadeaaludasznafiany Tasuaanas
fananuldmuuuimewauduzasnaeelng
Fannnhiezar 95 Wuethuasled uazwudmiiy
Souaz 1.2 warend WiAusazar 1 Tuthuuszanm
W.A. 2564 WULFLSDY (58T 1.53) FAARBNNU
yaanmeiwuunsszunalulsane uasludhulszana
W.A. 2565 WUNEH) (5088 5.14) Fudumsanasy
e ludsemne

amsunamuaznseraniluenianinuainas
fiasranuinnsasasnnnwmnuasmaniiy lugis
3eWINY W.A. 2563-2565 msmﬁlammmnawmﬂ
wazHaUUTUMIAIUANNYZIUALNILYIBN NEIAD
Wwniirnszianuazinmgnialuenandialilng
Uszian 5°° Faauwsznataddoanioliing

N5F5NTIANENAFATATUNNE
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w.d. 25220 Mudlilatanuazasaunsag
aEnda lilnsseunm 5 aaandssmeansestaeaa
enandalilny (auudl 7) w.a. 2562 szylviananse
nnuazNgnsevian lUMmMsAneIae uaswaiun
waUsslominmenisunnd wazaransolulyd
TunisSnelsaneldnisquanazaiuqueas
wnglaC fasuit s0 Fomew w.a. 2562 Uszme
T sanansonan A peianasana Nt a1 suAUL -
ilaaaa (cannabidiol; CBD) Wududsenaunan
wazianswanlalasuauiniues (tetrahydrocan-
nabinol; THC) litiusanas 0.2 Tashwiin Tl
ganda lilnwlssinn 577 uannaiuzesiaio
Fufhueawdalwinulszinn s Gulumalgniamn
LATNITNON NITWAN 218 LATATDUATBNEITTNG

a [ S v M Yo Id =
nuazkdasaringym leslilasuayanaiuds

1
a 3

naangvang Miluthudssanm w.e. 2563 fims

3 1

FuBauardenmavasnaniitiuniosasituruay
Ffyznannuann Sufl 14 Sumew w.d. 2563 &
Uszmaanud Tiduee g vasiisdymiinae
Tudszind sniusaauazdonan wazansanatyni
#i CBD Wuduisznauuazaesdl THC luiiusesay
0.2 Taghwiin Lifluenandalilnedszinn 5@
ANA LN UIUAIDENHEN A 9N BB SRS N Y2
fidsnmaluiloulszna w.e. 2564 anasagaan
ilanSsuifisuiuiludssano w.e. 2563 uaziuil 9

ANMWUS w.a. 2565 JUszmaannd ldawzans
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AfeN aeigy

q

afenniaiuniiuSina THC innnhiewas 0.2
Taehwinohiy Jusandalilnelszan 560
Falumnaumasduiambifuenande Fuflums
Uandaniene1aananeLdniaLaEInaiinig
muaudaaannym iluayulnsaruan® Toad
wathdulFaaudiuil o figueu w.a. 2565 dawalif
tagtiudaasiimssdansianym
ngwinefiifisdesiunssvion dleTudl 24
fen w.A. 2564 AMIUaaNENITIaNDANIIN
aandaliinulszinn 5% mliusznruanns
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Analysis of Seized Drugs during
2020—2023

Sasida Yoosook

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

ABSTRACT Drug problems in Thailand still exists due to drug trafficking networks that smuggle
the illicit drugs into the country and use Thailand as a transit route to transfer the drugs to other
countries. In addition, there are online social networks which have become an important channel for drug
trafficking. Therefore, there are many seized drugs need to be analyzed. Bureau of Drug and Narcotic,
Department of Medical Sciences has been appointed as a narcotic testing laboratory for seized drugs.
During 2020-2022, the narcotic laws had been changed, especially those related to kratom and cannabis.
The objective of this study was to collect and analyze data on psychotropic and narcotic substances found
in seized drugs during the fiscal year 2020-2022. The seized drug analysis was composed of screening
test using color test, and confirmation tests using thin-layer chromatography and gas chromatography-
mass spectrometry. The results indicated that the most detected drug was methamphetamine, followed by
kratom and cannabis. Moreover ketamine, ecstasy, heroin and cocaine were also found. For psychotropic
substances, most frequently found in seized drugs was ketamine, followed by clonazepam, sibutramine
and alprazolam. Most of psychotropic substances in schedules II and IV found in the seized drugs were
benzodiazepines. It was reported that there was an emergence of a new narcotic drug which might contain
different psychoactive substances in varying combinations. Therefore, it is necessary for a narcotic testing
laboratory to improve the narcotic testing skill that responds to the future situation where new types of

narcotic drugs might be widespread.

Keywords: Seized drugs, Illicit drugs, Narcotic substances, Psychotropic substances
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Non-Conformities of Laboratory Standard
for Health Certification for Thai Residents

Intending to Work Overseas

Pinit Ngamprasit', Siriphan Saeng-aroon', Supannee Kanjanakun®,
and Patravee Soisangwan'
!Department of Medical Science, Nonthaburi 11000, Thailand

?Overseas Employment Administration Division, Department of Employment, Bangkok 10400, Thailand

ABSTRACT

The Laboratory Standard for Health Certification for Thai residents intending to work overseas
(TWOS) is a standard for private hospitals in Thailand, which is registered with the Department of
Employment, Ministry of Labor, Thailand. This standard includes the system of personal identifica-
tion, health service system through the issuing of health certification. The objectives of this study were
1) to compare and analyze nonconformities (NCs) in the year 2019 and 2021, 2) and to analyze the data
of oversea workers which had been repatriated and retested after arrival to Thailand. The retrospective
review of data of 37 private laboratories in 2019 and 2021 showed 227 and 246 NCs, respectively. The three
most common NCs were document control (17.6% and 17.1%), examination processes (9.7% and 15.9%),
and specimen collection (10.5% and 9.3%). The number of Thai residents intending to work overseas
repatriated was were 9 persons (6 Korea, 1 Kuwait, 1 Malaysia, 1 Hong Kong). The diseases reported
from these countries were: 5 TB, 3 syphilis, and 1 HIV. The retested laboratory in Thailand showed:
3 TB, 1 pneumonia, 2 syphilis, and 2 HIV. The duration of Thai residents intending to work overseas
repatriated ranged from 1 day to 6 years. The 3-days repatriated cases were possibly due to different

laboratory results. This standard also included root cause analysis of repatriated cases.

Keywords: Laboratory standard, Overseas workers, Health certification, Non-conformities
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Trend Analysis of Conditions from
Nonconformities to ISO/IEC 17025:2017
and ISO 15189:2012 Requirements of
Regional Medical Sciences Center 1/1

Chiang Rai during 2020—2023

Ugrit Suksai, Phattarawadee Suksai, and Sakuntala Saengaen
Regional Medical Sciences Center 1/1 Chaing Rai, Muang District, Chiang Rai 57100, Thailand

ABSTRACT Accreditation of laboratory competence according to ISO/IEC 17025:2017 and ISO
15189:2012 standards was a process that indicates the quality of a laboratory to develop and improve
the quality management system. The purpose of the study was to analyze the trends of problems and
causes of nonconformities, classified according to internal audit and assessment to analyze the data
for frequency, percentage and trends of the causes of nonconformities requirements, using the data on
nonconformities collected from internal audits from 2020 through 2023 and the assessment and accreditation
of medical and public health laboratories competence in 2021. Results of this study from the Quality and
Technical Development Group and five laboratories revealed 139 items of nonconformities and 98
other items from internal audits of which 65 were based on ISO/IEC 17025:2017 standards, 33 on ISO
15189:2012 standards, and 41 on laboratory competence assessment. Based on the laboratory competence
assessment according to ISO/IEC 17025:2017 and ISO 15189:2012 standards, 34 items and 7 items were
found, respectively. The problem analysis showed trends of causes, based on the 5M 1E approach, in five
requirements including personnel, equipment, quality management, test results/methods, and workplace
and environmental conditions. Therefore, training sessions should be provided on knowledge and awareness
for personnel especially the testing process and workplace including environmental conditions that affect
the risk management and development and improvement of laboratory quality management systems,

aiming to maintaining the quality management system as an organization providing effective testing services.

Keywords: ISO/IEC 17025:2017, ISO 15189:2012, Nonconformity
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Anisakis spp. in Thailand

Uraiwan Krainara Muranishi

ANWUENINTIING

Anisakis spp. \Junen3@Inan (nematode)
Ty subfamily Anisakinae, family Anisakidae,
suborder Ascaridina, order Ascarida ﬁ%ﬁ;ﬁu
anNa Anisakis N3NI0NUUNTUZHGN 1) dreanwne
madaugnaneniiu 2 wile Ao Anisakis Type I
war Anisakis Type II MganuuanaINaINg)
29dIU ventriculus ﬁsiamﬂa'm esophagus sz
Ms#l mucron MMamwedIsan 134 Anisakis
Type I #iaue28987U ventriculus ¥1AN
Anisakis Type IT uazfi mucron ilmev luvaedi
Anisakis Type 11 134 mucron sauaaslumnd 1
f\nﬂmsﬁmezﬁmiﬁuqmiwmﬁ:dauiwzﬁ 3
(third-stage larvae; L3) ahansauun Anisakis
spp. {Wusewuge g o 9 a0 wiaily

Anisakis Type |

Esophagus

Ly

Ventricular
Intestine

Ventriculus

2 %1l Ao Anisakis TypeI louwn Clade 1 Usenauane
A. simplex sensu stricto (s.s.), A. pegreffii,
A. simplex C (A. berlandi), Clade 2 Usznauaie
A. Ziphidarum wag A. nascettii oz Clade 4
loun A. typica 83U Anisakis Type IT loun Clade 3
Usznouaie A. physeteris, A. brevispiculata
waz A. paggiae MIHANHMEIUITNYBIAIBDUYDY
usaraldnusnasnnniuldmnuazdasiie ves
msnuunargaynsauIsuililaiasunsadiuun
A. simplex sensu stricto (s.s.), A. pegreffii oz
A. simplex C aananfiuld J9gni3andn A. simplex
sensu lato (s.1.) ‘W%Ellﬁilﬂﬁgu 1M A. simplex %ﬁ (T
nduiinunisdadetasluauuasnaliiianis
2Imaun detuSeimsdnwasnagiiuiain

A. simplex aauaadlumsan 14

Anisakis Type ll

Intestine ——p»
Rectal gland
anus —

mucron

Caudal end

NN 1 ANNUONANYNAIBDUNENDIz8N 3 Anisakis Type I uaz Anisakis Type II

IANIAIR

Anisakis spp. Mdgagludninzianaaniio
iRendasdulaadanms 1 ¢ uazlaaddne 2
Gawaaslumwil 2 wendduduisoduagluald
apsdoTidBsgnaneun Wy 1 Toan uaznnmsLa
‘[ﬂﬂvlziwm%awmmaﬂmﬁ’uqamszwmﬁ'miméwﬁ
wazdudlauluthnzia lﬁwaﬂ'ﬁﬁ%w%tgtﬂuﬁadau
szaedl 1 uazaananuiiludisauszesd 2 luumea
haauszazil 2 Massiiauuudasslunsia gnduiules
Fanedniicdniige Aadies Fuihilaadmnmeii1

M5815NTHANENFFATANTUWNE
7 U 66 atUN 1 ¥nT1AN - AN 2567

Uswazvinilulagdinan 2 dulagdeinaed 1

1
I

wendaieauszazh 3 winlulagdainaiei 2
nnuulaadanmnziuladdenan 2 wensanaau

seaed 3 asSaduladlunendieaussazh 4,5

I a o < (% s o
waztuwendadaialulaadaiwie dwsuau
wazdaildengneaunniulauasninduniinens
£ U -:4' |4 I Cd a d! a
foauszazh 3 dallulaadloatadey denad
g U n:i' ] a a 1 o
feauszazi 3 laansosuduladelulaad

Toatadegyla®
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3NN 1 FTNBHNUNIINNEND Anisakis simplex

- Uszaan  shwinTaana anazgnuay IgE Uszna
FUAFT - ¥ HanIENUY 2 b
LA UALAY (kDa) (FaEay) NANWYI
Anis s 1 E/S 24 Kunits serine protease inhibitor 85 auu
Anis s 2 Somatic 97 Paramyosin 88 tﬁﬂqu
Anis s 3 Somatic 41 Tropomyosin 88 ddu
Anis s 4 E/S 9 Cysteine protease inhibitor 13 auu
Anis s 5 E/S 15 SXP/RAL-2 family protein 25 tﬁﬂ]u
Anis s 6 E/S 15 Serine protease inhibitor 18 cﬁﬂu
Anis s 7 E/S 139 Tainsu 94 alu
Anis s 8 E/S 15 SXP/RAL-2 family protein 25 flj‘ljiu
Aniss 9 E/S 14 SXP/RAL-2 family protein 14 adu
Anis s 10 somatic 21 Tainsu 39 sy
Anis s 11 Tainu 27 Tainu 50 iy
Anis s 12 Tainu 31 Tainu 57 iy
Anis s 13 E/S 37 Hemoglobin 64 au
Anis s 14 Tainu 24 Tainu 54 iy

wnEme): * anNgneaiiunaile Ig E uaasds Mnueaangulszmnsiianybhdesssnagiuiuaenndueauaiuaniaan

Wuemsena 9 wiu odeu avite Houds dufanids wasdu 1 lungudszmnnsimumsiaiie o namils

AdIGUIIWYIS

T;Iemallwr

Anisakis spp. life cycle

. ‘ \ mr’ Tmun-i
Tsacﬁaaﬁmb&_ B

9
QS_ n).)ouusn'is oz 12

Taaciﬁ:)nzno

(na)auwin.)e ti i3

NN 2 WAITINYN Anisakis spp.
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msnalsaluau

wendazfiannaanalsaluau Sanh lsaaziisn
\Ae3d (anisakiasis) ¥3plsmailamAledd (anisa-
kidoisis) 3atdulsafiadanndaigau (zoonosis)
TsnasfiarndedaiionldiGonnsdilsaiannida
Tuda Anisakis Spp. drulseaziiandlods
fenld3ennsdnnsiielsannnedly family
Anisakidae (Anisakis spp., Pseudoterranova spp.
waz Contracaecum spp.)” M3nalsalunuiianme
nnersauluszesi s Tasdl 2 aU3d Ao A. simplex
senso stricto Waz A. pegreffii iwunalsaluau §ms
senuinmiulsaiaseusnlul o.6. 1960 Uszing
isauaud tagtuiimsnenuinnnhaasmiiung
mlanluuda=31"" wisamszaslsadly 4 nuwae
Gradi

gastric anisakiasis #3Uuuumstiarias
AIUNTTNIZDININUN MENaINNNMTTUUITMU
Uawdaniinauluszazommelu 24 32l foms
aauld oFou anaiinialiild milnessau
aladluludeyrasnszimizaims Tasuwnd
NANTINTIIWUNEFHIBDUNIUNTTDINSDINTIAG
ASLINNEBNSUALAUNENSAIBUBDN

intestinal anisakiasis #igUuuumsthanas
dudesiasiiieduinhuasmmstharasasgunss
uiaazaldaniau Mmenasnnmssulsemu
Uswdeniinauluszazom 48 $alua B9 7 Ju nait
wenddsouazladliludeysasald aansn
ATIRWUNENTIIBDUNIUMITBINABINTINGE Ldtan
Famsaunensdisauaanyilasineadearinns

@ ]

Hae aimsdiulugiiiganszhutuynuazes
fdeavy §ild wiveamdy 2 jUuuy A 21ms
liguusethenuanuhald udazifadauilad
o lafiadulsedu wu dewilesan unaludld
uazldasdniauizass mmsguusainiiamatiada
wasiimasnisuwfumsuideidoussTustuiide
wansu i likiaa ldwntu 3-4 wh anmsunanh

UAEMSLNNIIUIUYBNLLDE
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ectopic (extra-gastrointestinal) anisa-
kiasis sUnuuiinwuldvios wensdsauazlaludoy
ypamaanams au Uan daeias wiashu iy

allergic disease ﬁé’ﬂwmmﬂuﬁ'uauﬁw
(urticaria/angioedema) 238U ULALDIANDITN
wiamnaugiunguusudsunay (anaphylaxis)
luunse amsuiineduldannwesngaiizia
wianendfiansudr dulnginsnuiennnes
fifaiiEinC

A. simplex Lﬂunﬁjuﬁwumiamﬁﬂuﬂuﬂaa
wazgnimsaniuilungudeniinalvidaansuw
whiu Sefimsdnnasdagiiuian A. simplex
uN) Jagiuwunisdnwiarsnagiuwain
A. simplex 311 14 wie dudaslumed 1
Fudumsdnmannnguiinideusameaiuuazdiy

v o

= ] dwl . 4 U a
MIANHIVIE Anis s 1 LﬂuﬂTSﬂBQNLLWﬂﬂﬁﬂm

o

a v

tssnniianuaansaiuasisdnisiiogiun
suusalugithala

a3 YNUNINNENT Anisakis simplex
druluailulusiudenaliiinornisunaienas
NNMIINNT M99 Anis s 1, Anis s 4 Uae Anis s 6
& pa ' .
Wulaanaiinnauanzianzas d3u Anis s 2
w8z Anis s 3 (HulUsiudy e Paramyosin way
Tropomyosin %qﬁﬂﬁﬁ%mﬁmszé’fﬂuLaqau,a::

ay o g o A v [ AN P <

pliqunuiulusfunadanuandaiinnfidsnuas
wazlseu®

msitaaalse

mstasalsalasmldaausheenn sean
hJaigﬂu,uummma:mmmamﬁLawwzﬁwLﬂuﬁaﬂ?’f
msgnUsziimstuamanzauuudunsatgelaign
ABUAABIMS Wz lEMSHBINABINTIANTLINILBINS
LilaMiaBaunens lunsdiansauzaimagiiuwms
maaumqgﬁﬂ:uﬁ'mﬁamnm IgE anti-Anisakis
Mmenadia indirect ELISA wasdainasnsiam
wendsau uenninUhmsiusudiadEaarm
¥iladlagluila (eosinophil) Tugiheliiausslani
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aan1sifade Havangihediulvafinsiuiy
[~ =] a . . ] " @ a d‘ly
WaLdanz1Yia eosinophil ligauhiumsfioe

wendanandu "

133N

msinmiidiiqe fe nsAuwesaanain
ASELNNED1MS UBNNGLWNgnaansanlwen
methylprednisolone 120 #8851 PENIEUATLN
Tunsdinsiiagiunuusadsunan wazlien
albendazole 400 §iaan3H swsurae@anens A3
Aansanmslien albendazole aatiipailuszazinm
s Su uialdduladnanisanidndidaunens
Teanan

mstlaeny

Usziduadguasnmsilasnuaivqulse de
mim‘uQuiamal,?i'mmﬂms%’uﬂismumvnsmt,a
Afidawens wusimsussamanzialigndae
mm%auﬁqmmuﬁ 60 DALY BBy 1 WP
viarhma@anensmemsuruiia -20 aseades
athatine 24 #lae viaududa —35 svruadesd
athatiow 15 37139 B9AMIDIMIUAZEN aVSTBEM
(The United States Food and Drug Administra-
tion; U.S.-FDA) uusih Ifiuzuda -20 sarnwaided
Wuna 1 devi udansnagiiuwan A. simplex
fianunumuuazisiinsdnm liiiieana nsan
msdnidaluamsnziasaudsunaumsiasalan
Julan wanhgnssnumsiafuiiadasimihe
Hudsiidasiiansant mslianuigadnmiy
Uszazutiaafunisnalsaunenensasiaag
mauslneamnsnzadu Mslpems wazmsiiu
$nnevns i Msth Msnaalaen uazmsaaay T
amnssanUmuazniin Wudy Hudeduathd
Tumsilasnuaues

= = = =
mMsAnwINeNSaztznAatulssnalng
msdne ludszwmealng wuniseanulsean
wenSasiinnda 1 959 U w.d. 2535 loadluanyae

Tsnaziimaalualaan® damniimsdnmanugn
pasnenSosiimaalulamziasnnunia dediulug
Humsansannunasemavanelugnnimes
snlne dawaasluasied 2 msanwman iy
MINUUNNENTRLUT ATAEBUNTNITIUTITIENIY
Tuszavana
msAnwriiavasnensaziimndalulsendlne
sauaaslumsed s fiamsasadeneyd 2 53 de
1) mMsasramasaunedluszesi 3 aold
naesganssal lagmsiiviasaruazuanaisis
weazaINBan Loun Wilan NTEINZENNS AU FB9NBd
wazlel nsdinuaniile asrameisaunens luszosi 3
Turdaeasweslaazaientd q aemuwa 1wens
fudmiindousqnisenas 0.85 uazaTIIdaL
dhoounendlussesi 3 maldndasganssaiuy
1005l laga1AeanyMIANIZYDIIaDNBIWS
mswuanwazzasiulugasthauuy boring tooth
LaZN3A5IANUTINTEY (mucron) Harame®)
Wiammamssnaladodsuazdasgaldngdas
ansed demsthesaunesluszesi 3 aasly
dsazaranasuduLasdonaI8d hematoxylin
NnTudNesnNNGIBaUNNS (dehydration)
TaanssuIums graded alcohol series AaMISUY
thatheme ethanol HienudNTusasas 70, 90, 95
UaT 99 MNAIAU NBULEAIY xylene WUAZLAIHN
n3mMaladansae permount W lUasiagiUss
meldndasganssmifimdsens 1,000 wh wiayms
L3eudateeIeMsaedIatanEn e
(NaCl) Renusnsudasas 0.85 uazaneegssazany
Wadaiwiwes (phosphate buffer) mnmsualu
asasmengm3Iadlad (glutaraldehyde) Anuiduduy
Zawaz 2.5 Wunm 24 $la MENEININIIAI
freduudladuazudluaisazarsaadiiey
wInslad (osmium tetroxide) fiANNLTNTY
seaz 1 lumsazaewaamaimmwes Wunm 24
FTa9 MAGIYNTTIUMIENNBDNAINGIB DUNENS
(dehydration) laanszuiums graded alcohol

series Was acetone YN Iuviamamsuaulaaan lue
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UNN3ENI sputter aranasnIwaszi lidasg
@28 Scanning electron microscopy®” uaz
2) M305I9ILATILNAITHUTNIIN lastaTaw
dN0ALDULAYIAIBOUNEID LANEITWUGNIIN

ma35 PCR ludiuzae ribosomal DNA region

M5 3 FilevaanenSesiindd (A. Typica) Tudsemndlneannumziinas g

laun ITS region (ITS-1, 5.8s subunit wua
ITS-2), The mitochondrial control region (mtDNA
region) waz COII gene @333daU PCR product
g5 1.5% agarose gel electrophoresis NNt
A579Ma1aU base lagA5ns DNA sequencing

(19,21,22)

(azy phylogenic tree

(25,14,26,19)

LA3a9Na Waz/¥3a

#tiazasilan UBaInN m -
8mslumsanm
ﬂaT‘{ﬂﬁﬁ uRalo] DNA amplification and DNA
(Rastrelliger kanagurta) %w%’ﬂasgmmmm sequencing &JU

Yamauas

ITS gene oz mitochondrial
COII gene

(Nemipterus hexodon
e N. japonicus)

Uanamvnu

(Priacanthus tayenus)

gUiasinsiie Saniadeslna
F91Ua1an WHINRLTUNT
@NININNNUNE

dzrula
WIATYNITENAT

Scanning electron microscopy,
DNA amplification and DNA
sequencing &JU
ITS1-5.8s-ITS2 gene
PCR-Restriction

Endonuclease Technique

AAANTLA NS LAY
gzwulan WNHS

danamvnuaa
(Priacanthus tayenus Richardson)

aanaaasa
WNIAFYNTANAT

DNA amplification and DNA
sequencing, mtDNA

cox2 gene
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Anisakis spp. in Thailand

Uraiwan Krainara Muranishi

Faculty of Science and Technology, Phuket Rajabhat University, Muang District, Phuket 83000, Thailand

ABSTRACT A nematode in the genus Anisakis causes a zoonotic disease and its natural hosts are
marine mammals. Currently, it is classified into nine species by genetic analysis. Humans are accidental
hosts that can carry the third-stage larvae, which are transmitted by consuming raw or undercooked
fish or raw squid. The larvae do not develop in humans. However, they can cause anisakiasis,
a gastrointestinal tract disease including gastric, intestinal, and extra-intestinal infections, and
allergic reactions. The major species causing human disease are Anisakis simplex sensu stricto (s.s.) and
Anisakis pegreffii. Concerning the limitations of the taxonomy, it is collectively referred to as Anisakis
simplex. In Thailand, there was only one reported case of intestinal type in 1992. Previous studies have
shown that the prevalence of Anisakis spp. in various fish species was 2.9-82.50%, with the highest
prevalence found in sea bream (Nemipterus peronii) (82.50%). Species identification using genetic
material revealed that they were all Anisakis typica, a species that has never been reported to cause disease
in humans. A review of the literature found that there are few studies of Anisakis parasites in Thailand
and the study of geographic distribution has not yet covered the entire country’s coastlines. There have also
been reports of contamination of dead Anisakis parasites in canned fish. This indicates that there may be
little knowledge and understanding among personnel in the production sector that influences consumers’
lack of confidence in food safety. Therefore, relevant agencies should develop research programs and create

health literacy about Anisakis parasites for both entrepreneurs and the public.

Keywords: Anisakis spp., Fish, Thailand
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