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ABSTRACT

In this research, the development of ion sensitive field effect transistor (ISFET) for
pesticide detection was carried out. The detection is based on the change of hydrogen ions in
the solution which is a product of inhibition of acetylcholinesterase enzyme by the carbaryl
pesticide. This hydrogen ion is converted to Vgs signal by ISFET where the accumulation of
hydrogen ions induces the electron flow from drain to source at the interface of silicon
substrate and solution. The ISFET sensor was prepared by dropping the acetylcholinesterase on
the agarose gel which was coated on the sensor surface. This work studied conditions that
affect the detection of pesticide including concentration of agarose gel, concentration of
enzyme, concentration of substrate, and pH of buffer solution. Results showed that using 2%
w/v of agarose gel, 0.1 unit of enzyme, 5 mM of substrate at buffer pH 7 provided the highest
sensitivity for carbaryl detection at 44.64 mV/decade with linear detection range between 5x10”
to 1x10° M and limit of detection (LOD) at 1x10" M. The surface morphology agarose gel was
examined by using AFM technique. Moreover, the development of extended gate field effect
transistor (EGFET) was demonstrated for the disposable and portable sensor with a lower price.
The EGFET sensor was prepared by coating enzyme on the indium tin oxide (ITO) glass substrate
and tested for the various conditions that affected to the detection signal of pesticide. The
result found that EGFET could detect carbaryl in the range of 1x10°to 1x10° M. From this
research, both of ISFET and EGFET sensors can be used to detect pesticide with good responses

and have potential to be developed as a portable device.

Keywords : : ISFET, lon sensitive field effect transistor, FET, Extended gate, Carbaryl, Biosensors
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1.1 anuduninazanudAgvesuily

geiuaas WuasUsznovasedfiduasgituidiieidauuas fadudunsiede
A9iFAn lidrandunsegauuas ¢aa Bide Uain ue uuasany fianansonuldmuenais
Sudeu sudednith Snntan uaedeiBu mufayed ehuasiuudiazaunsoaans
luaunaan munszuILnIsLadl 5@@ﬂﬁqﬁ?ul,t,é"aﬁuﬁé’qmazamLazL%’]"Lﬂv‘hamssuwi'mﬂ
vosianeliiiuindnd duudssuumaiumelaiidates nisdniauresianids nns
upauTdeNAN W nABnIWTNETane19TaLAT I

grguaas dnsldeudifunntuludgeamnssunisinuns Welfiunandnns
Mainues fudiinuemmslitulssnnslurnsiiiuiininnunsdesasuasanudoinises
Usznsduniu SeilfiAnauidessgdmiuniangnia neaeuamuninvesfisnanis
Mstnuns waziilenduau lrilansity vdosshusaslreluBnaimnzay lidusunse
sofuslan ¥nidedaldimurouises tilansiafnensuuasedieseiiaes tieldly
megaamnssuTuensldluaiaieu

Hagiuiiignisdmiunadeuuag inuTaesuaamainuats s Gedaulugdu
nsldnsruiumsieulesisansihuisefugdvansmiiensiaia engunanguossnily
oalauaznguarsuiun Tneldufaseiiatussnineuled evdfialadueamesisarty
oxdiialadunaslsrdUansm TwdnsasimiAaturndiisessilfiianisdsunases
Aarndunsasmied s (pH) Tuasazas feumaifedeaulalumsdszendlia
datna (ISFET) wiensiudainasaurulwila ISFET (lon-Sensitive Field Effect Transistor)
deshedamndauaudiaunsainainnudunsasdluasazaneld lnsdedannlessu
lelasiauluansazats wozgunsaiuilisniudeddiedostiotnvurnlg MECLITEEREY
g Fsnedmsunslidauiasussandldlusnunsiainengdua

Saumvisensu@anesauulii gnldludiindiaudunsaeg Tuansazane 4
W\JmLﬂum‘%'mﬁai’a@miﬁqﬁaﬁﬁaﬁwmmmmLwﬂiuiaﬁmaaLWm (MOSFET; Metal Oxide
Semiconductor Field Effect Transistor IﬂEJ%LWG]Uﬁ”ﬂEJUIUﬁ’JEJ Yune (Gate) VAT
(Drain) ¥1%0d (Source) LLavmmu‘wmﬂmﬂamuwummauaum (Sensing !\/\embrane) R
AU (Gate Insulator) ) lunsdififutandmnsunsatalelasiauluarsazats duauiunie
fufimevaues andutandwantaneenles Wy Faneululasd (SN, evpiillouoonled
(ALO3) haE WNUNMIBUNUNBN LA (Ta,0s) [2] TeTfuAIME DLy TsU wazUdes
1alnsiauleeau (Protonation/Deprotonation) 349z¥iliAnn15.Uas uRUaIALTIFUNg
i fifufivesvestiuauiy lnewdnnsiiugiu fe dedogunsniBaumlnsufudaliiig1sds
WU Fanes/Aaneinaslsn (Ag/AgCl) :nnT8UeN ﬁjuaﬂ,umsazmaﬁéfaqmsmwi’m uay
Sloasazaneivihnansamiuiivssamalainey 1wy lessulalasiau axgnndealin



ousnaiiuiinevaussveduauiuiy uaranmdeniilossunmediodlugunsnidaaly
Fuansfisari (Semiconductor) fluuszanseinaedeuiidnaniifnsessossisduaniu
futufanansfiasat Ssansafndudummsivavenszualifihld fuandusud 1.1
Jehliinszudluinedoufiseninwnasunazvimes Saianssuiinduuuiuiaiduauui
annsasentaindunslelavseluainduasdygyo LLasmiLUﬁauLLUaﬂﬁLﬁW’ﬁuqﬂﬂmj
zsenunaduAInIufAsdngasan vinm wag eed (Ves) [3] wag AT UNILADANS
AT iavessgpsiy ﬂ”%ﬂ@ﬂﬁUﬂﬁiU%’UUiﬂﬁuﬂ’J w‘%a%guﬁasiivwmmiavma loaailn
(lonic Solut|on/Electrolyte) futuauau muumiﬂiuﬂiqaﬂﬂsmamwLwamiﬂiuaﬂmslﬂj

\1’1‘14@1’]@]‘14‘14 "Duﬁﬂil’]iﬂUSU‘Ui\‘i‘Vii’eJLﬁiM‘UUG’JUG]E)Uau@QL‘U’]l‘UVI‘UiL’mJﬂﬂﬂa’]’ﬂﬂ

Reference
electrode

Surface
binding site

Passivation
layer

pH-sensitive dielectric

JUN 1.1 ununnuanslassassdamnnazdiuiuineuaues [4-6]
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wazatUansnyiufisen alandnduendu 1adu uaz nsnesdin Fedawasenisiudeunlas
AANULTUNTAANNYBIANTazaNY YspNIsRTAUTuTuraslosaulalasiau (HY) Wiudy ¢
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sEUUanad i bausatumelnih inuRantuauIukas nsekaliiluesvesgunsalildeuly
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Enzyme

#cety.cholinesterase

Enzyme
Substrate |
Acetylcholine Chloride +
Acetic Acid
H Sis
[ —

JUN 1.2 wanenisiinUfiseveseuled wavaduamm

ANNTUNUITORLYINNTANBINITATINIAYILILUAIAISUITA AELTULLDSDELNS
IngvinisesseuledesdnialadueamasisameIingadunianieninasuuiiuiineuauss
vesdamnlngerfuaasnilsaduduinifuieuled lneas@nuisdyarunisnevaussves
WULLRSDALNS NATBIAUNTULAADINLSE ANTNTUYe Ul kar S Uam SNANN L EL
sonsidaulunisasiatnenginuuas wslunisiiusneeueasivanisidanuluszezenn
uiinsAnwiaundewuieiiunsasiaivindamalugiiuuiianunsalduaing wean
% [~ 6 1 ) % a %
suyuiaslulsglomideonsiluldnuaile

1.2 dngUsraIAvaduIY

1.2.1 wednwnisldnulazdnvurdygiunisnsvaussraigugesoaaluaisazais

1.2.2 WeUszgndldruguwesdanindniumnsininesuuainiuiza lagendonis
guganisvihnuveseulusievdfialadueamesisa

1.3 @uuRgIUUIY

wugesdamafiannsansiatamanudunsarimesaisazats Tneilduvositui
maUAUDY (Sensing membrane) Wudaneululase (SisNg) Aiflanulsenisiudsuutasainy
Wnturatlosaulalasiauuuiiimi azanunsadszendldlunisnsainediuuadld lnenis
\mEevvutuiiuiinevaussiioouleiozdfialndueameosisaluasinilsafiainisa
mmﬂgﬂiamm%mmma siinndnfusidulessulslnsiau dsufAsednanannsagn
Fudadieensinuias (Enzyme Inhibition assay) Fvdanasianisanasvetlossulalnsiauly
ansazany muummmsaﬂizqﬂm%LszjuL%ﬁ@ﬁLW@IumimnmmmLLmaﬂumiazmﬂlm



1.4 YDULINVDIIUIRY

1.5.1 Anwideyaifeafuszuuisumesuargunsallasiainadain

1.5.2 Anwnamdlaifivesgunsallassadedamn fneuwazndnisedeuiiufiafe
oulwiiozialrduloamasisa

1.5.3 nedeunsasainenauainiuitaniunstudinsinuveweululesdia
Tadueamedisa wlomeranaila Fasmnandudu wagautidumandials
ALY ULLD DAL

1.5.4 nedounisnsiataenguuaiasuiialudidn (real sample) $reiauiges
Dane

1.5.5 Fnnnsiiudnvisuse dsamindedudmiumsidmudussesnay

15.6 mfmaaué’ﬂwmmaa%ﬁ\lémmmiiaﬁwmﬂﬁﬂﬂﬁaaﬁ;ammmmawam
(Atomic Force Microscope, AFM)

1.5.7 @519 ¥auuudiurevensrnaiiaunsaldudanas nagaudssansam
Wowulunsnsainershuransuisa

1.5 Uszlgrunaininaslasuannaiulag

1.6.1 anunsaldnauiananddelulszgndldnunimmsininesuuaduds
guaMNIsUNISasean waznstdauluaiaiseu

162 annsnantuneumInstaiaesuuasnmansiaialasung

1.6.3 ansnthismasssumuweslulszndlifusmAdenslulowuees il
msmsaeinassediluanadun 1

1.6 S19aTL28AVDIIUIY

Tuinenfinudiduil uwaileweenidu 5 un TagluusasuniineasBondsil

unil 1 umi1 A mnudunuazanudduesuite Taguszasdueanuide
auNfgIuresuie veulunvesiwide ufslevifianninagldfuainauidouas
FEaZDATDIUITY
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oulwlfIe12 AT TINTMNGUEBANR LAZEIUADVLIBV NN KAZNITNUNIUITIANTTY
Wefnwiauesnisidanuily Ufuus uasiann sufsmseenuuuaiAdowugesiie
N13nITReNgLLa

unil 3 dumeunsiiiunuise Ussneudenszuiunmaaseusesiuiieulei
wianzausem sl ensamaipeshuasmiuniandlumsazaneoamauaziningss
msuLEesdaa udIsNsai i TakuudIuRavesvNaLasITNAaaUUIEANS AW
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yosaaenilsd Usinaneulel amnudududUamsy fsnnududuveseignuuamisuiiad
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2.1 919U

g1giuuas vieansidauuas (unguansiadifisigniviuinilunisen vssimald
Hovas senslauvasesnanaaiuiinigesnsiivasnainuuasiindug nsdenldensi
wuastiugemilimnzauiveiaveuas Adsdwanseny wavansandnefioziinudsh
Aduazdsiidindug ereunasiiiiulévily audulngasliluaiuFou wefdn ua van
wiasay viseldlunisinunsiuuiasingie

Faud® w2509 ayudldinisifisuuausnndunian Turusfeatunisi
AsnERs wariufirinsinensnduiinduiiiosdesay 10 Ussneufusimnandnanis
nsinwnsgnivlvdsiaanasmunalnnain wariuRuiinsnuestuisudeninsuas
FofuluBensinunsnasuuda nensnsIednssenskan sauiinsiudizansnsuendn
U iitelldnananidusuiusnmerenisissiin Sedmsldannail Jo uazersiuuas iilo
diudedeiidamasionisiiutuvemananmanisineas [7]

Y a

ueae19l5AnNIINLNEASNT U IAAITNDINANTZNUADAULDY ADFILINADN SIUDIEUS

e

laa vilvigngwuasdunseignldog1aunivaig AsAganYAINISULT gaaInInssuly
A a v 1 @ v )~ '
An33An 50 In1sldauesersniuanduliiniie arsedl ergduasgnnszatveeniuly
duanden audusunmesreddidinang q wiansediveiazaunsoaansluladneg uaung
giatusadldiaiuIunIgaaIef feg1uu a15aa7 Iudseoyi usaIduNaeIvesans
WosanwaresnsnnAsesasialludwandeufidudunsienednivn Mliiinauide
LABINUNENTZNUVOI LA AINTUBEN N A e NEUTINIULN [8] Wan1Tiduwanil
Usingeenundufinidaualin nsandnseesaisiadiiintuduisninwaznainvaiy Tu
YULALITUAIUDITDLTDINANTENUTDIEUNAEDFUN MBI WAz NabNN19Y191Y
a o I <@ [ 1 1 <
Yosasatinsnanfveredunninliegesin
aetugrgwaasduduianisdrdgiiaunsanelimnindunsnenedinuyeed sz
AuslamaglianunsailanednengdiuuasduaziinisanAuazdransenudemiedluyszanmn
windesiedla vialuitnilny duiuludegiuifdinuidewasiuimaugihunungly
N13MTIEOU enezuuasluivin nanduginansinens lnentheausneg leanng
LAz AMUAAIN1035 Yot wIaTuluUssmAlnetddnuninsgudusnuasias
2SI AL UTENALYUIMT§IUY8e CODEX Maximum Residue Limits (MRLs) 139

YTuaansiiennanegegavesengdiuuadlueimig deaiimualag Codex Alimentarius



Commission wagin155995ULINIgINAINBIANITauIdelan (World Health Organization )
TA8A1 MRLs U948719 LIRS U IUNARS UNNISNEATANN ¢ Lanslun1s1ei 2.1

A139991 2.1 P15 LEAIAILINTEIN MRLs vaseginuuainsursannulundnineinisinyns

A9 9 [9]
518113 AR (MRLS)
[Mg/Kg]

fus !
1zN 1

NENF 0.02
UISE) 1
unsly 1
LY 1
WINLIS 2
417 1

i) 0.2

1o 0.5

Ui 0.05
KN (9ARNNNA) 5

wag13lsfinny Tudagiuisnisuinuiedmiuguilaalunisianuazernfivdnnienis
numsAaufiazduUsemu Wy nsdaiharernun 4 nsdnefiazlu nsdnreinludhiidl
drunanvetlnionluniusiun (uAnslenl) wie mauiin wieinde w‘%aﬁ,’fﬁmmay R
Husfansadroieuazeainld [10] winainsadeiisnanlletadidiayein
Uaanegnsnusasioasiafivng 9 udseSfinanidisliiuslaafsmiusiulauaziiaang
Vaeaselunissudsemuenmsuinay egatiesdndedioinsssuan @aenisudin 10 undl
ezl lnanuiiesnduiorfiamnse drsnduuaseanluldnindesay 50 famnsnei
2.2



A15199 2.2 508arUDINT5VIRSNELNAIRNASIUEN Fnuna TR nLazISN15ane [10]

Type of Pesticide | Vegetables Washing method
Pipe Sodium Potassium Vinegar
water | bicarbonate | permanganate (%)
(%) (%) (%)
Organophosphate | Chinese 49.7 719 a7 7.7
Broccoli
Bog choy | 53.9 74.2 38.7 28.1
Napa 52.5 74.6 49.3 20.7
cabbage
Organochlorine Chinese 22.5 34.2 25.2 33.4
Broccoli
Bog choy | 24.9 41.1 20.7 21.6
Napa 34.8 48.2 46.5 7.0
cabbage

2.1.1 NANYIUNAT

[

1 Aa v ) 1 [ 1 &
g9ilas i sIIuAUNY aunsaluseanidy 4 NaNmIU [11]

2.1.1.1 ngueasnlunesiie (OP, Organophosphate)

naueainiluroauis Falunguiitineansyadussduszneu nsasaiflunguii
$3nfupie wanlsesu (Malathion), laengueu (Diazinon), wuillaslsesu (Fenitrothion), i
SivleaaiSa (Pirimiphos methyl), uazlnaaeiea (Dichlorvos 1138 DDVP) Wusu asiaiily
nauiaedifivguusannniingudu Tneufiwisiuuiaauasdnidug nnela uianslundud
Jzgoraanslensy

2.1.1.2 ﬂz-j:um%mt,m (Car, Carbarmate)

nauAnsuLe edlansuidafussdusyneudify Tnvansiafididaunasisinuasly
fuann fie MFUTFa (Carbaryl MTTon1sf Savin), m3lunusu (Carbofuran), Insoniwes
(Propoxur), tuulaloA1su (Bendiocarb) msmﬁiuﬂdmm%mmmzﬁmmLﬁuﬂwﬁiaé’milﬁm
andeuutrendmIneasnluleains

2.1.1.3 nguessnilumasiu (OC, Organochlorine)

nqueesnilunasiu Jadunguresansiaiififinasiufussdvszneu asiaiididn
LLmaﬂuﬂEjmﬁ/ﬁﬁaﬂ%ﬁuum A0 fnl (DDT), Aansu (Dieldrin), @ansu (Aldrin), fionalu
(Toxaphene), Aa®Lau (Chlordane), duLAY (Lindane), UMW (Endrin), taUN1ATO
(Heptachlor) sy asedlunguildnlvgidumsieifiduivieuuamnuin uazAsudng
sgaaneing lvmuanddlusldevsuazdsnadenlsuiu vissiiaeranndslduiy



1@ a

waneaul Jagdudssinadiulngiilanaglioyginlildansiedlunguil vselinfinnsaiuay
nsld leaygnlildesuas nsenansevusmugunnuazdaInday
2.1.1.4 ngulwsnsess (Pyr, Pyrethoird)

nauatsduasIzitmanssed Wuaisialinguiduasziiulasiiaiuduiusay

q
=

Tnssadeveslndviu faduassssundfiadaldnnfivlniniu maedlunguifiaudufiv
sounasgs uwilinnudufiviodnidengus edrslsfiniy arsiadinguiifisaunaislides
Hundeuld msmﬁﬁﬁmuaﬂuﬂajmﬁ lawn LAan1usSY (deltamethrin), WWBSLUSSU
(permethrin), 155U (resmethrin), waglulaisaiusiu (bioresmethrin) WWudu

Fehusasusiagnguazeengrs  vielaroszuuTneuedaliiniiuanseiu
ponly Tilidlouyudduda ganu viouilnadiluasdusunsne Wy ieensiadeuftsyy
vioude AuammsHeaiiuanal szuumaAuelalinUnd wazvhefigaaansndssanszny
fatinlel

2.1.2  wUageikuanglun1sAnen

° o Ao AW vee %] s i o | |
a']%iUﬂ’]u’Jf\]EJubLﬂﬂﬂ@']ﬂr]{LSUL%UL%aiaameLW@ﬂqimi')f\nﬁﬁﬂ‘?ﬂLLﬂaﬁ I@EJEHGZJ’]LL@J@Q

a o v A

P [N = i ] ¢ = PN 1 Y ¢
NNINITIRNIIAINABD - ATUIIAN SZNE]%sLUﬂQQJGUENﬂqu’]LlIG] LWE]LUUG]'J@U'NIUﬂ’]iWWU']Q‘Uﬂ?m

Amsunsininenannuasiidusaly

2.1.2.1 m3uT3a (CarbarylPesticide)

grgnuiasiuda iuensuuaddungy mfuiaen Anaitnludssmelne
geandudusiun 3 sesaneneiusaseasluludlea (Chloropyrifos) nguessnilumioayin
wazlalesiuiia (Cypermethrin) ngulwisnssun Inedoyaadifinisundnengdiuuas vee d1in
AIUANNYLAZIAANISINYAT NTUIFINTNYAT (2558)

aduida iWunguensuuasiinmsldfulugaamnssneas Seillassadonansd
Uit 21 Tnefuaudidumsisudnisvaureseuleilutavae Tnsfouleinduanld
andlélmisnass viedenin  Reversible Inhibitor #e  lesnshuuasuansantRiiueh
ffudamsvhauveneulul Wilugudsmavhonuveseulss wianmnsavareenaindumisi
dluvhiuserueulelld ilfeulsindualdnuldtna uwifsednslsdududoddina
wazendeinatianisdeensiuuatenn wWulunsdin1sAnwives Michael Eddleston uazmny
Igvinsinwnsldansngu nucleophile Tagld @15 Oximes Wlelsiiuszagninaeulaiiy
psiuasaneandnty dwihloulsiansandualienlddn uived Fodldinaun
1Nt 2l wageadis 1 $u [12]
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O H

5UN 2.1 gneiudaemIsunsa

2.1.2.2 AauanUmvednAIsuITa
' s a A a - [ 9 ¢ P [
gngiudaInIsutaiiauaties Weedluansazaednines ey 5 Wieasangeyly
Urliwlasiiey 7 Assinuesiienagn 12 Tu uaviiloaglutiwesiiiey 9 awilaseinegh 3.2
Falus Tuannzgamaiives (25°0) [13-14] minlauuas Wunan 12 Filusieiuudy 9iies
Finegi 12 Ju [15]

[

AnNansalunsazane sneiiuasannsaazanelusvhazanalaead [16]

1. 1h (25 ssriwaldes) 113 faansu/ans

2. lapaelsiiinu (Dichloromethane) 24.26 n531/100 Hadans
3. @nwu (Hexane) 0.214 n$u/ 100 Hadans
4. w1 uea (Methanol) 7.96 n3u/ 100 Hadans

Asusagnitlunsmdnuuasdngity fide fae wuasany ua Wi wazedwdaeig 9
FaudnSurinnuaasrasasuitany agluguuuunng q viadu azess e ansazatemien
% a & P D | & D UoA o o = 9 v Y
suwdwiade iensldnu dulumsineasiuiinsldnuiuivdn nalll saudddawnly
MAUINNG wUad 89U TINAIRNILDIAITUIUTOUANN 9 Win1Theueguuaty doull

HaNFENUsadn SIutEdidin 9 Nldasgninde
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2.2 taulwsl (Enzyme)

woulssl \Juansngudidy Sagltiiteduusslevinenuidouasimmnauidons
Fuadl Rousvessud 1940 usuan oulesignialiduiiugunisSeuddmivanuvied
nadia Sslulsiinemssuiiiusneuleiligalilunsidadelsa wagldlusuannune Tdle
vannaneAsmsilssunsiusessazgnifanilunnsasivinssng 4 [17]

woules] 1Wuanslusiiu (Protein) Faanunsonuldvaluludeddin vivlufis dnf wae
QAurEdeng q Suiuihdduisiitenduedfifetuluead ilinsiouresssuy
sine q Tudedi®in dede vesmmuazeiezin q vhowldedani wuluituaraesdos
aapa1sTiluananis o anvuialnguasladiauimanas inliwadsng o ve9319013
ansnilulglaig mnsemeviaeuleinieusuianeulsdanasuay asvilinisvinau
995U IBITAN 9 nelusiinigiine n1siaung

Tnehlugeudnlngjazsineulesifissnguieuluififntesiussuugesoms 1wy
wulesl ezluad (Amylase) fidosTuanavesanisy (Starch) Whuthnna wuleslusiiea
(Protease) goalusfu (Protein) Tidunsnazily (Amino acid) 1usiu

2.2.1  wannisyinauveauauled (Enzyme Mechanism)

' = = ! = oo Y A& o 1 aaa o S A v oo
el Wuanslusiuegandanvimihnduiisslfizenduadl vsesenlain fang

a ¢ 08 Y ana  a & & 4 o aaa g & o @
neadan (Catalyst) f\]gVIWIﬂUQﬂiEJ']Lﬂ@LT]GUU LLﬁgLN@UQﬂiﬁﬂLaﬁf\]ﬂu m’ium%mm@mamu

[
a =

wneguarlilavaly widwsueulesiturzimnudwmnesensyihuiseniatu laed

[

AaaNURT Iz

wulesfanunse 159WHTS e 1 UFFSewindu (Absolute specificity)

2. ulwfanansadviuiaseduans vieluanafidnguiteduty 1 wu
nauezilu nauneann uagnguiuiia (Group specificity)

3. wulafasyiugfsentuiussiad o duddlaumimis Tasaglid
ﬁmg’jﬁ%mﬁudauﬁmﬁa%aﬂumqa (Linkage specificity)

4. wulsiazitihuiiteuuiumisame viedwiiuoeufnealoluwes

(Stereochemical specificity)
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Substrate Products .

Acf}ve site w S (

Enzyme-substrate

Enzyme complex

Enzyme

JUN 2.2 nmuansn1sinuveseulesl [18]

NFUN 2.2 guanwmanmsiuvedeulesl LuuLinyLILAZNNIUKA %30 lock
and Key azuansliiufian1siney anuaaaudfsnmisvesaulel Sanunsaventedn ans
Fluanale ldldaweulasivu 4 Aezldawnsaiugisenls Bendiui dUamsy
(Substrate)

nvayatiany teulsd vivhiludnvagdusu)isen vsednensian Gt
= = ¢ v Y o AN aaa v o = o A
Ao nMseulesl 1 lJaanisldndanuneduduivesuisenlvmnas Juihlvluanand

[ 1 & "W [ | v v oA = aaa A= a v X ' 1o b4
WA TewIiunasuefNduddinTy UFASeuelideinlmsy uiazlaivili

nasuvesUitenudsuudatly aansaqld 3ngUn 2.3

AE, =(E - Ey)
ﬁE'a=(E2- Ea)

b

E° Reactants Energr Lewel
3 Produgt Energy Lewel

Reaction Progress >

FIGURE 3

Energy of sctivation AE is less than AE., due to the effect of the enzyme
on the subatrate.

JUN 2.3 uansnislandsnuvessiusauisen [19]
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aa

2.2.2 wulwiuaaiiin (Enzyme Activity) [20]

nsneaewsensisesine q  fimsldeweulsiiy  erldannsamernududy
wulwiuraseld Feiliannsavendmudududulued wieanududuiu q 16 feiy
nsldnueulsiavdosiunnanaeuleiueniia (Enzyme Activity) s‘z’iaﬁﬁmammgm
Fonin gila (Unit, U) dedusuwondidn idueriivsuaniis Usinas (umole or pg) vasdtainsm
Adsuutadly TnguFAzeamzvenduleiduumilinglunionienal (min or sec)
11 1 Unit A9 1 pg substrate/min

1 mwaina (nternational unit, 1U.) Usnaueulesifianansadeulddamsn 1
TulpsTua WWidundanalunan 1 wift 7 25 ssrwalea wde 1 meama (katal) Ui
ulesifannsassliduanam 1 e wWasudundana 1 Tua luna 1 3und

[
aad A

Femnuuiansveeuledannsaventiananeuledueniiin  fle  wiiegln e

s
a

fiadinsulusiu (Unit/mg Protein) Bvilenas weuleddousinnuuignsuin
2.2.3 wulydazdialadulaamasisa (Acetylcholinesterase; AChE)

wulalosdialndueanedisa Wueuluifiannsanuldlusssuwd Ao anansonu
Iludiuszuulszamvosdsii@indmandnd lasiamzanwd faossnwinszuiumslofen
Tnune@enlussuuyssan [21] ﬁmas;liﬁﬂ’]iaﬁuauuiuﬁaam’ia'ﬂé'ﬁgzy'lm%’aa&a(;m 9 Tu
syuuUszamluguey

e o o 1

wulwiiadifueuleifiddydemideianiionisnsnainensiuias lunguess
nlusleainn uaznguAIfuLL s1EngueeusaLuaIdansadugansiinues
woulwlld Insfazansadrluduiidududimzveaeulus sivliieules lianunsaidih
Uffsefugansiuanmveaoules UszdvBammmihauveseulnianas weeisiusas

&y [ o b4 ¢ a An o o E4 U a = ! 1
wianfiiigamenagyibiteuledeiinillilaunsavnuliaunsenuianadereguamsoly

2.2.3.1 Ufiseneuleiesdvialaduieamesisa fu aduamm sxdiialadu
Aaalsa
LauvLezjﬁLLﬁiawuﬁmﬂ?mzﬁaﬁﬁLﬁé’h@jﬁ’mﬁﬁ‘%mﬁ’ﬂﬁ Wilounayuana suinaua dmsy
oulusdordfialaduoaimesisatasdgiuamnie asosdfialedu lnsauidedudesld
asezdfialadu raslss (Acetylthiocholine choride, AChCL) Tnefioulexiflvun 45 A : 60
A : 65 A Tneildnunsieulnifaguil 2.4
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ACh
=

%447
{(-‘llli’!.'i-'l

Ser203-7

(a)

Ul 2.4 5U 3 TAnansdlassaisvesouluioriiialaduoamesisa uazdruveauoniinled
[22]

ieansiuamsn unluvinauasiumisvestesdudumig vse drunenadinled

tfu 203U 2.5 wandliiiudnvasmadrfuiugiteseriseuluuasduans dmu

Ug’jﬁ%mﬁlﬁﬂﬁuﬁuwﬁaﬂdw lglnslada (Hydrolysis) Ineiouledeiindasddindusinze

e

2 @9UNaN Ao d@7u amessa  (Esteric Site) way d@luwaulasafia (Anionic Site) Tag

S =

Auns serine Negludiuteaine3atu azlloandiaunazigauazitnfudiuaisvey

AU TNaVIEITAZA18TUALATN YNl DNTLAUNTUNUSLAEINUAISUBUNIDLR AL

=

=

vanoondniu Tasfoendiauluiuiulalasiou sousmsllin dauneulesein Jsgarie
wan azlandnduaimdswiufizeondu nsnezdfa (Acetic Acid) uaz a1sladu (Choline) 910
sUfl 2.6 deduidioouleiviuiiTentudansdUansn warldndniost vilvasavaneduilen
aaiunsauniu NUHATEI99NA7 mﬂgﬂﬁ XXX wanadanalnnisvinuizensening
ulvduazdarstuammlaoazidonty Geagnandadumis luevlesd dasenaudae
Serine-203 Histidine-440 Glutamate-327
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CH Acetylcholine HO-C—AC!"l;,:& "
CH3\ I 3/CH3 8 cetic Aci
+N-CH,CHyO-C-CH; &  +
Erecfroséaﬂ}:gamacﬂon CH3CH3 CH3
29 ® ‘,'I(Cho..-ne
) erine —
“Esteric Site” CHQ C HZOH

Acetyicholinesterase

JUN 2.5 wunnuanin sl jisenavnandaiseninseulesissdnaladueamesisaiu
ansavaeduamsvesdalaiunaslse lusumisweaiinled (23]

(His-440) .
(His-440)
y (Ger-200) (G320 (91 L 9
“G'—"@L ;_,_ ? ] B T LAY \J{‘O?
O HN, N \( 729 RO
e 1 O
Ny 3 9 Io)
b, OR /
G440 \_
ROH
@By, NN & =D -
SHY e TH LO ok gib O @PEPD
(o) (Glu-327
(I?I’f \__/JY’___\ \)LO_ —
> )
0 HO Hbld\:;,\l‘:l% _/Hb 9] o
¢ \\-.._____/ P
2 H
(
\.CH,COOH R=CH,CH,N+(CH)s
_ CHis440)
@@?\ vy oz
o < {
=\
o
HN__N ,
H

5UN 2.6 nalnuansnisiinUfiseveseuledesdiialadueamesisatuaansdUansn

avdnalaaumanlsn [21]
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2.2.3.2 Msfudansyinauveseuletiosdnaladuedwasisa tngenanual

[ 1 =

gneinuuasninisidanulagduiivanenguateiu Inenquensinuuasiidfgyse s

o

a

naueasnilunenia waznguasuiun lneillassaiuavesn Usenaudwanslugui 2.7

Wwszenguasisgaanguiliinisldaununsvareludagiu uazarunsadudinisvinues
oulgdoz@fialaduieanesisa Atullognguuainguiiidngsanieseuuyseamiazns

Y
(% (%

yhouvesae sy wdziinsdonussansainas Insnistiudsnsvinnuveseulesivisaes
nauensuae fauandluzufl 2.8 nduoasnilureanty sdingurleanodadidusdidy
Tnglusumislaanadaduazdinizegnannstusuns woafinles 1wosiu (Serine) vas
woulasl iloulesllianunsaldenlddn Fadusshusasnguieulsiliaunsonduunly
Tyallél (rreversible Enzyme Inhibitor) wsidnuiusnsinusasnguaniuamiy Wossuuas
nauifutueulesiudy Tneensueululasiadne  eamesvessnsiuuasiu andinizadis
wuszAueandiauludumis wesiu Aueaiinledvosoulesl touluslansavdessiuse

wiantueenlauazieuladaiuisanaduunlalasnass (Reversible Enzyme Inhibitor)

ki H li]i
¥ A RO RB Hs = M = i R
o'
organophosphate carbam ate
K=o S
F=CHz or CHaCH;

(a) (b)

[

JUN 2.7 dnvuresAuszneuesensuiag (@) ngueesniluneans way (b) Asuiiun
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(@) (b)
JUN 2.8 wnunmeuledngnnauesiuaddnduiiduniesendinled (@) Inengueis

wuaseasniluneaiin (b) uaznguasuliun [24]

A1NTUNTZUIUNITATIVTALIAILUAS A28nN15bTuley TAduLadLNDsLSd
(Colinesterase-based biosensor) tJutnatiananninislaaudulussuuroulal twse

¢ 1 1 1 3 ) A o L4
oulediifonsiuuas naa posnlunean way amsutus [umdudenisyinauveeulas

A

<, o & a 1% 1Y) a ) v ~ '
Jundn way Meaeanguidninsldauiuinnludanunsgaaivnssy lnevlduaiziingy
lAdULeABLTANANAY AD pxdTialadueaosisa (Acetylcholinesterase; AChE) tay U9
33laduLeamasisd (Butyrylcholinesterase; BChE) Ineliaun1snisiinUgizenssning

oululuaradUansnaal

AChE
Acetylcholine + H,0 ————— Choline + Acetic acid (2.1)
BChE
Butyrylcholine + H,0 ——— Choline + Butyric acid (2.2)

PNANNST 2.1 uaz 2.2 wandliiiuiesinauwUsusiuvedan nsa-aa (pH) Tu
asazatefinan Jufnanwdndusivesuiisen Ae arsideuidunse Mnassitanansald
wATiavas Potentiometric [25] inaaeuld w3a n1sldvugunsainaaeudininudunse
LWUAUDIANTAZAE YU NTTANBNAFOUAINLEA (pH-sensitive spectrophotometric
indicators) [26-27] n1snAdeUAINteYMIBnATiARBLAINgRBLTaLIYUd (pH sensitive
fluorescence indicators) [28] usna1nilagldieuleslifivavdadoafitieisesufjisowd &
annsnuszgnaldomieulaisu Weldldnadifiussanamunniu lnevluagiinigldeu
woulwiladusanding (Choline oxidase; ChOD) [29] tevinlsansladuiiiAnduluufasen
Anmsuandaiiity ieulefledusendvadinani andusrasatslelasnueseenles
(H,0,) 91nladu Fsanansaiinniseandlad (Oxidize) vutaunanfidh (+ 0.7 V vs Ag/AgCl)
lildnsiddsunasmesd sendiauluszuy vildanunsalitasumesdviuasatn
pandlauuvaaaula
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2.3 wuasuazlulawulwas (Sensor and Biosensor)

& & & LY =) [ A

wuwa il lugunsalianunsaldlunisamadavensiadu nswdsundamianienin
WaEMIAll WY 18 WAe UIAU aaunll wasBu 9 suiainnstigliesieviteyalaegng
o 1 A ~ oA a da & = s & VYo o ' |
e v3enanife muaNasainty  Fusuwesiansamulanily endiegrau
URsNTIRINgaMITINNIY WwuweinTIITunITndeulm wuwesUsendnlula aunsal

L & & v < (%Y o = a

asvinauduluena gunsalinanuiiay gunsalianisiilidin wagdu q Bnunnune
v & & v s ¢ v & oA = < Na o w ]
AatiuasulaIwuesvsegUnsalnsadutuleynnd wasnuiuldluiinlsedriu fle A
Wisuldiuwugesnsainnmenimeiensduda Sustegunse dnvagvesaans o1 N
Wisuiadoumugasuas n13sun1m viliuszanadnuasanuduneas & sg o wis au Ay
a = o 1 A s LY a d‘l A = L4 IS [
dnullsfeganiluuigeingiadusanfenms waviasesny Teulgdnigluln Jdusu
duilatiannuunnivessand uagdnuildsfe an awnsarSeulatuuwesnsiaiauia
fausasyylaiusaznautimdunauesls

Tutlagiulafin1soenuuUUBULEO SUNUINUNENTESIIEANASAINLANYEY LAzl
TgnuliinUsglovilugnvaanealulad dauwuwesnlignussiviuasfnduiiuunty aile
AonsinaesUszamdudanoivemywd  Wedumsldnuiveuuiy - enfegiagu
wuwesaudidnvsedad (E-tongue) wWisldlunismivauamninens vierueses wisld
NUNBATIIINAMAINYBIANTALALAS WU AVdEreIRveEIl  Aaudie
TulowwuiresTuLL ORI InE1TNNTINMN

Tulewuwwes wis denaiamsdnm uedasensiaiaiondunisvituiiuiy
581319 dwsuj  (Bioreceptor) way  wswAwes  Wiseiniudiuuszalanateya
Unneeansianaululowuges  weusslovivatgsnuy Wy neeunsend  enu
PREMNTIN dmTuTanmeuauemsiliana (Biological Sensing Element) w38 #asu
(Receptor) 7BgUUNURIVBAYULDT  T9au13a059a3U  wazsuinisilogvesansidens
nedn  MEnstiluanavseasiasaiamaeiiluaisazats vise  ludwinden @
lulewwwesuu fsui vsedngadu vie @dwnmes (Receptor) onaluweudued
(antibody) oulasl (enzyme) wag waa (cell) sparsNduaTzivulvg oarsiatlazll
ANNAUNE  sieansideIN s inmilaudnuyny  nauakavlinywd  Weasifens
ariadunlng duda  luuSuuiuniuivsedineuauss  agvhliiianiswisuudasid

=

endnwalianiz WU nsiinleseu Bdneseu @ uas ANNieu FeETAnTuILFUSAIen
'3 a 6 dl’ [ 1 I [ I
gunIsivsuAwges  Beaunsainateenududyaamaliin  wasUssinanasenunlu
dyanafdviarudiulssaanadeys  Fuiliaunsoueniunsiuasuwlamisniening
Fau  warnsUasulUamnnusetes  AAzduduUSINIMURIEITNAINITATINR  SauDa

ANILNMUNEAURDNS LTI UULDS
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2.3.1 wann1svinuvasiulawusas

lulowuwes danudidysenisldnulutagiuediunn Inensimuidiuddgyves
gunauailulewuees Aediunsindunsediusuineuauas (Bioreceptor) ingzn1sidentd
nutuagtuagiuansoutlad (Analyst) wu wuefide Tada astilianasing q feduleios
Fondnsadufifianamanga 130 AUz aseasfifosnsnsIaia
(Specificity) 1y woufued toulest wifissilnana 1usu Wesnsrady iihduasidngiu
AnUgNTEN vEonswAsuwlas Wy dygnamaedl Fos uae uwse anudeu nn-ud
nsiwesAariudunaniindsvinana wasdsuludunn dyanaliih desstly
Anszvinely Tudiulssuiana 3mezﬁé’agﬁymﬁlé’mLﬁ@lﬁlﬁmﬁgﬂﬁamazLLﬂaaaﬂmﬂu
ANYUTVDIF Y UATYIA %qazlﬁuamaaﬂmoﬁ’qﬁ@ﬂé’ﬁmuwﬁu Tdyaaunanuilu
faa 1w Amsialii epusinesdndyslnily wuglingaw wazguuwuusing o WWudu A9
uamalugudl 2.9

Electrochemical
Microorganism

Analyte Recognition elements Transducer
M
I
° % =
° | ! Optical
! ! Antibod i
v/Protein
e 1 =)
H Electric
e °® Piezoelectric
I
« 2 f RRZYR — signal
L :
;‘: |

T

Calorimetric

JUN 2.9 uansesdusznovvedlulewuiees [30]

2.4 Yans29IA8N9LUAe (Pesticide Sensor)

'
£ Y a o =

Tudagtuguandnuiuunniindngunsal wieyanivinarsengduuasiuiiain wald
warluawns Feilednfifuganeaounsznty gavadeuLUUA AT N151ATIEMTS
fydnwaling 1 1wy 3 Tnsganaaouimaniinisldmaiefifielfiufasein q Tasuadu
2 wuu e wuuwsnidunislfioulesiozdfialaduoanedisa (AChE) Fauduioulesias

AU AUNGNegLIasean 1sluneaa (Organophosphate Group) kawngue1si
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WUaIANSUILLA (Carbamate Group) wazwuuiiaasasiduganaaeunuuldldioulel fe n1s
Idansndilumsviisen dsanunsaldnaaeuivengdiuuadluaiengy

2.4.1 YANAHDUBNLUNAILABDIANTIINFYNTTY

dwsuyanageuengduuatiuiiy @n wald wazemns Nsusedagesdnsndnssy

I
v

Ju lesunisarevneamaluladainnsuinedansniswing F9lesunisanansins a1nnsu

U ca

nindaunelayay lavnid1ve 0803001487 yansIvAnnsesansaiimInuuadiuin wald uay

[

Wity wae 1@vil 0903000482 YansIavlnansiafifidausas 4 ngu Tusin walsl uassyiie

yanadougEnasinisesdnsindunssuldfunisarenemnaluladann
NsIANEAERSIISUINETY 1§ 3 WUU A9 GPO M kit, GPO TM Kit wag GPO TM/2 Kit 4
wandluguil 210 Tasyanaaeu GPO M Kit azldnaasuiiugisiuuasnguessniluesain
uazASUNLR d@au GPO TM KIT azanunsanaaauldiis 4 nduansidauuas dasaulud
nquaasnIlunaesu way Isnsess wazgnnaaeu GPO TM/2 Kit agldlatunguensiuias
2 nduvdavintu wazdwiunsiesiest el 2 uuv fo n1sTnTIgiensuIasied (Color
test) LavinadaugnarsnlsununadaulasuiIlansad (TLC test, Thin Layer

Chromatography)

—_— T

GPO-TM/2 Kit

GPO M Kit GPO TM Kit GPO TM/2 Kit
n31ald 2 ngaesn 729lst 4 nagu a3l 2 ngunds
v’ OP&Car v’ OP&Car * opacar
* ocapyr v’ OC&Pyr v OC&Pyr

OP: Orzanophosephate, Car: Carbarmate, OC: Organachlorine, Pyr: Pyrethroid

b s bR o

UM 2.10 uansiegrsyavadeusngulasnuseslagednIsndsnssy
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2.4.2 MsnagauesiuuaRBmALiANTATIZRE (Color test)

MnuadamsinTeisediiuresmsazanety wwldfuesusanguessnily
woauipuazaiuium e 2 nauiidunguilaunsdudinisihauresoules vied
ALSUNE (Enzyme-Inhibitor) futevlesiozdfialadueamesisa (AChE) faunisvadeu
il azfimsldansadiiusznaude

1. ansazangouley ovdfialadulednesisa (Acetylcholinesterase)

2. @19azany WUnSa 9xdem (Naphthyl Acetate)

3. ansararevauglveant (Fast Blue B Salt)

4. asazannsiuiAITazTAdey

UfAseninTuvesasazasiouletiosdfialadueavosisa  a1sasanewunsaosd
e waz  asazanewavglveadt  awvilifeddudiag  deeuledivinufisenduans

(%
v v

wunSasdinnliuin agvililadienidy widloouledgndudinsyinaumuensuiaiua?

v
=

09 Y a o sayy aca A v = yaa a & A aaa aa
wyhlvnandaaleannuisendidesas  Fedmalidniiatuludinndey  UfAsenaNn
Anduisuanstuguin 2.11 Faanufiserdsnangnldenulu GPO M Kit viliianansadiasies

faUsSunuvesenainkuaslanld

o 3C"J1‘“DH

B-naphthyl acetate | B_'P_“?E‘i‘_""* - Acetic acid
H3CO DCH,
Mo -{/_ _\>~<_§7N;l - ZnCly

The color intensity of Diazonium cl G
| dye is measured at 600 nm, and it FastBlue B

| is proportional to the enzyme

| o
activity, and can also be
estimated visually, as it provides N=N O O N=Ne—r?
contrast purple coloration, which

allows qualitative detection of OCHy
the enzyme i“hihiﬁﬂﬂ = l:ﬂazumurn dye {stable purpie color)

JUN 2.11 wunmuansuisenveseululorifialadueanasisatuiundaosdinnuiay
vhaugUvean [31]
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2.4.3 NNSNAFIULIUILUAINWNATANITIATIZIREUTATUNTASNSIA (Thin
Layer Chromatography Test) [32]

fuaweslasunlans il (TLO) Wumaiansinsizsiesduszneuansisinis azan
waziniliung desldlunismsanisdiduluvesufitonail aseaeumiuuiqrsvesans
sywianszuaumsuenaslutuneusiie q WlunsBuduriinuesans wazanunsansiam
$runussdusznoulureway udnnisves TLC tu adroadstuaodinilasunlana il ag
inafufifisaudlunsdlues TLC Spniailsazgnindoufnlifisunszan wiuogiidoy vie
uriumanadnuis q ansfiazgaudliilng q varesuvdawesusiulaslivasauadaan’
Mndudsthusudandrilursadunsusiflaigniaedouili q Wesvhazaegnandy
Julunuiagadude Capillary Aagniarsiognetulude Jufnmauenvesasiindude
vinmafeiuneduilasinlansil segratu mnlddanuduinaiais uaslddniazane
fiftauignandeud asiifdadesrarasldiluigniandeuiiurgnaadudetnaia
fisléition Fundoudlluléd Messasfiunnnitansiiidags dsazansluigninaadeudilition
usigaguULTnANATsleR

yavagey GPO TM Kit & unsvaasulaslduiuiiveadlunsvagey Tasuvadu
dadaufe drunsnnimageunguesinluneaialaza1iullun uLazdruilasfengy

6 = 6
295N lUAADIULEY INLSNTBYN

1. GPO TM Kit dmiunageuenguuainguaasnilunoanuazAIsu1Ln
nsnaaeunguiaylfasaransiouleiordfialadweanediza  ansavans
wunSaosdian ansazansugleea wavansazangvinavany WU Lofiaesdinm
LazuHuTiLead TnevinsvadeunusagUR 2.12
2. GPO TM Kit duunaaeuesutasngueasniluaassukasngulnisnsesn
nsnadeuesuiaanguiaglifimsldasyazaneioulssd wiaeldasazans
fvavarellnsideudises  ansavanedioes  Janeslumsnduddy  way
Fudusoddindesannyd 250ulumns faziuldannmeaoudeguil 2.13
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Wi TLC —— T| ( \

|

|

o lowsiu TLC
> . Uy TLC
mmuqﬂnimﬂnfmu TEC | oy TeindlugUnsaimnney TLC Uimngandun
uazansazatuEYanshAn - ALUARIDINTTE
= B9 UUA
Uneiy TLC aonun el TLC
mﬁﬂu‘i‘hiﬂ:ﬁ’lﬂlﬂﬁlﬁﬁ viuansazanahalyaan
7iala 1w 1.1i'ﬁl'mﬂz:ﬁ'qmﬂﬁ‘|ﬁ

JUN 2.12 uansn1snaaeuusi TLC AU grzuuadnguessmiurleainauazaniuiun [32 ]

o b Uk TLC Waudu T
Faunl ] ) . ' . v
#ﬁ * = 'Lﬁm'luq‘l]nsmmﬂ au TLC - AMELN
maﬂiﬁzmu k
— 10um  DBUEARY

!

v

e TLC aanun

wRzHUAIIATATY

v 4 d

; [ amginruemany
Fareiluain > =
- ) 254 nim R1ELAY 3-5 WU
ial7 1 uni

JUN 2.13 uansnisnaaeuuky TLC AU enskuaingueesnilunassuiaslnsvsesn [32 ]

ganaaovergwuadiulssmalnguuinisidausmemaia Jnsziaiedves
a1varane wagn1sltivaila TLC Fallanuuiuglussdunids hagn19itasziaiedves
asazanetiu drulugudiazanisavenieseiuuesdunsiy wielasaduwintu liaiunsa

= a ! a o v Y X X o 2 A Yy a ¢ 1
srytalSunaenguuasidaauld uazmeyagunsaivisuail Sndunassesdiyngunsal 1wy
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waeAnNAaed naeanen a15alindnludeniswddidu a1sazainng q saudinaesiigu
walulad naeeded UV dadlsiadeutiegs dsunisidaumaidanungdunisldauly

Y I o & o = Yy w1 g v 4 ¢ Y '
seaulng vindudrwiuinn weliauiualdaneuaziunundegunsal lngfiegevesyn
nAdeULgLLAuandlUN1TIW 2.3

M13199 2.3 M5uanITIeNIsanageusteiuiasninisdeudmhgludsenalne

51813 NANYIAULAY walA Y1NITNTIVIN NUNBLUR)
O |Ca |O |Pyr TRCIRIRIEN LOD
P |Ir C
GPOMKit |/ |/ Color *%45
Test nagoulil
(Solution) EPEY
gunsnl
520 U
GPO T™ ] i\ 4 TLC Test | Methomyl 1.63 ppm | "%
Kit Carbofuran 0.52 ppm | negeuli
Profenofos 0.07 ppm | 53U
Dicrotophos 1.32 ppm | gunsal

Monocrotophos 1.29 ppm | 1,500
Chlorfenvinphos | 0.04 ppm | U

Chlopyrifos 4.17 ppm
Dichlorvos 0.05 ppm
Cypermethrin 0.3 ppm
Permethrin 0.3 ppm
Deltamethrin 0.2 ppm
Endrin 0.08 ppm
Endosulfan 0.04 ppm
DDT 0.04 ppm
GPO TM/2 /o7 *%0
Kit noaoulyl
33U
gunsal
1,650
N

GT Kit / |/ 0.05me/ke | 1 Flus
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1,900
N
MJPK Kit /| Color test 0.05mg/kg | 7508
(Solution)
PR1 / TLC test | Chloropyrifos 0.01ppM
Dimethoate 0.1ppM
Triazophos 0.1ppM
Malathion 0.1ppM
PR2 / TLC Test | Cyhalothrin 0.2 ppm
Cypermethrin 0.2 ppm
Permethrin 0.1 ppm
Deltamethrin 0.05 ppm
PR3 / TLC Test | Methomyl 0.5 ppm
Methamidophos | 0.1 ppm

FeiugagunsainadaussnuiasianNmIesdMILdsn Ty vidoyanaaouiiing
Medmihenuviomatn azldimadansgdfiintulasedeuiizervecouleifuarsiad
Fansm wagmeda TLC Funafawad sududedligunsniasiaiesiie 1y gunsaians
wase ndesigu yngUnIinanvaRIN LA fflsmreuinsgs uimngdmiunis
Tnusvezen warlfiftenaaeusotesaunn fufuldoifefifefunmsiaunszuy

n5¥nensinusa Wielildlaaminuaziedenisldaruuniy
2.5 qﬂﬂiﬁﬁﬁal,‘i/\lm (lon Sensitive Field Effect Transistor, ISFET)

quaﬁSaLWm #1539 lon Sensitive Field Effect Transistor (ISFET) Lﬁﬂ@ﬂﬂiﬁ%imﬁ
Famosuuunils Agnihunfimuraingunsaluealn (Metal Oxide Semiconductor Field
Effect Transistor: MOSFET) I@EJﬂ’]iLﬁ@mﬂfﬂiLL‘EJﬂ%‘IJ“U’]LﬂG]%ENIﬁM%EJ@ﬂR]’]ﬂqﬂﬂiﬂjuamwm
93Ut 2.14 ielviduauiuveseenled Tédutalnemsatuansazas uayTnauiivsli
szwuin sl o UsnaseesesEminstuaLiufUansazany LazAnseualureag
Auvesnseud (Channel) aviinisidsuntas Tnedufudimnudunsasisvosansazans
viomaruduturaslelanaulossy (H) lussuuitdudangfudenseuatu dufundnns
YDINTHBUAUDIVBIRDAIANMLTUNTAANG Funsaesuelamelasadne MIS wag EIS du
msv‘mmﬁuaqé‘aw\lmﬁ?u%mmma%msﬂéﬁmmiﬁmLLUmLLUUﬁi’waaqmﬂw%waqqﬂmaﬁ;
UOFLNS
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a - 6 g Vo 1 ' (Y ! [ !
daviail lWuaUnsalnldiuegrsuninarglunisnsiainainnuiunsanisly

asavane Fslunuideruillaaulahgunaunidamnunussgnaldnudmsuninsiaingiei

waad TunszuaunsNiaudInwgsuueulasl

IEEE SENSOR CONFERENCE TORONTO, OCTOBER 2003

o Gate
Reference
H electrode
o \ /
M I
0 s
=T I s — ==l
Source Drain E Source Drain E
7 T T
(a) (b)
4 D
14V, *
y, L[ dvee
93—,— S
(c)
Fig. 2

(a) Schematic diagram of a MOSFET; (b) schematic diagram of an ISFET;
(c) schematic electrical diagram for both, MOSFET and ISFET.

SUT 2.14 wunmuandlassadieuasaunsal a) MOSFET b) ISFET o) Tassaiamalsifinves
gunsal MOSFET uag ISFET [5]

2.5.1 WﬁﬂﬂﬂiﬁaUﬁuaﬁﬂlﬂﬁaﬁLWﬂﬁiEJﬁlﬁﬂ’J"ISJL‘f]‘uﬂiﬂﬁﬂ\?‘l]ﬁ]\iﬁ']’iﬁ%ﬁ’]ﬂiﬂiZUU
[33]

1. 1As9d579 MIS (Metal — Insulator - Semiconductor)

Tasaashe MIS ulpssadaiivszneusmeduredans auiu wava1sna
lngdurasauItegnTInaIeseniteturadlansuazasvastunwini Inemilutures
Tane feuldiluegliilen Fureswuiuaunsaldianauiulannaile dwtuvesansis

v
Y U aa a

miudenliTanoudaldlaniddeuriingu (n-type)uazaiail (p-type)

lAseasne MIS 813isundnlasaasng MOS (Metal Oxide  Semiconductor)
Hesnniiugiuawiuildduiidusented Talnidulanggnisendt ine walnihenu
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ansnasthdadugiuses dhegsimehidunsnud fauandusud 2.15 Taseada
MIS TugauaRidnumedall
1. sulavedmmumuannifismodolduussiulindedidnglifnsznoogig
asiwae yihliaruiumunigludulavedandilndaus
2. fuauny  fenmduowufiasysal  lifnszualwibluariuuiheglddy
wsadtulalit Suauaudesiienudumugauetiud
3. dumsisinhgnifuarsdeosaiiane uasiinnumnunnefiagiiliae
UinUaenaunuliih
laifigaliilnqazanogneldauiuvdofitndudassnisauiuiuasieiih
Uszqlitihleg 71 avavaegiansishuinafdulassninawuivans
Awih wazillave sudiduiaiuauiy
6. dlwihvisansduvedlanainsdosiauifdusesdudauulosiia
lunmsiesieagiiatsan 1 46
Ailaddunulansuazvesasiafithgniionsanindeinfiu

SUT 2.15 Tassadrs MIS fugtu [33]

2. TAssasns EIS

Taseadne B1S Wulaseadieniuiudsaunainlaseaine MiS laulavegazgn
wiuiidigansazatedianinslas waztalning198a (Reference electrode ) JU
2.16 TnguszasAvaslasaiiatiivednwauaudiniglnihvesauiudvaisazany
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Feanunsalinsvaeunsdsuuuamwesseglunssuiunsialiuasinenlaedad
Usedndnm

Reference electrode

Ul 2.16 lassadna B1S flugnu [33]

ﬁﬁwammu%ﬂssﬂauiﬁé’aamgiamaﬂ%a e?iqimaﬂiﬂa%ﬁmmamamq
il snzazduiulossuresasazaeinduia fegradulunsavesauiuidy
Faneulnoenlynaziing lensendailu Si-OH I@wyjlaimaan%aﬁsmﬁaﬁuﬁ
sevsevestaneulasenlusiuasazats uaznalnanismevaussesUszqoonleni
Aaausnesursliinauganiuaiifiiaves S-oH Fuduldiensanageng
(Amphoteric) wazlessuvadlalasiuluaisazats Weawudeusetuaisazane
Aswasuulasaraudunsa-ae azvilmAnnsiasuulamesdinglidingian &

uandluguil 2.17
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Insutator I shution
|
| ,
— 9 — OH neutalste
| |
O l
| I
— 8 - O  pmotondonor
| ;
') I
' [
_— o;ré proton acceptor
I I
o [

oxide uface

JUN 2.17 augaszninsiniduldviansauasanives Si-OH [33]
2.5.2  N5UTAMBSHUUNDE

seanTudanes vive weawln Wunsudaweitienlassaiauea (Metal Oxide
Semiconductor: MOS ) indsegndldau Tagliidudiuninavemsndaines iooduna
vosawlwih i wnmnionivszgluarsfieiai dldAndutundu (nversion layer)
viofiFenin “urunua” (Channel) Fufutesmaduulunruuis szdufuussiuiiving
é’ﬂﬁ?umaﬁ’uﬁsmLﬂms?fuﬁmmﬁué’fmﬁuwm (input) F9ENNITOAIVANNITUINTEUATENTINU
%oa-11A3U (Source-Drain) Fudunszuaduewinnld nsvhauremsudanesifiaan
navosanluliiivnnelunuss (Vertical electric field) agwilpnhliAnusunua uas
navosaunlniszrinwivea - vnasululuiueu (Horizontal electric field) 9wyl
mglunruiuainsmiy Jehlimsudanesield fdunsudanesviaiienagn
Fondn “nsudamesuavesauulidn’ Sendelfin q 91 MOSFET Lﬁ@lﬁifhmummmﬁ
Tassasauvuseatues uanidemindiunestusonleddanauifduaun

Sofinnsanandnuazanadiuayinunnisieu aunsadauvmoannldiiuaes
¥iln Ag

1. woawlnyila 1w g ( Enhancement MOSFET ) w3aueainydauyuuua
Ananmsndentn (Induced channel MOSFET) mefls ueansudanesfaiiusadui
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v dugusliad arlifusuiuaiietu nssuavuasulilve niudamosoglunns OFF
wilevnneldsunssuiimunzauwazinane  audlnihfivinnsmdenilifaususua
Fufifvesansisind lvdnssuaviasuluald
2. yeawlnafia Anddu ( Depletion MOSFET) S0 ueawsvdauvuuuaingin
msunsanside el veansudanesdudussiuiivunnfuauilaad Afuruuuaifndy
1§ saiidosninsunieznouansieielmanduusuiua  dodu nszuavAsUENNTa
Ivalst wifusaduiivnadugud
vonanidlefinnsananuievesmvusfitinssualunsudamed annsoulsoa
wale 2 ¥iia Ao weawlnydaduuruius wio WBuned wneds veansulanesdanssua
Waannsthlniivesdidnnseuluwruuuasiady way weawnsdafiuvunua vise Nued
Wnedeansudanes danszuainainnisiiliihaedealuwsuiuariah
desanfiugruresigunsnidae Tnuvuslasaavdeufuueanuuuidy
gruduuy vdadunauua feuludiudiazveesuisemzuedminuuuidusudiuusivde
Sunruuainy
anwarlassaislasdyanyalro oA ALUULD LB UDLUY DAL ULILUALAAIAN
Tuzuii 2.18 Tnefllassadadsussnaudedugiuses ( Substrate: SS ) WudwAsiniuind
mm%’jq%gugmsaﬂﬁgﬂl,%ﬂh “ah” (Body : B) @wu9ea ( source: S ) WazdIuvinsy
( drain: D ) gnadstusienisifuesnenasiieviaduogadutu (ne) Wilulugiusessiia
i S28LNTENINIVIYRARAZYUATUYNNDITUINTUAINEIIVO MBS dIUVNATDS

NIUTamesAolATAT LA FagnaTeluuaradTEninauIveaiuvIaTe NUNTITURE

Y

1
s U

loviuilnazgnas1Wuuud I aINvemIudanes tilnivesweadadawdine 1Ivved

(source) VN (cate) waz VAU (drain)
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a. lassasng b. deyyanual

JUT 2.18 a) Anwaglasiaing uas b) dydnuvalvesueansuBanesyladuiaunug
@ L4 2
WUULBUBTUTLUUA [33]

AavaNURLaznIsYIINUYaIURaHn

Tunsdiiifiorsaninbiffanugiiy ( surface state ) Ta q Usngegiifadudasemning
Si =SiO, e Tttt Ves = OV Seliifurunuainty uazuseiiusaiurasy Vs
> 0 A9M NITUAVWATY Ips = O Iuﬂﬂ’szﬁﬁadmiwu%aLm@%agﬂuamw OFF usiilolasu
usssurnaduan Ve = OV uavannwedazsiliaunalwiihfidusenlesausadsu
wie il AnuuLuardnduld Wio Ve > Vi wruluamiintuazdelieusswinaved
weg vuasy  wesdudemaiureenseuanasy  TaunsEuavILATURL NI UR LS duRN
wsulutiousn  wasdlenssiuriasudintuluiian  asferussufiudesw  ( Pinch off

voltage :V, ) M3BUSIRUBNFT Wazideulein

(Ves = V psesar)) =Vr (2.3)

Vp = VDS(sat) = (VGS_ VT) (2.4)

'
a o

PNFUATNA 2.4 UIIAUDUAD Vps(sat) LUTAULTIAUUILNS Vs WHUSIAUYILNA

1%
=

a & a o N % [ -
WNTUNTELEVUASUBNMALANTUAY  wazidulUaivaunisy 2.5
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Vps(saty _ Vgs=Vr

(2.5)
Rery (n—ch) Refy (n—ch)

I DS(sat) =

AIUAMALTR s - Vos YosuaaaLUUDUE UGUiTdaduwTuLLE AksIAu
NAAARIG 9 Feuandlanalugun 2.19 wasnsNANNFURUSVRY Ios - Vos Tuvaieiiogly
gulsidud wansladslugui 2.20

= & ' o A a v oA ) A o '

FansMTLENUITOLANIANVBILTIAUTASU Vo 19 11D997NKIAUT AR Ves NAINTT

v a a A ) \ v A a o § val
LSIAUTATH Vi NTTUATUATY [ps =0 UazIIDUTWUU NN Vs @anIusaiulineEy Ve vinlvd
NTZRAVATUBUAD lpssan AIFIND 9 WIIAUVAN Vos IMANTERATIATWSUIMALA Tagn
Aarsauinduussiudasy (Threshold voltage: Vi) wananninsiu lps - Vos Geuana
AUENIUSIT NN T UATLATUTLTUNSTUA WINNTUI99T VBV NATU -V 190E AULTIAY
YARFRTULTITUBUNN Fasuvinaansamuauisedasy advayulinszuaviasy

_ v XY
Januulatuea

o BT 7
‘ ‘;[)S(sat =2 Y, GST V T
|

L

|
)
I
[

Vas>Vy

ll)S

EEETTEE CEETERS TEPTETT TR 5

Ves< Vr

Vs

JUN 2,19 AanUR Ips - Vos N399U Vs AR 9 vosuaansudndunsuuua [33]
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Vs in saturation region

Vi Vs

JUN 2.20 AuEuUR Ios - Vos Twaeieglugulidudveweavavinduiruiua [33]

ATHATITAANNFUNUTTEMININTERAVWATY Ips bFIAUVIATY Vps BIIAUVINA Vs
WAZLIIPUIALSY Ve anunsaasuiglamegiunisinanudusesnidu 2 g1 fe grulidud
(Non - saturation region ) LBLIINU Vs Ves- Vr 85U18ASANNTTN 2.6 Lazg1uduAT (

saturation region ) 19 Vps= Ves- Vi WAAIAIENNNTN 2.7

14 2
Ins = BlVgs — Vr)Vps — DZS ] (2.6)

B
IDS = E (VGS = VT)Z (2.7)
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d' A « a s ISP -2 9
SN[ B A NIFUHDIVDINDFNALAWNINY
w
p = Ci,unf (2.8)

e M, A9 annAdesueuisnive

1% '

G Ao ArmglihvestuauIuseNu
W AB AINUNINGVILNG
L A9 ANUVLNA

Vr A9 ATLIIAUIALSY

'
s o

A ISiwesTdANgnee miesgunsalusann  ARALIIRUTASY  vuel

Aty
wssnuludanunnmantosiian JwihliAan1iz “ansosduesdu” nanfeduaussiun

lvigunsalueamniFuyiniey Lansnsaunisn 2.9

VT = VFB 73 Qél_:‘n + ZLIIF (2.9)

TneNAussfuLauSUTNeaa %38 Flat band voltage Fuslddudnuuzgalu Vg

TinAvauniIsi 2.10

Vegmosrer) = Dm — Ds (2.10)
g W Ao Andulasl
Q. Ao Manduauvedlany
1) fe flaiduauresan s

S
Q o Ao AruVLIRLINYRIUTERLUT Y
USUUaDAN M UBIa15N9A1N3

ANAIAR
Y 9
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2.53  gunsaidaa (ISFET)
1. Tasnisadregunsaidaine

Iﬂiqa%ﬁwaqqﬂmaﬁmw (lon Sensitive Field Effect Transistor :
ISFET) Tneugugnitaunmnainiassadsuesueanstudainesd wieuealn wuu iuswud
Wt win Bunsuuua davauilinevaussseaudunsa-ans Ielnensidavnmlans
oon ioliturnnnoenles wietuauududatuansazanslaense uarlddaluiingnsdauia
Ag/AgCl unuvnmlany uanafasuit 221 Taeturineoenled vie Fuitlsielesau ( lon
Sensing Membrane: 1SM ) {fudiudfyveddassadiedann uaziinnslilaseadaduan

& aa

neRUIUINNNIMBITY dmsuatunduiaiugiusesdaneu deuldidudanoussnlani
Ugnannnszuiueendintumeiuieu ewnauandiinisdumesinani duwsusuily
nolessuvudanoulasenles anudduuindmsunistarinnudunsn-ang e
[ ) [ [ 1 ¥ L LY aa ¥ & v aa ! A
Jututesiuldlilessunsqrrudnludsesduiavesddnoulssanlen fu §aneu nalife
anunsauansienisiden wazAmuEmnsalunsnavaussrudunsa-ae WieUsualosou
luansazany Megdrvestuunsunbrelossumilotudareulaeanlyn wu daasuly
lnsa (SisNg) a¥giun (ALOs) lmmitlsueanled (TIO,) wavwnumIaununanles (Ta,0s)
v L3

Uadeifetaiunisesniuugunsaldanndnegimilsfie n15ussadaeindenisiitumy
wunlelessuwhiunduiaiuaisavane

V{_’;;-:

Reference electrode — ! U ~——— Bufter Solution

JUN 2.21 ununmlaseaiiavesgunsaldainn [33]
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2. AuauURLaznIIUYUnIaldann

nann1svinuYesgUnsaidaa FellesAusenaundnae lassasie £S
aunsnesuielalaeniswssuiisuivgunsaiusan Fellosduseneundnmelaseadna MIS
e a ¢ A o s A o v A& o
gunsaldauiainangunsalueaniignueninalavgesnandrgunsaliivevinminimuds
919daudthluguluansazane Inglviusnduauiuvsawuusuilselessududaiy
a15azany
° PR A a | Y '
nsuvesgunsaivivaesvlinvaeiegluyaeliduds (non-saturated) A
49{ Ky d‘ QAI a o gj a 6 @
VBINTEUA ( Ips ) IrTUREiUNITAFRUTIveBidnasaulutusuesty (u, ) Anuglniives
QUIULALDIRTIAIUAINUNINADAINNYIIVDIYDINIWLAUVDINTLHA  WBNINUUTIVUAUAN
wseiudasa Ve ) Sadusudsivuiuiteddunuvestan (@)
1 v a Q' o [ L3 a d' 1 ¥
ALssulasudnsugUnsalueamnvzinuasd dmalinssud (/s ) 9y
Yuivwsaulinvnnm (Ve ) iieeeg1aner  awsnuliiiseninwuasuiuuived
(Vos) AAnasndmivaunsaldainaiussiuiasulilaluaduwdsiinaisouiouldann
AngluliNAnduusiseumaseninadaliinoede-ansazarg—-aurudadng lui1us i
S88MDITININTURNIUAVAITavansazUasuLlas Weduatuiudunanualsazaieniainiy
U na-a9 wan@afy vinlRanu1sanIAInN1sRoUaLeIaInNN1sRANsaNALs It uT Ay le
AIUSTAUNS IR 9 d@1nsaesuielalagenfownuninuaundsnualuguil 2.22
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1 Y VACUUM

Q‘ﬁsm’

Q¥ /] q¢s
Ec-
} -
F I Sy LN E v
ELECTROLYTE SEMICONDUCTOR
/___
INSULATOR

JUN 2.22 dnvasuoundsuresansaratedidninslas auau uwavansnadau [33]
WeRasandnuaziauNaIUlugun 2.21 anansaeSuiganuduiusves
L3srumaUSEUYRIRUnSaldamnlafsaNnisil 2.11

VFB(ISFET) = Qo1 — Y1+ Y01 — Os (2.11)

P

do Q. Ae fedtunuvesansazans

o

Q. fe Wanduiuvesansiesiti

W, Ao AndluinususeefatuauIuiu a15azany

W, de dndldhiinnaseumuaisazanennazsin

yenandmnudutulsinalelasiauloseulsdmwanedndluiinfinnasex
fudNsaTaIeuLRazyle LLﬁi%Gﬁuagjf“ﬁJﬁ’ﬂ&ﬁﬁ/\lﬁw?umiawia%’juamuﬁumsazma NaUDY
nsfilespududafianivestuauiy dwalinszuariasuvesgunsaidaa 1ian1s
Wasuwlas fosanamnsfines W, dawaliusadu Ves way Vo finnswdeundas

AnANTANTELE — WU (55 Vos ) vsgUnTaldamn (leussiurinauio

wssrundeuliiutalningaBadiinmeiiAieing o uansdsluguin 2.23 waznsmlauduiug
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FENTNNTEUAVUATULALLITIAUIUAR (s —Ves) Tua1Tazatenn pH a9 uansaelugud
2.24

SAT

ds

Vv

E>

5UN 2.24 Aauauli ps -Ves lWansavaneiieg19dn pH 4, 7 wag10 91 Vps dA1A9H

NTNlUUN 2.23 anunsauansAt Vet siulnEy (Vo) Ia L1Heanusesiu
YUNA (Ves) MANITIAUTATY  NT2uarinsuslialszinamud  uasillonssiuinngs
nusiulnEy  ilndnssuaneneg  wenandnsm lps —Ves tugun 224 dauans
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aruduiuSserinussudasutuen pH  vilfansadeseinanisnevaueenAIy
Hunsa-ma Iidesmnussdudnsuaswusiuiua pH wderanudunsa-ane tues
dnsugunsnl Baun Aldlun1meaest asiflassaths auguil 2.21 ddldan
91 Auiifouasinudidnmseinduisnd (TMEC) Be38nslddaummiy assosguiiufaves
Seunln 130 sensing membrane wWiaufutalingnas Ag/AbCl aslunfeufuluansazaned
ginsanein Weasavaneiuilessusy nvuitiediu awvilnssudluain daen
wsulurged azuana1eiuly Iﬂaﬁﬁﬂﬁmmwmﬂwsmauauaﬂﬁu aziumanuaadngsening
YunmkazvIed Weduyqlooou H magju‘%t:smﬁuﬁmauauaq nszualvamnty Seasnniy
ﬁ'uﬁ']éi’zgﬁgmm’]whﬁﬂéﬁié’aammmm@fmﬂmaﬁmﬁm

fal d‘ = A a 4 v ' [N 1
Qﬂﬂiﬁu@ﬁw\l@] wanAINNATVUIANLEN N1TIATIEALEEATITIUNY 13JQQSWﬂ A1

€

yayrauiUaseanin gl fedn Ves Fadrgsranisauiauaziiluldnusely dsliusme

audRvedamanauisatanisiasundastossuluaisazatgladu Janunsausanisid

2D D

NuMsingguaiensUssandlduisevedeulediugduamsn uitsegnelstu ms
a sy A | Py | v a b A v P Y v
Hanwuwesmedannlddialtinenguar nstugundedddmalulagtugs uwihazaunsa
Mgatuudainnladiefniy watlaA1din1slgundd n1sns1aTnenuNadefe
NIEUIUNTTUTINSYINUTDLau e TR SAISIN TR NRUUN LELAINT s zwaulysl
4‘ o g.J/ ) ¥ I v 3 1 & ) ¥ & @ 6
Wegndugaimsvinumeeisiuuaddug Aldenvuaninnisiinuld 100 Wesidud n

navudalaaulanazgfnen druneveevng ®se 93l (Extended — Gate Field Effect

=

Transistor; EGFET) Aiflufinovaussiulilifinegsenineuinsuiunveasgaa1as
WULReNUAALNe AetudIufaveNevINel 39EIUNTaneAANY KIBNSITWAINALA @Sy
v & o = va o v & & ¢ ¢ ° PR waaa 1
Aunnevauss dmegideldidanuiselevdvesnseantdilningedauaudanfsenis
nldszendldau s1agn meideasladanwinisussendnistdaunszanidalnii levile
(ITO) \Judaunuiinauaueslugunsaldrusievenaynndis

2.6 NIIAKUUAIUABVE8VNADANA (Extended - Gate Field Effect
Transistor; EGFET)

nueamngdamn Fadinmsldnusdaunsratedmsudusuweslunisnsiaing
= 1Y gj I3 o v 1d aa =& aa 3 1d L4
Wevluansazaty Anuannsueaaly Agniainundudde Zeduntulugunsel
Ao v [y J 13 1 1 [y a = 1
ninsUssgndldanunmaiaainudunsanidduasazaieuiu lngdawmndauwanedig
funean assfildfiduresdlany Wurinafinefniurasulazyeed LANSYUIUNITEIU
Adeiu fdamaniidiuiuineuaussssidutuauiudasineg uuwuigesodseninamn
WwsuLaza1wea InevmtinnsulazUasslossuns o vlmdudnuvarnisidalanslvaves

dyqaluiagunsal usdwiudiusiovensvinaty azludnuasdnlaseasnmis fe @i
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Duitufinevaussdyaral (Sensing membrane) Azgnsiove1ueanuIAINilgunsal lagdl
aerilideusefuriasusazunges inlidusevensuing weesan ausaldudaiis
1] LLazuaﬂmﬂﬁ?ué’qﬁwﬁﬁumﬂi’a@ﬂszaﬂlaﬁia (Indium Thin Oxide Glass; ITO-Glass) 34l
sgnnidaneuildludama silfaldaelunsndngnas vedamngdunisilldly

'
Va v YV

neauy dadudenues  DAINANNITedINIsANYILaENadauLTaIdulunsldnT1a TR

Y

A

2.6.1 #ANNISHIIUVDIAIUABVLIYVNA

dausevergvng wie EGFET Insvlludrandugunsalimueiniinisldem
rufvrsesuedaifisimineialu (Commercial MOSFET) Tnefiddiaiazdanudiay
wnnIBainnssiidunouaes ﬁ?ngﬂ@iaaaﬂmmmnmmimwimmm} usend dw
fovE8u AN Extended-Gate (EG) Bevinlnsldaulugunsaidiinianunsonanude
Wasudunouauesildtuegfunislian Tnefiennszua viowsswiumslwillugunsalasggn
sarlilaedt luruefidamaturiasunasrweatiuaggnaistuduiunuitnisfndu
nevausslinulassadredama dusiliausstumsiniluisunsalagliviifudaeg
Snwagnnsadsveuaziuny fuiudimaisoammnnsgiudui muauilademend
93Ut 2.25 dhumeuaussrzgnioosnuaINvLAALarTuadluaTazanenFanfuda i
1984 iloasaraneiilosau vioasivosnisnnainegluuinuiuiinouauessiu wsdy
malsiluusnaiiuiinevaemierunaiinedinsdsuudas doiilinssualuihilnaly
weAlnINnIT I sEinenasuiurgeatinisuulas Ssiduiudsuaaiusisdng
sywihvinadalningneds funeod (Vgs) %Q%QﬂﬁﬂﬂwmﬂumﬁLﬂi'}gﬁﬁi@lﬂ Tunsdifi
weaadurilndl P-type uariuiineuauesianusimedearsavarslosaulslnsiau wie
Tusmauiiy iielesaulalnaiaumnagdiussdumslnihiiasdu Suiiiluumdeninsinaves
nssudlihsewinsviesuiunvealuseamniinntu vilskmanusiedng (Ves) Seiesa
desmnldsndudedliussudlufudeiivgldfinszualva (1d) auiildRealily udds
tufinAndnyandiusediu Ve demdnnisuazvguiililunisesugasmiieulugunsniuoaimn
wazdain fauns 2.6 fisuvtsiy o wardwitufinovausiaud iy uidmsuilud
novauadly Sumiiudedlinuautfvesfaniishsngunsnidamn Aeluiiufineuaussos
gUN3ald3n azdeadutaniifidnnsunliinga Tnefiraudumusiuiides wu zno,
SN0, , Nb,Os, IrOX, TiO2, Ta;0s, PtO, a ITO [34] Faagsinaainiannevausdugunsaida

e Al TanniiauadRInNUAUNIUTINTGINT 19U SIO;,, SisNa, Al20s kg Ta,Os
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Fig. 2. EGFET measurement system.

5UN 2.25 AMnuaninyurYedlaTIasNvedIuioveeYNe BIR (EGFET) [6]

2.7 MAalAN15AIIANURIA8NADIUTIZABY (Atomic Force Microscope)

2 A v Al = & a [y 1 S & 3 PN ¥
Juimsiuduaimsfnwaniwivurivesiansine 9 dududselevdunnlunisnagld

Judeyausenaulunisestiiengfinssuuaranudfesfantue Funafinisnisgninesiuiy

U
(% PN

Tannileuldiuegludagdu Ao nsldndesganssml (Optical Microscope) waznaos
fqamiﬂﬁ%Laﬂmauuwdaaﬂsm (Scanning Electron Microscope) Faofuuaanazan
Sidansoudumifiazinmnnszvuiuian wazyiliAanmaudu egnalsfinuniendalssl
nsfunumaedldlumsinumamainiestantuindnmafiands dufle Atomic Force
Microscopy (AFM) GaflunsvinliiAnnwuesiataglenisiausansgyihseuinsintaniud
asadaiviannduwunnidn (Probe tip) Safuinnada AFM @uwmadafiutanival uas
ihaladueehsis uazliuuiin udnildfimsdunumeda APM 1 (lus1d 1988 ) el

AFM fAlsignihundssandldlunisfneaniniivesias wedwesuinmieg
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AFM (TumedlaUsziamvilslunguues Scanning Probe Microscopy dailiumadini
anansoldlunsganmituinvestanussinsng q 18 Teefvdnmsiugiu fo nsldida
ATIvIRTWIALEN (Probe Tip) ﬁﬁwm"‘a’a@ Silicon nitride (SisNg) LARDUTALAL (Scanning) U
yhudnueg q vesinian lnen1smunuvesia Piezoelectric Scanner Fsan1winvasiani
wanenafuly azdelimAnnsdsuwlasiudunsiata (Probe Tip) uwansefuly (Faanuiidl
Wunzinegasiinnslase (Bending) Antu s‘z’fqmmaagﬂmwi’mléima FINTIVIANIILE
photodetector Awilildnmilanuaonadesmuanmituiilussiasuina Fuandusui
2.26

Fhiotodetector

Laser Beam

Cantilevar
Tip s

Line Scan

3 N
= Tip Atoms
T Force
E-urfa-:e .&1-:.1111&. .

gﬂ‘ﬁ 2.26 uanteIrUsznaundnveAIeaiie Scanning Probe Microscope Tuuwuu AFM [35]

¥
a

o v a ::l' 1 =® QI'QI Ql' ] v ei‘:l @ 1 a v
dwsulumaliawuu AFM agnanafislunil danvilvieuiiidunigey ianislase

<

Tuhfe usanszvhszninsezneu Fenvanluussigarseusingn AldTuegiussasing
! < . a = = Y o = 1Y aa = o
senadnUarsuvan (Tip) walla AFM Fsasnsafiagldvinisfinunlanansis deazle
nanansluindesely agnslsinu ladnasdunsld AFM TuAsle wsansevhiiadu Aazd
N & a ° Y a Yy o
nsidsukUadluauaningunse Topography YaeituiINy wagvilanmiiaenadeaiy
AnMEITeNIARITUY
A A . . A X Ao ) -y = I a
\A384ila Atomic Force Microscope giladuiufidmiuinaduau Feeguiinnmss
a @ W . o a a Y A a v .
nas wazdindn (Probe Tip) 2198 duitusnnauuuYeLATIaslledziindas Video
Microscope @indiald iiiolddmsugiumisvaaduiiagyinnseaauuusioneng uuRa du
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ANAATUININNABIILBENIDDNUINIIIDUDNADS UBNINUOIALTLNAI AN RALELALYDT
Mgldamsudusvsniuwndsvoaduiiuasundasiudlatinisieaoud

o

2.7.1 nuansldaundAgyvesgunsaindasustaznau AFM Nd1Agyeedl

1. Contact mode

Lﬂuﬂﬂii’mgﬂmwaﬂamwﬁﬁmm (Topography) Inenisadulimdulaa (Slide) luuu
Fufeasilviusmdnioty Wesnd Wuduinaazeglndfunnn Ussana 1-2
Sramsen) Fausswdndainanil agFsunadlunusunswesinny Fuagviiliimsldse
(Deflection) wesA (Cantilever) filldudmnzegiivats Insflvuiavesnisivasuutas
gonadondulumudnuaesunswesiny

oehdlsfiniu maliauuy Contact Mode Hardidaids Ao lunisilazannlifunsaain
wneuiloatiuludiuTinmd 9 vuRiny enawhlmAadvi wieanmituiaTanfisdly
MnanmANTLiese (Artifac) wazarandemeiatusdfaeld endaedtatu  neld
anmrusIMAUNA fedoineuazartulueinie %Lﬁwm‘ﬁm%a?ﬁaﬂUiﬂﬁmagjuuﬁa
o Fuflodamsndouiiawnuueadutnluduiatuindiiduu g yaaventn wardsanusn
fenaninzed avvilituseda (ussliidhaing wasussisin) Adimuinidudaogiivae
\deufiasnduiaiutusend yhluasiorusssehadufufinuiintulpes
Wasuuadly venanigsilifanugnihane Wy nisdnmmannisanniduluvuiinam

2. Non-Contact mode
dll d‘ a d‘ . ! ¥ L% = Yl v a

Wetlagndnidesdgminsnanntisay  sladinsiauimetlaiuy  Non-Contact

= A8 o = = val i A a &
mode T lnglunll Miduvaguvay avgnentuuilvidszesinanionuganniu fe
Uszanu 10-100 ssanson Jshifillynisesnisiaslassasiaiingnu Inelunsaltusenseyin
seriemnundidulansuianBanizegivinny sdudnuasusign Jsudsuwla
TUnNFUNTVDIEANINRINY LRIy

agslsiny FiazdidedrdaiinerivaivasiBenvein miliiniu Tufe usdge
Uszaniamesana (Van der Waals) Miindussninaduiuiuia lunsdiasidunseisau
nidleiguiuusananiiinulunsilves Contact Mode (UnRegfiuszana 10-12 H36)
Aty dyanaunisiuasunUasieenangl (Sensitive) sdodwwlanuasuieguuiiney agrau

MeANTINIEBYgULRY

3. Tapping Mode

Tapping Mode Uuwaliaisiuendnvazvesnsinndlukuuves Contact mode
waz Non- Contact mode e nafe denslrinisdudatuserinaduduRrnuly
seuzdlnanuuin wilsudunsalued Contact Mode wialilAnnmATaALaY TuvaziAeinuy A
v a qll & [y I3 4 d' Q"d’( v [ d' d' [ a
galimsdunsovdudnlatswmaulmadounvuasiunion q Aunisieaeufiawnuludiuiine



aq

1 a (% 5 = I a a < = o Y a
A8 9 vuRu At Jadunsudnidestdgmnisainlaaliulansuvan @sagyinliiinnis
Manganmaeanuls aeiimedutamilu Contact Mode

2.8  AISNUNMUITIUNTIU (Literature Review)

grguwnanduansidunsie  mndnsduda vslaa  visegneatuidnsianienang
gavngenaziauinumele vnlrlnuideeenuiuinineiiensiain #5195U asIanengh
wuashui lufignavnsnisinens Weldunisananudesninnsuiian

2.8.1 wuwashiinsldeueulasl (Enzymatic system) : imafian1sgdugns

Meuvesaulesl (Enzyme inhibition assay)

wadaidifunsldasdnnquuis Ssannsadilududndizond ueniinled (Active
site/ Binding site) vadeulasl vibioulesllianunsalihujisedudduammvesoules
dld vilv  wAnSusTiAnTuneulsuasAsUannanas TedenaliAnnsiuBeunag
aududuvedlessuluasazans vieasavaneiiu q fmsdsuwlasil Tnetfnise widd
wWasuwadluanveady Aenisvieuveseulesl wuu 100 wWesidudundieuinddeuly
wirls

MNMIANE eSS URTIa Tee gy dulngualadnisldanuves
woulesiorivialaduoamesisa 1esndmudumizinnzasenisvinufAsentugduainsm
wazdsdmedvenguuaslunguessniluneaiiauazaisuian anUfisendnsiuaziiuii
nadngnM iUz weseluifugiuansm azlinsudsumfiterluszuy viieding
Wasuleesuiiintuluasazats duivlussuunsiadu iewuwes nsldmilnmeiuas
Uszananasig ¢ i Cyclic Voltammetry, Amperometry, Differential Pulse Voltammetry,
Fluorescence L8ugiu fam15199i 2.4

Falud A.f. 2006 Fabiana Arduini wazamy ldfinseenuuuuwesdvsunageu
geNaINITI0eATeU  (Paraoxon) ImamiaaﬂLLUUU%’Uﬂ@@ﬁuﬂaﬁum%’j’gﬁﬂm (Working
Electrode) fdudh Carbon Screen printed Electrode (SPEs) U%JU‘IJ@W%EJmﬁ Prussian
Blue waz Cobalt Phthalocyanine wazfmeulesdasiusensideutiusemandl (Cross-
Linking) ~ swansngmisadlen  (Glutaraldehyde) dethlunageutiuendnuiadsauiu
asavmeiansudy  avgnisiilafihvestaliil  (Amperometry) lérsgniiannan
naaeuldegi 7.3 x 10 Twans vesensiuuas [36]

Tud m.p. 2010 Alina C lon wazaag lavinn1sesnuwuudinovausdlasldnsiu
(Exfoliated Graphite Nano platelets) .udandmsunisfinieulsyl sauduaisngnniadlen
(Glutaraldehyde) i euse fuanslalnenu (Chitosan) vutan1suey (Glassy Carbon



a5

Electrode) shomsfndeiussiainiaud ailviinistanzléd wasnageudenisians
LU?BuLLUaQﬂaﬂﬂi”LLaLﬁaLﬂ?\llﬁ,JLLa”aﬂﬁﬂﬂ’mmi’Nﬁﬂé (Oxidation/Reduction by Cyclic
Voltametry) Lmammiwmaamum@nLmaqmﬂaml,mwmw AU150ATIVEDUAIAIIULTUTY
Maeuedeaiuial 71 1.58 x 10 Tuans [37)

moulul m.A. 2011 Nidhi Chauhanc Wazam lRLN1T00NMUUUIYOIANNTU
a3 ineeuuasnaelslwiwesd (Chloropyrifos) T,mJmi‘wmaaummmsﬁﬂvﬂﬁwm%’a el
wultilozdnaladueamasisanenusylaiaud ‘Vmﬂ‘UiU‘US\‘iW‘L!N’JWJEJ EDC/NHS Agent
bmdmg awuaumﬂmﬂaaﬂlsm (ZnS Nanoparticle) #ifl Indole-5- ~Carboxylic acid [38] 7
aquuﬁu’maa (Au Electrode)

Tu A.p. 2008 Atsushi Ishii wazany Tavinnisesniuuasusuulufiaive (Carbon
Nano Tube- Field Effect Transistor) waziinnishateulesl memsldaslaau  (3-
Mercaptopropyltriethoxysilane) Pt ALy N-[5-(3 -Maleimidopropylamido)-1-
carboxypentylliminodiacetic acid iensfmeuled wuu Affinity fuleulesiiifauwnaly
s Histidine-AChE vilsuvtaeniinlofanuisaduiatuansigonisnsainlaau
Tnewadlaianunsosnensnuuas exd@mn (Acephate) 7 5.45x10 Tuans [39]

dusunismmainenshusadlunguensunan Wy msutda (Carbanyl) Hu Tud A,
2008 Dan Du wazmme ald3hansuau (Carbon Glassy Electrode) ﬁﬂ%uﬂ‘;dﬁuaaﬁwiﬂim
YU DUNIANSY WAz BuAnIBuAunevLanidemaglsa (Cadmium Telluride-Quantum
Dot) uagainoulusiadnludlufuoynadinanseiusylaiaud wasilevinisagey
gsiusiasll Aldennududusingaiiansnsonsataldegi 3x10° Tuans [00] uarlud
Fenfuty Shu Ping Zhang LLazﬂmﬂé’vﬁmmammuﬂ%’uﬁﬁam%mau (Glassy Carbon
Electrode) e Multi-walled carbon nanotubes (MWNTSs) ey
poly(diallyldimethylarmonium chloride) (PDDA) uuRawivests wagvnisnsaeules]
aﬂﬂimmqéﬁaﬂivmumsmﬂ%'u (Adsorption) LLﬁ”I%L%ﬂﬁﬂmiiﬂ’?ﬂﬂﬁ‘“LLﬂi‘V\lﬁ?
Amperometry Fanuhannsannainmuiafinnandudusiiand 5310 Tuand [41] §933
Hdunsesaeulaiasuutisueesiiie

warlull p.A.2008 Wuiuiu Gabriela Valdés-Ramirez wiouane lafiniseenuuy
FaRuiiinsedouans  wedles Photocrosslinkable poly(vinyl alcohol) (azideunit
pendant water-soluble photopolymer, PVA-AWP) ffu @13 Cobalt Phthalocyanine (CoPc)
wulesinde (Entrapment) Tufansonanldias uaziilothluineuinuuaseiunza wuii
aududuingafiinldegi  1.6x107  Twad  uazanansadinensiuuasanslunsa
(Carbofuran) ldAnarandudusnanegit 4.5x10° Tuans [42]

F4lud A.M.2010 Yunhe Qu wazame 1§inisosnuuuswgesdetnuoy
(Glassy Carbon Electrode) ﬁamﬁ’uﬂ%'uﬂsqﬁuﬁaé’asJaumﬂmqu,av WoALNDS LLavvia
mwauuﬂu Dendnmers polyam|doam|ne (PAMAM) - Au/Carbon nanotubes (CNTs) s
ﬂﬂmawuwumuuwuma%u (Layer by Layer ; Self-Assembly) uag giaullgnniinng
mﬁmmuiu%umimﬂan Lmamammamaswa nadouselnAila Differential Pulse



Voltammetry uagnaaauiugiginuuaa1ilunda (Carbofuran) laA1Ad1uidudusign

annsodaliogi ax10® Tuaf [43]

a6

=

M15197 2.4 ANTMERY Anvazrugesildeuluinguladueanesisad niunsiaingisi

bbAIEN
Pesticide Detection Enzyme Sensing Limit of Reference
target Technique Immobilize | (Electroactive) Dtection
d Materials (LOD) [M]
Technique
Organophosphate Pesticide Group (OP)
Chloropyrifos | Amperometry | Covalence ZnS NPs 1.5 x10” 38
Cyclic Covalent Exfoliated 1.58 x 10710 37
Voltammetry binding graphite
nanoplatelets
Paroxon Amperometry Cross- CoPc-Prussian 73x10”° 36
linking blue
Acephate FET Affinity CNT 5.45x 107" 39
Carbamate Pesticide Group (Car)
Carbaryl Amperometry Covalent QDs 3% 107 40
binding
Amperometry | Adsorption MWCNT 5x 107" a1
Amperometry | Entrapment CoPc 1.6 x 1077 42
Carbofuran DPV Adsorption CNTs-AuNPs 4x10° 43
Amperometry | Entrapment CoPc 4.5 x 1077 a2

TRgEULBsNTININL12LLaInINsidnueulyliosdNaladueamasisaty 9l

msAnteuledasuudiuts lnswusesnidu 3 Bndn q meiufe Andenisanduniy

nenI (Physic adsorption), nsAnasluantinvgu (Entrapment), wagn1senanoules

MBS wagiusgladaud (Covalance attachment/ Cross-linking) 9In3U# 2.27
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JUN 2.27 mnsaeulzdasuugunsalisuigeinili Amnsdnmenisgadunenienin B,

nsanasludandavdu Cnstafaeuludmenss uaziusslanaud [44]

o 1 a v ‘ﬂl 1 ‘é’ Y d‘ 4! U 1 1
NFeLINAdENnaINIlaInsaasUlafaandlumsen 24 Fanuddlng
winiinsesueulediedtlaeud  Fadumsesueulsdnd  vibieulwlifaniziuda
movauesliiupged wisninanil Wuisnsineuledfideddianiu gein Tdansaiin
vannviany Lazdlanududousioniswiey usdnsuitmanseueuleddmivanuideduilay
1E38nsAnadluantnveu (Entrapment) lngnislieuleslos@nialaduieamesisa nisasly
waenlsa meaenlsaduiannsuanunsagaduuasinouledadlugngudnan uae
[ v a 1 1 a N 5 = i = ¢
Juansilaannsssuwd wleuie washiiiwioluasiadldunsie Jsiesienisniueouled
Luuiandiunevausswagugosaig o 166
Fedwiunudeduiidunisuszgndldnudans Tnsnmsusulgsiiuidiunauauss
(Sensing Membrane) Miludan@anaululass (SisNg) Aflarudunizionisnsvivlessy
lalasiuluansagane@eanunsovenmsilfsunUaesainsaua  seriitey ousuly
HuRRenanmIeanineswieulydesinaladueamnesisa w1509
ansavanedUamsnesdnaladuaaalinls dadndunnfevuanneuleiiasdUamsviuagd
! a A v o 1 1 Y o '
Hasion1sAukUaiiey  wasUssndldnunisnsiainesnwiawsioluld  eensinuiag
ansaduginshauveteuled  Avdierluasarareinvasulvdisuweignasininly
asavany
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2.8.2 wuwosiwasnldlinislveuaulasl (Non-Enzymatic system) : 1gutwas
LLUULLsiﬁuw‘IuLaqa (Molecular Imprinted Polymer)

v a

nsldauoulen uihasdiamusumeinzastugiamnm uagffazundudanis
viaruvedieuleindy meoeuluiifuasialuana arslusfungunils feaunsaiden
UsgdnBnmanuina gamnll mneu annudunsadng Mldluszuy vilsissansam
veveuledanas waznsldnulummadevasaiiliaunsaliondily sofuddiitnse 9
Fldeddiouled uldidusvelunmsasanageusguuaduasazaesng 9

LU ULIinsilaana (Molecular Imprinted Polymen) umafiaflanansald
adlduny warldelad esnluifnavesnisidenanimeesansdilianas 4 Tnevdnnis
m’%amwuuﬁﬁmw“lmaqaﬁ aldonaunasiigesmanmaiaduudiod (Ffidesnisnsiade,
Molecular Target) ifiaad1efisuianizdunsizst (Synthetic receptor site) %!ﬂmfﬂufaﬂiw

'
= o ¥

dwesaziilaseaiiaidudou (high cross-linked) Fsagdinuaud® sonrudniziuansi

i
Foan3msINnaeuiia

2.8.2.1 Mawsguuliuluena weodwas (MIPs)

wiifissiluiana woBwas (MIPs) gndaias1ediuanain nszuaunis Radical Co-
Polymerization #en13viitaiduszning Tuluiwed (Monomer) wazni1snaaaass (Cross-
linkers) Tughviazanslnlsiau (Porogenic Solvent) #3113dan1siauINTzUILAT WAL
woRwesil 2eiiismsddy 2 ednefle nsvilvuslRuiduuuuty auRAsewuUliviTusy
Tmtaud (Non-Covalent) uaziuumsviiusy fumyiledduiinngas (Covalent) usdmsy
nsnmUIWIdedIUlng azldmatinluy Non-Covalent #30 Self-Assembly Aaziinis
BUfansi3us (nnitiator) wazyhnisienudew/aeuas WisliAanszuiuns nedwes
lsdiedu (Polymerization) waifismifunuuazgndnseen siliideTaninAumostuddnuus
Julnss LLazﬁLmuﬁﬁmmﬁwwawiagﬂi'wummsﬁﬁmmimaﬁmmaau ludnwaue 3 16 9
Imqa%’wﬁ’;aéwmﬂgﬂﬁ 2.28 fegvedluluwesfivianzay 1dud Methacrylic acid waz
auNUTURINY, 2- 30 4- Vinyl Pyridine Lag acrylamide @31 cross-linkers il
A @ Ethylene glycol Dimethacrylate, Divinylbenzene it @ ¢ Trimethylolpropane
trimethacrylate 381 cross-linker fiauudeunseas aeylwiulaledn MiPs flassadied
W3 [45-46]
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A.SASSOLAS ET AL 221

N &
» O L9 ..
‘

with cross-linker
_—

Covalent modification

/ ; \ e
d Non-covalent assembly V.
-
=

Template

‘:;F"
‘-

Hydrolyse covalent links Malggplate (~water)
i i i .S
PEEEE—————

Extract template —template (+ water)
——

JUN 2.28 N wdnogeanIn1TasIeuliiu wedwes wuu Colavent binding Uay wuy

Non-covalent/Self-assembly [47]

nsgnAlda wiiuinediues asivinenshuuasluasazais lnemsnse wedlues
asuwiolilues (Fiber obtic) [48] \fian1smsiaiaengnuuas chloropyrifos, diazinon waw
slyphosate Inglaiadenszuiunis lalaslada vesufizeneulssy, luminescent lanthanide
(europium)  gnldilumilnsudmiunsiaindauas  (spectroscopic  probe) L‘ﬁa@mi
L‘d?iauLLansuaaLLaaaLﬂﬂm%’maaLLaumluﬁLﬁamezhLmawﬁ’wﬁszwmaau dlegnguaag
guulussuunagou  agviiliifnduvesaundinas (Uminescence intensity of the
spectra) Wagauddy u q Ailnsldnudmiuanaineisiuses Ingldinadausifailuiana
$1991984 [49-50]

Mnaideineiuiu anduinisldnunssuiunmssudimsiinuresoulul aggn
THJunnsgruresnisnsaindygyravesensdiuuadluasazay Tnedwadadldlunis
AT TnnIng vamade gy Cyclic Voltammetry, Amperometry, Differential Pulse
Voltarmetry, Fluorescence fiafina1aludnediu wasdidfndsduseansnmanusonsinin
rgunasulnadesldn  uwinszuiumsTamemaiauanisndudeddindodeiiisem
wie Uagvioaauuiins uazgdungnislunsinsiziveya

MnMsAnwnszUuMehaureoulesifugdUanm wuianujazendasiil
1@nsivdsuntastSunaleseuluaisavats fe tAnnsaluaisazats uie \inloesu
lelasauiifintu duanuadisiumidouargunanBaiad annsonmaialelasiouly
arsavaneld Foannsonsatadianudunsadisldtues uasedosdeddudugunsnid

Va v =

ansaldauld nnnnldazain dedenisiiesisideya feiuiidedslaaulanagldgunsal

kY

dawnunUssandldan saudunssuiunisieulsdsely



unil 3
A5AUUN15IY

mstuinenideadsd meideldAnuvinisussgndldaudamin wazdiudenes
YA viIedIe Lilensnmainetshuuas Tnsesusasiinnveasudugsiuuadlungy
AU Ae gsuuaII$UIT 2ngUTt 3.1 uansdupouuarIBnisAiueuidy Tned
msfnmmsldadamn msveaeuiienfeulunsslsumuyeiiafigaiion1snsaing
shuvasluansazans dausniseiosaisazanedilled arsavarsoules] marududuves
Fuamsuaziaaonlsaiuunzay Ynnudidureseghutaisueesausansiainla
aulhwenaumed sIuAneIsnsIAUS N v wwe stitenisTdulussesnatituuiy
vonaniudadnudestuianisldaudiudevetguring (EGFET) lunsnsaainensinusas
ioandldanuazyilfaumesaunsaldudisld Famnzaudonsldnunirauudely

Pesticide Detection

ISFET Characteristic (pH Sensing)

_ma TH N

¢ pH Sensing
¢ |SFET drift rate

\ effect to SignaL of ISFET * Agarose gel Concentration
\ * AChCl concentration

To study factors that

L* ] Sl B S—

.

Carbaryl pesticide detection
- Range of detection
- Sensitivity detection
- Limit of detection, LOD
- Specific detection Application of EGFET

Surface Characterization (AFM)

Storage time

5UM 3.1 unun nuansdunauLaEIgaBunn AL luIdevan
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3.1 p1swseudsazargnueaunwes

asazauidieaduines (Phosphate Buffer Solution, PBS) Asldiudy 5 fadluans
gnitidusvinazanedUamsn (AChCY, wulesl (AChE) uarenguial Inefldiunauesans
Hugansadt 3.1 1umiasawﬁ'ﬂ%fﬂiza;ﬁ”’mm 1 03 wazvhnisusuamudunsaniemiy
Aens lagldansazanensalalasaasin (HC) anuaudu 1 Wans wisaisavaeloinvule
psonlen (NaOH) Aadudy 1 luans

A19199 3.1 duNaNvesaITeeg Tunswisuasazatetniwesidios

AMswSuansazateUNNes AMUTUTE 5 mM

$18A15815LAL duidn (n$)
NaCl 4
Nas,HPOq 1.45
KH,POq4 0.1
KCLl 0.1

3.2 nsmseNg1sazateeulyy

asazansieuleiifudnddnlunudded  TeseulwlldAoosdfalrauonnelsa
%139 Acetylcholinesterase (AChE) from Electrophorus electricus (electric eel) , Type VI-
S, lyophilized powder, 200-1,000 units/mg protein %Jammﬂ Sigma-Aldrich n1sLAIew
wulediieldinu nsavanseulsiluasazanatilles A1 pH 7 Wlevhnisazaneuds 2z
msuvafvansazanetoulelilululasyy viaenas 10 lulasdes Auflgamgll -20 esm
wadea lumslinuasniosninivlifgumgiviondunat 5 wniideunsldnu dansldau
wouleslugunsalimuiwesiduds e 3.2

M1914 3.2 mananansidnuasazaneieuled lugunsaliwuiyes

nstdasazanseuludlugunsalisuees
519n159UN S0l BLLYRS Usinaueaulesd (gilm) U31709
oawln (ISFET) 0.1
diunevengvnn (EGFET) 0.5

2 lulasansg
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3.3 N15HSPUEISazAYTUARTN

asavaneduny wse d@1sazaverdvialadumanlsn w3e Acetylcholine chloride
Tnedouna1n Siema-Aldrich lumsnmassiimswdsuansazarsddamsmlugiennududy
Faus 1 Tulmsluand auie 0.01 Tuand elddmsunpaeumeanududuiimnzeausenisld
U ImaLi“jJummLﬁﬁuﬁuﬁwﬁqmﬁiﬁé’mmzumim’m"a’mﬁqq

3.4 N1SHTPUAITAZAIYYIUILLNAY

g1aiunasild Ao m13un31 wee Carbanyl pestanal Ina@ioan Sigma-Aldrich §9l4
wmuea (Methanal 100%) Wudvhans wdhnsidearafielildonsuiasiinnnududy
fina 9 saud 1 wiluluans audis 0.01 Twans Tusvhazaswmuea 10 Wesidudlufities
Sries Fauanslu U7 32 uardsnnieafutusrgriniontuensiusasumisia
(Methimyl) lwundan1s1lvwesu (Methyl-Parathion) wagdiianlaandn (Imidacloprid) Fagnan
Lmemﬁhﬁj%gﬂmaaﬂuéaumaqmimammmmaﬁl,wwl,ﬁmm (specific) Avgngias

). X A o DY
I8zAY AITUITI #asinazany dsazaiedimod
Tudavhazangwyiues 100%  wIviuea 100% pH 7

| 10: 90 I

!

Tudavinazany wniuea 10%
(100 lulnsans)

f19ALAT8A1EUTIT

5UT 3.2 uansdndiunisimiesansaratgengiliag

3.5 N15HSYUAITATANYUINN

TunsUszendldnusuwesdmiunnainensnuuadliase  duludesdimmegeu
nsnsaetaensutadluiin %qw;ﬁ%’mw‘hmim%uﬁﬁﬁﬂﬁlﬂﬁaﬁm@hme uazldlu
msdedeeeuuasfinnududume o wazilunegeunisasaineneutaaiuges
wientu Tneinfmaideldidentdtu Aednnnedsliviu iesandnnnsaldnfugminmn



53

Usgnovomnadudiuaunn Sslunsdindedned Huiniliirroudrsge Faiisnawdey
afmdnldmutuneuselud
1. dnnnsdsléviuan 50 nfu sudnlvdienuazden
2. ihiniuasBeaudurldlugeiula wasvhmsuadniiogngluliasBenuniy
3. weunavSualanuds dnfwsodlituariiihosnun fainhdnduosnifiuls Tae
fn TuuSuna 50 n$u aglinfnosnunUsyanal 25 fadans
4. thansazaneiindily wasuldnivue
yhmsAnudadin snenuuaasUTInuild Taeisnsinioudauandlugui
3.2 uiazwasuanansazanedimesiuansazaneindn
6. thansazaneiildiiluneaeu Tnsnisvenasuudiunevauswosauwed lu
U3ias 5 TulAsans mudunounisvnaessoly

3.6 msm%auu,azmﬁwﬂaaqmsﬂszqnm"t%’muﬁaLWm (ISFET)
3.6.1 dan

davisnlugunsainsudawesaunlvihndinsldnudssenaumeuing vinsu
ea nedaunliinssmuaunsodudnaleladnszualniluaniu Weswnainnig
WaguuUawealeesuluaisavans Ineuddetuilasuanusiyasendann 11310 aud
waluladlulassdnnsatind (Thai Microelectronics Center, TMEC)

a ] ' Y v v ° v ! o & A a  a ¢

dandsnanatnany lognimualiaieninusedng (Vps) 11 300 dadlian waza9s
gauAnszua (o) 71 30 Tulaswenuds Wurasiluszuu fsdumumged] Nufineudusswes
dawintufedanaululnid Weillossulalasiaudiuneg inihiuRivesdiunauauassn 9
wd nszualwihazifnnislinaanauasuluvgealaun Geinliaiauaisdndiuanina
PONINSEUIN AR UV RE (Ves) TullAranas Teaziinduiunisnsiainansazareidu
nInNNTU waltunsaifasavaraduivauindutiu lessulslasiauusnaniiiufinevauss
anas Mlinszualwiaifeduseninsuasudvegedlnalates inlwaiaius1sdng
FENINVUNAATUVILRANANINTY FMTUMNUAINIDTTUNTERavegUnsaldann lauansluy
5UN 3.3 Tnendaminuazdalniiensdaty asgnaaiinluiansisumis com 3 lngdumiai

[ 1 & v a

12 wag 3 Wudiuvesiasy v1wed taz 2li191989
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£143

|

Fe
b

ICL76608 II BuF

JUN 3.3 WU INLARINAsTUNSEUavesRUNSaldalnn

3.6.2 mnagauAnaulAvataunTal fIEN1SNATIUNITNBURLBIYAIANLDY

Tuansazane

neunsldugUnsnaiBamaty adenihnsveaeunananiRvesdamniazanunsn
nainlossulalasnuluaisazagle 9 10 leevhnisneaeuly asezaieuinsgIuiey
Prilesfion 4 7 waz 10 Fegornann USem Carlo Erba Reagents group ANNS1YaZLDYA el
ansazangoviniwes Buffer solution RPE pH 4.00 + 0.02 (20°C) for analysis, Buffer
solution RPE pH 7.00 + 0.02 (20°C) for analysis tag Buffer solution RPE pH 10.00 + 0.02
(20°C) for analysis

1935n15NRdaU AD

1.

A -l

wisnasazavitoriWiwessne q Nludedninesuuin 10 Jaddns lawidl
USumsvesasazateiiarUnines 5 Jadans

nsesaindygn  Ingldlusunsusuangnitmunduniive indayayol
Vgs  MAnTu  deogunsaldammdniudiieaseiuen  wavsetiliingneds
Ag/AgCL (lu KCL 3M) wazduasluansazatefierdnines

o [V Y] c{' a dy gj 1 @ a a
MMNIRTTnd AR TUA ATy 7 Wuan 60 Tud
w@saudavinisansietlivsey
imstufindgyaussluaisazarefitestiviies 10 Wuan 60 Aund
isaudvhnisansmetlivsey

o =1 £ 1 = LY 6 [~ a =1
nstuindygunsluasazareiitestviines 4 1Junal 60 Tund
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< 1 [ v 13 o 1%
8. asauavimsanametlsusey
9. vinstuiindeygi evdues 7 10 wag 4 S1uiuegNiley 3 soU

deldrmduaaunsisuulasiingiuds Amausieing Ves AAnTulugaaan
vhevesdyna szgmianiade NI 3 FOUNMINAADS wazazgnihlunansml il
AruduRuSII e d It unsisuslamesfiiervesansazaty [GEVRN PR B
nsiSsudluAaaiedhivesnisnsanta (Slope/Sensiitivity, mv/pH) Tnedainnianans
THsnildeglunaminnsgiu msiamiothegd 45-55 fadhavisiofieu

uagmsnwnsiasuiasesdygandlovnsmegey  lasnsudamnasly
aavanedusveznandy Invmsmedeudiuidyynanisiisuuamesesavans
fewsrled fivey 7 1WGunan 8 Halug WAInANYMENTS drift vesdyaya (response drift

rate) MAATY

3.6.3 NSWTBUNURAT WD andleRanInlsanazaulal

¥
A a

wuesnTaTneeuuasiensUsgnalFaudamaty agvinsuiudeiiuin
ganoululasd (SiiNs) vugunsaidaln TnglHianonlsafnasuuiuia el dutaggady
nasnauansainiunsefneulullivugunsalBamald Tnanswseualsazaievasing
Tsaluthguauenududuiidosns anfunesasuuiiuiadamn uagvhnisenaisazas
oulesialy puanududuiidesnisuuiuin Ydesfisligumgdvenduna 15 und 3
Auddiiu 4 ssmadoa dounsiluldan smuansmasisaiuieugosiandly 5U

i34
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Agarose Boiled buffer AChE Buffer
powder (100°c) Enzyme (25°C)
. J
_ ’
Gel Conditions Y Gel Drop (2|JL) Y
(%ow/v) - /
v 0.5% < e,
v 1.0% . \ |
v 1.5% l:‘
v 20%

4
Leave 10 minute (ZS”CJl /

AChE Solution
Drop (2uL) \ :

Leave 15 minute (25°C)

keep in Plastic Bag (4°C)

JUN 3.4 URUANLERINITNTENWUERT mensUTzendldanugunaldams

3.6.4 NMSATININE1TAZA1IFUANTNAMUTUTUAS 9

MInsvinansazaredanImiuy azvhnsvadeuasaraneduansinnududy
1x10°, 5x107, 1x10*, 5x10%, 1x107, 2x10°?, 5x10°, 7x10° uaz 1x10”? a3 lngnisisse
Sawaitinisneneaanlsadudu 2.0 Wesiudlnetmindeusuims Inensvadeuazsh
nsasataitazanududu TneSesdviunisnsiaiaans duanslugud 3.5 Ae vinnsie
arsavanstilesiSuddyginuinsgiudisdeieu anduieugunsaiisusesadly
ansazaneduamsmiioTadygia \unan 3 undl adusunisdrdlaenisuniasueesiu
asavaretiles wartaddyyaninarsazaetiiled Furtaddyyiadiiatulaeg
Fosrmnududuresivanm andesluun sudeuleidivunly
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Sensor
i
p—
"oy
- - Collecting
- Graph
Bulfer Variation of Buffer
{5 min) Substrate {3 min)

(3 min)

5U# 3.5 uansduneunisnageuasazagdliansm

3.6.5 NITHSUULAZATIINNIAMUTUTUNANIL AUV WIADINLSEADNISANLAY
voulayd

wagmilsaszgrindeufienududusing q Ssanududuvessaeinilsatuiinase
nsfinifiuieules vieanstiluanasnie 4 awnsanizaisegnisluld Taenuideduld
Usggnaldaumaeinilsadiniuniveuledosdialaduaainesisd wasfnasvudiu
navaUDIvBIUNInIdaa

waonlsaty 1uansusznounedusnalas (Polysaccaride) wioanssamanuils §q
Fo1191nUSTN Ajax Finechem Rty Ltd Tnedenisnisiie AGAR, coarse powder &asiAn
Anauudaveciaa (Gel strength) 800 niusioiiadans A1AUTY (Moisture) 22 \Wasiius
Amsagatgtnluindensgil 2 Wefiduilagdvindeuiinms nisldeuasgnindends
P13747 3.3
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A1999 3.3 MITNNITNTEULIADINTLTANAMULTNTUAN <)

Agarose gel Weight (g) Boiling water (100 °C)
concentration volume (ul)
(Yow/v)
0.5 0.001
1.0 0.002
200
1.5 0.003
2.0 0.004

Ingi3nsnpdeutiu aumssudamnienisveaasazaieivaeinilsanududy
#1a 9 91 2 lailasdns way asazanetoulesifiviainns 2 lilasans anandudu 0.1 gin uay
Fulifigamndl ¢ earvalTea ﬁa%’umauiugﬂﬁ 3.3 Fa9ziaTuuieugasAINa1 S1uau 3
Fustu dodeulvarududuresaasinilsa wasiwuwesazgninlunaaeusvaisazans
Fansniinnududu 5 faaluand wartuiinmenadsvesdygnfiiatuvesarsazais
Flamsniisuivdyaruanitwadines

3.6.6 MSAsENA1TAzaNeNULRAUNNBSNANIEYANY § AIUSUNISNAFRUAY
WanganvasAiteyransiiaufisenveseuleiuazduansn

nsweuasavanefieatlesfidiiesing q Tu avwseuiitioa mudedl 3.1
wazAfllevuesasazatavzgnuiu Tilunse lnensldansazarensalalasaassa (HC)
dudu 1 Tuans wie wa leenisldansaraneluiioulansenles (NaOH) 1 Twan$ iieusuand
LUYRIAITaLans IdA ey 5.0 6.0 7.0 8.0 waz 9.0 wasura1savareNdleaunines
fananunaranganstlansnesaialaaunaslsn WlANudutW 5 Jaaluais

FNSUNSNAARUMAUV L FNVDIALETURENTavane N UeaUnnes agvinnng
nadouMBEUIEesTvn1swIsnandane Tasldio ulvanududurenaasinilsad 2
Wesidudlnetmindeuiinns safuieulsiesdfialadueamediza 0.1 gin Wewdey
wuLgesNSaund9iinIsnedeuasavatedUainniiazansluii dioadwines A fiey
fing 9 auded TnemstuiinAndyaaiiiety idyaransdasuwlasyrindyana

[ o

UniasiardygIaandUansy wagyinnIINAdaUaNTaZaIuRINaIee ulge saaTll

v
A a

fimsusulseiuneaieeuludle 9 WeldduSeuludssudieu

q
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3.6.7  MINARUNNTIRANEYIMY1vaaUNsaldawn (Repeatability)

nsneaeuluiifotazgnaisunlas nsmevaussweseuees ilageuisiug,
YaaUnIaldaLne san1snsiadinAdygInvedasazatedlansn anuuty 5 dadluans
Tnensnaata €19 $1uau 20 ads Mewuwesdaumndivinsusuugsiuiafeaein
Tsanududu 2 Weosiduflasiwiindouiinms wesieulusiosifialaduoamodisail 0.1 9
9 Tnensinluansazargidioatniesiaznusigansazateduainsyn wasnIAIAIINAg
vosdryaniiiintu s induuuiauluauasy 20 seu

3.6.8  MSNAEIUNISASIAIRLNeuNaslud1sazatentoaunies

113M599 TRE1euLaETNIATIY TasavaeEsuIAInNIUTE Rensaudud
Hovlumnududuinn Inedeuflasnasouasazasesiuuaciu sxdesihnmsmaaousiion
Andyanaiildainaisazarsdlamsnd osiureu LﬁaLﬁuﬁa;ﬂahmié’wﬁqé{’maﬁmL'%'m’fu
R é’aympmﬁl,ﬁ@%umﬂmiﬁlajﬁmsé’uégamiﬁwmusuaqLaulﬁzm“(,umsmaauﬁumiazmam
ghuuas Faazuandlfiiiudunsunisinenguuas mﬂgﬂﬁ 3.6 Wlotndyaimvesiiiles
Suduuda 57@94151’@@1%0@@%’%memmgm'ﬁ'LﬁaﬂmLﬁ@lsﬂuﬂwséwﬂaaé’mapmﬁlﬁgﬂ

[
v o

gudanisvineuveseulesl Andudyyiunisiudsunlasil 100 WestEud antuinan

€

waaantves wazandududuseunisdudinisviinueseulel feavdnaues

o

L W

Sauimeanumaelfduiuiinovaussegduuy duthdufuuinalaesovvesiiud
povAues IniFmeneeusasiivienliadly sonan 5 wifl vhmsdu uazdisaenisgy
wiaguidlutiles anduieinduanatilies uaviduanaandUansm Jedyaod
1&1’%Lﬁué@@mmamﬁﬁ%miwiw%’Uamswh“‘uLaulmﬁﬁgﬂmié’fuanm'iﬁwmlu N
mutuewAy Sewhdunsmadevsgutainadududesluinn aaddy
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Buffer Signal AChCL Substrate Buffer Signal
Collecting - Sienal Collecting - Signal Collecting
(5 min) (3 min) (3 min)
INHIBITION ASSAY \\l Signal
5L Drop of Pesticide onta Collecting
Sensing membrane
flofe 5 o] Buffer Signal Graph
= Signal Collecting
(3 min)
Buffer washed l '
AChCLl Substrate Buffer Signal
Signal Collecting — Sienal Collecting
{3 min) (3 min)

SUN 3.6 LHUNINLAAITUABUNITATIVINL LA
3.6.9 N1SNAFBUNITNTIVINILILUAINLIBTIUEITAZaN8UINN

nswssNETaraTeIINdIegeinNaliasdlaedsnisann inlagldinnieds  u1da
Tazomaeingy udatnindnesnuimutuiiludon 3.5 wdihasazaedindildunge
AIYNUNAIAITUITAANULTLTURS ¢ AD 1x10° § 1x10™ T3 lnedsnsnsesmiloulu
vded 3.4 widunsldasaranesdinunuansazanefidioatiivied uagyinsvaaeunuds
nedeuNIInTIvInegutadluiiter 3.6.8

3.6.10 ﬂ’]'iVIﬂﬁE]Uﬂ']iLﬁU%’ﬂieﬂL‘U‘L!L‘Zli)’%

2 o & ¢ A & 1 ° % & ° &

nsiiushwgunsaliswges nieulsdnouthluldaunu asinmseaeuiduass
Wouly As Weaulvwsn azdunisiiu wuuldfiarsvrsasaninvesaulayl (Stabilizer) #
gaunndl 4 asrgalliva wag Reuluiiass wuuniastieasanin Ngamgil 25 s waldea
Tngagyinisnaaes ivlugamgl 4 ssrwaidea Wuian 1 8a 28 Tu (Wiflarsasanin)
dwsuuwesiiivlugamgiivies ssgninuiduna 1 81 7 Tu @asasanin) uazazsiinis

o fa & A v = 9 v =
naaeuiudanouledmavlugamgivies (25 ssrwadea) lngluldarsasanimdy
NauludSaudiou Tneldunaun1smssunISNnanInddl
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1. wisneumesdaa (\fwasmisauazieuls) uazaseglugumniivies 10
U9

imsuenasazatsasann Tulsinu 2 lulasang

mansligamgives TnenfulilunmanafindiinisUandn
densuimuananfithumeass

neumssiaiiiugUnsaliudayaa Tivinisud Tuansazanedimles [Wunan 5
N

thidueesuiuas uazunds luasazanetvlimesuszanu 10 ads

bk N

>

7. dduwes sedhiugunsalnnaindyaa wazvinsindyaiusel laeds
éf’iyigmﬁﬁ@%umﬂ ansazanedUamsn S1uau 5 ass
*nszvaumsiasneaeuiugunsalifuesdamn fiflansnsaninuarlidarsng
AN LLaxﬁm%’umsmamwﬁ?w,ﬁumi Stabil®Coat immunoassay stabilizer

3.7 MIM3EULATNIMAGEY M5Uszandldau diusaverguning (EGFET)

gunsafdudevensnetuansoliyasanientudaeld fe Tiaussfunszua
AIANANIANE (Voe) 300 fadlaast uag Anszuansdt (o) 100 lalasuesd daa1nguil 3.3
iy vwea Tusumilsdl com 3 917 2 azrudEunL andamaiidu 50 Alalesiy ue
s3ulnld 15 Alalesin uazlddnlniingnsdede 42 Ag/AcCl uidruilduwweeidu 214
MOSFET FDV N303 @sludawmiudamnildunasdidasisiiiuarasasdumelusglu
quaﬁ@memﬁ"’aLwimsa%fw'fum dudhvarduyauaznmsiliidu wileusunisld
suBamn Tnsununmvesgunsaiddmnuandluzuil 3.8 (b)

3.7.1 mswissunszanthluih (TO) wWieludusevenevung

drusioversrung (EGFET) wie drufimaitoasimuiiuiingsaty uaznsiatn
asadifidesns Tasdndaseionain nszanitlwilledile (ndium Tin Oxide, ITO) Fs4e
ITO Coated on Glass (XY155) 4131nUS¥% Xin Yan Technology (China) lagiia1aa1
ArUunIU (ITO sheet resistance) < 15 ohm/sq (10-13 ohm/sq) ATN1TN Y GRRRY
(Transparency) 71 550 unluwng agil < 85 Wosidus dulefilefimumun 155220 unly
ns uagnszaniinamu 1.1 fadiwns Js¥agledile fld1 work function 4.8-4.9 eV lag
mawunszamitliings 5Uf 3.7 dinszanlefilesndanuvuiaiifesnts ieanuazenn
#etendneatu uazthly sonicate #ae ovdlau evuea i DI uax lelalnawiuea agn
ag 15 Wil Jnhluhukeheufdlulasiou uasfuiigumniivies lalausu
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‘ Dish cleanser

TO Cutting WP [TO Washed Ethanol

+

Acetone

3

Di

Nitrogen Flow Dry Is0-Propan -2-ol

SUN 3.7 unun1nianstuneun1snseunszantluih

o

NN99ALUUAITVIAGEY U INTINUNFUREsoNTSIUAsULasA QI Tasesniuy
yuavasiunduda Tiduuin 3x3 wag 5x5 fadiuns Asgun 3.7 lngvinisiaataliinasuy

=

Fusunszanlefilesmeniiu (silver plate) auflgaunnil 120 ssrnsadua 1WHuran 5 und

] Y

:.’I o o dy ot £ 3 a % a A [ Y]
mﬂuummimmumwuwlma% WUAISUBU WW‘U@VI‘LJ‘UiL’QZUVIIlIG\ENﬂ'ﬁ s8L381 3 Talug AU

a15639 391197 ke Ul

Transducer system
circuit

r
‘R.EF

MOSFET
N303

Extended-gate (sensing electrode)

Reference electrode =

Sensing area

3x3 5x5

(mm?)  (mm?)

(@ (b)

JUT 3.8 nmgunuresnszanibiliy 1O Alglun1svaaes (@) LaghnunImuwana
druusznauvesunInidiwin (b)
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3.7.2  nsWvUIaNmunzaNvaInszantaiile wazusunnsvaaaasinilsa

mswmaaua’auﬁiaﬁumwwmmﬁmqé’%{fﬂé’aaﬂqumimsjawﬁwmiﬁﬂwmwmmﬁ
snzausenisldaulussuu Tnsarldvageuiudiuseveisvnnm wiedrunsuausiil
mumﬁuﬁmauauawzﬂjﬁ 3x3 war 5x5 Mseiiaduns wazneasanilsafiauduty 1.5
WodGudlaothmidnseu3unns AUsunns 2 3 uas 5 asuuitunevauesdisana Tasayyi
nsnadaumIen1sUssuisuaAInuIeell (sensitivity) AAnTuilonnaeufuansazaned
wyUnwesies 4.0 7.0 wag 10.0

3.7.3  A529WIANNTUTUTIMuNzaNvaRIaaInilsananisinnuLau Ll

nMawseuasnlsaiaududusing o waznismegevandulunuiided 3.6.4
wazrSendIusavEIErnasenIsieaasnilsafiusunes 3 lulasans was Toeulsyd
fiUsual 0.5 giln Feazmeannsdlvesdamn Inefidudovesaing Wewmdsunudeuly
voaaao N lsafinududunig 9 ﬁ%gﬂmaaummmmé’zyapmmimﬁ'auLLUaaLﬁa
nadeufuasazvazatedUansnii 5 fadluard lnefidrunavavesazldnszanlefilovuin
5x5 A13190aAMAT

3.7.4  nsmdsunaneulelasdnaladuieamasisanmansauninaglulaauunu
AELNEANERE

Umanouleviordialadueameiisaiierlivaaeuiu azdogdiodu 4 douly fo
0.01 0.25 0.50 waw 0.75 giln lasvhmsveaeulesimudeulaeluiasmuaasmlsani
Wudu 1.5 Wesiduilneminaeusies (3 lilasang) lnefidiuneuaussrldnszanleiile
PUIA 5x5 M191908AAT TUAITAFDU LaYiNNIIATIINAFY Y 1UTRNATaZ AU TUALATY
Fudy 5 fadluand MAetu Suiinddyananiioufuazarefidieadmived wazviinis
W uiieudaaiinaninasany

3.7.5 NISNAEIUNIIATIVINYIAIUUAY

N139539IRegas lvinisneaeuIAuluduse 9 lngnangunsaldiunud
MavEUDY (ITO) 99NN 1NIULUITZUIU MIBAUKNTL WBYINNITRENENTaZANENA LAY
asly 5 lulasang sonainszuiunsdudinisviuveseules 5 Ui AszuIUNITWaEITNIS
% ) PN falal dy o [y 1
Fouduluau U7 3.5 Taenszuiunisvesgunsaaldiminilagyinnisnaaeuivansazaivesi
wnas 3 9iln Ao A15UT3a Wlanlvesu way dlialeands Fsdudunuveseisiiuaain
3 gy Ao AMTUU sasnlevleale uay lelllafiueun lnenaaeuiuaisazaige1iulag
NAgNtuAg o aae 1 ululuans auds 1 dadluans
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3.8 MSiEUNIATEIY

LEULIRIFIU Y38 Calibration curve MeEITEaglaiNIsaILdULIRNTTINIINTRYS
Py semi-log plot Feazleinsmdnvamidugusiea (S Cuve) Fadunsmlinnsgiusening
Adaaiinsataldluwny y (inear scale) uagAananduduvasansazanefingrainluuny
x (log scale) Inanslgeulusunsu Origin Pro 9.0 64-bit Fal4faunns Five-Parameter logistic
(5PL) Tunns fit Foga aunslddulugaaums 3.1

a—d

Y =dt o

il
a = AALNU y 1138 1D x = 0

b = AANNTY
c = ANdUaYIn Al TILUUNNINEINS (C50)
d = AINITADUALDIVDIF QYY1 NAITNTUDTIUA

¢ = Ardadulilauna

NN1INERANTIMLUY semi-log plot Axvilldisvesnisiaiin1e Fmsenansves
Fouavzfuthadunseiitinnuduinn  uwiduneuduiuneulaevesteyadnaiaaziinig
Futfesunumad sofulucuddeisdinsieuamutuanzyamnaiseinsm semi-log plot
seuiu Feeudiiusvosdoyalurisnanauanduaunindunss faunisil 3.2

y=mx+c (3.2)

P

e :

m = AANUTULEUASS

c = ANYARALNY y 138 1B x = 0

Tngarlurreveaieddunny v avtfuadudnisdudeanisiraiuveaeuleyd
(%Inhibition) @nsnsarulnlaaInauns 3.2 uwazlugianuy x aviduanududuvesensii
WNAIANULTNTUAN 9 (log M) AlaluguIde

3.9  msnszidayarnsdudeinisinauvaseulad

a 1

lumsiiasient wasmsiiauedeya neideaziansan Ansdudinisinauves

wuledl (%Inhibition) Feaglinasvvesdyr1uniinTusening arsazats e siu
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ansazanedUansv neuwazndunisgndudamsvinureseulesl Jadesidudnsdudanis
uveteulyl Aaladeauns 3.3 wazgaiuwauninUsgnau JUaIw 3.9

1020 4
1015 -
1010 -
1005 -
1000 -
995 4
990 4
985 4
980 4
975 4
970 4
965 -
960 -

Response (mV)

y = b%’ x 100 (3.3)

P
Wl
Y = wesigunisdudinmsvinnuveseuledifieuiuainuutusngwuas

LYY o

a = AIAMNLANANYBSA YIS AudygavesasazaedUansv
nauMIgugINITYInuTdoules

b = ArmuuanavesdgIadiies AudygruvesansazatedUansy
N sugansvinnuueseulesd

After
Inhibited

Before
Inhibited

955 4
1200

L] -, L] v L] v L] v L] L L} bk 1
1300 1400 1500 1600 1700 1800 1900
Time (sec)

O PBS buffer (base signal) o AChCI solution (AChCI signal)

5UN 3.9 urnunnuansiuridsvesdyaa nlalunisfndulnainisdugimsinnues

voule

o

dl o ! dl o U Q’Jl o L4
ﬂ]ﬂﬂz‘lh/l 3.8 Lanamurisasdyaltlun1sAwian1sduginsyinaueeseu sl

v o
A 1 A

Tneadygruildazuiaduansdne Ae 419 a Ao NaA19TENINIAFYYIUVIEITAYANY
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Tilie$ n3e Base line luranaudiden fu ardygiaiildanaisazatedainm nie
Substrate (AChCD) Twrsnauduns @119 b Ao was19vesdya utuiu urazsiduanans
maﬂé’@@mﬁlﬁwﬁu ndarnmsvnsyvaumsiudinsvaueeaeule 9 fn a uaz b
annsashlulddualuaunisd 3.3 16

3.10 N1IVAFIUIAATISHAN BN URIVDUABINLIARIUNADIANTIAULTY
92mau (Atomic Force Microscope, AFM)

nsfinudnunsiuinvenaaeinilsa asinsinwdendeansaiusiosney
Tnoniswdsuaasinilsa 4 avududu Ao 0.5 1.0 1.5 way 2.0 Wesdudlaetmidnee
UFNI93 1NN1TNREARIUULNUTAADY (Silicon wafer) YUIA 5x5 A1T19HARLUAT LAYNIN1T
venasazaelaanInlsa asuuiuRaveuNudareuUses 5 llasans waziluiulily
AruEiiussgdaniien wiemsganuidu Wuian egedies 3 Yurounsinlunsaaey
ApseRnuiafuIAIossIna ﬁ’m%’umwmaauﬁwﬁﬁmiﬁﬂmmammmmmmmz Ra
(Roughness) LagA1 Rms (Root mean square) usnglulusunsuiinseivesaiosile
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NAN1ISNAADY

4.1 anwazdyyian1snauauaivauninldawa dodsazarendeainines
ANLDVANG 9

neunsldeugunsaldann desiinismaaeudsednsamvieninuisddl (sensitivity)

esdamnnenslasuLlasminudunsanmiearfitevluaisazats lneonisnageuiv
P o saa 1 a oA aa ) s

anvazanenleatiiasniamfiiesunnsieiu As @sezateilioatiinesiies 4 7 uag 10
= ] s Aa ! | \ a a ¢ 1=
Flunisnaaesagldiwugesdaaniininiiuisslieglugig 45 - 55 Gadladidednioy
(MmV/pH) v0sa15azans [51] FsiordunnsgIulazimunzauron1si991un L1508 RUY
wuwesdan voansgudwalulaglulasddnnsednd (TMEQ) a1nn1smaaeslaviinis

) a cs' aa Y 5 ! v =
nagaUindy gy unmevausseanNasaraeiilioainiwesiiovsing q Iaeld 4
WATINIY 5 FUY TIFY 1N TROUAUBIANIAIFUN 4.1

a Y @ = a [ a1 a 1

3n3UN 4.1() wanslviiudanisivisunavesdyy1anA1fitevde 9 18y
ansazarpiiloatiives TnudygIun1TnouaunIazuanioanu luan Uz URIdY g IMAILY
AeAngNnnATaNIEnINNULNALaEYed (Vgs) guduian lnvasazaeniiaitevanaz i
dygrninisnevausdlafi LazilloansazalelafileugluariaIn1sneuaueNgIy
= aNa o sAA 1 A ° N A [ = o
Weunanluaisazaneiiieadniesniameysn wsedaudunsnas Fadnsuandives
Uszqleoaulalasiau (HY) luaisazaiwegunn yliiAnnssiuiuresuseaiiimiusiim

q
<

seusovetuianoululasiuazansazats JuniailiAsnsndeuiivesdidnnsevludu
wilmeusnmetunfinovth afudomenislnavesnssualiinfstusswinsdunsunas
goa vilidnszualndin (ds) lualuaees wazdnavildariusiedng (Ves) 3ansn Tunns
nssfudruileansazanefifuvags fleseulslasiouuunaios mausedng (vgs) s
Anfingetu aniegnaluguil 4.1() arsazarediiey 7.0 sxdadygiunevaussagi
sz 1000 Hadlian fitev 10.0 azﬁﬁwﬁmmwmmauauaqﬁqasﬁu fiuszunas 1,150
fadliav wazilansazarofiewdn 1y Moy 4.0 aandegns axldA1eg Uszuna 850
fadliay
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1200 -
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> i
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> |
2 1000
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2 |
5 950 -]
[« i
900
850 ] —
800 T T T \ T ; T T T T T T T T 1
250 500 750 1000 1250 1500 1750 2000
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(a)
m [SFETOI
13009 o ISFET02
A JSFETO3
1200 v ISFET04
_ ¢ ISFETO5
-
£ 1100+
8
=
o
1000 H
ok}
s
900 |
800 T z T I T y T

pH

(b)
g'ﬂﬁ 4.1 Fyaansnevaussdaaseasazarefioatvinesficfiosne 4 Tne @)
naminansAdyaalnii (Ves) eudunan wag (b) Amdeygralniives
ansazaneiifien  feusa 9

FIUDNAINNITIIBIUNBNTIUAYULUAIF QY B UAULIAILAD @11715079zUIAN
FeUuANE1SANE (Ves) Mla unasmiisuiuaAfilevesdITazalgiionIAIAINI8917
(sensitivity) voedaala Fauananagui 4.1(b) Ingarnnsmlaziuirdyaianisnovaued
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<
'

anwauriJudunss WeliuAfleyvosaisazaiy Adgyuia Ves Janfinau 1nNanIs

NagoudaLne 5 Juau aznuIwaazduuldadypin Ves isuduldvinduiisiisun

= I~ [y = 3 a [ a a é’ a ay v v .{’j

@150a18NeYALINU (pH 4) FUUUUNAYDIFEYYIUNNATUIINBANAAUDLTUIUNU AIUY

JpsvinsnadeumaauIsdhvesdamnluliasdunulidalndfssiulasyausu

lanusennad 45-55 Jadlavinedites Fsaranuieshvesdaamlaainainnudu (slope)

NANENNITEUATINIVONANUFUNUSITILAUVOINTINANADATENING ANdURIad Ves Lay
ANTILY VBIATATANY

& oA A o v a1 ! Pal a a

nnsnaaeuiinudl Bamnndianldauiiniainudediegiussuna 54.45 fiad

a9l siefitey Tneraiudadhivesdanieogausastunuianddunisned 4.1 eeglug

Nweusuladmsunsussynaldauresaunsalludusioly

M15197 4.1 uansAnauIaakivesgunInidams Yoefeg1euAaz I

ISFET number Sensitivity (mV/pH) R?
01 O 0.999
02 54.80 0.999
03 55.89 0.999
04 53.76 0.999
05 54.24 0.999

4.2 NAEdUNIT Drift Yasdysyrudamn

riaumﬂ%’muqﬂmajﬁamauafmﬂﬁaﬁmﬁhé@mmﬁumﬁwmﬁa@mmmdmhﬁia
M139599TALET NMImaaesifeintsnadeunsasuslaesrmdyaiununaiivasuly
Segueglumsazaraiduszeznaiuiy anmsAnuanuddeves Hyun-June Jang wagans
[52] I§vinnsnadeunis Drift vesdyaadauniiialuaisazaefitor 7 Wunan 12 43lus
wudnliadyaianisidsuwtas (Response Drift Rate) aaﬂiﬂ' 1.47 fiadlhavidedlus
(mV/H) §ifn Error vesdayeyias Weenin 5.67 %RSD Taeifisuanndaaiad 12 42lus way
FunauSusuy

mnmaveaeulueideildimsqudamsluasavarsfitieatesfiiey 7 o
fodrunsivdsuvasuusdeidenduna 8 $alus nadilduanslusuil 4.2 Jewudn
Turrasuduiinisnevauesvosdayy s Ves agil 1,104 Tadlhav Mndudyaaiiianas
o815 3luIniN 2 WesnangUnasidamaBudugniivluanzuiailenaasuiy
ansazansiBududunevaveasufivduiatuaisaarans Seres 9 waniUdeulesouy e
Tauau dygndsfinsasuulasanasaingusisnan wasasiiaudennaniouly 900 Juni
Fyanades 9 drift Ju Ussuna 0.47 Saaliav uazasii anduiivnen 10,800 Junit dases
fow 9 drift asdes 9 auildndszuna 1098.5 Jadliad wazasdildides o deudiundid
17,000 3ufl qumsu 8 Falug
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1104 - o
1103
/:;\ 1102
1103 - E
g 1100
g 1099
1102 H é e
g B TR TR TR T R TR PR P
> or Time (Sec)
-
L
z
S 1100~
2
w2
Pl
RL 1099 -
1098 -
1097 - | ' ' ' '

z T T T
0 5000 10000 15000 20000 25000

Time(sec)

sUN 4.2 nsmlwananisiddsuwdasdyanvesdaunluasazareiitioadnivlesiiey 7
Junan 8 dalus

NN IsNAasUnUINleinisidugunsalBamauiu 9 asiin1sildeuntacves
fouanindu annsnegeuluaisazarefitioatinas Aoy 7 1Wuiad 8 Talus wumn
auilAanas 0.285 dadlavisiatalus (mV/h) lnedlAnaduvesdygyiuogn 1,099.379

a

fadliav uag A1 Error @eganaon 8 Galue Woundn 0.284 %RSD (AnnAdeysy audu

€

b

Jeauuninsguseaadevesdyyiauiaggauiie 100 tieanduilesidud)dadedndn
[ = ‘N' L4 4' a0 6 o gj 4
deyyrauin1IUas Ul UasuasuINLUBIINUAT %RSD A1 AIUUIINATTNAABIgUA T
daulanszazaIuiy eiinisildsuwdasdygatiesnindigunsaiiesiosuin wagnin
NA1901929181AVAS Y291a77 180 Fudl Wudrefiagisuiiniseainansazaigle
iy 600 W9l Feazanunsadunaainnsinaiglu 5UN 4.2 andiuinfinnswisuwlases
dyrautiesun dsliedeosnin 0.121 Wesidud (%RSD) Feluilulaymaenisideunasnis

NaasInaly

4.3 NAYBIANUTNTUVBIENTATAuTUdAmSNazINalaaunaalsa
(Acetylthiocholine Chloride; AChCl)

nsldnuBammiionisasiaiasguuasnsunialusnuided endeufisenves
ulydordfialafuloanasisa (AChE) wazAdUamsnerdvialaduaaslsa (AChC) N3
neaestivnmageumauduiuresansaraedanmmimngaudmiunsldu wevin
TiAnnsasuudasdyanaiiinniian lnadleoulsiiuiitofuamsazasduamsmnudn
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axlandnsusiduniteanuniunsnesdiin Ssausaunndililosoulslasiauls wazes
danasedamniiidanoululnsdfutunsiadu (Sensing Membrane) flanuisansaaduless
lelasiauld taelunismeaesldmsoudamniifiinsadouindiunsvausssaasinilsai 2
Wesidulasimdndouiuns waransazarsieulediifioulesd 0.1 giin lnonisven
ansazansoulesiuasiuuumannlsauasiiuliluanig 4 esmwadea Hunan 1 3l
AeunIMAdeU et uasazaesUainsm fldvaaeude 0.00001 Tuans aude 0.01

JEGRH
lnetuwsnjuugesdamnniioulysiosdnialadueamesisaasluasazareiidion

[
v vV

Trilesiiiey 7 wariudygruseiu antugueugesasiuaisazaraduansm a1y

[

Waduawile Wuan 3 uii Fedann Ves asildsuuladineiiianasdiaifisuiuiitios

o

v U

Urasisuay 1WoiuANNUNduresasaza1eduansym A1n1stUasuLUaIwes Ves 3589
anauInTume lnemegsdyaraniisfuuigesiuaisazarg dUamsy wansnegun 4.3
v ¥ S a a = =~ v o aa Y] & 1

AIUUANE UYWL UAEULUAI9EANIINNTTIUSEUB UNUAE Y18 DIN Uteaduinasnau
mihaguluasazaredlawmn tnsluvausniuwuweiadluaisazaty wavdunnedayao
nsidsuwlasiuagiiuinAdugiad Ves agrsgganad Jadunannainnisiteulsiaiuise
[ aaa [y (v = Y a [ '3 aaa [ = 1 4
ufasenfuansazaredUawmsndslvndndunanujisendulessulalasiau deludaale

[
a =

UL TAN1500 999l Fya1uniAnTuazllA1anaIUTIYI TR A BUAIVEINS

£%

AR N 9 A

AnuAsen Tnggenneidelaldldnutupeganiimdgyania 180 il wie 3 uiil

q
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1130 H

—~ 1120
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g

O /
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g 11104

o

3

2 AChCI
1100 /
1090 = T T T T T T T T T T T |

900 1000 1100 1200 1300 1400 1500

Time (sec)

5UN 4.3 nsmimsidfsuudasdyrauiieuiuiag vesasazatedUansym AChCl
ALY 0.001 wag 0.005 Tuans
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mﬂgﬂﬁ 4.3 dlothendyaaunisiudsunlaives AChCl snnassidisuiuaududu
azlgdunsinuinsgu éﬁ’ummﬂugﬂ‘ﬁ 8.4 aynuindyanaumsdsuulasidiumnniuly
ey Favnennudn Adyanal Ves ndsandguluasazans AChCL Sanfesnindyaial
Ves vasiidioatiimeinounth dufudlodfinenududuvesansarareduansm AChCl azvin
WA Ves flenanasunndudes 4 swsunsiiiaududures AChCL Uszanm 5 fiadluans
Tuvassfinnududusii 9 vesansazate AChCL i 0.00001 0.00005 uaz 0.0001 luans 9
wunsasuudasdygudaniosinn Fadunseiiviinavesivamsidwingisotu
wuledeniuly FoilnAnloseulslasauusinadesduiu lvdyaiunsiasuwlas
fidduin dluvneiianududuresdamsniiaiuin viliuiaserseninseules
wardlamsmiinlen dusnaveslossulalaswulussuuinniu dwalfiinnsasuulas
Fyarallviihanasnnty

Tngannuanisvaaesdrsfiunuin anudududvamsnd 5 fiadluans wanauanis
\WasuuUatwesdny g adiunn Im81%’ﬁﬁﬂﬂimauauaﬂagﬁﬂizmwm 60 Taaliav 91U
Y94 Pamula Raghu hagany [53] 1 n3oudanisuou (Carbon paste electrode) 19u
573033V waglinaiiaSol-gel vosans TEOS iushilannsadanziouluiordiialaduiea
Wasisa dmsuaniainenginuas Taedinsldnueuledezdnaladueanosisa 0.1 ans
warnageumAUdRTuiamsimangaud miunistdonu nuiianadudud 2 Gadl
and Wugeenududuvesduansmifiddesfigailiidinisnevaussiuinuagisuasi
(Saturation Point) 91M15nAaBseswiteiul avududuresduammil 5 fadluans 5¢
olutsiiaenndeafunuiddonumsinedestnagiu fvsnzansonisldony

anududuvetasavareduansni 5 fadluans Wuanududuiimaneausonis
THau mswdugaiidenaaeuudndudmnududuiitesfignilidinisnevaussnis
Wasuuasesdnyaaigeiiamududureseulesd 0.1 gin wasdmiumamnassiomnii
wldiouluiozdfialaduieamesisanianududud 0.1 gin Weadunainannismeass
JosduilinenaaevansazatedUamsn 5 fadluars seanududuouled 0.1 uaz 05
yiin Aelddnsneuaussvesdyqnnuiifanfstudenuladiiniu TnemefifeTadenld
wulesimnududuit 0.1 gin idesmnilunnududutiosnd wilidnsmeuaussiigs el
maideaglsvhmsinufsanududuinzauveoulesifisinnsldausely



73

_10_-
20
30
40

-50 -

Response (mV)

-60 -

=70 -

Ty — Nt g W
AChCI Concentration (M)
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nswasuuamesdyyn Inefienududusasinlsai 2 Wedduilasimdnseysunns
padngnsuresaafidnuntu Suihlinfueulellift ouluivareenainiiin
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frwnfidnas wulunsdiduduil 2 Weddudlneimidndeusinasivungnsuegfivssanm
364 wilung uagfinrandudu 5 Wedidudlastdmidndeysuins wuindvuingnsuogd
Uszanas 201 uiluns [54-56]  Fslusmiddeidenninsliaaoinlsafinududunn
Y azdwmalivumvesgnsudnas  Gedelouluiugninlineluaaldinn Monadiay
oglndufinnouauaavesdaauindy waraziinismanseniiniaaldennidiogniuly
ansazans dwhlheulesluanefigninlumafioguinaiuivesgunsaidamnyinuldd
uaziinnsdsdyaumsasuulaslossuiinnuazsiniinilunsdieataandudusii
Taganindiaarandudud wasgisnguiilug vilheuluigninlualdiesnit uazea
ngaoonldielagnisluasarats uiieulsdosdwhanldund uslemafiazeglndiiuin
Sawiniition uandenszesfigunsnlewsesamsonsiatalfeglusyduiuinderoutis
i1 [52) SavilinnsAsuudasiiinduanouleduinafmvidamnduliditen agndlsh
puvuinveseulsituiivuiadnuneglusedu 1-10 uiluues wagaun1sd1sdediniy
vnagnuvesane nlsad 2 Wesdudlastmindeusinms fen 364 wiluwns aluginin
yurnveseuluiioguin udaniinsivuiagngudadn asmnzanseninduiaguiein
ulnllineluldfiningnguauelvg Ssaenadesiunanisnnassiiineasinilsaiini
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4.5 wan1snadauainulunsanie (pH) vesarsazatendieatninasi
WNNZENADAS U USZUY

ulsiduastiluana nsldnutuiemsedluannefimnzanuasisydnsom
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fidoatvefildviinismaass 9 nn1sAnuideya L. Barenghi wazany wuitiewules
yhanlldaluasilevuszanu 8 [57] maAdeldvihnastonasazaeifieatiivesn @
usEning 5-9 eldifudinararedanmezifaladunaslsd warldiiutmmes
1ATFIUNABANTNARDINTIATR IwueiTignisdeudsaenilsa 2 Wesiudlneuiin
sousins wazieulesl 0.1 giin Jvinmeseuivivanmilazarglutvmesfiesing 1
Ienansnaassfsgui 4.6
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pHS pH6 pH7 pHS8 pHO9
pH of PBS Buffer Solution
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31] 746 Lmuﬂ:umememammmmimaauLLUaamﬂm’nmaﬁavawsﬁﬂamwavaw’tu
Uniasiiowmng o snedaiailan (bare ISFET) wazBainiadeuienlesl
(En-ISFET) agA1nungvoddeygiaiilaain En-ISFET wag bare ISFET AUvwes

Wevre 9 (QAdEUIRY)

NN3UT 4.6 uansransnasaTouiBuAusEINsuwesBainAidnsrs seuld
(En-ISFET) Tnguandluununiiuisduns uazdamnila (bare ISFET) wandlagunugiuvisden
ImwzaaaﬂLﬁaulmﬁ/a“ﬁﬂmimaauLLavﬁuﬁﬂmé’mmmﬁlﬁmﬂmifdmaﬂumiavms
Famsnilazareluasazaeiidioatvinlosfitovsins 1 NnusugfidsunuIilolfiae
fllovvesarsararsfitioatmines Antsnovauestuiianfindumunisiudifietly
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d19aza1y 91nNLeY 509 9 ImaLsziuL%%ﬁﬁm'ﬁm?aLauisziﬁﬁ'uiﬁmé’fgammﬁgaqmLﬁaisﬁ
asazanefidioatiiesfeor 9 uiilofinsandndamaailiinsadaeulsiifu wui
wuwesinisnevaueweasazalefidioatwlesfienfiosne 4 fazaredUawmsn lnewiy
nsasuulasledmauiifion 8 uay 9 wWuiu fuhuSinsandyaaildansuresi
asaeuleiinaviudyaraiidannaueesildniueulediiasavarefidieatnimeosfivey
AN 9 %auamﬂmﬁuﬁiaﬁmﬁﬁwﬁu wuifiansazanefidieatvinesiey 7 Wedyuinnis
WasuuUasiiuniian Ssaenadosiunuideves Pamula Raghu wazame (53] fldvaaoud
Afueu Afinsufulsessae TEOS fu Leulwsiozdfialaduioainedisa wasvaaounis
WaguuUamndlylih dewuinfies 7 Teaamnnsthlaihgaan

Fau mafidelfidenansavaeRdioatilosiidiafiies 7 weldlumavaassely
desniwugesfifinisuiupiiuiudmaaeuivasasaedUamniifiey 7 Wanis
MOUANBIVDIFRYI0UEIER FaluvasierfueumesdamaUamadeundiddyaginsuniu
Yloviian siuansrdyanalugitedu

4.6 HANINAABIIAAIAYNINYT (Repeatability) YauwuLsasdawan

dmunsmaaesinensuuaduduneudinluiu - avdesdinisnsiainansazatsenai
waskarasazanedUamMluvangnss Iuﬂw3wmaaq§§qﬁ’1ﬂ’1iwmaaumii’mﬁ'@gmwm
yasdUamsngn q lupnududuiui 5 Sealuans Sauau 20 ads neldioumessamniinion
fromaenilsanududu 2 Wesdudlagdminseysunns wasteulel 0.1 giln Wagyium
Tuan1z 4 sswaded Wunad 1 $lus feuthumedeu s‘fiﬂﬁwamimaaqé’qgﬂﬁ 4.7
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5UN 4.7 nsmluanaddayay1aunising (repeatability) vesdamsn AChCl 1ANududy
5 fadluans NBANATIUIU 3 TUU
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mﬂgﬂﬁ 4.7 wansrdyaainnisinaisazateduawmsviivinnisnagaeu 20 ads
afiaz 180 Fundl aduiumsiamdyanaestresiey 7 nevhmsvaasdagld a
RS 3 Tuu Gawanismaaes luseud 1 uaz 2 veswulesie 3 Junuiniinig
N3¥218U8I%0LaNN wazdaussaud 3 Tidu wui é{’agigwmﬁl,ﬁwﬁuﬁ'mmﬁ Tnouaniaade
YOIFY Y IUNITHOUAUDIUDITUALATN ﬁ%ﬁmwummgm (SD) tagA1AULLUE (%RSD)
Fam15197t 4.2

A5199 4.2 A5 1ILERIANLRASVBIFIUNITABUAUDY A1 SD Ay %RSD UpIdaWs Liay

T

U (nwAnanAdyaian1sing) 20 sou)

SD
Sensor AResponse (mV) (Standard %RSD
Deviation)
ISFET 01 58.95 3. L1 6.29
ISFET 02 55.20 258 4.59
ISFET 03 5 X7 2.61 4.53

Falugas 2 5a°uLLsﬂfuﬁLﬁmmiLﬁmwuquﬁmmmauimﬁﬁagjmaiumumi@m%’uma
Mo MUt nLasiU ATe T uivanleR windsainseudt 3 luudailden
Hesuuanas e1ainanasiiteulssiusdudisnniiune finzvsegnasauunany 9 1a
‘viamaaﬂlﬂLmaﬂw‘lumsawma m’[mﬂgﬂsm‘mmmuuumwmmmamwaﬂaﬂﬂsmm
Fruruditosas Wﬂmammmmﬂsmgummmﬂﬂmu LAZAINKNANABDIAINAIILNUIITNT
LﬂaauLLanmaaammmammmLiJu 0.638 Wasidus fadlaavisendivasnismaaey
(mV/cycle)

Foulumsnegeuenshutas viemsnegeusy 4 lunszurunsideddduananes
asazanedUammiu avdewhmsnansazareduamsm sgnties 3 asirounsnageuLile
Funsgraeeulsiduiuieimzuuiiuiauuurain 9 senanituiin wasinlnduaia
fimsrataiianndu lnemmaaeuifiofusunivanoonveseuluilusueineditoasls
nsAnwsioly

4.7 A15ASIINLIZIUAIANS U aNazanelua1sazatenUeaUNIWeS
AUNITLTUIUNTSTUEINITTIN UV o Uy

nsvaaesiiThnIasIeTneshutassusafinududusie o Tneldisueessauin
fudentusomaeinilsanundutu 2 Wesidudlasimiindeuuing uazioulssd 0.1 giin
Fagrmnududuresniudafildnnatafe 1x10° f1 1x10? Twand Faduanududy
Fante  lenadeuludesfuisueessamniinioutuarliidyaunsnovausses
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N139539IRAISUNTaNANNITUEITlA Faran1snnaauandlugun 4.8
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1E-9 1E-8 1E-7 1E-6 1B 1E-4 1E-3 0.01

Concentration of Carbaryl (M)

5UN 4.8 nsmluansdnisidsunUasdyaruvesasasagdUansnineuiudyayiu

=

Trlles Wawuweignduginisinnureseulesimesisuiaimsuisanay
WU 1x107 B9 1x1072 Tuans

[ P Y d' & 2 ! Y v s a
N3y nlaangun 4.8 1 unsnaenseniteanududuresasuiza (wnu

X) Banaenluuaad Logy, scale wagadayarunisiasuwdamialiin ves (wnu y) ey
19 Fit Curve ¥1ANFURUSUDIVONALUY Logistic 5 Parameter fitting AMN@LN159 3.1

U
[ 1

FIN15VINTIMUINIFINAMIEAMUEUTUSAINAIT druunlgdmsuanideisugesniaginm
FansnInsgruiildudnume S-Curve amnsansradnlalutianite azuansliiunig

v} 5 1 1 % Q{' d‘ a .«.;?I d‘ A aaa o a =
F5IINVNYINNDULATVAINTLUALULUINLAAYU fﬂumiwawuﬂmmaﬂgmmmLuuiﬂm
0UFT INVIAINToYafIna1IgeaIN1IaMIAIATNTUANEAYR IR TABIN TN TIVTALA
“39f1 Limit of Detection (LOD) @aidunsivuinsgiunandnigidudunlugd dala
ANMUAUNUSAIEUNTA 4.1 wagdlAn R? winfu 0.988

39.277
42.32, _
+(T) 0.498)1,955.06

(4.1)

y=(915) +

Mnnsmiuanslifiuifinnunisidasuulasey 3 929 Prausndorrsmandudusi
geamiuisa (107 fv 107 Tuand) duanafifetuiinsasundasssuna 45-50 faalaay
Falndideetudyaravesiamsmitinlddouiiasiinnissudinsineuveneuledie
A1fu3a Woarududuresnfuitaiutuaudgnindsundasaaiiaes (107 s 10
Tuand) Fefidnanuduresnisidsunlasfianateradiulddn idesanndusunauvesensi
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wasTnnifiesnefiardudinsiauveneuluily Sedsmalilossulalasiavluszuvanas
uaTvIndyauladaiau auﬂszﬁwﬁwajmqﬁam (10 s 107 Tuan$) Fadugaeiifianny
Fuvesdyaraiesauiuasi osannfiusinaweseshuuasniiunedidildgudanis
vauveteuled vlidyanaliiansisuwasdudtedanududureseisiuuan
Fuudafn

nndoyaiifsannsoventdn drmnuduturesasudaiisumeiBaminiuans
mnudeshlunsnsaindia deglsnnntasiifiannuduresnsimiann azegiivszana 10° fs
10 Tuan$ uawileaududuiiigainnaialiedi 1x107 wa1s saduanududuves
AsuBailidyIamsasusannnnii 3 whsuaqehulﬁmwummgmﬁﬁmmﬂﬁ’wLW@%
Unf (Base line noise) dsilmuszunas 0.5 fiadlaasi

magAdeliinsfnwidelasianzasiuraenududuiliainsasuulasaay
FINATD LLazﬁwmﬁaqumemﬂﬁauLLﬂaqmﬁmﬂuL°Ua%ﬁuﬁmsé’ué’jﬂmﬁﬁmmmaaLaulen:ﬁ
Feutumuduturesansuitaiinmetn WewmnwumeswiastusruiuiidSuduanms
S0 Tnetufindandyavediansn 5 Taaluarsadausn Fedaiiianuunnsieiuves
Fusu Lﬁmaulezjaimé]’ugaﬂwsﬁwawué’aaawiwLLuaaLLf’h LLﬁ”ﬁﬁlU%ﬂﬁ@Uﬁﬁﬂ“ﬁW‘?ﬁ]ﬁLG]i‘VI
avwmmmmimaamwaﬂmﬂwua wifldanunsavenldindsuwladiuinnvietes e
Jleuadyanansus muumﬁmLauammiaummimmummLaulezjmuaﬂmuauaL‘Uum
Wesidudmssudimainureseuledifieuiumanududuresensuias Feinedain
IfanasavanedUansnilieumesdunannsaialé

9INNITNAABY WUINANFUITATUEIAITNTY 5x107 Taans auds 1x107° uans v

o

9

Adyyransivdsuuladiiudunsiainnsnaenns iUy Semi-log Scale %QLLa@ﬂugU
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JUN 4.9 uanalesidudnisduginsvinauveseuludueseduiainisuia
Pemududy 53107 89 1x10” luans
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A o . o W e a v v a Yo a
LWBNINTT fit curve ‘VI’W’]’J’]SJ?I@JWUﬁLGNLﬁuGZJEN‘UEJ;JUaI‘UEUVI 4.9 %BLLﬁﬂﬂlﬂﬂx‘lﬁﬂJﬂ’]iﬂ
4.2 Inedian R? winiu 0.981

y = 44.641og(x) +284.49 @.2)

Nnaunsil 4.2 fiarmduvdeannuieshlumsnsiainedil 44.64 %inhibition /
logip M) waztasauidutudanan (5x107 e 1x10° Twand) eglutreililunismsaing
ezhLmem%wﬁaﬁﬁﬁa@luﬁﬂumju Brassica Vegetable 7ifidn laAu 5 ppm n3euszuna
2.5 x 10° Tuan$ Fadudnnasgrumunisadeenvessymalng [9]

4.8 N15ASIINYILILUAIAISUISANaza8TUUIRN A28NTZUAUNISEULINTS
9uvaaoulal

A1SNAABINYIINISNAFDUNAVDIANUIUTUVBIATAL A8 UIRNABNS UABULUaIAN
Suanaunlaanueesdamn Weidulsslevdrenisldnuasdunandisou nasanila
° = e a oA ¢ o) Y a ¢
YNNI IU LRI DANATNLAZ BULRADINLSE 2 WasitudlagundnaaUsuins wazioules]
0.1 glla uagvilviwisluanzoumgl 4 semigaldea wagdumedeuiuaisazaleuinn
Imamﬂ%mmmmmﬂmmu mLUumﬂIuﬂau Brassica Vegetables Tneidonfndidsessesves
PUDY NIOLUANINSAURN WAy mmﬂmwmuuﬁ] gnideanmendieadwines 1:10000
1:1000 1:100 1:10 1:2 911 LLauuwmﬂwiulQOﬁ]amq mﬂgﬂ‘m 4.10 wanslsisiuin finu
WNTUA 9) vesETara1edIintU AN InaUaLDIdad 1B TR S DA LBRINAT

Y g.J/ o 's d' 96’ CYJ ‘:ll A Ql' 1 v [l
A58UgINTsYuYawaule NasazatelninMIeaeunn 9 1:1000 Wi aglranlinneaain
AR IUTUARTIEUAY NauTaznadaunIsEugInITineuveseulsldisuiin Laziile
Ao UUIANIgNITeNoeANDITEAUN ITNI5I0319 NuTansazatgliniduty (Lile
919) TiAn1sdugansvihnuveaeulsdegluszautosndt 5 wWesidus Fvlunisidsuwlas
szaiuadyadudntegluseduinduniswisuslatwesdygrafiinaindamaunids
aunsaldauls Asiuneidedsldniiunimaaeseiueisinuuaesuizaniinisideady

961 £ A:{' 1 = ¥ U d'
ansara1etdnliinisiieans lananisvaaeiagui 4.11
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1:10000 1:1000 1:100 1:10 1:2 as-prepared
Dilution of Vegetable Solution in PBS Buffer

JUN 4.10 UHUATUYRKARINANIINAZOUNITTUNIUVBIANTIAINTWAN 9 Melyuges
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Concentration of Carbaryl in Vegetable solution (M)

UM 4.11 uansain1sdudansviauveseulesimesiguuaimsusaanududusmiig o 7
azangluansazangiin

N3V 4.11 srghusasansuiFadiannandudu 5x107 fe 1x10° Tuans gniderdly
Tuansazareiindn aflounisideusuunisldnuaseidosuiidnuimaaeunisngiuuag
aﬁazaﬁﬂﬁ"jﬁﬁﬂﬁlﬁamejwLLaJaqm%m?aﬁm%mﬁuﬁugﬂﬁwmwmaauﬁwmumai‘%amm 970
nsmwuinAInsEudansvinaureeuledifivunnty Woluanududuvesansunaluii
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BN 119911015 Fit curve MANUAUNUS I BAUTEIINNANULTUTUAISUNS A TUUNENwaY
Wasiduansdudinisyitnuvaaeule agleaunisiansmnuduiussanduaunisy 4.3
FelviA1AUdueg 43.17 %Inhibition / logio M tazdla R® Wiy 0.987

y = 4317l (x) +272 @3)

devnansneassmsinenghuiatniusaluasazanefidioatimesuaziinun
Wisuleuiulutsmdyanandunse dadutamududuresnsui3adi 5x107 81 1x10°
Tuad Fawansluguil 4.12 aunsafulddrdnissudamsihnureseulesiannaisuadi
azanglutivllesuazidin Waeududaduoglutsanududuiesu wasdan
3a9llun19m5299 (Sensitivity) filnaLAsstuann Tngaun1sidunsauazsaAiaiudadtaan
wuwessamnfinsivinasusaluasasaneiitoatvimasuazingn uandunsiadt 4.3
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T T J z R
1E-6 1E-5
Concentration of Carbaryl (M)

UM 4.12 neiuansAIn1sdugainisyinuveseuledanenisuitaninududuniig 9 fazae
Tuansagangfitioadvines (dude) uazdln (dudung)
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A19199 4.3 AT NUAAIELNITANFURUSLTUFUTTNINANUTLTUAITUITE (MY log M)
wazAINSEUgIN1TInuvesauley (%inhibition) ANMINIBILY LaYAN
#1UsEANSUINSAnaUlY 1NNITHTIVINAELIULTDTDALIS

o

1 a

ANAUIB419 AnduUsEans

g . itivi Y2915
Rouly AUN1TLEUATS (Sensitivity) o
(%Inhibition / logi,  ANAUTY
M) (R
ASUSA ( )
luasavany Y = +4064n{x) +284.49 44.64 0.984
Aleatnines
ASUN3A
i v=4341n (x) +273.18 1341 0.981

Mnranedevivenlyitnsasnsrinasguileldmanududuresasuizard
gniieanedluasazanefifioatvesuaransazanstndniu IanisnsaaTnilaiunneng
fusnn anunsadnswinasguiaiislasmsideansansuialuasazarounldimuanm
anududuaiuiiannasiosniringgild esmnuamavaaeuianiudatigniieans
Tuihithdy ﬁmiiumué’mmmmﬂﬁwﬁﬂLaqﬂaauﬁﬂ (o8N 5%) mﬂgﬂﬁ 4.10 Favsveni

[

AU aUNISUAURUAITN AT UL U UL DIL1INE8INLLAIANSUNTaNYINN5L 99190 U Tae

A

[

Funnannsmanasgiudldfeuiutuidunsmunasgiuanmsvaassiiazaeansuiialu
ansazanefifioatviles (3UM 4.12)

FatuueesdamnanuisnthuUssendldsuiionsnsatagsuuadld uasd
waliiuflannsoamaianifuidasnaisiet wiinads fan1ssiaedlfidiuainuans
nagouiaasunTafiararslutdndlifinindeas @hnansdaldviu danaminsgiu
MRLs 489 {nN31999 %38 ﬁﬂﬁagiumizga Brassica Vegetables ﬁﬁ’lagjﬁ 5 ppm (mg/ke) [9]
FrnmaneassnsrliasguasanTvinnfutaldlutisanadudu 5x107 1 1x10°
Twa$ Faanunsansiatamsusaiiaududusiingt 5 ppm vde 2.5 x 10° Tuans I

4.9 HANSNAFBUAUINUNITLALIVBUTULYDS 1A8N15ATIAIAAULILIUNAY
Tungusng 9
9

grgiuastiuiiagmeiunanenguasuuinudulsznauvesasiall Faensuuadus
azﬂéuﬁ@mamﬁaﬂum@mﬁ’uaaﬂlﬂ ANSNAADILIIVIINITNAABUAINUINNILLINS VDY
LU DS DANANINVUABNITATIVIAYIULUAIAISUISA LAYABINAFDUNITHITIVIANULIA
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wiasiaduiioglundudu q Feeshuvasilldvaaouised msuria (Carbary) uax wnlsia
(Methomyl) +Jusiaunuegisinuuaingy A15uIue (Carbamate Group) wusanisilnesu
(Methyl-Parathion) 3nnguaasnilunanln (Organophosphase Group) kay BialAange
(Immidacloprid) annguilledilasussd (Neonicotinoid Group) Bslénanisvaassfagu
4.13

Carbaryl

Mathomyl
Methyl-Parathion
Imidacloprid
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Concentration of Pesticide (M)

sUT 4.13 nsvluansAn1sdudenisinuveseules NANudutusiig 9 vesengiuiag
A5UI3a nlsla Wiamslvesu wazdlinnlaandn

INNANIIVAADINUIN B12LUAIAITUNTE wmlsiia Laz wSanslnesu duason
“zy,mmmau%uma%ﬁaW\Imﬁm‘%awﬁu Suilosunain Eﬂ@hLL;JENméﬂﬂfﬁaﬂuﬂémﬁmmm
waz oodnluloams Ty (Receptor) fie wuledladueamesisa (Cholinesterase) &
w;mLLuaaﬂaumﬂm’gammsmmmimmwumLaulsmmamulm wazdmiuauiseduile
aaﬂLL‘U‘U@UﬂimﬂmaulezmauwaiﬂauLaamama (Acethylcholinesterase, AChE ) Tagen
guuawn 3 silndedu mmaamﬂgﬂﬁmaummsmmumauaﬂ%ﬁlm wazdadiulaingnain
wasusazein Sgaemnudutuiildlumsiudimshnuweseulediiunndetusenld Tne
BN9LUAIANTUNT ALY INAUN T agjﬁ 1x10° - 1x10° Tuans wrguaauylsda J929duns
gl 1x107 - 1x10° Tuanf dhusrshusasBaninesu dalianmnsavenlifeiadunse
%QﬁmawuﬁmﬁuéﬁLLaquiUﬁaﬂénﬁ?uﬁahjmﬂmhwm S-Curve ﬁawmmimﬁmm
Saturation-point AUUL mummumaaamﬂﬂawam laifnnsnovausssowulLes wiokl
mmmsaummsmmumaal,aulszm Luaammﬂﬂammml,l,maauiauiﬂﬁuasmu JuNIzAFITU
Snullanils Ae Nicotinic Acetylcholine Receptor (NAChRs) muumimmmﬂgﬂimm
wouluslezdfialaduleamesisa Mndeyainaiuanunsavenliineuesdamniiadeuse
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oulgdordiialaduleanasisaliniudnizian1snTvingiguua 2 nqu fAe aasniluy
woawln uay AU Tnsensuuasusiazsindanuanansolunisdudanisinauees
oulwildlaiviniy fadtuldannsifvaenududulunsamnaiafiuandieiu Ssainnns
nageufinann azlddmnutuduignvesesuuasiiwugesarunsodald (Limit of
Detection, LOD) uagdiAanudu wisaauiasla (Slope/Sensitivity) Ua9lulgo Ao
uAIsazIileinTg Fit Curve fe aun13ues Logistic 5 Parameter B3 FuUs
b (Hill’s Slope factor) ALANNIST 3.1 YeeengutanIsuIda wazSawmisiia mdena
Iegnuansdlupsnadt 4.4

A15199 4.4 M LARIYNANUIUTURAEAIAIUTNTUAEA (LOD) VBILHILUAINATIVIA
16 wazA1ANdetlvessuwas DALy

Y2999 9LdUNST . Sensitivity
g2luAg (Linear Range) ™ (%Inhibition /
(M) lOgloM)
ANSUNSA 1x10° - 1x10? 1x107 1.749
wnlsia 1x10" - 1x10°® 1x10® 0.800
wSanis1tnaou N/A 1x107 N/A

*N/A AUN1SNAaedaliausarAIfInala

s W ¢ v ' <
4.10 mMsinusnwigugasinanisldnumastesaaidieg laginuluaniy
gl 4 asAnwadies (LUlansasanin) uaz 25 asAaidus
(HE3A9ENIN)

Y & = a & a O oo ‘:4' a a

wulwiiuduastilaanainisdenanmaiuial dnviedanunsaideudsednsnin

@ aa 1 [ gj =2 o I 1 o [ a
nnsivlugamginlivangau (58] Aviudsividulgvisensinsuwesiuldauass
\ipsanaziinmsidevan nvssoulsduumumesla Tunmeassifsdosnsvadsunisiiu
Shwguresudniiadoutoulelual uazgravesdyaalatluldaulusseziiay
wnAy nendsnnsengugesmeeuledudy wdieugesinuliluannzaamall 4 eam
walded Inefldiiansasaninw Wuszezinaieng 9 fe 15 7 14 21 uay 28 Tu uanhwuies
Reuluds o lunegeuinduarsazaredUawmsniannuitudu 5 Tadluals Fwan1snageu
WERaRaguUn 4.14 (Euden)
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—m— 4 °C (Non Stabilizer)
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sUN 4.14 NILEnIAF I IUNTRIVALDRLTUR AN I TITInA TazanY
FUALNT Imai%ﬁmﬂmﬁﬁﬂuqmmﬁ 4 pepnwaliya Nllflarsesanin (Eud
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4.12 WaN1TAATIINURIREDINNTEAENAD99aNTIALLIIDABYN (Atomic
Force Microscope, AFM)
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Abstract

The extended gate field effect transistor (EGFET) fabricated by indium tin oxide (ITO) substrate was used as a
sensor for pesticide detection. The size of sensing area on ITO substrate was varied to obtain the highest signal
change which depended on the amount of hydrogen ion in the solution. The organophosphate and carbamate groups
of pesticide were measured by this fabricated EGFET based on enzyme inhibition assay. The carbaryl pesticide
solution was incubated on the sensing area of ITO which has 0.5 unit of acetylcholinesterase enzyme coated on the
surface. The carbaryl pesticides can inhibit the enzyme function resulting in the decreasing of hydrogen ions
producing in the solution which can be detected by EGFET. This fabricated EGFET for detection carbaryl pesticide
was demonstrated in the detection range 107 to 10° M with the sensitivity at 1.53 %Inhibition/M. This EGFET
provided a low-cost and ease of fabrication which can be used as a disposable sensing gate for field effect transistor
sensor applied in a field work.

Keywords— EGFET, Pesticide Detection, Enzyme Inhibition, Acetylcholinesterase

Introduction

Pesticide or insecticide is the chemical reagent to kill pests or insect which can disturb and harmful to the human
and agricultural product. Pesticides have numerous beneficial effects. These include crop protection, preservation of
food and materials and prevention of vector-borne diseases.

Since 2006, the population has increased dramatically while farming and the area of agriculture increased in 10
percent, and the price of agricultural products was forced down by market mechanism. The agricultural area began to
deteriorate. So in agriculture, farmers have accelerated production including the addition of external substances to get
enough output. The use of chemicals, fertilizers, and pesticides are increasing factors affecting the increasing of
agricultural product. But one thing that farmers do not care about is the dangers of using those chemicals. Synthetic
insecticide is widely used. In the 1950s agro-industrial era, there was widespread use of pesticides, chemicals,
pesticides were distributed in the environment which harmful to life [1]. Some pesticide group take longer to degrade
as shown in DDT that harmful to environment and wildlife. The resulting pesticide studying and research has
increased as in the past thirty years.

At present, pesticides are widely used in the agricultural industry in each country. Pesticides are classified by use
and chemical structure including four major groups are Organophosphate (OP), Carbamate (Car), Organochlorine
(OC), and Pyrethoids (Pyr) [2]. Organophosphate and carbamate groups are main agents used to get rid of insects in
farm lands, and they also become important parts in almost all Thailand agriculture. By the way, organochlorine is no
longer used because of its high risk effect on mammals and humans. Meanwhile, pyrethroid is reasonable to use for
eliminating household insects. The pesticide level remaining on food product samples were monitored through the use
of Maximum Residue Limits (MRLs) which published by Food and Agriculture Organization of the United Nations
(FAO). For carbaryl pesticide has MRLs value at 20 ppm [3]. Thus there are many researchers developing sensors to
detect the carbaryl pesticide. Normally, the analysis of pesticides based on spectrophotometry, liquid and gas
chromatography or mass spectrometry [4-7] and there are commercially pesticide test kits are available [8-9] which
are required expensive equipment, more experience staff, laborious complex sample treatment, and time consuming.
From above, an enzyme biosensor is the most appreciated technique for organophosphate and carbamate pesticide
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detection due to the efficacy of these pesticide groups which have direct effect on the reaction of enzyme-substrate
complex [10-16]. The reaction of Acetylcholinesterase (AChE) with Acetylcholine Chloride (AChCI) and pesticide
inhibition method is shown in fig. 1. The product of reaction provides acetylated enzyme and choline that can be
hydrolysed to acetic acid or hydrogen ion occur in solution. When inhibited-AChE enzyme react to the substrate, the
reaction product is decreased which mean that the hydrogen ions will decrease in the solution. The AChE enzyme
which is inhibited by pesticides may be reversible or irreversible depended on the type of pesticide inhibitor.

AChE Enzyme Acetylated enzyme Choline
Hydrolysis
AChCI Acetic acid AChE Enzyme
Acetyleholine Chloride
ACHE Inhibited Decreasing of reaction product

by pesticide
Irreversible/Reversible
- AChE Enzyme

Figure 1: Reaction of acetylcholine chloride substrate with acetylcholinesterase and inhibition of acetylcholinesterase
by pesticide

Field Effect Transistor (FET) is widely used as the transducer sensor part [17-18]. Common FET used for pH
sensing can be applied to detect pesticide in solution by using the enzyme reaction which produces the ions change
and sense to FET technique [19-20]. The Extended-gate Field Effect Transistor (EGFET) technique is interested
which sense ion in solution depend on sensing membrane. Indium tin oxide (ITO) is commonly applied for pH
sensing membrane. ITO is a solid solution composed 90 %wt indium(IlT)oxide (In,O3) and 10 %wt tin(IV)oxide
(Sn0O,), which is one of the most used transparent conductivity oxides ion sensitive field effect sensor. The schematic
of EGFET device is shown in fig. 2. EGFET is a device that consists of two main parts; conventional ion sensing
membrane electrode and MOSFET circuit part, which can be applied to the measurement of ion content in a solution.
When the purpose ion of receptor come closer near the receptor as sensing membrane, the charge on the surface has
changed that effect to the electron moving from drain to source electrode and the electric field between reference gate
and the other electrode in transistor device (FET). ITO sensing electrode can sense with the changing of hydrogen ion
which appears in solution. Ion sensitive field effect transistor (ISFET) is a pH sensor that the sensing membrane is
attached to drain and source electrode with is in a whole part of sensor device. For EGFET technique, ITO-extended
gate (ITO-EG) sensing membrane is extended out from a FET circuit which is use wired conductor cable to the sensor
circuit for collecting signal. So, the ITO-EG acts as a disposable electrode.

In this study, EGFET which is fabricated electrode from indium tin oxide (ITO) glass was applied for pesticide
detection. The fabricated ITO-extended gate was used as the substrate which can be modified the surface by using
AChE enzyme entrapped in an agarose gel coating on the substrate. The optimization conditions for a drop volume,
the concentration of agarose gel, and the enzyme concentration are investigated in order to fabricate the carbaryl
sensor. Carbaryl was detected at various concentrations and compare with the organophosphate group of pesticide.
The carbaryl can inhibit the enzyme reaction resulting in the decreasing of hydrogen ion in solution which EGFET
can detect in the lower change of signal between AChE enzyme and AChCl substrate.
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Figure 2: Schematic of Extended-gate Field Effect Transistor (EGFET) device
Experimental

Materials and Instruments

Indium-tin-oxide glass (ITO) was purchased from Xin Yan Technology, China, with resistant of 15 ohm/sq.
Agarose powder with a gel strength of 800 g/mL was purchased from LABCHEM, Ajax Finches Pty Ltd.
Acetylcholinesterase (AChE) from electric eel, 200-400 units/mg protein and acetylcholine chloride (AChCI),
carbaryl, methyl-parathion and imidacloprid were obtained from Sigma-Aldrich. The SmM phosphate buffer saline
(PBS; pH 7) was prepared by using sodium chloride (NaCl), di-sodium hydrogen orthophosphate (Na,HPO4-12H,0),
potassium dihydrogen phosphate (KH>PO,) and potassium chloride (KCl) were purchased from Sigma-Aldrich.

Preparation of ITO-Extended gate (ITO-EG)

ITO-Extended gate (ITO-EG) was prepared by cutting ITO glass into 3 sizes including 3x20, 5x20, and 10x20
mm?. The cleaning process of ITO, start by washing with dishwashing liquid, sonication in deionized water, ethanol,
acetone, and isopropyl alcohol (IPA) for 15 minutes, respectively. Then, ITO-EG were dried with nitrogen gas and
keep away from moisture at 25 °C (room temperature). An electrode was stuck on top of the surface of dried ITO-EG
glass by using a silver plate as adhesion material and dried at 120°C for 5 minutes. Surface sensing area at 3x3, 5x5
and 10x10 mm? was constructed by using epoxy encapsulation and left at room temperature for 3 hours before used in
each experiment.

AChE enzyme entrapment in agarose gel

The agarose was drop casting on ITO-extended gate (ITO-EG) surface and left at room temperature for 10
minutes. The 0.01 to 0.75 unit of AChE solution were prepared by dissolving in PBS buffer. AChE solution was
dropped into agarose gel that casting on the ITO-EG surface. AChE/Agarose gel/ITO-EG was left at room
temperature for 5 minutes and kept at 4 °C before used.

Enzyme inhibition method

Pesticide solution was prepared at concentration range from 107 to 10~ molar (M) in 10% methanol in PBS
buffer. Signals measurement step, first, the AChE/Agarose gel/ITO-EG was used to measure the baseline signal (PBS
buffer) then measure the AChCI substrate signals for 3 minutes. AChE/Agarose gel/ITO-EG incubated in a carbaryl
solution for 5 minutes subsequently collected PBS buffer signals and measured with the AChCI substrate again.
Repeat this process for the next concentration of pesticide. The signal will be analyzed and reported as %inhibition
which was calculated by differentiating of the AChCI substrate signal before and after inhibition by pesticide.

EGFET data mesure ment

The output signals, voltage between gate and source (V), were measured by EGFET setup equipped with
MOSFET N303, constant drain current, Ip = 30 pA and constant drain-source voltage, Vgs =300 mV and Ag/AgCl in
saturated KCl was used as a reference electrode. The V, signals would be increased when hydrogen ion (H") is
decreased whereas the lower Vg response occurred when increasing of hydrogen ion. The data were collected by
using Lab-view (Pesticide data collecting) programs which developed in the Biosensor Research Laboratory, College
of Nanotechnology, and KMITL.

Results and Discussion
PpH sensitivity test
Bare ITO-EG at different sensing area (3x3, 5x5,10x10 mm?) were used to measure pH buffer solution (pH 4, 7,

and 10) to find the sensitivity of each sensor. The bare ITO-EG was connected to the sensor device or the MOSFET
circuit and immersed in pH buffer solution while the real time signal was recorded as shown in fig. 3(a). The inset
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graph shows the plot of signal response against pH which can be found the sensitivity by the slope of the plot. From
fig. 3(b), the average of pH sensitivity which calculated from bare ITO-EG (3 pieces) in different sensing area was
shown. The sensitivity of each condition was seemed to be similar at about 54-56 mV/pH. From this result can be
noted that the sensing area of ITO-EG has not much effect on the measurement signal. However, the larger sensing
area may cause the unstable signal more than the smaller area which can be seen from the higher standard deviation
(SD) value. The SD of each ITO-EG are +3.78 of 3x3 mm?, £6.86 of 5x5 mm? and 9.34 of 10x10 mm? size of ITO-
EG. This might be due to the process of manual encapsulation for constructing sensing area by using epoxy
encapsulation that quite difficult to obtain the precise area which can cause the variation in the signal.

The volume of agarose gel that was drop casting on the ITO-EG surface was studied to obtain the highest
sensitivity for fabricating the sensor. A drop volume of agarose gel (2, 3, and 5 pL) at various concentration were
tested in 2 sizes of ITO-EG sensing area (3x3 and 5x5 mm?). Three pieces of agarose gel/ITO-EG for each condition
were measured in pH buffer solution and calculated the sensitivity. The pH sensitivity of agarose gel/ITO-EG with
different drop volume and gel concentration at sensing area 3x3 mm? and 5x5 mm?* were shown in fig. 4a and 4b,
respectively. From the results found that drop volume of agarose gel at 3 pL was the optimum volume that showed
the highest sensitivity at all gel concentration. The ITO-EG with sensing area 5x5 mm? and 3uL drop volume of
agarose gel was chosen for fabrication of pesticide sensor. Due to the 3x3 mm? of ITO-EG was a smaller size that
quite difficult to fabricate and the 10x10 mm? of ITO-EG was larger sensing area which agarose gel could not
disperse to cover all the surface because it was fast rigid.
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Figure 3 Characteristic of bare ITO-EG, real time pH buffer signals (a) and the sensitivity from different sensing area
of ITO-EG (b)
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Figure 4: pH sensitivity of 3x3 mm? (a) and 5x5 mm? (b) sensing area of ITO-EG

Effect of agarose gel concetration

The ITO-EG sensing area 5x5 mm? was prepared with drop casting 3 pL of agarose gel by varying concentration
from 0.5 to 2.0 %w/v. The 0.5 unit of AChE enzyme were entrapped in all agarose gel concentration to react with the
SmM AChCI substrate. The measurement signal of AChCI substrate that reacts to the entrapped enzyme on the ITO-
EG is shown in fig. 5. From the experiment, when AChCI substrate react with AChE enzyme the hydrogen ions were
produced in the solution which the reaction was shown in fig. 1. The response signal increased when increasing
agarose gel concentration due to more hydrogen ions production and reached a plateau at 1.5 %w/v of agarose gel.
Increasing of gel concentration can give the small pore size of gel [21] which enzyme can strongly entrapped in the
gel and react with substrate to get a high response where as low concentration provide larger pore size which
biomolecule could be leak out after washed. This can be noted that the enzymes were tightly entrapped into the gel at
1.5-2.0 %w/v. However, at 1.5 %w/v of agarose gel was chosen to use in the next experiment because the gel
concentration at 2.0 %w/v was fast rigid when drop casting.
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Figure 5: The AChCl response at different agarose gel concentration (0.5, 1.0, 1.5, and 2.0 %w/v)

Effect of AChE concentration

The enzyme concentration was varied at 0.01, 0.25, 0.50 and 0.75 unit which was entrapped into 1.5 %w/v of
agarose gel. 3pL of each condition was dropped on 5x5 mm? ITO-EG surface. The sensor was prepared about 5
pieces in each condition and AChCI substrate was measured. Increasing of the enzyme can provide more product of
reaction [22]. The signal response is shown in fig. 6 that the concentration of AChE at 0.5 and 0.75 unit gave a high
response when presented in AChCI solution. From the experiment, AChE enzyme at 0.5 unit was suitable for making
a pesticide sensor which was the lowest concentration to give a high response as 0.75 unit of AchE. The response
about 67 mV was presented when using 0.5 unit of enzyme meanwhile at 0.25 unit of enzyme provided a response
about 38 mV. Moreover, we found that using a low concentration of enzyme can be used for pesticide detection but it
provided a narrower detection range than that using higher enzyme concentration.
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Figure 6: The ratio of AChCl response at different AChE concentration (0.01, 0.25, 0.50 and 0.75 unit)

A.  Pesticide detection

The 0.5 unit of AChE entrapped in 1.5 %w/v of agarose gel was dropped at 3 uL on the ITO-EG surface as an
EGFET pesticide sensor. Three types of the pesticide including carbaryl, methyl-parathion, and imidacloprid which
represent the carbamate, organophosphate and neonicotinoid pesticide group were measured in this experiment. Only
carbamate and organophosphate pesticide group can inhibit AChE enzyme except for neonicotinoid group [13-15]
which was seen from the result in fig. 7. From the graph showed the calibration curve that was a semi-log plotted
between %inhibition and concentration of pesticide. The prepared EGFET sensor was suitable to detect carbaryl in
the range of 10”7 to 10 M with showed the linear range between 10 to 10 M. This EGFET sensor can detect
carbaryl pesticide in the micromolar level that was in the Maximum Residue Limits (MRLs) [3]

On the other hand, this fabricated EGFET sensor was not sensed to the imidacloprid pesticide due to it cannot
inhibit the AChE reaction with their substrate. However, this sensor had a very low signal for detection of methyl-
parathion in spite of it is in the organophosphate pesticide group that can inhibit the AChE enzyme. This might be due
to the concentration range of methyl-parathion was not suitable to be detected by this fabricated EGFET. The
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previous research [23] was demonstrated to use an ion-selective field-effect transistor and phosphotriesterase enzyme
(PTE) to detect methyl parathion at a low concentration of 0.5 uM which is lower concentration than our EGFET
method. The optimization condition needs to be evaluated to fabricate EGFET sensor for each pesticide. This EGFET
sensor can be used to detect carbaryl pesticide with sensitivity at 1.53 %Inhibition/M.
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601 4 Imidacloprid

301

20 1

% Enzyme Inhibition

J J %

T T T T T
1E-7 1E-6 1E-5 1E-4 1E-3

Pesticide Concentration (log, ;M)

Figure 7: Calibration curve of pesticide which detected by using fabricated EGFET sensor
Conclusions

The low-cost extended gate sensing membrane can be fabricated by using ITO glass which provided a pH
sensing ability and can be used as a pesticide sensor based on enzyme inhibition assay. This sensor could detect
carbaryl pesticide and provided a good response in a linear range of 10 to 10> M which is in a micro molar level
with sensitivity 1.53 %Inhibition/M. This ITO-extended gate (ITO-EG) is easy to fabricate and can be used as a
disposable gate FET for a field work of pesticide detection.
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Abstract

An extended — gate filed effect transistor (EGFET) is a device which can be applied to chemical sensing devices. In this study,
EGFET was constructed by using an indium tin oxide (ITO) glass substrate. The small piece ITO with sensing area around 3x3
mm? was used as carbaryl pesticide sensor based on enzyme inhibition assay. The prepared ITO-EGFET sensors were test with pH
solutions to obtain sensitivity compared with commercial ion sensitive field effect transistor (ISFET). Preparation of ITO substrate
for enzyme inhibition assay by dropped acetylcolinesterase enzyme at 0.5 Unit which were trapped in an agarose gel matrix onto
substrates. This prepared ITO acts as extended gate sensing membrane for EGFET. The amounts of drop volume of enzyme were
varied to obtain the highest signal for reaction with acetylcholine substrate. Cabaryl can inhibit enzyme function resulting in the
decreasing signal of interaction between enzyme and acetylcholine substrate. This ITO-EGFET can be used to detect carbaryl in
concentration rage 0.001 — 1 mM by using the ITO-EGFET without enzyme as control condition. This work shows possibility of
ITO-EGFET for application in pesticide detection with an easy substrate preparation, low cost and can be applied in field used with
others pesticides.
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1. Introduction

A Pesticide is a chemical or biological substance which restrains, incapacitates, destroys, or else deprives pests [1].
Objective pests include plant pathogens, weeds, animals, and especially, insects. In agricultural industries, pesticides
are used as insecticides that often treat with plant protection products in order to protect crops or produce desirable or
useful plants [2]. In general, insecticides can be classified into four major groups including organochlorine,
organophosphase, carbarbate, and pyrethroid. Organochlorine is no longer used because of its high risk effect on
mammals and humans. Meanwhile, pyrethroid is suitable to use for killing household insects. In addition,
organophosephase and carbarmate groups are important agents used for getting rid of insects in farm lands, and they
also become important parts in almost all Thailand agriculture [3]. The pesticide level remaining on food product
samples were monitored through the use of Maximum Residue Limits (MRLs) which published by Food and
Agriculture Organization of the United Nations (FAO). For carbaryl pesticide has MRLs value at 20 ppm [4] when
exporting crops to EU countries. Thus there are many researchers developing sensors to detect the carbaryl pesticide.
Normally, the analysis of pesticides based on spectrophotometry, liquid and gas chromatography or mass spectrometry
[5-7] which are required expensive equipment, more experience staff, laborious complex sample treatment, and time
consuming. The development methods for pesticide residues detection such as electrochemical electrode is also a
widely study in the field of sensors [8-10]. An enzyme biosensor is the most appropriate method for detection of
organophosephase and carbamate pesticide groups due to the ability of these pesticide groups which have direct effect
to the reaction of enzyme-substrate complex. The acetylcholinesterase is a catalysis enzyme in the hydrolysis of the
neurotransmitter acetylcholine and can be found in the insects. The inhibition of acetylcholinesterase interrupts the
transmission of nerve impulses [11]. Carbaryl is a pesticide in carbamate group which can inhibit the activity of
acetylcholinesterase, the structure of carbaryl pesticide is shown in Fig.1.

By using enzyme inhibition assay, the interaction of acetylcholinesterase (AChE) with their substrate; acetylcholine
chloride (AChCIl), were monitored as show in Fig. 2. Acetylcholine chloride substrate reacts with AChE which can
produce acetylated enzyme and choline. The acetylated enzyme can be hydrolyzed to form acetic acid or hydrogen
ions (H+) occur in the system [12].

Fig. 1. Carbaryl pesticide structure
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The mechanism of enzyme inhibition by carbaryl is shown in Fig. 3, carbarmic acid ester part of carbaryl attract to
oxygen, a partially electronegative serine which is an active site of enzyme. It covalently binds to the esteratic site of
enzyme called Cabarmyl-AChE by the cabamylation of enzyme method, in other words, carbaryl attached to AChE.

Extended gate field-effect transistor (EGFET) is a device composed of conventional ion-sensitive membrane (ISM)
and a metal-oxide-semiconductor field-effect transistor (MOSFET), which can be applied to the measurement of ion
content in a solution and chemical sensor. In this study, applied EGFET for pesticide detection, which is fabricated
electrode from indium tin oxide (ITO) glass. ITO is a solid solution composed 90 %wt indium(IIT)oxide (In,O3) and
10 %wt tin(IV)oxide (SnO,), which is one of the most used transparent conductivity oxides ion sensitive field effect
sensor. This work fabricate ITO-EGFET sensor for specific detection of carbaryl based on enzyme inhibition assay.
AChE enzyme are trapped in an agarose gel matrix and coated on ITO glass substrate with an optimal condition for
enzyme concentration, substrate concentration and amount of enzyme drop volume are investigated. This ITO-EGFET
was used to detect cabaryl at various concentrations. By the assumption that at higher pesticide, the decreasing signals
will be observed due to the pesticide inhibit enzyme reaction which can reduce the production of hydrogen ion which
is an important ion sensing to the EGFET sensor resulting in a lower signal.
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2. Experimental
2.1. Materials

Indium Tin Oxide glass (ITO) used as a sensing substrate was purchased from Xin Yan Technology, China, with
resistant of 15 ohm/sq. Commercial ISFET were obtained from Thai Microelectronics Center, TMEC, Thailand.
Agarose powder with a gel strength of 800 g/mL was purchased from LABCHEM, Ajax Finches Pty Ltd.
Acetylcholinesterase (AChE) from electric eel, 200-400 units/mg protein and acetylcholine chloride (AChCI) and
carbaryl were obtained from Sigma-Aldrich. Prepared phosphate buffer (PS), SmM (pH 6.3) by using sodium
dihydrogen orthophosphate (NaH,PO4+2H,0, 0.1M) and di-sodium hydrogen orthophosphate (Na,HPO4 + 12H,0,
0.01M) which were purchased from Sigma-Aldrich.

2.2. Preparation of ITO-EGFET

Extended-gate Field Effect Transistor (EGFET) was prepared by cutting ITO glass into 1x2 cm? in diameter. To
clean surface of ITO, start washing with dishwashing liquid, sonicated the substrate in deionized water, ethanol,
acetone, and isopropyl alcohol (IPA) for 15 minutes, respectively. Then dry with nitrogen gas and keep in room
temperature before attaching electrode on its surface. Electrode stick was attached on top of ITO by using silver plate
as adhesion material. Then, dry it at 120 °C for 5 minutes before encapsulation by using epoxy to make a sensing
channel. After that, keep it in room temperature for at least 3 hours before used in a next step. The process is shown
in Fig. 4.

2.3. AChE/Agarose gel entrapment

The AChE was dissolved in boiled agarose gel and then 0.5 Unit of AChE was dropped on the ITO substrate which
acts as an AChE/agarose gel extended-gate (AChE-EG) sensing part. After that, the prepared membrane of EG was
dried at room temperature for 15 minutes and kept at 4 °C before used in this experiment.

2.4. Enzyme Inhibition assays

The carbaryl solutions were prepared in concentration ranging from 10 to 10 molar (M) in 10% methanol in PS
buffer. For measurement step, firstly, the AChE-EGFET was used to measure the baseline signal, PS buffer, then
measure the AChCI substrate signals for 3 minutes. Incubate AChE-EGFET in a carbaryl solution for 5 minutes
subsequently collected PS buffer signals and measured with the AChCI substrate again. Repeat this process for the
next samples. The signal will be analyzed as %inhibition which was calculated by differentiating of the AChCl
substrate signal before and after inhibition by pesticide.

gine

Adhesion Epoxy coating
— E—
Electrode Fixed area .
ITO glass Prepared -ITO glass
electrode

Fig. 4. ITO-EGFET preparation
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Fig. 5. Diagram of experimental set up
2.5. EGFET data measurement

The output signals, voltage between gate and source (Vs), were measured by EGFET setup equipped with constant
drain current, Ip = 30 pA and constant drain-source voltage, Vgs = 300 mV and Ag/AgCl in saturated KCL was used
as a reference electrode. The Vg signals would be lower when hydrogen ions or protons were increased in the solution.
Whereas, higher Vg responses occurred when decrease of hydrogen ions in the solution. The data were collected by
using Lab-view (Pesticide data collecting) programs which developed in the biosensor research laboratory, College
of Nanotechnology, KMITL.

In the experiment, the ITO-EGFET was tested for pH sensitivity compare with commercial ISFET. The
concentrations of AChCI substrate and drop volumes of enzyme were optimized for using in cabaryl pesticide
detection. The diagram of experimental set up is shown in Fig. 5.

3. Results and discussion
3.1. pH measurement

To measure the voltage, gate to source, characteristic the ITO-EGFET was tested with pH solution including pH
of 4,7, and 10 by dipping ITO-EGFET electrode and commercial Ag/AgCl as reference electrode in PS buffer. The
pH sensitivity of ITO-EGFET compare with standard ISFET is shown in Fig. 6. By using 3 pieces of ISFET and 3
electrodes of ITO-EGFET measured pH solution then obtained the average signal with SD value. The signal increases
to higher voltage when testing with the higher pH buffer solution, which can be explained by the Site-Binding theory
[13-14]. The ITO-EGFET shows sensitivity about 45.27 mV/pH which is close to the commercial ISFET that is about
50 mV/ pH. This result indicated that the ITO-EGFET that prepared in this experiment can be use for pesticide
detection in the next part with good sensitivity.
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Fig. 7. The measurement of acetylcholine chloride by AChE-ISFET in range 0.01 mM to 10 mM

3.2. Substrate monitoring

The concentration of AChCI substrate was optimized by measuring AChCl at various concentrations which were
in the range of 1x10° 1x1075, 1x10*, 1x1073, 2x1073, 3x1073, 5x1073, and 1x102 M by using commercial ISFET that
coated with AChE enzyme in an agarose gel matrix to obtain the best quality signal before applying in ITO-EGFET
sensor. The results are shown in Fig. 7, when the enzyme reacted to substrate could produce choline and acetic acid
or it mean that H" ion were produced in the solution system and sensing to both ISFET. The optimum concentration
of AChCI substrate was at 2mM with the highest signal was observed about 52.6 mV when compare to others
concentration. At too low and too high concentration were not suitable for using in pesticide detection due to the lower
signal. This may be come from the amount of AChCI substrate were not enough for reaction at too low concentration
while at too high concentration the crowded substrate could limit the reaction with enzyme then the signal were lower.
So, the suitable concentration of AChCl at 2 mM was chosen for measuring carbaryl pesticide by ITO-EGFET based
on inhibition process.
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3.3. Optimization of enzyme drop volume

AChE enzyme at 0.5 Unit and agarose gel 1%w/v were prepared and drop on ITO-EGFET surface to obtain
AChE/Agarose gel-EGFET sensor. 0.5 Unit of AChE enzymes were entrapped on EGFET surface on each drop
volume condition; 2, 3, 4, and 5 uL, to see the effect of drop volume on the detection signal. These AChE/Agarose
gel-EGFET sensors at each condition were used to measure 2 mM AChCI substrate. The differential signals between
PS buffer and the AChCIl substrate are shown on Fig. 8 which is an average signal that got from 3 times measurement
in each condition of drop volume. Condition of a drop at 2uL exhibited the highest response at 29.22 mV and condition
of'a drop at 3, 4, and 5 uL had lower responses. A drop volume had an effect on signals which could be explained by
the thickness of agarose gel film on the EGFET surface. When the thickness increased, the detected signal decreased
which is due to the sensing distance or debyed-length [15] is far away from the solution phase. In addition, the H*
ions produced from reaction took longer time to attach around the sensing surface in higher film thickness then lower
signal were obtained. On the other hand, at lower thickness the signal can be rapidly detected because it is close to
the sensing area on the surface. From the result showed that at 2 pL of drop volume may be had the thinner film on
the sensing surface which made the response signals (V) to be higher.. Thus a drop volume at 2pL was used to detect
cabaryl pesticide which is low thickness and high response signals.

3.4. Carbaryl pesticide detections

An inhibition process was used to measure the carbaryl pesticide in the solution by using AChE enzyme 0.5 unit
coated with an agarose gel 1%w/v at 2 uLof drop volume on ITO glass substrate. The testing process started from the
lowest concentration of carbaryl solutions; 1x10° M, 1x10°M, 1x10M, and 1x10-*M, respectively. Fig. 9 shows the
relative change of %inhibition at various concentrations of carbaryl. When the concentration of carbaryl increased
effect to voltage signals by decreasing of signal were observed, in the other hand it showed increasing of %Inhibition.
The sensitivity of this sensor was at 26.08 %inhibition/M with linearity R-square of 0.987. Moreover, the carbaryl
pesticides were measured by using agarose gel/ITO EGFET without enzyme trapping, as a control surface. It was
found that the control surface cannot detect the signal change at various concentrations of cabaryl because it showed
no trend and not have linearity relation. Therefore, as suggested by the results, 1% w/v agarose gel with 0.5 unit of
ACHhE at drop volume of 2 uL is appropriate to be prepared as AChE/Agarose gel-EGFET sensor for carbaryl pesticide
detection.
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Fig. 9. The plot between % inhibition against concentration of carbaryl from EGFET.

4. Conclusions

An ITO glass substrate is applied to prepare the AChE/Agarose gel-EGFET sensor for cabaryl pesticide detection.
The prepared EGFET senses to pH change in a similar way as a commercial ISFET. Cabaryl can inhibit reaction of
AChE enzyme and AChCI substrate on EGFET surface and sensing to the decreasing of signal when concentration of
cabaryl pesticide increases. The prepared AChE/Agarose gel-EGFET can detect cabaryl in the range of from 1x10°
M to 1x10-3 M with the limit of detection (LOD) lower than 1x10°® M. Moreover, this sensor is easy to fabricate and
low cost which can be developed as a portable device and applied in other pesticide detection.
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