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ABSTRACT

Carbaryl, an insecticide in the carbamate family, is one of the most commonly
used pesticides to control insects in agricultural products. However, it causes carbaryl
residues in food which can cause health problems for consumers. Hence, this research
aimed to create a carbaryl test kit cassette for quantitative detection of carbaryl residues
in vegetables by using the inhibition biosensor technique. Acetylcholine esterase was
used as a biomaterial, making the product a yellow color. Carbaryl then inhibited the
activity of acetylcholine esterase, resulting in a color intensity decrease in the product.

The color intensity was measured by using a smartphone.

In the first step, a carbaryl test kit cassette was created from chromatography
paper. The parameters conditions were optimized. Next, the performances of the
carbaryl test kit cassette for detecting carbaryl was investigated. It was found that the
inhibitory effect of carbaryl was directly proportional to the concentration of carbaryl
ranging from 1-50 mg/L. The limit of detection and the limit of quantitative detection
were 0.31 and 1.04 mg/L, respectively. The percentage of recovery was in the range
96 - 103 % with high precision, accuracy and specificity. Finally, the carbaryl test kit
cassette was used to measure the carbaryl residues in ten vegetable samples. Carbaryl
residues were found in cabbage, kale, cauliflower, napa cabbage, lettuce and Choy sum
with the concentration range of 1.03 to 1.16 mg/kg. The analysis results obtained from
the developed test kits were consistent with commercial ones.

This developed carbaryl test kit cassette had advantages in terms of reducing
analysis time, using small amounts of substances, being inexpensive and portable to

measure carbaryl on field.

Keywords: carbaryl, test kit cassette, smartphone, vegetables
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wazUIIAEIeg1e (Sample pad) Faasslagldnszaulasuilansiinuuukunaiadinla
wazdsznouidnundunatain nduluduneunisnsata ((wdl 1.1 9) vhmsueaasad
Admaaeulunisiinuizen uazvoaasazatofodaasuuUInAmUALLATUTRAIFIBEN
auddy anduienmadldlagldausnlnudieninlundesfivuas uazduneugadiie
o I

Aa TunaunsUTEIIaNa (i 1.1 A) lagthyanaaaunsursauuundu uwanadeyalagld

waUNALAYTU Color Picker wazauA@nbaainienti RGB (Red, Green, Blue)
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[%
Y

N. TUABUNITATIYANADUAITUITAUUUAGY

AsEAElATULANTI

/’ » ¥ - /ﬁ/ <«— UShumunu
Ny r / 3

< USaegs

) / 0, ~_

wHUNANERNtE  Usenaulniumaunalann

9. YURDUNITNTIVIN

answadliilineaeu asaranufog //
f

/ /

A. TURDUNITUTZIIANE

A7 1.1 Tumeunsiasiendmsunsiamusinaasuisaludnsigyanageuaisunia
wuunau tngldaunsniiududingain Usznaude n. Jureunisassyanagay

ANSUNSARUUAGU U, TUADUNITHTIVIA WAL A. TUNDUNISUTEUIAKE
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1.5 Usslevifiianineslésu

151 ldyaneasuaisuidanuundudmivamamuiannaaiiuidainndisludn
lngnsIaTameaansnin

15.2 limswanmgiivanzanvosmavageuniuauuundy

153 awnsndinseiniviunaaisuiafinndrsludnfeyanaasuaiiunia

LUUPAUNAS19TUDEN9TUTEENT AN
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D.

N

unn

%4

= a a o 14
AIFIUNIIURIDNUIVYNLNYIVBY

2.1 grguuaslulszmdlng

Useinalnaduuseimnenensngsy Imaﬁmiquwqﬂﬁ%l,ﬁau%lﬂﬂiuﬂizmm
wazdeeen nunsnsdslainisiiensuuannldifiotesiunioddndngity uazidunis
RUNANAAN19NISLN AT T,ma%’aaﬁamﬂﬂimﬁmmsmwmwudws?]y’aLwiﬂ 2551-2561 Useindlng
fuwdldunisdndiasiadnienisinyasluviuiauazyadin1sdnd o194 uas
71U 1,663,780 AU UAAITIN 246,715 14U LLﬁ%ﬁLLU’JIﬁMLﬂSJ%ULﬁ@UV!ﬂ% [1]
Fan it 2.1 Fanrsldensinuuamianisinensiifiuunay ¥ildaanisanAn@eseieuuas
dwmalfiannisuuiounioazanluduindoy waro1ngraaldenig lagiane

dnaananisinuns neliAnAnuduiviagdunseseauninvesau dniwazdsindon

200,000 -
150,000
100,000 -
50,000
o
2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561
m YSuna () B wad) (§uum)

awil 2.1 Vinamazyadnsiidensusadulszimelne 3 2551 - 2561 [1]
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Tngenguvasitinsldlunisinunsludagduamisautseantadu 4 ngu Téun
ngueainilumasiu (Organochlorine) nduaasniluneain s (Organophosphate)
nguATUILLA (Carbamate) uazngulninsess (Pyrethroid) lasfinnsuisaiduesinuuas
Tunguarsunuafidnisldlunisineasedismnn iesanniduensnuuasifivssansaings

o

anunsaidauuasasdngitvlivainvane

2.2 A15uU1sa [13]
2.2.1 anwirwaraulfveInIsulsa
AsUnsa fdevuniife 1-naphthyl methylcarbamate dgnsiadl C;,H;,NO,

N o [

Toeilassadiamnaail sannid 2.2 [2] Sdnwuzidunantdadvn azaelaniudiyinazaleiidn

0

WU DAY

(6]

D
NH
He”

20N 2.2 lassasiamnaaiivesnisunsa [2]

ArsurTagmiuldmidanuaiiuegisunivatguinnda 30 U laua1iunsa
N v o a & ' o v v | o w
f3on1an19An e vl Fadugghuuaminsldunlumuneasnssy wu lunisiida

-'-2’{ a o w 0 I ° v L L4 5

waglnlundn Tlunisidavusuledn vusudunsnal mmdadnludnasenansuan uag
Tlunmsidandeln idednauludn Judu (2] wenanildsldivdnidn Jaded uazdnibes
WaidnuuassUNILBNAIY

222 anulufivreansuiia

a

Asusagninluenguuamiiviiunals awnsogedusiunisiandsld

Doy

TnslanIzIowNanIsesvIu dszeiiaaongvsdu wazinisaaisdiluanintindoumunsay
fiszpzanUszana 1 feu minfinmafuiiemandaninisinunsioussegiiaiaaiss
Y83IAFUNTA hlviasunTannasazadeglunandnn1in1sinens damaseaun1myesuilan
wazsilviAnenseag TnevhluomsuazaruguusswesnsfnfivasduiuUiinaensiuias

Av Yo aa aAv Yo aY Yo ° Y a P Y] a
LVIVL@TU ’JOVI"IQ‘V]VLQTU LLaﬂigﬁlgL'}anl@iU VI'ﬂflﬁLﬂfﬂ@']ﬂWiWHLQE’JUWauuagaqﬂ’ﬁwwﬁgam
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lngen1siwidgunduagiinainnisgaaunsedudalaunislasuiiveg1gau nslasy
fiwunans nemslasuiivdudu Fzuantonissusennsiadou rauld fouiu fiuduy
pufianids Weant Veudu dateyulin wgladiuin Inaniduia 9 uaznuna
druemsivazauinainnislésuenguuasoiies vliminnisazanlusiane wasianig
WaguuUasusnIsuveuead (Mutagen) danaliiiniiotenuiouzisedu (4] Wesrene
Tasveigdinuas azneliiinfiey dearvesarrudufiwiSondn LDy (Lethl Dose)

[ =

Tngiduauinnanesingliiunvilvidaivaasudedinansania (50 %) 1039 uIudn iveaes

Nanue lakanaduiiuiuliadniuvesarsaanlansuvesinnidndinlanyvinladninaassane

$ouay 50 FEAUATIHUTULTIVEIATUITA LAAIAINISI9N 2.1 [14]

A1999 2.1 nsdannengseauanuiluiivrenisuisa [14]

FEAUAIUTULT LD 5 rudufiv aruduiiv  arudufivan Al
(Hadnsu/Alansu-ntinga) g9 U1unans NEA1UN
mmquummﬁ%’wwmﬂ < 50 > 50-500 > 500-5000 > 5000
ANTULSILTIS UM SHmTTY < 200 > 200-2000 > 2000-5000 > 5000
mmsﬁumaLmﬁ%’wwmimﬂﬂ < 0.05 > 0.05-0.5 > 0.5-2.0 > 2.0

2.2.3 nalnn1eengnsreAIsulza

AsUsaligradugsnsinureseuleissdfaladueametsa daduoules

' !
o v a =

ndrAgytanilaluszuudszamvesuyuwd daliinseandunas uuas uasdallginialy

o

= v o ° ¢ aa a a . a
Fefinalndudenrsinaueuleiesdfaladuledmelsa lnenisiia phosphorylation %38

]
=

carbamylation # ‘1/13;]' Hydroxyl k@ g LAy OH (hydroxylation) 1% fi U ‘1/133' leaving group
nlieuledozdfalrduioawotsaliaiuirsagatsladuls Aududuveslaauly
synaptic cleft Lagadu wagiinn1snseAussuuyUsean cholinergic u1niiuly

dawaliflonnisdu dnnsean uandudunia daaunisi 3
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o}
C|> CH, o}
‘ | OH

7N S
] N
~
H C
VAN CH;
SER-OH" + —————SER— ¢ N< +
H .. (3)

Ad 2.3 wansnabnnissudaeuluiasdfaladuLeamaisd

2.2.4 AUTnaansiunnANgeEAvedInIsuIsa
91nnisldanfunsadtuualdufinunty sildifanansznudequaim
voaguilaa duininnisldansuidailigndes delmAnarsiivanddlundnnaniansns
wazdwanden vilvinuazualdiinisdmunefiszdvresniiuianndnsiiiiuindadn
Famuidnludnvdadieg farsuitanndaludsuiags Feduialddnasdinun

A1USUETYANA19Eean Fakansfieseauluiualsivanasasganilalududiinens

=) 1

Ivdreduiadnfuansfivnnatadanlansuaudiinens ssUszmalnelaiinisiinua

a a

ASUINgeanveasiuanA1stundananyas Ineni5lda1u1ns§1uYes Codex MRL
undunaeivanlunisivuad1gnivualag dnunInsgILAUA N YATLALDIMTHINYA

ASLATINITINERS tneRlrdaAsuISannAalaliiiy 10 fadnsu/Alansy [5]

2.3 Bnsnlvlunisasrainengduuas
2.3.1 3’%@3%%’?@mezhLLuaaImEJLﬂ%ﬂmmﬂmm?\lmmma’aamﬁauzqq

91938989 Watanabe wavany [6] laiAs1gviUsuiuvesensiniuas
alnunsendludiegein 6 ¥ila laun WSAneIN UAINIT Ueillo N119RgaN UIBlas uae
ULUDINA I@ST%LﬂéaaIﬂﬁuﬂImﬂ'5'17\1suaama’;amisauzqqimﬁ’uﬁamwi’mmiL‘%aqLLEN
( High-performance liquid chromatography - Fluorescence detection; HPLC - FLD)
Tun1sesatauavinnisatadeesdlalulass nuindedasadalunisnsianuil 1.87-3.87
wlundu /nfu wazesidudinisianduiulusedudi 5-100 wrlundu/ndu wiawinfu

85-111 % lasfAnleuuiInIgIudNimstaendn 12 %
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2.3.2 psninendiuadlagiaiounalasuilnnsidl (Gas Chromatography; GC)
91N91UTT8U09 Zhao wazAm e [7] 11N AS IR gL 1L A

¢ 1

lunguessniluneanadadiuiu 31 gllanandrsluayulnsluieden lneldinses

(%
a

wAalAsu NI AR UAeTITakuUanlnlawasn Inenuinlunudsednismsousiasgng

IS a

adadulutunoufoiuasivszaninmlunisinseiiigs lnedardnsidalunisnsany
1-10 wlunsy /AaaanshagAlndnatun1snsanuLteUsuia 4 -30 wlunsy / Sadans

233 A5as19Tne1gduuasiagimAila Enzyme-linked immunosorbent assay
(ELISA)

91791U798U0 9 Navarro kazaue [8] LAT1N15LASIEARI818ITLUA S

Tudhdudoaninu lneldinada ELISA Tunisesianaasslniveanazulnesy wuin
fTasadalunisnsianudi 0.20 + 0.04 lulasndu/ans was 0.50 + 0.06 Tulasnsu/dns dwsu
aaeslnseanazwiulnesunudifu Fedunisnsiamansnndneesensiutasiaae i
¥nsnaaedagnisieansiegruuitoaslidesituneunisinanuayeinfegiafiuia
Felemanisnaaeufinuuliud Siuszansan Tnefilesidusnnsldnduiud 95-106 %

2.3.4 Banvingguuadlaemadanianillvin (Electrochemical technique)

1N91UII8UDY Zhao wazAue [9] Wrinn1sIAsIEensiuaInemALln

v a o = A

= o o I3 a U aa o >
prwadilidrdusvunanlsesunazaisuisa Inenuinddnandanisnsiainnen fadan
4.14 Meansu/iadans wag 1.15 Alansu/Aaaans d1USuL1aitseounLazA1IsuISanIuasy
loe s duisnfiatesnm fanulige awnsanevausmuailniliegsaguasyigla
=
A
235 Aasvingngduuadlasmadalasuilans v uiauis (Thin-Layer
chromatography; TLC)
1N9UITEU89 Shen wazang [10] 1AinN153ASIERe2NkUaIASULANTL
nanA1sludiduuazluasdi lngldmatianlasuilans W uuuRiung (Thin-Layer

¥
a A

chromatography; TLC) SuAUNAtdANURIv87888) 10451304 (Surface-Enhanced Raman

o w v Y ! a a o

Spectroscopy; SERS) harWundUadinn15ns19intesndi 2 daansu/Alansu lneisil

lunesusuanmlag wagldiainisuen TLC Tuianiidu
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o

311330529 nenduuadlaeldiaiesdaluiesufifinisnisdenan Wuisnas
NAUYNABY AULTIEY UarANKNUE1ge widedded1in A AB9IN19A533TA

lurieaudins Tdauu danldaieas wasgiviinisimseidediaudiuglunsiagey

o
v v

dnvadalianunsansiadalatuniaauiule

2.4 Feesndagngduaciagliyanesaey
2.4.1 yanaaeueeiuiastulinuazuald MIPK
ganadeveinuasludnuazuald MIPK 31nnsudnenmiansnisunnd
Juganageuidewiudmivasresuuamndangududuoulusiladuoamaisaludn
waznald Tnsondendnnisnisdudawenouluiledueameisadiomaianisnsanianied
warlinanisnageulunan 30 wiit Fddunismagevarfosinisiudnduiudng sndu
Butienade szmeiienadaludigu wagidudiemaasy lnsnisUssidiunanzlinig
Wisuifisunrnduvesdfiiaturemasnaauauaiugfunaeninesns ilelfiusuiiisua
lunsgunauarIzTenuraludnuam lneavaeaiied 1 llddutumilounasnaiuny
wansiaendy dnrasndiegndddutusam wansithivasndy (gnduds 15%) uas

dvaeasiegeldvun wansilivasnaiuann

1oy 19 I 1A

sisoomieiunachy FIHE

AWl 2.4 ypmaseussiusladlusinuazkalsl MIPK [15]
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2.4.2 yppasveeuuasiinnddusinuasnalsl GT

yanTaaevensiuiasiinnAnsludnuazaald 6T Wuyenaaeudilddmsu
nrvapuaILdufivrssensuuasiinndrsnnnsuuteundonndsluomis Tasauisn
asranaaulufiveeseguuatlunguessunluneainn (Orsanophosphate group)
LAENFUATILINLA (Carbamate group) Fendnn1snmsdudseneulsladuoanoisa Ineglu
nsUszdiune arldnasudisuanuduvesdfifeiulunaeaietsiinsafunasnaiunu
Lazvaenafndy (MaennlIuANABlinUe1guLaINNA1Y LayaanfnduABNULIdILLaIRNNA
figudauszansaimnisiiauveneuletegiiszdu 50 %) Fsnan1snsrasdioyaien GT

Ag81UNabA 3 WUU Ao 113U99MaBAAIBE198RUNTINTOMITUNABAAIUAL KEAAIT
ldwugnsiuuainnae a1dveamasadiegiudunivasnnlualLadigeunimvasnfiniu
wanadmuenswuaInnasluseiunUasade Lagsiidvemasndlogruduiiiiunie

WUNINRDARRAY kEAIITNUEENLLIaInnAIdlusEauliUannsie

AN 2.5 gansiadevetsnulasanasludnuasalll GT [16]
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2.4.3 YANTIAABULHUAIANAN GPO TM KIT

YANTIVADUYIAMUAIANAN GPO TM KIT 1JUgansI9a0 U9 LuaInnag
Tusnaalsidiiannlasesdmandunssy dldnmaaeviuduriinveensuuasia 4 nau léun
nqueasunluneainn (Orsanophosphate) nguAIsuUN(Carbamate) nqulninsoud
(Pyrethroid) uagngueasunlumassu (Organochlorine) Tuin waldiwazSwyiiy Inglun1snaasuy
dusvengwuaingusasunlunaaiauwazaisuium glEudnn1suenansnieTowly TLC
LazAIREBUMENMSUATeAuasfifleliAng funnmueieiusasnguessunluloauis
WAZAISUIN FeLiLaUINaY (Spot) dvruuusy TLC didlugishuuaingueasunluaaesu
waglninseen aldnanniswenansmeudu TLC WuReInukazIeiINIIATIERUAILNTT
vuFAsenfuarsiaiinazduasginanueindu 256 unluins WiolfiAnd dmiany
gaiusasnguesiunluaaeiuLayininsesd asifaunuaanau (Spot) Wudmthmaiduias

YUY TLC

A 2.6 YansIadeusiwiasanasludnuasnall GPO TM KIT [17]

91n35n1579na179903ganadeusIgIbtastudnuasalid1edu 9wy

I IS4 a

fin1sldnandeeniinisnaasuniginiesliadnsizviluriesdfUans wddelivelde A
fvuneungeen aesldaunsalvazarsiadlunisitasiendnuiuain waziin1ss189u
HAN15ILAIIEUN A LUTIRUA NS o AIUSIIAAIATIRRlaWITY Bnvsdildanunsansiain

ggiwuastunieauule
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(% [
v v =€ o [

seuIilrinuidedaulanasiuuiganegeuaisuisauuundusiuiuaunininu

a

TngAnindsnRautuasided fe linaliasziiignsies sansa ds1mgn Tdarsiedlunis
Baszilnnatey wazanusannmllufuiRnulunaauuls lneerdenisvieuveseoulesl

TAduLpaaLsanilmIuEenIziaNzasluAIsuIsa menannisnislulawulwes

2.5 lulawwuwas

Lulewuiges Wugunsalnsradanisdinimiieldlunisnsiadnsiziasdig

o

981991 N12L1299 IeUTEnNoUAly 2 diu Ao TaAT301W (Biological element) ha

[ [

Aindey gy ad (Detector) lneNTan¥IAINALa1U1TATUAUAITNADINITILATIEY
98199 UNI2191299 F29813380T0 W W uleld wouRved nsadanddn wieRduLe

= aw 1 o 8 ¥ a Ql' = I~
Glfﬂllaﬂ'ﬂmgﬂalﬂLLUULLNQ@ILLQLLaSaﬂﬂ@JLLQ ‘VHI‘WLﬂ@ﬂ'ﬁL‘UaEJULLU@QV]'Nﬂ']EJﬂ']WVﬁ@Vl'NLﬂll

Y 9
'

Faflanwazianiy W dldneseu asvlalud anuseu uas @ WWudy annduniswasuudas

2

1 o

MAnTutuazgnildsuluiludygialiily udiussuradinsiaindygiaiiiatu (18]
wananan1nd 2.7 @eludagdululewuiwesiagniiuidssyndldlusudiusiig q
o ¢ v N 1 1 I v =~ & aada
AMUNITUNNE AUFRIRGONRALAIUGNAIMNTTY [19-20] WD usu 1fieeanJuisad
Anulidnsgias fnnudnnizieigas fausamialunisasiadn (21 virldnaila
Tulawuesilundouinanldfiuunniu

- loseu uia

D‘D
o ©

 Wsmeu

a
D , d
m = |
f LLeds
ANUTBU
Fn32979 fruUasdyaod
P = asiidoamsianei ‘ wer || = éhsunou

2 2.7 arUsenauveamaialuleiwues [18]
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nMsusUszinnveslulewuwesmuiandinmiliutaeenidu 2 Ussian fe
wonAddlulew a3 (Affinity biosensor) lnsadeueuvafduiandininlunisdu
Auleudlauuazrzaglafinlulowuwes (Catalytic biosensor) [22]

avazlafnlulewuiwes Wumaialulowuesnldoulelifutandanimn

Tnsoulgdiazissufisenlandndug waznsiainnisasuilasdinanlaeldfiingiadn

Y =

A a .:4' A a X & = a o eda X
N INZFNREAS P Iﬂﬁ@ﬂ@qmﬂqﬁLUaﬁJULLUaﬂwLﬂWGU‘UQ']ﬂa'ﬁm\‘iWUWﬂﬂiﬂﬂﬁiama@ﬂm%WLﬂ@lsUu

Y

v v

wulesfiduarsdaluanaiiadietulaedddie douweluanalvng Adudou
flusAuduesduszneundn lnednsnesiluderuduaisgnvinniiisesufizomand
lisnsnsalunisifinufisensstu dusnaiideni active site osdufuduanm
(substrate) Fadvalnsnazsosiilassaiisfimanzmoiuioulus iloudnuaurveignnyus
(Fuamsn) Auusingua teule) Faduvinadinizinizas SowaseduufAsen ansdasiu
wngreananuInasweteulyd vinlveulednduinegluanimby [23-25]

wulssiladueameisaidueulsdiviiniilunisaatsarsesdfaladu
?fqt,i“]umiéf’mawiumidmizLLaﬂisavaﬂé’qai’mzLLazLﬁalﬁ'a?ﬂuﬂ Tug1ene Ty
Tusrameuywdagnuioulyiladuioawoisd 2 Useinn fe Undialaduloanalsa
(Butyrylcholinesterase, BChE) uares@falaauladineisa (Acetylcholinesterase, AChE)
126-27] Insilloulssiordfaladuoamaisagnadistuumfoutunisadiadiafonuns

ca W 1

FadueuledNdveguuuinaiivesuinusesieveslaisuszam danuduniziaizas
Tunsimifiaansezdfaladuiivasesnunaindatgdssain [28-29] anunsanuls
Tuwadidadonuns wadUszaim lnseuluiuindgndudadaesisuuasnguaifuis
waznguoasnilueamn fuduluaifediddouledesdfaladueamosaduiueg
MTINNUBIATTUSA

wulydozdfaladuieamaisa Wuleulvduszinnasnzladnlulawuiyes
anunsaurnUszandldlunisnsianiaisuisaeidenisinauvsseuledladueanelsa
Tnsfoulsiladueamelsaszissufisenlalasladavesesdfalnleladu Iindnsusidy
”lmiaiﬂﬁuﬁwg‘jﬁ%mﬁ @) dlowuans 55 lalnleda (2-lulnsiuuledn weda) n3e DTNB
asiazyhuFAsentulnleleduiildunanufasendredy vildlduanduedu siuesuaula-

2 hlmsiwulsdnue®a vide DTNB daduasdmdes dsUfAzendl (5) [12)
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AChE

acetylthiocholine + H,O —>  thiocholine + acetic acid .. (4)
thiocholine + DTNB —  5-mercapto-2-nitrobenzoic acid .. (5)
(Yellow)

A15USa dadnuaruisatunisdudinisvinaiuvsaeuledlnduiedinaLsd

L4

fMundiasunsalusieg1e Asuisaazdudanisyinauveaweulvilladueamelsa vinlaules]
% 3

Lannsaissiselalasladaszdfaladuls Juilmnaufnsenlatesas danalindnsiouei

MNATULDYRIN I

2.6 NMIATIVIAUVUNTLAY

Mndosiveditang 4 lumsieszimansunsa wlilunuddedaulefiosiamu
yanadeUAUTFaLUUAG UL AUAL YN lagendunisiufAseuasnsasudvesans
finsaiavunszay wagviinisnsaialasldaunsnlvy lastagtunsasaianuunszaiy
Jouldlunisiinneinivinnaaisdng 9 iesannsnsaianvunszaiwdugunsal

[y [

fltnszamdutagmanlunisaine annsadvuavouauinansaiald Tasiisnisuan
filsigsen lisndusesendgifmnusunglunsnsaiasey fsagn ausainimngs
nsziliedresinds Warnialiuazarsiieddluvsuiaives uazaiuisanann
Wl#lunsamatalunieauuld Geiinisuszgndldauldedrmanuaneanadiueinis
Aawnmdenuazianm

lulae. 2007 Martinez wagany [30] lindngunsainsiainuuunsentuwlngasng
drufuainnedwesfidauvildyevii (Hydrophobic barrier) Uunszatwlasutinns il
AU ATARIY 9 19U WUUNITAALYg (Paper cutting) [31] tnallalWlndlnnsW
(Photo lithography) [32] nsAufi&astimiinda (nk jet printing) [33] 13 uW a8y
(Wax printing) [34] n1sfiu@nsu (Screening printing) [35] I@ﬂiuﬂ’lia%’mqﬂﬂiﬁm’ﬁﬁﬂ
wuunNsEATLAavmAtla nuitddefuasdaidedniu wagludagiulalinisussyndld

gunsalnsratanuunszatvluniIsinsizinUiunaansdne Weswinilunadaiiny

a

AINNAINIT AU
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'
a0

NNUITBNLHU I sTRudnTTalugunsalnsiatauuunseany
WUz gndld ety fansraianiaaiilaiin (Electrochemical detector) [36-37]
LardaIn51930N193 (Colorimetric detector) [38] lnafinsaaianied 1Hudsaualuld
9613909199919 1o uitide awisaveniunisdsuslavesdlddisnndan
Felutagtuldinininadosauny ndosdranm wazauninlnudmiunmaiadiiiagy
NUHAT81619 9 wazUszunanaiiintudiououndindy uilfiAnaanusinis
TumsiaTzi

NUITeVDI Meng wazamy Tul aA.a. 2015 [12] lavinswaunlulastwnanadn
Fatunldlunissudiunmdvesensunasnguesinilureama lagldiadosauny
Hufns9tn Geordonisiuveseuluiladuieamelsa ian1svinu §ATenldnan fouei
Duansdndos anntulszanananalasldlusunsy Adobe Photoshop CS6 anuiniad
fiuszavsnmiisuhAuiSanlasinlawasniideudwnauasiinududon widsldaunse
wnwluniaauule

Mou Fernandez - Ramos wagAnie [39] Lavitn1swaiuigunssluuunssny
mMetanmndmsunsamengnuadiuani luaddeldadaaunseanvlngedenisina
voseulgiledueamnewsa wavldduiimmesilusasmune pH FailnAsdsetulunsd
ffionsusauaglifioshuias nduldndesdesiibusnsainniglundesliiifvasa LED
wazrtinshaszinmdlalaeldroniuag Image J Fanudraiuisodinsiziengiuuas
TeluySunanios fanuidies wazinnugniesgs

upnINTU Montali wazaniy [40] TdvintsWanigunsainuunseauiiwuld
Tnsandenisviauveaeulyiindueamesaioldlunsasamengnuuas Tnevhniseenin
Tungesiiadrduuasldauininudusingsatn Sanuiiauisodnszdinensiuuas

v

eiogne39nL5 wariiten Ae Tdudie wnwldazain wazddunue wadmuianlunisine

6

Failnanetuneu villdazanlumsnsian
FadulunuafeiSaulafesfmuganaaeuaisunsawuundudamfuaunsnlny
Tnsordendnnisislulowuweslunisinuveseulelpdueamelsaniianuanisianzas
fuansunia wagvinisnsatediifetuanyanedeudeneundindudmsvainsaly weld
duduimsgdansunialdedisdhedu viliiAnauazain saaa Warseilunisiesied

USunautles wazdsanunsannwiluuuiauluneauula
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U 3
35ALHUN15Y

3.1 d@15A3

3.1.1 ezdfaladuieainelsa (Acetylcholinesterase, C3389, EC 3.1.1.7,
Sigma-Aldrich USA)
3.1.2 ezdfalnlelaau lelolas (Acetylthiocholine iodide, Sigma-Aldrich USA)
3.1.3 55-lalnlada 2-lulaswuuledn wadn) (5,5 -Dithiobis (2-nitrobenzoic
acid, Sigma-Aldrich USA)
3.1.4 A15U13a (1-Naphthyl-N-methylcarbamate, Sigma Aldrich USA)
3.1.5 wanaaau MIPK (MJPK test kit, Higher Enterprises Co.,ltd. Bangkok,
Thailand)
3.1.6 ludsulalalpsaueasinveamn (Sodium di-hydrogen orthophosphase,
Ajax Finechem, Australia)
3.1.7 lalgrsulalasiauensivnedins (Di-sodium hydrogen orthophosphase,
Ajex Finechem, Australia)
3.1.8  @1savaruweamaUninesAdudu 0.02 Tuans fiew 8.0 wisulaain
asazay A arsazaelmfsulalalasiausesinieana Auudy 0.05
Twand wisulneddedoulnlolnsiouessindeame 7.80x nfu USuUsunsaaetinau
Ju 1,000 Tadans
arsevany B arsavanelalufeulalasiausesinweams Anududu 0.02
Twand wisulnedilalaiionlslnsioueosinneama 8.90x n¥u USudsunsaeuindu
vJu 1,000 Tadans
HaNasazany A Usuing 47.35 addns asluaisazaiy B USuins 2.65

fadans USuusuinsaeuindwdu 1,000 faddns wazuSuiitevlilaiey 8.0
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3.2 \Asasiiauazaunsal

321 seadslniimedondsumia (Analytical balance) JU AZ series
(SARTORIUS Instrument, USA)

322 ﬁa‘u (drying oven) U Loading Model 30-750 (Memmert, Island)

3.2.3 lulastius (Micropipette) aum 2.5 20 100 way 1,000 lulasans (BRAND,
Germany)

3.2.4 lulasiwunsindfiag (Microcentrifuges tubes) U119 0.6 1.0 Wag 2.0
Jaaans (Molecular Bio Product, USA)

3.2.5 n3esdloTaarulunse — a9 (pH meter) U Model UB - 10 (Denver
Instrument, USA)

3.2.6 nszaulasuilans i (Chromatography paper) Wweas 4 (Whatman, UK)

3.2.7 aauwaadn (Plastic cassette, Serve Science Co., ltd. Bangkok, Thailand)

3.2.8 nassiunasdmiuldldyanaaauasuIsanuunay

3.2.9 aursniniy ﬁq'u Shine Lite 5080X (Alcatel, France)

3.3 /N1VAABS
3.3.1 MIDBNHUULALAS NYANAADUAISUITALUUATY
33.1.1 YAVAAOUANTUIRALUUASY
YANAFBUAITUITAUUUATUAZUIENOUAIY 2 dau Lok diuaiuay
(control pad) wazd1uA19819 (sample pad) a519laeldnszarwlasuilansadl wes 4
AnbduIn 0.3 x 0.7 WuAWAS kaztunfauuskunalainla vuin 0.4 x 6.1 LBURLUAT
Tneldinunmassiidududen niudszneudfuadunanaiin fsamd 3.1 (n)
3.3.1.2 ndewiunasdmiuaenIw
a¥unaesiivuasdmiuldlaganageuaiuzauuundu iodenw
fluwnn 8 x 8 x 10 lwufluns uagiveanauduvudmivaesuseauiimlny ieduiin
sUnmvsAnAdaUAITuNTauUUAdY nolundesiivuasazivasnl LED iieniuay

wasn1elunaas AanINd 3.1 (¥)
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N. MIPRNUUULATATINYANARDUANTUITALUURGY

AAUNANERAN
dudiege dwmuay
X wNuwanasnla : ‘
nsrAmElATUILANS I e
Y./ ’ ’ =)
ARUNAERN

9. NTOONLUULALASINADINUAIEINSUANENIN

AW 3.1 N1TPONLUULAZATINYANAFEUAISUITARUUATU N. YANAADUAITUISALUUAGY

ANSUATIIMIUSUIUAISUNTANHNASLURN kA 9. NABINULAIANNSUAENN

3.3.2 MIBIUAIANUINAUYANAFOUAISUSALUURSUMELaUNELATY Color

Picker

Tunsiiaszsimeaniunia lneldyanadeuafuidauvundufiadstuty
slddvesasnansnaiintusandieiu Inglunddedldueundndu Color Picker uld
Tun1sasiatariaudud Red Green uae Blue 209asnanfngifiiat uuuusnans9in
Fatu Fedndudendonsruddfimunzan lneviinisasiainaisazatsezdnalnlelady
Tololad AuTuduaiee 6 AUty Lawa 10 20 30 40 50 way 60 Hadnsu/daddns
Mntutenmieausnlny lnedurouniserumanududuugmnaaeuaiuniauvundy

AeLaUNdLATE Color Picker agUsenaumigtunaunail
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(1) \WUakaundwdu Color Picker

(2) Lﬁ@ﬂl@ﬂauﬁagmumwmLL@UW%Lﬂ%’u Color Picker

(3) oA MEnEYRIYAMARBUASUNTaUUUAGUTIRBINNTEUAN

(@) 14loABUVUUTIUATIVIAVDIYANAADUAITUITALUUATY WAz 1UAT
ANUUUEYDI R G B

MntfuhAreuduafisuldluaadunsnansgiudunsiuansaaiy

> (% s 1 1 ¥

fuRussEniAANUdE waza1audutuYesasaraleu1n gL nedinuein1sia s

- = Ay Vo o PN
Ao deNAENIYA1AUTY (Slope) aiwian

JunauN (1) JunaUd (2)

JUNDUN (3)

Settings

Disable Ads

AN 3.2 MIBUAANUTNFULYANAFEUATUISARUUASUMEKEUNEATY Color Picker

32



333 MafnwIanENEaNYeINIE NYANAdE UATUITALUUAY
333.1 gavpdiuanzaslunmsiiaufizen

AnwigungfifimuzanlunsiinufAsofigunad 32 37 uaz 40
pawalligad insnaasdlaelinaisazaie 5,5 alnleda (2-lulasiuuledn weda)
ANt 5 Tadnsu/Haddns Usuns 1 lulasing aquuusinmmuauveanaaeun1suIsa
Luuadu udsandudivnaisazaisieuleiesdfaladuieamoisa aradudu 0.4
giln/lulasans Usuns 2 lulasdns wazansazatvezdfalvleladu lelolas Auidudy
40 fiadnfu/dadans Usuas 1 lulasdns thyeneaeunisusanuundudgdeuiigunal
32 37 wag 40 ssrneadea WWuan 20 wait anduneidiliiAaujasen 2 uni
thyanageuaiuTauuunduluanainanuduvedildlagldauninlvy inasilunisden
anmefimnzay Ae Wongamgilumsiiaufisenilimnududgeiian

3332 anududuiimuizauvesaisazane 55 -lalnleda (2-lulns
wuledn uedn)

AnwanudLtuilmnzauvosatsazate 5,5 - lalnleda 2-lulas
wuledn weda) Aenandudu 13 5 uay 8 dadniu/dadans insveasslagdiunansazans
5,5'- lalnleda (2-lulasiuuledn wodin) MUY 1 3 5 wag 8 Taansu/dadans audnu
Y3110 1 lulasdng asuuusianIuANUeIganAd@auAIsuITakuUAGY nErnEudile
ansavanglouledesdalafuleamelsa anududy 0.4 gie/lulasing Ysuns 2 lulasing
wazansazatuevddalnleladu lelaladAdnududy 40 Tadnsu/liaddns Usuns 1 lulasdng
ihganaaoua1fuEakuUaduigouTionual 37 esmwaldea Wulan 20 wiit andu
N BIRANUARTE 2 uifl diganeaeuasuBauuuaduluaTaTaautuve ALy
Tngldaurfnliu inasilunisidenanngdivanzay Ao @enanududuvesaisazate
5,5’- lalnleda (2-lulnsiwuledn wada) ﬁiﬁﬁhﬂamvﬁmﬁqqﬁqm

3.33.3 anududuiimngauresansazaneyifalnleladu lelolad

Anwwavesmuituduiimnzanvesasazarwezdnalnlelady
leloladiianuidiudu 20 40 60 80 way 100 fadn3u/dadans vnsmaaedlastiunansazais
5,5 -lalnlada (2-lulasiuuledn wadn) AUyt 5 Jaansu/dadans Usuins 1 lulasang
AIUUUTIUAIUANTDIYANAADUANTUTALUUAEY ndsanTuTiunaisazaisioules]
azdfaladuioamalsa Anududy 0.4 giln/lulasdns Usuns 2 lulasing uazansavany

azdmalnlaladu lolalamA1uwdudu 20 40 60 80 way 100 Hadansu/dadans
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Usues 1 lailasdng dyameaeumiuisauvunduingeuiigamail 37 ssmwaldea iduna
20 unit a1nHuedisilHARUFATEN 2 unit dganaaeuatsuIsauuundUluaTINTA
anuduvesddlalasldausnlny tnasilunisidenanizfiviuizay fe @enaududy

yosansavareozdnalvloladu leleladfilsiannnuddgeiian

3334 afesiivinzauvesasazasiouluiosdfaladuoanolsa

Anwefileriimuzauvesaisavarsiouleiosdnaladueamelsd
Tna@nw1fifiies 7.00 7.50 8.00 waz 8.50 M1ua1sU Bin1snnasslaediunaisazais
5,5 -lalnlada (2-lulasiuuledn wadn) Auuty 5 Jaansu/dadans USuins 1 lulasdns
AIUUUSINAIUANYBIYANATDUAITUITAUUUASY n¥ndulivnansazareiouluiesdfa
TnduLoamelsafifitey 7.00 7.50 8.00 uag 8.50 ANd Iy Aududy 0.4 giin/lulasans
Usums 2 lulasdng wavansavavesdnalnleladuy lelolanauidudy 40 Sadnsu/dadans
U3 1 lulasans thyameasuasuBanuundudideuiionmgd 37 ssmwadea unan
20 wnd andureisHAaUGATe 2 undt dganeasuafuFanvuadulunsaata
anuduvesdilalaeldausvlny inadlupsidenannefimuizay fs dona1fiovaes

asavanelevluiovdfaladueamelsanlvimanuitudg ian
3335 nafimunvanlunisdudinisvinuvevouleiesddalaay

L0aLNBLTd

Anwafivunzanlunsiudinsvhauveweylviosdfalaay
odamaLsd 1181 13 57 waz 9 uadl vnrsneseslaediunaisazats 55 lalnleda
2-lulasiuuledn Ledn) ANNdY 5 Hadnsu/dadans Usuams 1 lulasdns asuuusiie
fre819v03ANAaUAUNTALUIUAGY ndsantuTlidaatsasaisieuleesdfa
laduteawalsa Anuuduy 0.4 glin/lulasdns Usuins 2 lulasdng a1sazatsnisunia
fanududu 10 fadnsu/ans Usuns 1 lulnsans wazarsavasesdnalnleladu lelolas
AUNDY 40 adnTu/Naddns Ysuns 1 lulasdas dhyanegeunisusauvunduidigeu
figaungdl 37 ssanwaidoa 1unan 13 5 7 wag 9 uiiauddu digeanaaouaisuiia
wuundulunsiataanudueesdfilalagldaudniny uduwlanaidudedidudnsduds
nasilunisidenaneimuizay fe denarlunisdudanisiiauae sioulesi

pygfaladuamalTanlviA1AUIdNdgINgn
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M19197 3.1 wansan e vaadlunIInSIINAITUITAMEYANARUAITUITARUUATY

annENAn NINAGDY
1. gumginvunzaulunsiiauisen (esmieades) 3237 uag 40
2. ANUNTUTIINE AL YDA TATANY 135uag 8

5,5’ -lalnleda 2-lulasiwuladn wadn)
({iadn3u/liaddng)

3. it uiivanzauvesansazay 20 40 60 80 uag 100
pxdRalnleladu lelelan @adnsu/Aadans)

4. perTinzauvesasazateieull 7.00 7.50 8.00 uag 8.50
DyTRAlATULDALDLIE

5. nawnzaulunsguganisyinauuesoulas 1357 was 9

eTRAlAAULDAYBLTE (W)

3.3.4 AnwUTEANSAINYRIYANAADUAITUISALUUARY
33.4.1 AnwiATIgUaNAReUAISU TALUUNEY
1) msvidnvesanadeUATUITALUUAY

W13 3YANAABUATTUITALUUARY T1IN15VAADS
lngUinansavane 5,5 -lalnleda (2-lulasiwuuledn weda) arududu 5 Tadnsu/dadans
U3uws 1 Tulasdns asuuganaaouaisuiiauuundy wisenduliunaisazasioules]
avdialadueameisa andudy 0.4 gln/lulasdns Usuws 2 lulasing ansazangn1suitg
finududu 10 fadn3u/ans Usums 1 lulasang uavansazarwerdnalnleladu lolelad
AN 40 Hadnsu/Aadans Usues 1 lulasdng idhganegeuniiuisauuunduidigeu
flguundl 37 osmnwaifoa Wua 5 undl in1smaaesdn 7 afe nieldaniasifiondu
Mnduthyemaaeuafuanuundulunsaiaauduesdililagldaunsvivu uduana
Husnvefiduinisduds ihandefidudnssudaildldmumumerdideauumnsgiu

Y-

s L3 [ A ! 1 ~ U v 6V 1 a
AUNND LNEUNNIIYBUIU AD ﬂ']ﬁ’l‘LlL'UENLUU@J'W]ig’]UﬁNWVIﬁG]ENI@JLﬂu 5 % [41]
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2) MsmMuTveIyANARRUANTUITARUUREY

ANWIN1IMINT TN AGEUATTUNTALUUARY YIIN1TMARDS
netiusansazans 5,5’ -t lnleda 2-lulnsiuuledn wadn) ALY 5 Haansu/dadans
U303 1 lulashas asuugenaaouaisuiiauuundy vdsnduliunaisazarsioules]
avdialadueamalsa anududy 0.4 giin/lulasdns Usuns 2 lulasing ansazangmisuita
Annandudu 10 fadn3u/ans Uiuws 1 lulasdns wazansazargezdfalnleladu lolelad
AUt 40 fadnsu/Taddns Usuins 1 lulasdns ihgavegeunisuisauuunduidigeu
flgauvindl 37 asmwaiBea Wua 5 Wil vhn1smaaesn 7 afs meldaniiznismaaesi
uandeiu Wy Wasuinaaemiewdsunailunimeaes andutiyanaasuaifuida
wuundulunsntaauduvesdildlaeldaunsnlny uduvanaidudiesidudnisiuds
iAnvesiduinsdudaitlalumumamerdiudeauuuasguduing nasiniseousu
fo  Adndonuunasgruduinsdedlaiiu 5 % [41]

33.4.2 Fanududunss
Anwgasanuluidunssdmiunisinsziniaisunia lagld
ansaza1sNInTsIuAITUITafauEudy 0.1 0.5 1 5 10 20 50 100 200 300 dadniu/ans
vnsnsaaianieldanngiivunzanildainnisdnuilude 3.3.3 diganaasuaisuia
wuuaduluasiataanuduresdildlneldamnsulny wdudanaduandesifudnnssuds
Mntuiildunasansmiinasgiusaninnuduiusseniravesiduinnssudatusany
duduresansazanenmsgiua1iuiia inaein1seensu Ae Ardulsyansanduiusassiodien
9851119 0.995 fia 1.000 [41]
3.3.4.3 YATNAUNIINTIINY

Anwmi1Tadinalun1snsianudnsuinsizininisuisa
Tngvinisneaans 10 41 neldanneitldainds 333 nduinisdaarsazaisuuasd
aTUUYANAga AU auUUREY thyaneaouasuTaluundulunainauduuesdnls
Tneldauniving viin1smnaes 10 41 disitldannmeaesndiuamadudosuunmnsg
Wionnduaminidnlunsesiany Ingldgesindrdalunisasiany = 350/m (ile SD
Ao drudouvuinnsgiu, m fe Anwduresnsmuinsgiuannisaneganududunsy)
[42]
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3.3.4.4 AAAIUNIINTIINULTIUTU
ANwIMITATIAAluNISATIINULTIUTUIUNEMTUTLAT 89
mensunia Tneviniamaaes 10 1 meldannedldannds 3.3.3 vntwhnstieasazane
LUAARIUUYANAGOUAISUNTARUUASU thyavagaunisuIsalkuunaulunsiaiannuduvesd
flétaeldausnlny n1smnans 10 81 draAlEann1snnas s diuan
yandeauunnsgiu emAwumindidnlunisasenuidaiun neldgnsdadia
Tun1sasaanuiBausanal = 1050/m (e SD Ae druidosuuninggiu, m A ANty
YDINTIMLIATFINIINNFANITANUTUEURSY) [42]
33.4.5 AUYNABIVBAYANAABUAITUITALUUAGY
ANYIAUYNABIVRIYANAABUAITUITALUUATU LaBNITNN
Wosidudnslindudu (% Recovery) lngnisiuansaraeunsgiuafudanaududy
1 findn3u/ans aslufetenss meldanezdimuigan mnduiidildainnismaaes
luaunilosiduinislanduau neldnsimuinsgiuvesaisazaisuinsgiunisuisa

\nauainIsEeNsy Ao Weddudnslinauriuseeglugae 80 i 110 wWesidud [41]
Wosiurnislandufu = [(Csp-Cs)/Calx 100 .. (6)

Iy Csp Ao ANNINTUYDIHIDE NMANAITUINITFIU
Cs  fio mnuuduyemaganliloivasuinsgu

Ca Ao AmNUNTUIRIEITAzaIeuInsgIUTALlufBE1

3.3.4.6 919MIITNUVBWANAFOUATSUNSAUUUASY

lunsimsermeaisuisalagldyanaaeuaisuisaiuunguy

¥
sl o

Y933l andenannisniclulewuires Inuldieoulydlndueamelsanazaisndl
Tunsifnufiserfuaisuiia fefunnueniifivesouleianasardinanenisnsiaia
FohnsAnwiengnislinueuludvesmaaeuaiiuntanuundu duneuiidnulunuifed
laviinisnsiainnisneuausmne dla1v luan1ien1sneaadfsdiuy AUNIINITABUANDY
avanas lngifiusnuwieulesifiguvgll 4 ssanwadoa annduiidianududdlsd
mnnsasntalundazduaiiun nuvedidudnisdudwesganaasuaiiunsanuundy

lnsiualiain1sneuauesdla1in 1 vesgavadeuasuisasuunduivsednsaimiy

100 wWasigus
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3.3.5 NMTIATIEINIAISUITALUAI0E1993

dioldyanaaauniiuiFauuunduuazan1ieniamaasfinangauudn
thyanageuarfuTauvunduiililunmainariuiialufienenis dregreild de dnan
lngyinisaninasusalufiiegns 9198935n15aAN19In Obana wazane [43] lagldsiagi
fnanuTuna 1 nfunaufumiueayiines 1 faddns thlvunaziBeameiniesseludlues
Funan 2 undl anduhweanaslunses ivansavanedinlaly vransazanedildluiaszs
mASUTadeyanadoun U aLUUASUTIRANTY

N153ATILNMIASUITALUAIDE19939 n1snaasdaeliunarsazany
5,5 -lalnlada (2-lulasiuuledn wadn) Auuty 5 Jaansu/dadans Usuins 1 lulasdng
aNUUTANAdBUANTUIaLULARY ndantulinarsazansiouledesdfaladuieamolsa
Aty 0.4 gile/lulasing Usues 2 lulasdes uazansavanemedauiungs 1 lulasing
wazansararsesdfalnleladu lolelas aududu 40 Tadnsu/laddns Usuies 1 lulasdns
thyanadeuariuanvuaduidideufigumgdl 37 ssawaidea WWunan 5 uift aandu
MR AT 2 il dganeaeuasuBauuurduluaTaTaautuve ALy
Taeldaunsniny thannududildnmuamenududuresaiuzailinnnsmainnsgm
WisuifisunavesyanageuaIfuIaLuundudmiviiasginiaisuitatunailaain
YANAAOU MIPK Uag UPLC-MS/MS
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unil 4

NANT58kazaNUs18NE

4.1 WANITORNUUULAZNTASNYANATDUAITUITALUUAEU
4.1.1 YANAFOUATUITARUUAGY
HAN1TOBNWUUKALNITASNYANAGDUAITUITARUURSUA ST URTIIMIUT U0
arfurTafinndnaludn azUsznevuludae 2 uiaw LFuA uTinaaruAy (Control pad)

LAZUIIUFI0E79 (Sample pad) fanwi 4.1

VINUAIUAN  — ¢

USUAIDEN —> o | l

AN 4.1 YANAFRUAITUTARUUATUAMTUATIIMUTINUANTUISaNnNAaluln

4.1.2 NABINIULAIFENSUINENIN

Hantsasianaesiusasdamsuldldyanageuaiiuianuundu viveld
d1viudrenin lngiidesdniuldyannasuni1suisauuundugIaIngIuNaeeduin
10 WwuRlng wagdesnnausuuudmsuaeguniegausnln ietuiinguninvesyanagsy

ANSUNSaRUURaU Melunassliviasnl LED f9nIni 4.2

g

a ! = o U 1 s a U ~ J
ATNN 4.2 ﬂaEN‘Vl‘ULLﬁQﬁWMﬁ‘UﬂLﬁGQWVI@ﬁ@‘Uﬂ']TU'ﬁE‘ILLU‘UG]@‘ULWEJQ"IEJJT]W
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4.2 WaN1381UAIAATUTUUYANAGIUAISUITALUUAAUA8LBUNALATY

Color Picker
lun1sitasiginianiunsa agldyanagouaisunsanuunauiiasnaiudy

zladvasasuaniuanatuwanaeny tngluauddedlauikeunawmdu Color Picker unld

' 1%
a =

TuN15m5997AA1AULTNE Red Green Wag Blue 9898 1SHARAMNTLAATUUUUSLIINTIAIA
Frussndudeadensumdnimnyay
Kan1INAaniliaNnsnsITnasazaserinalnlelndu lolelas Aaududusing
6 ANULTUTY LA 10 20 30 40 50 way 60 daansu/daaans 11N15A5I39A
Tneldausnlnulundosiivuas wazsruataudud lnan1snaassdianIng 4.3 wui
alvenaudugeanfio Blue fanwdl 4.3 faduluniseudamunduduuganaaouaiiunia

LUURAUAEWaUNALATY Color Picker a¥81u%09d Blue

200 - S ﬂiaq Red
—— 99 Green
2 _
— 4o Blue R* =0.9829
150 4
w 100 4
3
3B
z R? = 0.8724
e —l
& 50 - A AR ==t S 2
€
< Y
RZ=0.9791
B S ~
0 T - T T T T 1
10 20 30 40 50 60 70
-50 v v aa a ¢ ;A a v a aa
AMUNTUYRIFsaTateazTRalnlaleau lalalan (Hadnsu/dadans)

AN 4.3 ANAUULEYD Red Green Wag Blue UUYANARBUAITUITALUUAGY

MELLaUNALATY Color Picker
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4.3 WANITANEIENTISTNMUILANVIIYANAFIUAITUITAUUUAAY
431 wamsAnwguvnifimzaslunniaufizen

Anwgumginumizaulunsiinuise ol 32 37 uag 40 asrwalded

Y A

HAN1IANYIMAAIFINING 4.4 nudmanududfintunugumvgil wavlva1aadudgaa

v o9

Ngaumndl 37 esmwadea Wesnilusamginunzanlunisvihnureseulelosdfaladu
lamala [44] uaziilegauunil 40 asmuwaldadzlinnuidudnanas e ngumgiingdu
sgluvianeuledliideanin Jainlieulediivss@nsainanas deludazuladn

UUOTIWINZaN AD 37 BeraLTYa

50 -

40 -

=

30

ANANULTUE

20

10

32 37 40

gaungil (°C)

MW 4.4 wansEnweamalinmuzalunsiau)izen
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4.3.2 wan1sanwiAutuduiiivuizauvesansazaty 55 -lalnleda
-lulsiuuledn wodn)
Anwinududufimunzauvesansazane 55 -lalnleda (2-lulnsiuuledn
Loda) finruidudu 13508z 8 Radnsu/fadans nan15AnwINARIRIAINT 4.5
WUy 1 89 5 Sadndu/fadans AmanuuEiudusuanuduresaisazane
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4.3.4 wansAnwmiesiivinzauvesasazasieuluiosifaladuoamesd
Anwafirfimuizauvesansavansieuleiosdfaladuioaneisa Weeain
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4.4 WaN15ANEIUTEENTAINVBIYANATIUAITUITALUUAEU
4.4.1 WNaMIFNYIANULNEDIYANAFOUAISUNTAUUUATY
4.4.1.1 NaMIANYINITINGIVBIYANAAOUAITUITALUUARY

Anwin1sviivesyanaaeuasusawuundulasldaisazateaiiunia

a

NAULTUTU 10 Nadnsu/aAs 11N15NAa0IE1 7 A9 Aeldani1tedeniu 1Ty

o [

UganaaouAIsusaluundulunsiainauduvesd@nlalagldauisnivu udiulana

[ 1

Buandesiiudnisiuds ihandesiiudnmssudaildluumameadindesavumnsgu
Furing wan1sneassfananslunisned 4.2 nuiflunisesiamusiueniuiiaiafosay
yesdudsauusmsgIudusivg witdu 2.02 Feegluriafivensuld lesanninaminiseensu
ldvos¥esazvesdrudonuuninsgiuduing ludreanududuszdululasniu/ans

wspaldiiu 5 % wansinisiilianuiess [41]

A13199 4.2 1aN15ANYINITYINY1VeIYANAFBUAITUITARUUASUA M UATIIMIUT U

A15U13a
Ased Andedifudnstiuds
1 8.15
2 7.94
3 8.24
4 7.91
5 1.87
6 8.14
7 8.26
Anade 8.07
ﬁauﬁmwummyu 0.16
drnudeunannsgnuduing 2.02
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4.4.1.2 HANNSANYINITNIUGIVDIYANAFBUAITUITAUUASY
Anwinismugivesganagauasusakuundulagldaisazatuaisuisa
NAULdNTY 10 TadnTu/dns i1n1snaaesg 7 ase areldaniizunndiany
nTuYAnegaUAISUSaLUUAaUlURTIITRR NN vesEN nlagldau vy uaauUana
[ ' §f = & v o ] ' § = (3 v o o ! ! a
WuAndasidudnisduds drandesidudnsdudanlalumuimmardiudotuuunsgiu

UNNS NANISNAABIAILAAIIUNITIIN 4.3 wulnluni1snsianIvsuiuaiIsuisa

e

a1 |

fiendudeuuinnsgiuduinsiniu 2.28 feeglurdinigeusuls Wewininaeiniseeusy
lovasfesazvesdrudesuuninsgiuduins Tudrsanududuszavlulasniu/ans

wsaliiiu 5 % waneinIsiinuTesge [41]

A19197 4.3 NANITANYINITNIUGIVIYANAABUAISUITARUUAGUAIUTUATIIMIUTUI

AISU3A
Al Aafidusnsduds
1 8.31
2 7.87
3 7.99
4 8.09
5 7.78
6 8.17
7 7.93
Aade 8.02
dnudeauumnasg 0.19
drnudenunannsguduing 2.28
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4.4.2 wamsfinwdisnnnududunss
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4.4.3 WNaMIANYIVATINAIUNITATIANY
HANISAN®ITATNNALUAITATIINUVDIYANAADUAITUITARUUAGUF1MTU
AATIBINIAITUITA tngldyanaaaua1suISakUUASUATIVIAAISUNTAlUANTATANELUANA
#an1snaaes 10 91 aeldaniisfimunzan diariildainaismeassuidiuaum
drudetuuninggiu euAwINmTadAalunInsIany nan1sAnuIfinged 4.4
WUINYANAABUAISUITALUUATUAIMTUTLATIZYNIATSUITA FTATAALUAITATIINY

WinAU 0.31 JadnsSu/ans

M19197 4.4 HaN15ANYIATIIALUNITATINNUVBIYANAABUAITUITALUUAGY

afad ANULTLTUTDIAITUIS AL UATATANBLUAIA
(Haan3u/an9)
1 0.18
2 0.21
3 0.21
4 0.16
5 0.24
6 0.19
7 0.17
8 0.16
9 0.16
10 0.18
Aade 0.186
drnudeauuinnsgm 0.027
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lngdndninnisasianumuinilaaingns
LOD = 35D/m
ilo SD e dhudsaiuuinnsgiuildainnisnsaia
m Ao AUt (Slope) vaansMaAsgILliIn ANty
A URTIDINALNITLEUATI y = 0.2585x + 5.1283 T4 m fiAn
Wiy 0.2585
el LOD = 3(0.027)/0.2585

= 0.31 488n351/a95

4.4.4 HanIANYITAIINALUNITATIINUTIUSHID
HAN15ANITATIANTUAITATIINULTIUTUIUYDIYANAADUAITUITALUUASY
dmfviinsginaiiviia lneviinismaaes 10 91 meldannefimangan vin1se
asaranslUasAaIuLLINMA I IATeanadeUATURauUUAdY thandildainnismaaes
11w AIu e uuNIATEIN e A uImmITadadalunisasianuideuTunm
HANSANY NUTYANAFBUAITUISALUUAGUAmMTUATIzimAsUITa HUaT1ARluN15RTI9

WUUSINAY Wiy 1.04 fadnii/dns Inedadndan1sesianudeUinamuinlaanngns

LOQ = 10SD/m
e SD Ae dnidesuuanasguildannisnsnia
m Ao Audu (Slope) veensmanasgrudliannsAnudennnudu
LHURTIINAUNITEUATI v = 0.2585x + 5.1283 3 m TiAviniu
0.2585
azld LOQ

10(0.027)/0.2585

1.04 4aansu/ans
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4.4.5 WNaMIANYIMIAIIUYNFBIVDIYANAFOUAISUNTAUUUATY
AN®IAINYNABIVIYANARDUAISUNTARUUAGY tnen1snidasiduninisle
N&UAU (% Recovery) inn1sAnwlagiduatsazatsuinsgiuaifuidaiianinuidudu
1 fadnfu/ans aslufed1anss meldannefimunzay andutiiardldannisnaaes

TUAIUIUNNUBDS T UANISIANAUAY NANISNARDILAAIAINITI9N 4.5 wulnUasidua

nslandufiueglugig 96 G 103 Feeglutiunaeiigensule feyis 80 fis 110 % [41]

M13197 4.5 WNAN1IANYIANUYNABIVDIYANABUAITUITALUUARY

Weasiguanisie
F0E9 AMUTNTUYRIAISUITa (Hadnsu/Alansy) nauAU
NOULFAL LAY NAALFAL
U5enlAd ND 1 0.78 + 0.02 99 + 0.60
ﬂwﬁﬁﬂﬁ 1.13 + 0.03 1 1.82 + 0.02 97 + 0.18
T1lneinsou ND 1 0.85 + 0.01 100 + 1.13
AYIN 1.04 + 0.01 1 1.80 + 0.02 103 + 0.66
ﬂ@ﬂﬂz‘ﬁé’] 1.03 + 0.02 1 0.96 + 0.02 99 + 1.20
NANIAYN 1.16 = 0.02 1 1.92 + 0.01 97 +1.43
NIN ND 1 1.00 + 0.02 99 + 0.39
ANNIANDL 1.05 + 0.03 1 1.79 + 0.02 104 £ 0.92
ﬂ’J’]x‘ié]:\‘i 1.11 £ 0.02 1 1.85 +0.01 96 + 1.56
f\L’JE:]ﬂEJ’l’J ND 1 0.84 + 0.01 100 + 0.81

ND = as2alanu
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4.4.6 HANIANIBIYNTITNUVDIYANAFOUAISUNTAUUUAFY
Anwiongnisldaueuledivesyanaaaunsuisawuundudmsunsraniusuiu
AsusananAsludn nevinisnsiaianisnevauawng danit luan1iznismaaesnednuy
JUNTINITADUAUDIITANAY NANITNAABILAAININING 4.10 WUIINITAUSIWIYANAEDY
3 a [ = a a a (3 L3 a A ¢ < [y (3
AISUTITaRUUARURLIUTEANS A MIUNNTIATIRIIAIS NS anadndie 90 Wesidunluduan
7 3uazvanasiioo ludun1vian 9 10w 24 1Uesidun tleannuenfinvesioulad

LTRALAAULDALYDLSAANAY
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4.5 WANNTIATIZHNIAITUIIALUAIDEN9D3
deliyanaaeunfuiiauvunduuazaniznsmaaesiimngauids thyanagey
afutanuunduilalunmataaiuzalusediante Wun viealad nevaud dlneilngou
Azt Aennzudl HNN1AYTY Wi HAn1Anen N9 wazdalnes Tunsnsiaiasies
yafuiaasiinisnaassngldaniis s ax mﬂﬁ'juﬁw;mmaaum'%m%aLmeé’U
Tfnaanuduafiaatulasldndesfivuasazauisnlvy daanududildunduom
yarduduesaiudadildannsminnsgiu WisuifsunavesavadeuafuIauuundy
dmuiiaszinaniuiatunadildainyanaaey MIPK waz UPLC-MS/MS Han15nnaad
wAnITaANT197l 4.6 wudganeaeuAISUTauuUAR TR T uansntha lflunsn s T
a1unTaludnldats Tnsasranunisuuitiouvesaiuiialunsvdiud azdh aennzudd
ANNIAYTY HNNAvied kagn319ae Tudneanududu 1.03 - 1.16 dadndu/Alany laeilusuimn
LilAuarimuaUIuugsgafioygnlinndslalundananisinuas ielUdsuifisunanis
AATILVAIEYANA@DU MIPK Uay UPLC-MS/MS wuinlvinadenadediy uiyanagay MIPK
Tinanshinszsildludmunmsinby fefuasldigemeaouaisuidawuunduiiiamiu

[ J [ A

TU0ANIN IS990 4.7
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M19199 4.6 NSUSHUTEUNANTIATIENTENINYANAZEUATSUNSaRUURSUNTM N UY
AugANAaeU MIPK wag UPLC-MS/MS

ABENS YANAABUAITUITAUUUARY YANAADU UPLC-MS/MS
PN MJPK (@aansu/Alansu)
(faansu/Alansw)
uSonlaa ND ND ND
nevdud 1.13 = 0.03 D 1.15 = 0.02
TlnalnooU ND ND ND
AU 1.04 + 0.01 D 1.07 + 0.01
AONNEVAN 1.03 + 0.02 D 1.00 = 0.03
ARRRILIRS 1.16 + 0.02 D 1.20 + 0.02
3N ND ND ND
RNNIAYDY 1.05 + 0.03 D 1.03 + 0.02
11969 1.11 + 0.02 D 1.08 + 0.02
e ND ND ND
ND = @539lidnu D = @52anu

A13199 4.7 N15UTEULTIgUUSEANSAINTENINNYANAFRUATISUIT AL UUASUNRRILITURY

YANAFU MIPK

Hadeiifn YPTAFOUATTUTEAUUURSUTIALNTY YANA@U MJPK
HANTIATIEN WS \BIAMNN
USunauans 4 lulasing 10 addns
5701 15 um 103 U
nanillunsiese 5 Wil 10 w1
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ARETICLE INFO ABSTRACT

A test sirip cassetbe integrabed with a smartphone detector was developed for the colorimetric debection of
carbamate pesticides in vegefables. The influence of varipus experimental conditions was examined for the
detection of the optimam analytical performance of the test strip cassette. The test strip cascette detection of
carbamate pesticides was carried out by using 140 mM of acetylthiocholine, 13 mM of 5,5 -dithiobis (2-nitro-
benzoic acid), temperature at 37 “°C and pH of 84, The developed test sirip cassette platiorm is rapid within 5
min. Based on the inhibition effect of carbaryl oo acetylcholinesterase activity, the inhibition effect of carbaryl
was proporticnal io its concentration ranging fram 1 to 50 mg/L with the detection limit of 030 mg/L. The Emdt
af quantitative value was determined to be 1.0 mg/L. The spiking carbaryl, the recoveries were within 96-103%
and the relative sandard deviations were less than 1.86% The amlysis of carbamate pesticides residual in
vegeiable samples gave the resualis in good agreement with the most widely used commercial test kit and UPLC-
MS/MS method. The developed test sirip cassette required only 5 min for an assay. With the simple procedures
and tiny sizr, it showed a great promising for the developed test strip io waork oo-site for carbamate pesticides
detection in vegetahbles.

Keywords:
Carharyl

Tes srip casete
Smamplee
Vegetables
Carbamsare pesticides

1. Introduction methods have been utilized 1o detect carbamate pesticides, including

chromatography (14,15, spectrophotometry | 16,17, electrochemistry

Nowadays, insecticides are routinely used in sgriculmre o protect
vegetables and fruits from diseases, pests and weeds, leading w high
yvield and quantity in their production [1,2]. Carbamate pesticide is one
of the most commonly used pesticides in agricultural applications,
including cereals, beans, vegerables and other crops [3.4). Because of
the wide use of carbamate pesticides, their excetive redidues in foods
and caused serious health risks o the consumers [5.6]. Carbaryl is a
carbamate class of pesticides. Carbaryl shows high sctivity to inhibit the
activity of cholinesterase and may lead to malformation, mutation and
caneer [7,8). The maximum residue limits (MRL) of carbary] in some
food resources were sswed in different eountries. For example, the Food
and Agriculiure Organization of the United Nations (FAD) and the
World Health Organization (WHO) allows sarbaryl MEL at 6-10 mg/ kg
for apple and 5 mg/kg for tomato (91, while Thailand has st the MRAL at
10 mg/kg in vegetables [10]. Thus, sensitive, accurale and rapid
detection of carbaryl is necessary for food salety o prevent a high risk 1o
human health. The application of the analytical mathod for the derection

of targets in real matrices is importang (11 12). A number of analytical
* Carrespanding authar.
E-mail address: siriwand mail rmutt ac ih (5. Teepoo),

https:/ /doi.org /10,1 mcroc 21013

(1&,19], chemiluminescence [20.21] and Auorimerry [22-24]. The
methods mentioned above provided the advantages of high accuracy
and sensitivity. However, the operation of the above instruments needs
to perform by & skilled operatos. Thus, developing a simple, (a1 and on-
site @msay for carbamare pesticides detection is significant.

The et strip, & simple and equipment-free aseay, has been reported
that the technigue is rapid, cost-effective and enabling less resgent
consimplion |2526). The test strip i< a sirip of material such as papes
containing chemicals thal react o a cerain substance based on a

1 I sendor or b detection [27,24). In this work,
we developed a test strip for the detection of carbaryl using a biosensor
rechnique (denoted & et sieip cassente), which is being considersd
suirable approache for rapid and on-feldearbamate pesticides moni-
taring. The principle is based on the inhibition of acerylcholinesterass
{ACKE] by organophosphorus and carbamate pestieides [20-31). Most
of the biogensord for arganophosphorus and carbamate pesticide
detection rely on fluorescence [32 53], electrochemiluminescence

%4,55) and electrochemical detections 71, which on-site detection
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wad limited, A colorimetric detector i@ ideal for the consumess 1o
perform an on-site detection since there is no needs of skilled personnel
and the resulis can be visually observed. In 2015, Meng et al. developed
a plastic microchip-based colorimetric quantitation of organophos-
phorus pesticides using an office scanner (28], Cha et al., 2020 estab-
lished & colorimerric detection of pesticides using intrinsic ACKE which
naturally oceurred in extracellulas vesicles [39). The resulting absor-
banee was measired a1 650 nm using a microplate resder. In 2017, Guo
el al. reported a eolorimetric biosensor for the asay of paracxon in
al waaler ples using iodine-starch color reaction
regilting in blue color production and was then detected with a gpec-

photometer at the length of 572 nm [40]. The detection process
aof the above-mentioned methods was complicated and difficult for on-
gite pesticide detection. Recently, smariphones have been increasingly
aided portable analytical chemistry ools for on-site detection.

Herein, we developed a test strip casserte using AChE-based
biosensor for colorimetric detection readout with a smariphone and i
application for carbamate pesticides detection in vegetable samples for
the first time. Carbaryl was chosen as the model study of carbamate
pesticides 1o evaluate the inhibition bicsensor because of il many ap-
plications in agriculture. The activity of AChE was inhibited by carbaryl
pesticides resulting in less color production. The propossd et paper
strip casserte platform is given in Fig. 1. Based on this platform, the strip
win developed, optimized and applied as a simple. rapid and efficient
amgay for detecting carbamate pesticides residue in vegetables.

2 Materials and methods
21, Materinli

Acetylcholineserse (CI389, BC 3.1.1.7), acetylthiochaline (ATCh),
5.5 dithiobis [2-nitrobensoic acid) (DTNB) and earbaryl were pir-
chased from Sigma-Aldrich (51 Louis, MO, USA). Sodium dibhydrogen
arthophosphane and disod hydrogen arthophosphate were obtainad
from Ajax Finechem (Seven Hille, New South Wales, Australia). Chro-
matagraphy paper No. 4 was obtained from GE Healtheare Life Sciences
{Buckinghamshire, UK). Casserte was purchased from Serve Science Co.,
Iid. (Banghkok, Thailand) Commercial test kit was purchased from
Higher Enterprisss Co., lid. (Bangkok, Thailand). All chemicals wsed in
this study were of analytical grade. An Alcatel Shine Lite S080X
smartphone with CMOS image sensor &nd the size of detection of 8.5 =
8.5 » 4 mm (Aleatel, France). The solor intendity wid evaluated using
the Coloe Picker application. This peogram is package program. The
AChE solution was stored in & refrigerator at 4 ~C before use.

The ultra-pe e liguid chr graphy-landem ma gpec-
trometry (UPLC-MS/MS) was abtained from Acquity UPLC (Waters,
Milford, WM&, USA) with an MS/MS detector [Quattno Premier XE, Wa-
ters, Milford, MA, USA) The chromatographic separation was per-
formed on an Acquity UPLC HSS T3 (1.6 wn, 2.1%100 mm) and the
column aven lemperalire wias sel a0 40 *C. The injection volime was 10
pl. The mobile phases consisted of A: 0.01 M ammoniim acetate in 0L01
M acetic acid and B: methanol (LCMS grade). The elution condicions
were optimized using a mobile phase flow of 0.25 mL/min. The detec-
tion time was detected at 14.5 min. The instrument was operaled using
an electrospray (ESI) source in pogitive mode. The determination of

Microchemical Jowrmal 18T (2022) 107857

carbaryl and two transitions were chosen ineluding (202.2 = 145.1) and
(2022 = 117.2).

2.2 Fabrication of a paper sirip cesente for the detection of corbary]

The test strip consists of pwo pads: a sample pad and a control pad
made from chromatography paper by cutting it into 0.3 em = 0.7 em.
The chromatography paper was placed onto a plastic film (0.4 em =« 6.1
em) using double-sided adhesive tape as a consector and was then
assembled in the strip easettes (1.9 em = 7 cm = 4 mm).

2.3 Colorimelric test serip for defection of carbaryl

Fig- 1 showed the assay sirategy of carbary] analysis using a test sirip
casserte. Firstly, 1 pL of 13 mM of DTNE in ethanol was dropped onto the
both sample pad and control pad. Freshly prepared of 2 pl. AChE (0.4
unitsApl in 20 mM pH B.0 phosphate buffer) was added. Next, 1 pl of
carbaryl standard solwtion or extracted sample was introduced an the
sample pad, whereas, 1 pl of distilled water was dropped onto the
contral pad, followed by adding the 1 pl of 140 mM ATCh in distilled
waler anto bath pads. Subsequently, it was incubated at 37 °C for 5 min.
When the reaction was complete, the color change presented on the
sample pad was captured by & smartphone camera. The image was then
converted (o an inensity value by the Color Picker application.

2.4, Smartphone-based colartmetric tese strip

The color change on the test srip casette was recorded by a
smartphone camera in a light control box (8 cm = 10 cm) with white
LED Larmps (14.4 W, Warm light 4000 K). The smartphone was placed in
a holder a1 a fixed distance (8 cm) from the pest strip cassette. The in-
tensity (1) was determined from CIE 1931 color space via the Color
Picker application, which was used for the quantification of carbaryl.
The inhibition ratie (Inhibition %) of carbaryl 10 the ACHE, was caleu-
lated from the intensity value of the Luminance Y as follows, where 1
and legr represent the intensity value the absence and the presence of the
carharyl, respectively. I, indicates the intensity of the background
signal.

s = Lad=lk — la)

R 1.

= 100

2.5 Preparation of vegetobles extroce for carbamate detecrion

Ten vegetable samples (brocooli, cabbage, baby corn, kale, cauli-
flower, mapa cabbage, chill, lettuce, Choy sumand asparagus bean) were
purchased fram a local market in Pathum Thand, Thailand. All vegerable
samples were cleaned with distilled water and cut into small pieces. One
gram of each sample was mixed with 1 mL of methanal and homoge-
niged wting an ulirsonic homogenizer for 2 min [41]. The sxiracted
sample wag filtersd by a syringe filter and the supematant was kept for
further analyzis of carbaryl uging the test sirip casete,

24, Recovery study

One gram of real sample was added into 1 mL of methanol firstly.

ATCh

-
ac Ex
DTNe | ,  Sample

- - =iz

Fig. 1. Schematic diagram of the proposed colorimetric fest strip cassette readout with a smartphone for quantiative detection of carbaryl.
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Then, standard solution of carbary] was spiked into the above solution 1o
obtain the final concentragion of 1 mg/L. The spiked sample was ho-
mirgenized and was fliered. The supernatant was obtained. Then 1 pLof
the spliked sample was applied 1o the proposed procedures.

3. Results and discussion
21, Detection of corbamate pesticides based on et Srp cossette

A colorimelric test strip cassente has been developed based on the
activity inhibition of AChE by carbamate pesticides. ACKE is known 1o
catalyze the hydrolysis of ATCh, yielding thiocholine and acetic acid
{Eq.1). Thischoline further reacted with DTNB and the yellow color of 5-
mercaplo-2-nilrebenzoic scid (MNBA) was produced (Eq. 2)

ATCh+Hz0 2 thiocholine + acetic acid (1

thincholine + DTNB —MNEA 2]
Yallors

In the presence of carbaryl, ACKE activity was inhibited causing lass
thiocholine generated and consequently o decrease the imensity of the
vellow eolor. Fig. 24 shows the result of the control experiment when
DTNB, AChE and ATCh were sequentially added to the sample and
control pads without sarbaryl. The dack yellow color was observed in
both control and sample pads as expected. When different concenira-
tiong of carbary] were loaded 1o the sample pad, the pale vellow color
was observed by naked eyes (Fig. ZB-D). The color intensity was
measured uging & smartphone. The resulls d aled that ine
the concentration of carbaryl caused the reduction of color intensity.

32 Image and doa analyss

The resulis were obtained wsing & smariphone camesa. The plotos
wiere Laken in controlled light conditions ar fixed focal distance located
in & light control box. The picture was analyzed by the Color Picker
application and the CIE 1931 color space were measured 1o obtain color
intensity signal. Different concentrations of ATCh were loaded o the test
airip casserte and were left to react with ACKHE and DTNB. The yellow
color was observed and the CIE 1931 color space values were analyzed.
The relationsh L ce ¥ and ATCh coscentration is
presented in Fig. 51. The combination assay/readerimage analysis is
fine with linearity of r = 0.992. Thesefore, the Luminance T was
employed for further ealeulation of the percentage of inhibition for
quantitative detection of carbaryl.

(A} (B) iy L]

16
control pad C ol C ﬁ C i
L X | s
) o -
samiple pad 5 ﬂ g t 5 ! 5 '
4
%a imhibition 0 5 1

3

Fig. 2. Digital images af the test sirips cassette (A) in the absence of carbaryl
and in the presence (B) 10 mg/L, (C) 100 mg/L and () 500 mgL of carbaryl
under conditions using 13 mb of DTRE, 0.4 units/ul. AChE, 140 mM ATCh and
incubation time at 37 °C for 5 min.
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3.3 Oprimisetons for the s serip fehricarion

To achieve complete hydrolysis reaction of ATCh to thischoline by
AChE, various analytical parameters, e.g., ATCh concentration, DTHNB
concenlration, lemperatire and pH were evaluated by the proposed rest
SArip cAmeE,

Firstly, the effect af ATCh loaded on a test sarip cassette was verified
from 70 1o 350 mM. The intensity response is depicted in Fig. 34 The
intensity inereased with the inerease of ATCh concentration. The
maximum intensity was reached a1 140 mM of ATCh, indicating the
completed hydralysis resction. Therefore, 140 mM was chosen as the
optimum for the following smudy.

Concentrations of DTNE were then studied between 2.5 and 180 mM.
The results showed thar the color intensity increased with the inereased
DTHE concentralions from 25 0 13 mM (Fig. 3B). The intensiry
response remained unchanged, when DTNB concentration was™>13 mM.
This was due 1o the limited concentration of ATCh as substrate resgent
(140 mM) on the test strip. Thus, 15 mM was chosen o use in the sub-
seent experiment.

Mext parameter 10 be considered was the effect of iemperatune on the
activity of AChE. The temperature in the range of 32-40 °C were
investigated. In Fig. S3{A), the experiment performed at 37 °C provided
the highest color intensity compared 1o 32 and 40 *C. At high temper-
amires, the enzyme may be denatured and stop working. So, temperature
of 37 °C was used for ongoing studies.

The effect of pH on the activity of AChE, the maximum response was
obtained at pH 8.0 (Fig. SHB).

3.4. Effect of inhibition time for detection of carbamare

The inhibition time referred 10 the exposure tme of carbaryl 1o
ACKE. It can be said that when the inhibition time increase, the rate of
BnzEyme activity decreases. Therefore, the inhibition time was congid-
ered &g another key factor for the analysis of carbaryl by varying be-
tween 1 and 9 min. Carbaryl of 10 mg/L was used for the entire study. By
increasing the inhibition time from 1 1o 5 min, the percentage of inhi-
bition increased 2.2% (Fig. 5C). The inhibition has not increased alter 5
min indicating an equilibsation state. Thereby, 5 min was chosen as the
inhibition time for the detection of carbaryl.

3.5 Anolytical performance of the test sorip

For quantitative analysis of carbaryl, a calibration curve was con-
aructed. Various concentrations of carbaryl were analyzed and per-
centages of inhibition were ealeulated, as chown in Fig. 4. The obtained
resulis showed that the degree of inhibition was proportional 1o the
concentrations of carbaryl and had a linear correlation with carbaryl
concenlration from 1 to 50 mg/L The linear regression equation was y
= (L26x + 5.1 {correlation coefficient = 0.09E8).

The limit of detection (LOD) wward carbaryl was determined to be
0.30 mg/L. The calculation wias based on 3 SDVm, where 5D referred 1o
the standard deviation of blank (n = 10) and m indicated the slope of the
calibration curve, The proposed rest strip cassene provided the limin of
quantification (LOG) of 1.0mg/L, which was caleulated from 10 SDvm.
The obtained LOQ was much lower than the maximuem limit of carbaryl
allowed in vegetables (10 mg/L) [10).

The precigion (intra- and inter-day) of the proposed test sirip cassems
was asested by detecting 10 mg/L of carbaryl for seven times in the
same day (intra-day). The inter-day precision test was conducted using
the same carbaryl concentration and the measurement was performed
seven consecutive days. The intra-day and inter-day average relarive
sandard deviations (RSD) were 2.0 and 2.53%, respectively. The ab-
tained RSD implied good precigion of the test srip cassete for quanti-
tative detection of carbaryl. The perdormance of the strips manufsenired
from different batches of chromatography paper was also investigated
by studying three different batches. The resulis were found thar the %
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Fig. 3. The effect of (A) ATCh concentration (B) DTNE comcentration amd {C) inhibition time. Error bars represent the standard deviations of three repetitive
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Fig. 4. Calibration curve creabed under the optimumn conditions for carbary] concentrations bebween 1 and 50 mg/L plotied agaiest % mhibition. The inset shows the

linemir part of curve.

RS0 was 0,92 for the detection of 10 mg/L carbaryl. It indicated that the
fabrications of the test strip cassemne had high precizion.

Additionally, orage stability of the test arip was siudied. Using the
coneentration of 10 mg/L of carbaryl, the sgnal was recooded weekly.
The test strip was kept at 4 °C when not in use. The resulis obtained from
the test showed thar the sensitivity retained 95% aftes 3 weeks of starage
(Fig. 53). However, the sencitivily decreased gradually afier 6 weeks.
This was most likely due o the loss of bisdogical activity of AChE.

Muaoreover, the selectivity of the developed est sirip was tested with
three groups of compounds. The first group was heavy metals (cu®t,
ng', Pb*), the molecules which are known 1o disturb ACKE activiry.
The second growp was some other insecticides (heptachlor, deltameth-
rin, eypermethrin, glyphosate and malathion) thar may present in real
samples. The third one was the group of compounds that could be found

in vegetables such ag oxalic acid, glucose and vitamin A As shown in
Fig. 54, in the presence of Cu®', Hg®, Ph?*, oxalic acid, glucose,
witamin A, heptachlor, deliamethrin and cypermethrin, there were no
significant changes in the responses. Only glyphosate (% inhibition =
2.1) and malathicn (% inhibition = 2.5) showed the inhibition toward
AChE activity because they are organophosphorus pesticides. However,
carbaryl gave a higher inhibition degree than glyphosate and malathion.
Therefore, the proposed est strip can be used as a sereening ool for
carbamate pesticides in real samples. The proposed test sirip cassemne
alfered excellent analytical performances over the previous work
| gince it was & ruly portable detection devies, simple assay and
reqquired short analysis fime.
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A6, Marix effecr s

The matrix effects were i d wia malrix- hed calibration
method. The matrix-matched ealibration was done by using & blank
sample, which was vegetable sample such as baby corm containing no
carbamate pesticide, were spiked with 1, 5, 10, 20 and 50 mg/L
carbaryl. As shown in Fig. 55, the slopes of the standard calibration
curve and matrix-matched calibration curve are not different, indicating
no matrix effect. Therefore, the quantitative detections of carbamate
pesticide in real samples were carried out using the standard calibration
curve,

3.7, Detection of carbamare pesticides in vegetable somples wiing the et
St ciiserte

To verify the practical applicability of the carbamate pesticides test
strip cagsenie, real sample analysis wids investigated in broccali, cabbage,
baby com, kale, cauliflower, Chinese cabbage, chili, letuee, Choy sum
and asparagus bean. The samples were extracted and were then
amalyzed using the developed rest sirip with a smariphone. To evaluate
the accuracy of the pest sirip cassette, the recoveries of spiked carbaryl
concentration of 1 mg/L in ten vegetable samples were detected, The
resulls showed the relative recoveries in the range of 96 1o 103%, with
the RSD below 1.56% in all samples (Table 1) The results showed the
relative recoveries in the range of 96 10 103%, with the RSD in the range
of 0.18-1.56% for intra-day precision and 0.99-3.49% inter-day preci-
gion. These results indicate that the developed test strip can be applied
for carbamate pesticides detection in real samples with high accuracy.
The acceptable relative recoveries and BSD also demonstrated the high
efficiency of the test strip that can be used without the effect of in-
terferences presented in real sample.

The performance of the developed test strip castette wad verified by a
commercial test kit, which gives a yes/no responge. The presence of
residual earbamate pesticides in the sample above 1 mg/L was reported
a5 d d, whereas the ation of carb pesticides residue
lower 1 mg/L was shown as nol detected. The resulis are shown in
Table 2. Residual carbamate pesticides were detected in cabbage, kale,
cauliflower, napa cabbage, leruce and Choy swm.

The analytical results obtained from the proposed test strip cassere
agreed well with those obtained from the commereial resr kit Moreover,
the developed test sirip cassette could provide detailed information
about the levels present. This was a major advantage over the com-
mercial test kit. Additionally, the developed est sirip cassete offered a
significantly reduced assay time and less chemical consumption
[Table 51).

The detection of carbamate pesticides in real samples was further
confirmed by UPLC-MS/MS technigoe. Carbaryl wias used as a model
atudy. Standard carbaryl concentration of 1 mg/L was analyped by
UPLC-MS/MS. Fron the chromatogram, a retention time of carbasyl was.
shown at B.21 min while mass fragments were at my/z = 203 = 145 and
202 = 127 The vegetable samples were analyzed by UPLC-MS/MS using
the same conditions. The chromatograms were recorded ar the same
retention time and mads fragments were characterized. The analytical
resulis were shown in Fig. 56 and Table 2. Carbary]l was detected in gix
vegetable samples, Le., cabbage, kale, canliflower, napa cabbage, letuee
and Chay sum. The pesticides concentration values by the developed test
girip casserte were more than by UPLC/MS-MS analysis because the
developed method detected the total carbamate pesticides, whereas
UFLC/MS-MS analysis detected only carbaryl. This, the proposed test
sirip casselle wid & greal polential 1o work on-field for screening
pesticides.

4. Conclugion

In this study, we developed a colorimetric test grip caseette for a
sereening lest of carbamate pesticides using & smartphone s a detectar.

Microchemical Jsirmal P81 (2022) 107EFT

Table 1
Eecovery results of carbaryl in real samples (n = 3) obtained from the developed
test sirip cassetie.

Sample Concentration of carbaryl (e k) Reeovery (%]
Original samgle Spiked Foind

Reocradi 1] 1 078 £ 002 3 = Bl
cabbage 1.13 £ 003 1 1.82 +£0.02 97 = D18
Baby corn 1] 1 085 £ 0401 100 £ 1.13
Eale 1.04 + 0.1 1 1.80 + 0.02 103 £ Le&
caulill gwer 1.03 + 002 1 036 + 002 = 1.0
muapa eabbage 1.1& + 0.02 1 1.82 + 001 9T =143
chill 1] 1 1.00 + 0.02 ¥ = 039
Bemmuge 1.05 + 0.03 1 1.7%9 + 0.02 104 £ 32
Chay sam 1.11 = 0.02 1 1.85 = 0.01 6= 1.56
aspagapes bean 1] 1 DB £ 001 100 £ 8l

NI} = Mon-Detected.

Table 2

Aralysis of carbaryl in vegetable samples using the proposed test sirip cassetie,
commercial test kit and UPLC-MS,/MS.

Samiphe Test @elp cassene Commercial est UFLC-MS /M5
- b (g b
Reroccodi ] el L]
113 = Qi ] 115 + Doz
taby corn ] N NI
Eale 104 = Qudl ] 1407 + ol
cpnlif] swEr 103 = 0oz o 100 + 0oz
mapa cabbage L16 = QUi o] 1.20 + DOz
chili ND NI NI¥
lemuce 105 = QUi o] 1403 + iz
Chay s 1.11 = ooz o 108 + 0oz
asperage ] L] ND
bean

NI} = Mom-Detected; I = Detected.

Under the optimum conditions, the developed test strip offered a simple,
rapid and sensitive assay. The developed assay alio provided a good

d e of bess plion of reagents per assay (4 pl) which
reduced waste generation. A prool-of- concepl experiment was per-
formeed 1o apply for the detection of carbamate pesticides in vegerables.
The tes girip provided the resulis in good agreement with the com-
mercial pesticide vest kit as well as the chromatographic method (UPLC-
MS5,/MS] enabling the potential 1o use the developed test strip in the
commercial marker. A significant advantage of the developed rest strip is
that it covld provide the informarion of carbaryl concentration pre-
sented in the samples. A5 such, the proposed test strip casserte showed &
EreaL | tax b &n al e test sirip for screening of carbamare
pesticides on field and o be a ruly portable device.
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