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Abstract

In this research, development of biosensor for the determination of mercury and
carbofuran based on flow injection analysis (FIA) was studied. The research was
divided into two parts. The first one was about the development of biosensor for the
determination of mercury and the second one was about the biosensor for the

determination of carbofuran based on flow injection analysis.

Part | about indirect determination of mercury ion studied and utilized by
immobilization of glucose oxidase was investigated. The physicochemical
immobilization of glucose oxidase (GOx) with 5% w/w manganese oxide as mediator
with suitable carbon paste on electrochemical cell based on FIA was reported.
Measurements were performed by electrochemically monitoring of electro active
substance from the catalytic activity of the enzyme. Optimizations of experiment
parameters were investigated in terms of flow rate, voltage, incubation time of
enzyme inhibition, working range, precision, sensitivity, limit of detection and
guantification, respectively. The results of the biosensor based on FIA revealed
optimum conditions with flow rate at 2 mL.min'l, voltage of +0.46 V versus Ag/AgCl
and incubation time at 6 min. Two types of working ranges response with Hg of
biosensor were obtained showing dynamic relation to mercury ion at 0.5 - 73.5 mg/L
with y = 2,68 In (x) + 12.52 and R = 0.984, and the linear range to mercury ion of 7.5
- 315 mg/L with y = 0.90x + 11.51 and i = 0.906. and 7.5 - 31.5 me/L with y = 0.20x
+16.25 and r* = 0.998. Moreover, the biosensor showed the sensitivity of - 0.0106
and 0.20 %lnhibition L.mg'1 with precision of 2.30 %RSD and the limit of detection

and guantification of 0.14 and 0.50 mg/L of mercury ion, respectively.

Part Il of amperometric biosensor for the determination of carbofuran based on flow
injection analysis was developed. Indirect determination of carbofuran could be
studied by inhibition and utilized by physical immobilization of enzyme alkaline
phosphatase with suitably carbon paste on electrochemical cell. Measurements were
performed by electrochemically monitoring the inhibition of the catalytic activity of
enzymes. Electrochemical characterization and optimization of experiment

parameters were investigated in terms of flow rate, voltage, incubation time of



Xl

enzyme inhibition, linear range, precision, sensitivity and detection limit. The results
of the biosensor showed optimum conditions with flow rate at 2.0 mL/min and
voltage at +0.75 V, 8 minutes of incubation time. Moreover, the biosensor obtained
the linear range of 10 - 30 pg/L with linear equation of y = 1.69x + 1.44 and linear
regression of = 0.991 with showing sensitivity 1.69 %Inhibition.pg.L_l, precision of

biosensor at 2.80 % RSD with detection limit of 8 pg/L carbofuran.
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Anwdndlnihibangaslunmsnseduansinarmsinih

1.25 @nwiSnsesaeulwidanlauneaniea
1.26 Anwanneiwuizausanisvinauvswsuledanlaunsanmanasauy
Arsuounaluszuunsivauuusalud® laefnwan1izaegaei

1.26.1
1.2.6.2

1.2.6.3
1.2.6.4
1.2.6.5
1.2.6.6

Anwidasmsinedimnzauvesansazarodan
Anvanistussmsviureseulesisanlatvearunademsluy
usu dluadensmnasgiuaeduiusvoandefidudnissudasu
U%mmﬁ’aé’uéu'aﬁm%'umﬁmswﬁmﬂ%mmmﬂmﬁu,su
Anvsgsznanfivanzanlunsuneulsifodisuss (alugusw
AnwianuwiudiveinTiniey
AnPamuaninsariigavainsnaianaznsiiasigh
Anundndlinimnzaslumsnszduansianarmaluii

1.3 YOULYATDISTUIVY
mu%’aﬁﬁ’wuﬂu‘[a'snuwaﬂumsmswi’mﬂ%mmﬂsawLLazmﬂuﬂLLsu'luwuums
Twanuusalusia mﬁ’wé’..msé’uéu'amsﬁwmwmLaulminfﬂ,ﬂaaan%ma (Glucose oxidase,
GOx) sheusen uavdarlauwearunamenslubusy  lasnisasseuluinglaaeending
wazdamlaunearuea (Alkaline phosphatase ; ALP) wuumenwuaziiwieniiaesnlen
Wuansihdadidnaseuldansavansuiesudielunisinsinveseuled  nalaaeentinauu



Ranvesarsusuwa (Carbon paste) uuwadiadilni (Electrochemical cell) Uszdiunns
vaumadlulewsueesluszuunisivauuudalui®  nefnwanneimnsausionsinssy
Aodnrmsivafivmnzanvesansasaneim  Andliiinfivmngaslunisnsefuansinan
el szeznafvengadlunsvmele nsminasgiudmiumsiesgivson nam
wwsgrdmiumsieneiaislugisy Analveimsieset mIuLiNgeInITiAIsh
FAAMANNIORNANYBINIATIVIAUAE TR
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2. VIC]‘U’JJLLﬂ&’\ﬂU'JQﬂVILﬂU"J“UBQ

2.1 aavisnevasiulawwuiges

luTewuiges Biosensor) vanefis gunsainsaTamadanm ivauniuienss
Arseansiagnldatimsinnras warldnnalinseiasie Wwanuaisvila 3
Usenausiegunsal 2 diu fis fudasdyginuazansdinm

Fawdasdyg e (Transducer)  1Wugunsaldmiuntasdygyiaianizaneg wu
Bidnmsou uas idudygnailnih FadufseyfeuSinmuansidonisiinsgi

a15%101m (Biological  substance)  LHuasATAIWANASIYUFATE T UAST
F09n153LA5 1808198121899 1 woulesl weufved 1usy  Fedruusenauvaes
1U‘[al,sauma'§§uamﬁaguﬁ 2.1

il N

gutasdtununn AXTIAM
transducer) (Biological Substance)

JUN 2.1 dulsznoureslulawuiees

v . 9]
2.2. nann1sinauvasivlowugas

nsvhoveslulawuges ftumeunsviaudail

funouusn vnandianstinmdniuiuladyaiea il lowuweidwiu
ARSI AFeINs

Fumpuiians Wilulewueesilduvhnsnsiataasiigesnsinsedt lusunouil
ansiineInsiinseduiululeuige sidumissimzinngamssdnveansiinm inge
vuslulowwwediondunauiinnalnnisensmiedanan Biological  recognition
mechanism) 31nn15t 01 FuAUYI IR ARUGAS s T aduasiinnsanenandygaianis
(Indicated signal) Fenaiiiudidnmseu uwas warduq Whgmuvasdyann

Fumuitan Fuvasdyanasuanudsudygraanadudygralniiihuees
sudanaeenu ¥ildausaswails Sentuneuiiin weliavensiuuazulasdyg o
n9N1en (Physical transducer technique) ?z'ianalnnwsﬁmuﬁmmmuamﬁagﬂﬁ 2.2



Wy AR
tronaducer) {Bologicel Subsance)

dunpns bdh
{Bectrioat tignal)

< 9 o ¢
JUR 2.2 wanmsvhaueslulewwuiges

¢ [10
2.3, oulay

woulw! Ao WsAungunileiifimihiifimwuansaainlusiu uasamdaluanaily
nanafe fmnuannsmswFizeTluddi#inlfedsdivssaviamganiiuseduaseiidu
paneiuihdeuTinaeulelifgasyaulalasiuans uenanilloulesiannsas sufisels
meldanzlisuuse wulniilaudimeiozarearsiifitedusonin suianse
(Substrate) wazanunsoisaufAsolasteulvllinGeuiundn faitu maeavaeulsiaziy
Svimesufidelasaandanunseduresiiseld Woeulediidwvhuiasenfuasdasy
wiafuasuseneudsfeusewihaeulmituansieiu ldasdsiuiamsadmieams
wusy wdaRaduasudniost waniedugauiitensrlfeuleinduiuin daunslugy 2.3

Catdytic step
1

E+S<=ES —E+P

[ —
Substrae binding

JUR 2.3 nalnmsviauveseules

L] '

E Aa suseufiisen
S fp a1sfInu
P A wasdusiaTy



nalnnsvieruves wulesl (Enzyme) finnusunizianzasansmdudeannse
ssuedevquiiseluil

noufuinguanazgnuud (Lock and key theory) lassadraeules
Wisuiafieuwsinguaieauiuldwedfuarsaiy Fauisuaiiougngus Taslassaieves
wuleflidsuudaslyanman uansmsvhauveseule! fgui 2.4

sy

[ A
e
4

enzyme + enzy i enzymesproducts ¢nzyme + products
entering aclive site compier complex feaving active sde

P a [11]
3UN 2.4 guguunguanazgnnyud (lock and key theory)

T | ° Y o o 8 v ¢
nouimteaimangay (nduced fit theory) atsmasumilenlv teules
(Enzyme) USugusnlvduiuansasniuliethaminsan wWisuiaileudumsldgaile dsgun 2.5

BNIYEne + subsirate enzym ‘, enzyma + progucts
entering active site complex comnlax teaving active site

o a A o 8 v
JU# 2.5 nquiwilonhlvivungay

2.3.1. Yadeditinasanisiieuesovles
msieulmiazannsovieldmiuiesandeiiodoss q wenil

1. sfouazaduduresansiiy

. AuinTuTewoulel

. arudunsa-lua vesansazane

. gaunall

. WAnSusTRaty

_anstudamsvianveseule]

N O AN



'I\

2.3.2. wihivaaiaulesi
wiiineseulell Fensniudsunladifivsvesnsiinu fAouitoanseiu
WANIUYDIANIENITTUY (Transition  State) lasnsudatuduamsauaziaviuginze
uq Weglufiamsimnzan ¥liAansaamdssunetuiiuivesfizonas Feiiuavily
AaufAsenldiity Wedvamsmudsuluiiundnsusiudaliannsadudatueuledlasn
seluuazvaneanainuinniulastassiouluilidudaszuasniouiivuivduansaili
Wessufisedely Feanmnsaisalfisoludramiuazufasendoundulddiving fu di
Uiisenalulufimmaletuegiviladuegedu 1wy masivesauna esiduduresasdu
uavansHARSA wazn1zeIMsaaetduY 1wy gamgll menandiunse-wua udy
2.3.3. nsdenanwyaaulesl (Denaturation)
dlelassadrwsseuledivdsulysuarniiusunuduieuledfiviimss
(Active site) Lails ilWianantFlunsisafideveseulmivualy deitladonarsegraiili
Annsvnunaniwvesieules dnarensdideteuluiiianndenaniwluudy ldanunse
nduAunganmivhalésn i nediilésueumgligeisiinmzgamgligahlmaanisat
wuszailalariaudseningnld Induwdlng (Polypeptide chain) Salugnldlndmulng
Wt uazRussmaniinsianuasiannouliannsavhliuandnls

oty Tunnsafaieuleioanandie wienisilveuleivians Fesdewhiluilq &
gampiish tietleafumsidenanmusneulwinnmieuiaq Aneulsdeglumadenany
sognmgiigeseiunilsld uiilearneenainisadrumunusiogungigianas and-lu
sewinnsataeuleiduldfdnastestueuleioenluniserailimsdndniionns
sondiaunazansiiuarseandladaninsnyideuluiansuiadouanmls Tasinagyinl
\Anladalals U3ad (Disulfide bridges) TuanlelwawdInedisl -SH voensaesiily viindadisy
(Cysteine) ansIidannsaviilioulufidonanwlilummmansafuinuie Tuvhagladan
u3nd Al -SH 2 ndu uenanthulaventin 1iu A" He™ waz Pb™ fanunsavili
woulasiidenanwle
2.4. arsuganisineuvasauled "%

2.4.1. dsfudmuuntsdiu (Competitive inhibitor)  (uanstiudannsyinauees
Laulezjﬁﬁﬁiﬂsaa%’waﬂﬁwﬂﬁqﬁ’uamauiﬁﬁﬁgné’ué"’qmn wazdugeviufAzendueulsl 4
Vhaswaaeule  doiamsswiudueulsi-ansduds  (Enzyme-inhibitor) asvils
Uhinnweneulevianas  vlishsnisiAnufiSenanas msdudavaonnanddeunielsl
WasuluALH msiiUTinuvesansiusuliinniuszannavesanssud auuuugedy
1% fethwvesanstiudauuutedy fie anlam (Malonate) w3y succinate
dehydrogenase ?iqmulﬁﬁ‘uﬁﬂﬁﬂnﬁ%ﬁwﬂﬁﬁ?mﬁu succinate 1% fumarate usildied]
malonate aunsnutaiuNTiUATe e Fnmuszneu sUR 2.6



d' s 5 -] ¢ ' “4]
E‘UVI 2.6 madugansvinnuvetaulydiuuiisiu

2.4.2. ansdusauuulsifinnsutady (Non competitive inhibitor)  ansdudanis
vnuvssaulesiviaiisdhsnsueulsiudezlivudivinasesmniidnuurlasaie
ssnnaulanifigndudy maiuuTinuvesnsEduarliausoaudenavesansmenil
Tansfifufwianans wazarsiismiernans nqudadlonsa sinasduanslungui v
msfitleandiausnn azvinld -SH gneendled \Rnladalvi Wnstuin Fuhirlasathaes
wuledildouly vhliiusuasnutvansisusulldld dwlavy wu He' way Ag” andn
wiullelasiauesnouvoingudailonsa Aoy weuaulng (Mercaptides) Ssliiavaneth

hhistor  Substrate

| >4

. Imhibition
. ‘ ’

Enzyme-inhibitor Enzyme Enzyme-Substrate
Complex Compiex

Py v o ° « = o [15
EUVI 2.7 ﬂ'ﬁU‘UfJ\?ﬂ'ﬁ‘V]'N']U‘U@\?L?JUI‘UNLLUUhJQJﬂ'ﬁLWNTu :

2.4.3, grsdusauuliintedulagnss (Uncompetitive inhibitor)  anstfudans
vhawveseules wiadliswiueulwidasy warhifivansenusoufienvenoules uas
asisudu uiazdsudy wuledmaduiy Hlilbiaunsaiaufatereluls msdudims
vhoweseulsiiiutudefasGuianniy  assufsiadinoswiluufisendaions

Susuanria

d‘ N 5 o ¢ ted " e 16
EUVI 2.8 ﬂ'ﬁEJ‘UEJ\‘lﬂWTVl'Nqu‘UEJ\‘lLE]‘LﬂﬂlllLLUUI@J&JH'\?LL‘IN‘UHI@EJG\‘N[ :
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2.5. n1sn3eoulysl Immobilization enzyme)
nsnsseuleivinatia msmdeswniseuleddieiTninenmuniodninsuma
youpulwilfeglutesindiimun lnsmsnsueulwifumdaneiliasas Faouleiten
Arwannseunsisiise Tnemsasaouleifindnlumsnsan fil
1. ulwldirananinnuansolunisseuiseuaiinmendimsasaeule
2. msnesuansaduRafueuleifigna lasunannnsiarng
YDIITAMEIIDUNLUTY WazHARSuITauITounsanlidg
3. syuueulesisdoguiinnuasia meldannsiiinsldauveaeule Wil
nsnseuledazhiliausslevidueniifveseuleignyinaiesiy
nsvUILMIeSe wieasmauliiannsaidivhuRsenole]
2.6. 3msniaoulesd
manaouleiiiisiuguey 535 il

1. nmsasueuleaidleiSandumanisnin (Adsorption method) Wunnsld

v
=3 (3

ussisgaszninlulanaeteseu As uswaumesnad (Vander waals forces) Safinarnms
FIUUTY 2 9tn Ao usINIzaw (London dispersion force) wazuselwihada (Electrostatic
force) ansaiianistiunduresnseiumsiiing Suduted st'\zawmsnﬁuw”an'\w‘umﬁ':
anduldinedeansiignanduannsoimeagseuy Avesmsgaduldvarsdy

OV

JUR 2.9 mesSaeuledieifaadumemanin

(18]

2. M3nedaeTnsifeudafniuansianans  (Connection method) Ingwie
asdufinaaviesdangs  (Carrier binding) ilsiazans iﬁﬁﬁmvﬂﬁﬂmiﬁﬂaejwma
sUuwy  Tnsorevimaieuieulediidhiuinvesianganensaauumeniwmiafoiuse
iniifieniniusylossiinviaionseiusslaviaus UiRSennsiaiusyaziinaselnseaine
wazueadinveaules] wisaziemeuluidriuinvssfmegasieiEnsgedunanienwile
Faazlivililaseasne wazuendidveaeuleiidely  udioulwsiaswaneeanaindangsls
18 manSeguiouleiBiasdesinnsunidendangdimvantursinvoneuled
wagduanm Feivieassssumiuaransdaunsiei
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§v

Carrler-bound enzyme

P <t fV  ada & a w W [19]
EUW 2.10 ﬂ'ﬁﬂ5\‘]Laul%llﬂ?ﬂ?ﬁﬂqsﬂﬂﬂﬂﬂanﬁﬁnﬂa']\‘l

3. msnsaeuluifreniadeuuuuled (Cross linking method) msm‘s’qgﬂﬁﬁ'ﬁlﬂ
fodldimegs wrrerduansiensieseuinelianaveaeuleishoiustiafiuuulanaud ¥
Tiluanaeulesidausd 2 lmanatulusedeunstudundguiiivualvgdu vldazanehld
dovas  maaeuleiBiiineselavaiuazueniiiveaouluifldidesnnsden
sz luana veueulmifuansidonyns sxfnufAsenguuse

= <t PxY - v (19]
JUH 2.11 msnSaeuluimensiwenuuuly’d

4. msasegudlenisvieviueulesieild (Entrapping method)

nsmdaoulesiididu Aon 19y egrenieenms ivsweulsllildaih
wusziaillag fuansvieny wastewlwalliliduladusings wie Julafuwes usasgnialves
Tutinuiisria deileg 2 uuu Ae

1. wulefasgnisFevierilly meludesmirevesansindesiliozaneh
pthaahiane  asiilivierueuleisioraiuasindwesssumaviodunseifild  ms
wisweulniiiondonsiavosasTndwesiimnzantuieuleild  desnansung
glevnsiniulndwesasiviiserguusauiliatesnmvssoulsiidomela

2. wulsiazgniefulilunaugaidniiinuantRsealiansursiarudi
panta wsauledrueanulila msmsemLaulfamﬁummaqmuﬂuamauﬂmmﬂgnsmmmu
AnansTnaieslin favtursinadenonfifveneuluiild

= =2 '3y " v ¢ 19
sU# 2.12 msmmauleaumamswanmaulsauLm“l,'ﬂuLLmJéga n)
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5. nsmsseuledirenstnifiueuledluiuiisiia (Entrapment

. method) Ao lulanaveseuleiegetedasluasazameusigndrinnisindeuilaglasiaing
My lattice v89 gel TnufnsruauAINUYBN gel lattice Tlimnummnzanlumstiaaiu
ms¥rveneuledesnin wavnely gel dudesdifianeliiinsindouiieddaszaes dua
\RIALATREN S A

i = €V (¥ av al' o 19
3UN 2.13 nsedseuluidemsinifuelsluiuiisaimn

Tudeivimsnsueulednglraeandinauasioulvidamlauneaninauwuuviovy
w117 Taeldarsavarsuiesu FrednfueulesiliiRinthvestr Wi uuasuswwa 39
sgazidenuaneulvlidadluiveia ly

2.7 wuleinglasieanding
wulwiinglageandina dneglunyeendlainninaOxidoreductase) 1assasauana
faguit 2.18 vmthiiiswiiseneendiaduresnglaalinanaiunglalunaniauuaslalnsiau
) woseenled =

carbohydrate

[21]

= v ¢ a
JUN 2.14 lassaaeuluinglaaesnding

nnlassadrmaaiivedsulsinglageandinanislulasainilaunnines fe
g Flavin adenine dinucleotide (FAD) ywtniluni1ssudsdiannsau lauwnmos FAD 98y
wihiilunssuBidnaseuannglaaliinaisidu FADH, uaznglaluuanlaunudieu wanas
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< ] P aa a a va
aumsi 2.1 99N FADH, diesgluanmeiiioandiauasiinnslididnaseu uas FADH, 9z
wWasuluagluguves FAD uazlalasiauieseanlas fwaumsi 2.2 wasnseiulalasioues
¥ a aaa a L (Y o
sonlgaliinufiseneendiadu daunsn 2.3

B-D-glucose + Enzyme-FAD —> Enzyme-FADH, + a-D-gluconolactone ... (2.1)
Enzyme-FADH, + O, — EnzymeFAD+H,0, .. (2.2)
H,0, — O+ 2H + 22 . (2.3)

nauLYeIITe Induanhddidnaseuwimilasenlyd (MnO,) awazlddng
nsrAuuuendananlendl sndn + 0.5 V uazisaimsiineandinduveslalasiauilaseanlen
16 dansdeiudidnaseu Jun 2.15

H,0 + Ze'\ / xMnO, H,0, GOx(Ox.) Glucose
Electrode ,

200 YMRO, +zMn,0, 0, GOx(Re) Gluconolactone

Futmietalaiy Tuvesailazaw

JU# 2.15 Mﬁnmsv‘haﬂ'u‘uaanq‘[ﬂﬂhﬂ@wuwa%ﬁﬁms@uéfqﬁwda%Lé‘nmau

ndnnasaisinnuvetevleinglaaeendinatiasiu Arlugnisimun
Tlawweasildlunisiinsiziusinausenlaserdendnnisnissudinisiiauees
wuluinglrasendina Usendudaimsviauveaevle ylvnisuaslelasiauaseanles
Uaeal é’aﬁuﬁav‘hmsnsxﬁué’qﬁﬂda%Lﬁnmsaué’zyﬁyﬂzumnmsﬁwaia&ﬁnmsauaﬂaa Aagy
2.16 vanmssudamahauveseuledannsansiainunasonld
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H,0 + Ze'\ / xMnO, GOx(0x.) Glucose
Electrode A
20H o

yMnO, +zMn,0,

2 GOx(Re.) Gluconolactone

~ : 2

Fufiawinraada lnwin TULBIRTREAE

= N a 2 ¢ a v O ° v °
JUN 2.16 nalnnisdsindidnasaudisieuluinglaasandiwagndugimsininumiedsonsi
Tindnlalasiauilesoonlantos dyanmunszuadsanas

2.8 wulwiidaalatinoaviuag (Alkatine phosphatase) %2

Fanlavnearuna  (Alkaline phosphatase, ALP) \uieulesilalasiaadivivuind
grevineamannlianavateriin wuilindlolng TWsiu uazdanasss nsvurunshany
WoawmooniFunin AwealwSiadu (Dephosphorylation) f1 pH  Tivszauiigaueaanis
vhaeseulwiiogi 80 uasfueulsiiwuldmudeifesnaquessnnisuyes Tagdn
Tugasnunsesuiiiunsegn siu I d@1ld sn anudutuveseulwidamlatwearina
anunsalfifuiiusdnisidalsasnegdaduiusiveoassnaqndni Tngssduunives
woulesidanladnearunalagviluaregidnm 25-100 LA eglsfimumnanududy
yoadanilatimeanumaninndd 300 UL avannseliusiuvin siialsedidouse &
Usznaulumelsadiu Tsaunseiu Tsadudniau Tsansean usdansean uzidale WUusiu

nalnmsv‘hmu’uaahﬂ,aLfauLsaa%V'i’l‘t'ﬂumsmm%ﬂ%mmm%‘[U‘}ﬂLLsum] uamasagUT

2.17
Osp O OH
Pl -
(¢]
ALP
+ Hzo —— + H3PO4
OH (¢
Pt Ag/AgCl N
+ Oz T + H" + e
075V
(¢

JUT 2.17 nalnn1svinuveseuleddamladveaniaa
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disodium phenyl phosphate
Q

benzoquinona Y

A mhubition f:[)(
phenol phosphate
AN
' Y
electrode surface solution

o O v o ° ¢ @ « v
Jun 2.18 wanmsaummsmmumaaLaulezmaamlauWaammamamﬂuw‘dmuuu
At lwn

wulnidanlaiveannaazisamaiauiiserveslalnfsudiavemwmindud
uea welvidndnsedu 0.75 v \Foumudalwih Ag/AcC azsiliinlusney uasdidnnsou 8
Hudgramalwihvinlfannsoasaiatsiaiuea annsvirnuveseulesy usidlelinns
Tugusudlugudsmavinuveasulmisanlauveanina yilieuleidanladveanuna
annsovaoulfanamieliannsavhoildaehlildduguresiussanasdetuiuuiunn
Arnduduresanslugusy Afiatuiiues fugu 2.18

2.9 a1suauLne (Carbon paste) 24
arsvawna Deuldvudusinsiatanaailaia Wessniddredndlwfafingae
nazuaRuMAIeh (Background current) ;AN tINEdMIUNTIAT R IVaILYEn Sode
nswaufuarsatseaiulsEansnmn1syneuesiinsiataviaaiilndh aeduszneu
YDIASUBULNE AD
1. wearfuanvurnunly Wuaskuszneundnvasaiveumaildvindusnsaie
maniiinih Sevedosdinnmnin faoluil
1.1 fipnavaseynmasziuuily
1.2 Sleauigudge
1.3 eymaiinisnsyaredin
1.4 fuspadutioy
2. fudeulszany (Binder) 1duA arsswantisiunieidundn ol vhueiiius,
Ussaulvmemsusunaniuiioimonty uashminiisuiumsaniuauieliiin
WHuaniveuma Fevedosdinnant fail
2.1 Smudesuarbiviufiseatituaisou
2.2 fimumiings
2.3 azandlwhleton
2.4 ldavarslusmvhasanedunse
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= aa {25
2.10 gsazatewediansngaalsiaiitu wie uiieay =

asazaeuieay (Nafion) Aifimsiiuusiafafussareleifimidalniaiolviin
stuumsailusaeu daulunedweididninsladumusuilasiairasenaudeomnely
Tuwie$ dafin n daud 6 81 10 way m annn 1 Ui 2.19

AuautRveufoau Ao nusearsniilidinduannznsa-lua niedudawiniues
palen AraTU uazdmuragunnliged 125 awrisalgua uanmnﬁué’aﬁmmmstmmfhﬁqq
viliAnlusnouluUSinasnn yilvilanmnsulwinis

o *];Lc -
0--——CF N sz8//’
[ r]" K

o
' ] Fa
3UR 2.19 luanavesunesuiivusznaumennszwgeslslefiadunaziveivgeals-3,6 In

ponay-4-ia-7-aaniu-galniinedn

NATEIvINsAN Y lUsTUUNTIWIIELULSAlUT R BIn s Inans as undnaain
IWaduaduazunlada feilsuasidundaindainil

2.11 s5UUMSAATIEHNMSInauuudf ludd wie IWadulaaduasuilads (Flow Injection
Analysis; FIA) 2

Inaduianduszunlada (Flow Injection Analysis) w3ai3entas) 91 evlele (FIA)
Huwmaiaitasiginanil deerdendnnisdnarsazatedegnauiuinstosq Tuszay
ulasansidrgnszuasim forafudionudviednihazansuioarsazanetmnes dalva
sgwraiiosnelussuuvie Sallnnaduigudnansvunndn sesnsnsivaivnzauuas
Al ansiegeiuSiolaudaniuji3eneiinl Mixing reactor udinaiihg Flow through
cell vauriamsainuiinlaq nsdeansiedadigszuureanszuadioiud Sonin ewlee
wuuUn# (Normal FIA w38 nFIA) d@nlunsaiiiinsdediaiaudidngnszuavesanssetng
3071 1ovlaleuwuudoundu (Reverse FIA w30 rFIA) M3nsrvindiessuu towlews (u
wadafliauuiugwazmmgniesge Wdeyafidediols Uszndnsuyu THasiaily
Uhinanies anunsediesziansieditbisudeu simgn fiuseansaim wazaugnieaniueh
ge anunsausvanduasiaunldedseiies

duau

Bmsleaziasgididendnwfewaia Flow Injection Analysis (FIA) Fady

A7)

wedamsliensviansiedifilidudou siagn Tussaniamuazanugnieusiugigs annse
Uszenduaziannlsiogseiiios Iﬂa‘l‘maqwmlﬂma‘luﬂssmﬂ Tgluamdeldosnuuunts
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IR

naassnelddidninsnlinoawadundsusaiuszuunisnmaindussuu FIA FIANIRIFUN

2.20

Refer eheet il Courter rlsctrode

raive

Ha¥or peristatic pump

JU# 2.20 Bmensiadaluszuu FIA Tunuidy

2.12 35n159A1EINN99aY
naNN1TIATIEeISedan (Indirect method) Tussuu FIA WhiaSnsiwsiev

a @ A = v a « o a o v
InoRanudyrunanaweid@snfensiaet  (Analyst)  Wiesuiuiuwesarsineeants
Aneviivesdygrunlasiaunn  widasidainsiaseilinundyyiunlsaziion
ey Faansauansdyruiintu figun 2.21 wasnhlugnsdunamnesidurnisduga

mavinnuaedlulawugasd aaunsn 2.4

300
250
|
Current (uA) 180 i‘ } ‘ |
1 Ia ] l
100 ' | \ 1
c [ ) i
50 i i
o\ [
60 AN \ —_—
00 B3 Eﬂ 1 )LH'\ tEN
Time (min)

| o a ¢ v
Uit 2.21 Tastuunsuvesdtygnaumsinseiiessu FIA

% Inhibition= 1, ~ 1 X 100
e 2.4

ly

e b, Aenseuaniinanmsazmlavaisaarunisioulsl (uA)
| A8 nszuamAnnnsudimsvinaureeuletinemidugs (uA)
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3 a}lu } 24 v W f ) s o s @ Y o ey v v o @
MNVBIAN ﬂ‘\]%lﬂai"lx‘iﬂ')"lNﬁNWUﬁiSWJ"NLUEﬁLQMWﬂ"liEJ‘U‘UENf‘IUUﬁJ"ImWJEJUEN LLaﬂGﬂGEU
=
N 2.22

60 y=92x + 20
R?=0.988

%% 1nhibition
[ 2]
S
1

0 T T T T 1

0 01 02 03 2.4 05

concentration of carbofuran (ppm)

JUN 2.22 mduiusreaesiguinisdudaiulSinasaduds

2.13 welinlaslunauwalsium3 (Chronoamperometry)
wanAlaTluwsuwalsuvsidussuuivsznaulumedalada 3 92 ldua 9l

9 (Working  electrode) $WH181959 (Reference electrode) waz thlwieay
(Auxillary electrode) Taswdnnisviauveswaiialastuseuiwalswydidumslidnding
arfiseinetalniviheouastalnideds  wanssunwedaalouaznisinvad ﬁagﬂﬁ
2.23(A) anrhnsesniadyanunssuaiintussanealwivhounazdtlnigae &

SUl 2.23(8)

AE  Reference

Electrode (Ag/AgCl)

/

JUR 2.23 (A) MIINTTUUMIIATIEURIAtALBINeLSeS UsenaumetrlWiiensds
Tl snazd i i unsadnaeulel wag (B) nMwitasivainisiniseatalwivisay
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= o a d” [ a = a d" LY LY ' a aaa
Fnssuaniiatuasilunseuaualninvsauslufinduiuansiinarmlniieesiiaufizen
pondtuniosnndu  leedgyaaiidatududyguveinssuanslufnvienszuaualnin
Wigufiunan fagun 2.24

as|
a0 [ 045 ¥ vs AAGL]
s}
sal
25 =
20 - ",

-

Curreeeit {uk)

14
o5 .— eond
ool r {b)

_a._s [ A I F) e, 4 2
D 50 100 160 200 250

Time (5}
2.24 dygrunszuausluaniisuiunaminlaannmelialasiuleuiwelswuni

=5n.

U

2.14 uivefitnevae
. [26]) [ ) ¢ A o v ¥ H
Bertocchi P. wazamy  lawauilulewwuigasinednwinanisdudauuailnii
nglaa Wumslinseimyinadsevlue lneendendnnsduginisiauneseuledly
FEUUNS IMaLUUORTUTR AnwIAlemATALBNINELTINS FIFnwIan1IENIsYIuUIvINay

L) wa o o -1 ‘
ANFUNTAITIVIALULUNKALISUUNS AL UUSR LUITR Adnsimsiva 0.2 mL.min lag9ia
nAnwANIdLTuYeUTaNag Ut 1-60 ppb lAf %RSD < 2 %

Guodong L. uazamz * Iidnwiieatumsuiuussialnieinensueuma Anw
mematiawaunelsuvs Anwusenitideanles uaz Octahedral Molecular Sieves (OMS)
Tneuiisensendinduves lelnsiauadoanled Wisufu OMS  mawieutalnilagnis
U%Uﬂs‘a%ﬂwﬁwﬁmm%‘UamwaﬁﬁLauhﬁnq‘lﬂaaan%ma uazld omMs  Wuansias
Sidnaseu Wansazansuniieautilumsasaeuluildfnfutalaiy lulowuve ldduld
Tumsnsaadanglea meldannziivanzay 1y weamatvines pH 7.4 waglddndlni
+0.3 V iieusudalwih Ag/aeCt lagasmnududunsiveansmunnsgu oglugae 3.5-1.75
mmol/L waz 0.05-0.1 mmol/L muddu lulawwugasild oms usihdddnasoud
msmevauefieshuaziiaiosnmiia annsowssLindeuaziisangn

[28]4 » o ) Y a
Kurt K. wasaz  ewaunluloiueesAnusniamatalauwsl siuvs iunig
maﬁmﬁﬂmanq‘lﬂaﬁﬁauﬁuﬁsﬁuLmeﬁaaanMﬁuaxnqiﬂaaan%m%uﬂuﬁﬂﬂﬁmuu
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andu-Usunt Tneldnsieseilussuunsivesalud® fawhdalwihuuy anfu-Usu “ﬂ"uaa‘j
fundinensueuiifivnifasenlesiBuarsiinardunisniddidnaseu lulewwwesause
voumelfansfivunzaudss 14 0.1 M eawatvired pH 7.0 99nmsnaasmuinld
fradaduvensmevaveduszuunsinasalui® Asnsnisiva 0.2 mLmin” Ysumsms
Inansdietna 0.25 mL 1¥ndlwinsedu +0.48 v iflutudalni Ag/Aect Tddasannn
Wuduvesnglaa 11-13900  molL  IAndeauuannsgiu 7% warldiaailunisuy
woulesinglaaeendinauiu 2 2l

Hasna M. uagAgiz 15WWU’I1UIBL‘UUL?jaﬂﬂﬂﬁ)’lﬁﬂﬂ’]igUElzd‘U’eNL’e)u1%ﬁﬂQIﬂﬁ
pendiad waz Yamlawma iensramUiinasen Anvidomaiauouwelswyd Tuns
woaeddtalnimesiunilunniddidnaseuniaouleinglaasendinavuimiidluin
Frungm3adles (Glutaraldehyde) dndlihiinssduarsiananedt +0.6 Vv ifteuiudalwi
Ag/AgCl  Tdanlunisunysen 20 uil Anududuresduianse (15"1911&1@1%) SEWIN
3.3x10” 4 5.1x10°” M trenmdudulsen 1x10° i 1x10° M wasTamwanansndigely
msnsaviausendi 3 ppb

Marcela C. wazany  wanluleiwueeslnendaeuluinglaaeondinauuans
vaumauaziinauileseanlus (CuO) luasihddidnasou Anvidowmadauounels wn3
dsmalvmdndlniildnszduiiiandias Faunfadndiniweslelasiauesoenledae
+0.7 V wawesnsanasvesdndiilinssiudialiannaresiisuniu 1ty nsausaneiin
n3ngsn uazesdneliluines (Acetaminopher) Uinauflimangauveanisiiusagids
Sidnasounauiveseenlyd e 10%wam) Tulewuwesiivieyldfuiinsevaussiivings
ﬁﬁaamﬂmﬂuLa”umsa‘uaanswﬂmmgmﬁv’am 13510°M (243 /L) tlushily uazeanu
iudushgaiannsoinléfe 2.0x10° M

Lijun L. wavAsiy oo léwWeiun Bionanomultilayer ieadhaiiululewuiges
Anwnagmatiauaunealsiuns ‘[‘Eﬂé’nmsmsé’ua‘?qmsﬁwmu‘uauauhﬁﬁwyﬂwaaa (Thiols)
Iulawuigediliinsnovausafudunsadall Glutathione (GHS) wa Cysteine (CSH) 0.5-
410 uM (R°=0.9983, n=12) uaz 0.4-288 uM (R'=0.9991, n=9) WWTamuawnsasan
(S/N=3) 494 GHS = 0.09 uM wag CSH = 0.06 uM

Tang L. uavez 0 Wiwanilulawweeslasendenissudimsrianussaeule
nq‘iﬂaaan?&LﬂaLﬁamsmmﬂ%mmﬂsawﬁnvﬂﬁammﬁﬂuauma‘lsmm‘% Tunsmnaadldtali
LLwaﬁﬁu‘lumsﬁ"ndqﬁLﬁnmsaum?uaulminq‘iﬂaaan%mauuﬁmﬁﬁu’ﬂwﬁﬂﬁwngm%’aé‘ﬂaﬁ
(Glutaraldehyde) mnmsmaaawuiﬂﬁ"ﬁmmmamﬁmﬁqﬂ'lumsmswi’ﬂ 049 ¢/l lograns
RaVAUDNT NI 0.49-783.21 g/l uay 783.21 pg/L i1 25.55 mg/L
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Joanne H. W. uazaar" " 1#Waun alkaline phosphatase #ldiidnwasnsld
mildrfader lnedunisamatansuaaiives lnemsisajiteveseulnisamlarnea
e Fuevlsdaunsovhalddigamadl 25 ssmieaidea , pH 10 Imnududuves
glucose , ascorbic acid uaz urea ANt 10 mM/AL, 5 me/l waw 400 me/L
AUFIAU Naﬂ’ﬁﬂﬂaadﬁ\lﬁgmﬁauLﬁUUIﬂﬂw spectrophotometry lu bovine serum
Franuludunsisgnindeyaveslulasuwesiasanududuresdanlouneanuna
(alkaline phosphatase) finaudnwusiy

Franco M. Wazpqe o lavihnsAnsinismuiinuasidadagiy 1ngly
Tulewwwesiiniseineoules ofin alkaline phosphatase  edasiEsinUSuIans
idadngitlungu organophosphorous Waw organochlorinated agent vinidelnsimeu
wuwesdnwuy wuuusnltuaswalswvinluloiwuwesnsaoulan alkaline phosphatase
uwae 3-indoxyl phosphate (Huduaisv (substrate) wuuitaeslfinadaliaunuuns lng
Aamuasiina1andlnWi (electroactive  product) weaeulesl alkaline phosphatase
Ingldduansn phenyl phosphate W@y ascobate-2-phosphate Waaouulddouled
wnzaudmiunsiese Aoltansevarstinines pH=8 11aweanisuy 30-60 un¥i
KamMITenuin dyanuiiadiaafe 05-6 pglL

35 o o .
waunlulawulwesluszuu Flow Injection Analysis

Galezowska A. uazAn '
ieAnwinamlivesmssufansyihauwsaeule acetylcholinesterases  (ACHE) #agans
fdndingiiy organophosphorus Tnan1sn3ueules AChE #ae polyvinylalcohol polymer
(PVA-AWP)  uusalvifuuy screen printed graphite Tnsnnssudanisviauieuls’ AChE
mosfin1suneule AChE ﬁwﬁ"zé’uégﬁ'aLﬂuawiﬁﬁﬂﬁmgﬁmUwmw organophosphorus 1ny
Wasuifsunistdsadudainisvirauveseulesd AChE fiumnsinedu 3 wila TéuA malaoxon
(MO), chlorfenvinphos (CFV), and chlorpyriphos-oxon (CPO) wdrhlulowwuigesh
Waununsiiaseiluiisegne lnewuiasanududuiiansaimseildves PO
winfu 0.005 - 0.08 ugl WAy CFV WAy 0.005 -10 ugl " ANTAAINANITAMAMYBINTT

JiAs1zsiUee CPO CFV waz MO whiiu 0.005 0.01 wag 0.002 uel " mudeiu

Erol A, wazame = Idwaunlulowwuwefifieldnsininaunulasordonisdud
nmsvinuveteuledsamlauneanima Ingnsnsueuluidanlauneanmalaenisasna
wusglamaus Tneld glutaraldehyde 1 crosslink — agent uufiamhdalnia ceramic
based gold screen printed InsmsamamuBinaninsuinlilaonsldamsudussuds
msisurssauleisanlaiveanunalasmnevaussweaeuluiazananiiousum
ALY ﬂqqﬂamL‘ﬁuﬁuﬁmﬁﬂﬂ%mmmt,wﬁulﬁaﬁ 0.1- 10 uM  FAAUAWNTH
ﬁwqm‘lumﬁmiwﬁﬂ%mmmmﬁu 79 0.08 uM
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Leopoldo D. C. uazasiz " Waundisnismsaiaves alkaline phosphatase
uugu p-Hydroxyphenyl phosphate %ﬂgﬂiﬁiﬂﬂﬂ‘ﬂﬂﬂ alkaline phosphatase Tiiu
hydroquinone  WUN1SATIVIALALNTS N13981899598N  oxidize 11Jq' quinone i
AufndilnTnsauas3fisndulug hydroguinone  Taunglaasen@inaluguves glucose
wuin detection limit vas alkaline phosphatase wihiu 2.5x10™ M Fadunis
W3suiieu detection  limit 5\";&1’3%‘1}’16}3311& (Colorimetry ,  Fluorimetry
Chemiluminescence) Tagldlaanmsvy 10 wiil uasfigamgll 37 ssmuvaidoa
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a dv | &4 o o a = a < a s o ot o L4
Mddedladniinnieivuad AUTINYIAIAT UNINBIAUYUANYEIU Fafin514

gunIal 1ATedile asiall wagismveass fall

3.1 gunsalnlglunaneaas

3.1.1 1A5949319 1A599L MM UIUIITBT BARIRIAITI9N 3.1

o & < <k
MA19790 3.1 Lﬂi’e)x‘lll’e)Ltazqﬂﬂimm‘ﬂumiﬂﬂaad

fneuil \w3asile uIem (3)
1 Analytical balances Denver Instrument (TB-214)
2 AUTOLAB (Potentiostat) Metrohm (PG11)

3 Counter electrode : Pt CH-Instrument

4 Electrochemical cell -
5 Hotplate & Stirrer VELP SCIENTIFICA

6 Injection port Water

7 Peristaltic pump Ismatec

8 pH meter Metrohm (7521309)
9 Reference electrode : Ag/AgCL | CH-Instrument

10 Vertex Labnet

3.1.2 gunsal gunsalnldlumsineuansazaneuanafian1snm 3.2

A15799 3.2 gunsaifildlunseSeuasase

st aunsal YU
1 Beaker 50, 100, 250, 500 waw 1000 mL
2 Brown bottle -
3 Cylinder 10, 25, 50, wag 100 mL
4 Magnetic bar -
5 Micro pipette 10, 100 uaz1000 pL
6 Pipette 1,2, 5, 10 waz 25 mL
7 pH paper -
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8 Tips -
9 Volumetric flask 5, 10, 25, 50, 100, 250 way 500 mL
10 Water bottle -
11 Storage bottle -
12 Spoon -
13 Stirring rod -

3.2 g151Ad1 aseiintgluauivy IvanensaLasdsanuiIINUaItuS e LAASIRATTINT 3.3

AN5797 3.3 ansedinlglunisveass

fiuil $79M15 sERuATIIUIaVS Uimiingn
1 Ammonium hydroxide AR grade Carlo erba
2 Alkaline phosphatase Sigma Aldrich
3 Carbon nanopowder 99.0 Sigma Aldrich
4 Citric acid 99.7 Analar
5 Di-sodium hydrogen phosphate 99.0 Carlo erba
6 Enzyme glucose oxidase AR grade Sigma Aldrich
7 Glucose powder - -
8 Hydrochloric acid 37.0 Carlo erba
9 Hydrogen peroxide Analytical grade Fisher scientific
10 Mercury (Hg2+) standard AR grade SCP science

solution

11 Mineral oil AR grade Acros
12 Manganese dioxide AR grade -
13 Nafion AR grade Fluka
14 Sodium hydroxide AR grade SCP science
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= a
fauN 1 nN15As1zHUs I Usandqelulawuwatiuszuun1sinadnludif

33 msm?uumsaza"nsJ:u"m‘a'g'muazamﬂﬁﬁtﬁﬂfn’im
3.3.1 w3suansazate 0.2 M laleifesulalnsiauraaa (0.2 M Na,HPO,)
Filalereullnsiounoamin (NaHPO,) 11 7.0980 ¢ azansuazySuuiuins

gatihiusieantasaulnlausunng 250 mL wiulussfiuans

3.3.2 wsadda1sazaie 0.1 M nsa@asn (0.1 M Citric acid)
Hansedadn Citric  acid) w1 21014 ¢ avarsuazyiuuSunsdaeui

Usrranlesaulnlausuing 100 mL wAvluiafvans

3.3.3 wisuarsazaudidninsladifouyuneaivia SWines pH 7.0 (Phosphate
buffer)
arsazaneUvivasHaawn Usuns 100 mL wisulannnmsuauansazansln
1o sulalasiuneamdudy 0.2 M (RI035N15e3an 3.3.1) Auarsazanensndnsnitudy
0.1 M (1n35msw3sew 3.3.2) lnsnauaisazany 0.2 M Na,HPO, Usu1ms 81.0 mL way 0.1
M Citric acid 19.0 mL aulfansazarodniu anfuiaaandu nsa-wwa vesansazarsde
iw3eein pH Sansazanglildanuiunsauanuiifess U3y pH vesasazanediae 1.0
M HCl Tunsdiigesnisiansazaned pH sasuazusu pH vesansazaiedne 1.0 M NaOH

Tunsaiidioanisviansazatedl pH astiu antiunhanstufulugidy

3.3.4 wigua1savate 1 Wesidudnglaglaarwiingdau3uiag (1%w/v Glucose

solution)

Janglaaun 1.00xx g azatsuazUiulTinasasiwivnannieesulila

U3ums 100 ml uradadiunng sndumhansiuiiulugiu

3.3.5 wibusIazaneysan (Stock solution) AaNENYY 100 mg/L (100 mg/L

Mercury standard solution)
Uinansazaieninsguusen 1000 mg/L  U3ums 1000 pL wazUiu

USumsmetniusaantessuluniaiausuing 10 mL

3.3.6 1958UAT5aTaNEUTENAMMINTY 5 me/L (5 me/L Mercury standard

solution) Y3u1as 10 mL
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Umansazargusen 100 mg/L (INMSATEN 98 3.3.5)  USums 500 pL

wazUSulsuasimanusaanlessulnladusuns 10 mL

3.3.7 nMTmssuaITazalsuIWesu (Nafion solution)
Unarsazarsurfesuuiuns 500 L vinlhiduiwadndesdie 0.1 M
asazarswenly oulensenles lnensiadeual pH Tilaussanm 7-8 Menseaunaaau

an pH niuAulilugiiu

3.3.8 MIAssuAISUBUINE (Carbon paste)
FasarFuaurwmuluUTin 0.4750 ¢ wazkawsanifiasenles 0.0250 g
W Mineral oil #iaz 100 pL (aglalulastiuauuin 1000 pL ) nauldiAawanseuqiuLdiu
Mineral oil 3uU3anms sy 450 L AusuAnesusumaiianysal iulilulagaauiu

Wuan 12 Flas naunistluldau

3.3.9 nawssuarTazatemigeuleuinglaseandiag (Glucose oxidase
solution)
Fanaoulesinglaaending 0.10x ¢ azagluthiiusmanloosuyiuns
1000 L waudsn3owawosvn Wuar 30 wid mnuzul,ﬁ'tﬂ,i‘luﬁl,ﬁuqmmvﬁ 4-8 9aFN

waLgea

3.3.10 msaseuarsaratsiaulyinglageanding (Enzyme casting)
Umarsazarguinsgiueuleinglaaesndinaainnisinisuds 3.3.9
Y5195 40 pL Ruansavarsuesudiuing 10 pl RINNSia38u U8 3.3.7) wazini
UsranlessuuSinas 50 uL waulvidiusoniowamioiimn Wunaiuu 30 wiii aglé

asarauioulninglaasendina 1nduiiulilugdidugamadl 4-8 ssrnwaidea

3.4 prawssuAtTUBuIwaUUBIAnInSIATifawad (Electrochemical cell)
gaasuaumamasouan 10 3.3.8 asludianinseisaiwad Idunasuuy 14
NSEANWTIANTTARINUNAIS VDU WA LS s ULATALNLELD

3.5 mw‘%awuhiﬁnghﬂaan@mﬂ (Glucose oxidase immobilization)
Ueansazaneouluinglrasending 31n38nsie3en 4o 33.10  asuwdmil

v ad

Asvawnwandauuulumasd (MaiSniswsey 3.4) leslunansazanvouledasuuiionii

AsUBUINAMUAY 5 pl ntuseansasatueulwiuie Uiunarsazarseuledidndnass wad
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Uaselansazarseulvduiaiiiesaiuaugminil 25 asrwadeaituian 12 42lus 90ty

9 9 v
b 24

ihludsznaunfudidninsaiifawasinonldausolu

3.6 ATN1INADDY
3.6.1 Anwannazimanzaudanisitnuvesauleinglaseandiaaluszuunisivauuy

aRlULR N IANwINEaN2ENTRNIURIeY Al

3.6.1.1 Anwdasnsivadiansay

1. IASDUANSUBLLWE AIITNTIASEN 3.3.8 Uaz BN1SIASEN 3.4 uag 54
oulwinglaaeending fdisn1sinles 3.5

2. Usznouddnlnsiafidawwad (Electrochemical cell) Aifdnlwiisisanuda Taud
i lulowuwes Palnihdnsdadaned-sanesnanlsd uastalnihdsuwaivy
uazFofuIAIDInIUANANE (Potentiostat)  Iinduntalwinldauiudaluindrede uazin
é’wuwﬂmnssuaﬁtﬁﬂ%u‘uaqLﬂ%iaqﬁa'iLﬂswsvf (Auto-Lab analyzer) fiiiensiafussuunisiva
wuusaludaniinesaunianily (Peristaltic pump) (Husduirdeuarsazats Anwdae
wiallalasluwsuwelsuvs

3. lfarsazaneveaadvives pH 7.0 Dunszuaswilusyuunisiva gl
nszuasmiluszuulvasgwraios

4. deansazaty 1% (wA) nglaa Usaas 100 L whlulunseuason Tidng
nszAuatsinatanialvi +0.46 v Sodyanaunszuaiiniu Taevnimaassdh 3 ads

5. fAnwdasamsivadi 1.0 1.5 20 2.5 3.0 3.5 uay 4.0 mL.min

6. wanmansnaasdluiite 4.1.1

3.6.1.2 Anwdndlwirimanzaulunisnszduansdanaranslui

1. FmMveasuniioun1sveasd 3.6.1.1 19 1-2

2. Wansavanevpaatmives pH 7.0 (Junszuadmilussuunisiva Watuls
nssuasamiluszuulnasgesaiiios Fednsnsiva 20 mLmin” @udeulednsinisiva
fvraunInnIvnaesdi 3.6.1.1)

3. @aansazany 1% (w/Av) nglaa Uanas 100 pL wlTunszuasm

4. Anwrdndnszduresansiainanamslwing +0.42 +0.44 +046 +0.48 uaz
+0.50 V

5. WANNANISVAansluiIte 4.1.2
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3.6.1.3 ﬁnmszammﬁmu'waﬂun'mimau'lming‘lﬂaaanamaﬁ'sszsan

1. Wnsveasuniioun1ineass 3.6.1.1 99 1-2

2. Warsazareweamndwines pH 7.0 Wunszuadm-lussuunisiva Waduls
nsswasnluszuulvasgareiies sednsimsiva 2.0 mL.min mudeulesasinisiva

o = Vo ¢ v @ e
Avsnzaunnveaed 3.6.1.1) idndnsesuaisfnarmnalni +0.46 v (mudeuly

e

nénssﬁumséﬁﬂaNmﬂW}hﬁmmzaumﬂmsmaaqﬁ 3.6.1.2)
3. @aansazany 1% (w/v) nglea Usuns 100 pl inlvlunssuasmindyeos
nszuaietudavualienssuadilau «,”

4. faansazarpusenaududu 5 me/L Ysues 100 pL whlulunssuasawild
namslvaluvieuleuvesUsentdidninsafifaiad Wuan 4 3w wgadasmslvalay
Uotuiuna 2 wil densunamuiisiwe Wetildnssuaswilussuulvasdrasaiiles
uirdnarsazans 1% (w/v) nglaa Uuas 100 pL wllunssuasiw Sygnanseuails
fwualdeinssuadu “1”

5. ¥nsvnaneEante 3-5 lnowdsuszovinarlunisumeules 4 6 8 uay 10
U AuaIaY

6. uanman1Ivnasdlumide 4.1.3

3.6.2 ﬁnmnamsé’ugamsv‘hmwaqLauisdaing'iﬂaaans’?jmaﬁ'wﬂsan

1. IBmveasunilounveass 3.6.1.3 19 1-2

2. dnansarany 1% (w/v) nglaa Usunes 100 pL wihlulunssuaswn indeyegya
nszuatiAntudsivuslanseuailadiu «,”

3. @na1sazarsusenanududu 5 meg/L Usuws 100 pL wwrlulunssuasiwly
nansivaluvieulewvesuseviddidnlanaidawad Wuna 4 Junft 9ngadaas anidy
ngasamsivalasiiatuduign 6 uii (sresnatlumsvieuledinglagesndinae
Usen) ieasunatmmiisvun Waduldnszuasinilussuuivasgedaios udrin
arsazany 1%  (wA)  nglaa Ysuans 100 pL inlulunssuasing Fyaainszuadle
fwuslirnszuadu «”

4. yhmsmeassghande 3-5 Tnowdeumududuressen 05 1.0 20 4.0 6.0
8.0 10.0 12.0 14.0 uag 16.0 my/L a1y

5. uanNan1svnasluite 4.2

3.6.3 Anwarulivenisiniiziusen

1. W3BLASMSVAaRUUIlBUNISNAADY 3.6.1.3 U8 1-2
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2. anansazany 1% (w/v) nglaa U3unes 100 pL vihlulunssuadiwindtysne
nssuaTiAnTud stvuslAnssuanladu «,”

3. 2naNaLanEUTaVNAUILNTL 5 me/L USums 100 pL wWrlulunssuaswale
namslvaluvisulvuvewsenisdidnlnsiaifawad 1Wunat 4 Jurfiaingadaas any
ngasarnsinalasfatuiiunat 6 uii (ssoznatlumsvueulesinglageondinade
Usenfngay anmamaassdt 3.6.1.3) Weasunamuiidnue Waduldnszuasmly
szuulvaaghaseiiies udrdnansasans 1% wA) nglaa U3unes 100 pL ilulunssuady
w1 dyanaunseuadls svusldnssuady «”

4. ynmsvaaestande 3-5 lnewdsuarududuresusen 0.05 0.10 0.15 0.20
wag 0.25 mg/L AUAINU

5. LAMINANISVIAADIUTTD 4.3

3.6.4 ANYIAULIUEIVBINNTIATITHUTEN

1. NI IUdaUNIIAaBY 3.6.1.3 T8 1-2

2. Anansazane 1% (w/v) nglaa Usums 100 pL idallunssuasmindayaynod
nsuaintu

3. Anansazane 1% (w/v) ﬂq‘[ﬂaq?wﬁn 9 as

4. LARINANNTVINABITD 4.4

3.6.5 ANYNTAANMUEIITANNEAVBINTIATIVTALGEANTIATIEVIUTEN
1. Fn1sveanamviiaun1sveass 3.6.1.3 U8 1-2
2. daansazaty 1% (w/v) nglaa Usinas 100 pL irlulunssuasmnindtyeo
a a & 4 o LK) n\lu [ Wi
nszuaminuTaivualianszuanlady “l
3. dnansazaeveaatinines pH 7.0 Usineg 100 pL 1winlluse vunisiva du
aNAUATU 4 Iufiengadaans ntuvgasasinsinalaetatiduian 6 uiv (sseznan
Tunsumeulssinglageandinaivinzan 1NN1veaei 3.6.1.3) Weasuliaimuiinivum
Watulvinszuasamnlussuulvasgnsiolion udinmsazany 1% (w/v) nglaa Usums 100
v o/ v a a & ° ¥ [ Wiy & a [
uL W lulunszuadawy dadgarunszuaniiatiu dvualiainssualu 7 JaRadu
dyasunau (Noise)
v o v v ¢
4. uanNan1IAaste 3-5 lasavuainnmslyansazatewed iwatwines pH 7.0

(Fyqressumiu) Wuansazansusevaududu 0.14 me/L (Wuanududusngaiil SN =

v o

[

3) Tadyraunseuaiiintudainualvanssuadladu «”

5. LARINANIIVIfassluite 4.5
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A =) L2 =% ey
aauh 2 Mmidlaseivinuasiugusudslulawuweslussuunisinadhlulia

3.7 MIATLUAITATAWUINTFIUUALASALINNYITD

3.7.1 wssuavazate 0.2 luans lnlaneulalasiaunadinm (0.2 M Na,HPO,)

Usuns 250 Hadang
Feloloipalelnsiaunaang (Na,HPO,) 31 7.0980 nfu azansluthuas
UfuBinsdeihiusmnlessulilausims 250 faddas Wlunaifivans feaannssy

3o Yuwaul Ansmsey

3.7.2 w3sug1sazae 0.1 luas nsndmsn (0.1 M Citric Acid) U3u1ns 100
lagans
Hanse8msn (Citric Acid) 11 2.1014 n% azansuazUSulsunsiethd
Unmnlessulilduiings 100 feddes Wilumsiiuans Aesanssyde Sudioud vk

ML

3.7.3 wivnasazawdidninsladifanyunsamadnin Swiwes pH 8

(Phosphate Citric Buffer) U3u1ns 100 fiagans

arsazaneneanUWies Usuwms 100 Hadans  weseulaannmiswan
asavanglaleifoulalasinuneawadudy 0.2 Tuans Auvarsazanensa@vinidudu 0.1 u
a1 7 pH 8 14 0.2 M Na,HPO, Y3ums 95.4 fiaddns uas 0.1 M Citric Acid USuns 4.6
fiaddns wdr thansilaluTarnudunsa-lwavesarsazanede pH-Meter wazu3u pH veq
ansavatese 1.0 M HCL lunsditfesmsiiansazanedl pH faway 1.0 M NaOH Tunsdlfi
Tnsazanedl pH getu uasazansiildlumaivasudnhanstufviugidy fnaan sy

Za Junaulnmsey

3.7.4 Ww3suansazaie 4.0 wWesidudlneuinminaauuins (4%W/V Disadium
Phenyl Phosphate Solution) U3u1n3 100 iadans
delaloioniidaneamsan 4.0000 n$u avaneuazUSuUSIRSEEt

Usaanlessulvlausuing 100 Haddns
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3.7.5 \w3suansazaea1slugusuadnududy 100 me/L (100 mg/L
Carbofuran) Y3u1n35 10 iaddns
fersluyusuan 0.0010 ndu azaeuazUSuUTnsmehivsantessuy

WilAUSuws 108adans

3.7.6 \w3susnsazatearslugusuaudandu 10 mg/L (10 me/L Carbofuran)

JSuns 10 dadans

Vsanslugusueududu 100 mg/L Usums 1 3addns Uiudiumsae

Uusannlesulvladsunms 10 feddns

3.7.7 MSAsBNENTazaY UNeay

Uwpansazarwufosu w1 500 lulasAnsviliidunawdis 01 M
ansazansusulutenlansenlennsiaaouar pH Wlduszina 7 sensemuvadouan pH

Raaanszy e Tu wweu U Mhmaeden wdidulilugidu

3.7.8 MSATUUAITUDULWE
FIIANTUBRTUIAUIUUSU 0.5000 N1 LA mineral oil iag 100
lulpsdams Mmulviansusuwany Mineral oil WU WU mineral oil USunnssaula 450

Tulasdns wazauau adumsveuwa ulilulagaaiuiy

3.7.9 maieuaisazaneioulysidaniladnaanung
Yeansazareuasgnueuleidaniladneaniea 2 KU/ml Ysues 40
Lilasans avsavarsuilosy Ysines 10 lulasans wae vhiiusaainlessu Usinas 50
lulasans maudhdeiuienies Vertex anfufinaain sey do Yu deu U fivimseden

uanAubilugidusenisidau

3.8 mManssuv2lwirldau (Working electrode)
[ L3 d' =l 1% a a o v & ] 13 2/
FAASUAUINATIATILINTD 3.7.8  adluBianiasiAliAagas MANLaskuuLaL I
nseautianstathamsusuwaliiSeuiavainaus AU 3.1
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JUN 3.1 (a) MmawTsumiusuna uaz (b) midamiveuwaldludianlnsiaiifawad

3.9 n1sasseuluidanladunaaning

1. Ymansazarauinsgrueuleddanlaiwearina 2 KU/ml Usuns 40
Tulasang naufuansazarsuesy Usines 10 lulasdns uay driusaanlessu Usimsg
50 lulpsans nauliddnetusionioman Vertex

2. Ynansazarsoulaisanladwoanwa asuimihasuoumanndoulden

A1INAaBe 18 3.8 YSunssiu 20 Tulpsdng solviua

[

3. iiuAsusuwainswnuasazanspuleldanilauneannangumgivies 1u

Y

namileay e lgnunltlunsiwsey
4. vhanlwildnunlaluvsenaudnfudidninsaiinsawaanidusinsiaialunis

ATt AagUn 3.2 winsaidiiu ssuunmsiiasen FIA Yssneugaddiindvisany (alwih

v ¢

Tdululawugas w3lnienede Ag/AgCl wastnlwvhdeuwaiiiy) Whiuiniasmuandng

o

(Potentiostat) ¥auATBINDATIEY Auto-Lab Anwialemvatalasluwauwe-15an3 sasu

Y

3.3 AIUAIAY

ALFEPENRT
TULC TR

®

1it
Y

Ju# 3.2 nsUsznauwaatifudidninsiineawwad (Electrochemical cell)
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gﬂﬁ 3.3 SEUUMTIASIEY FIA — Auto lab

3.10 35n15naae
3.10.1 Anwansivanzaunan1siiuyaInsusuwannssnluaulyida

alauvaannalusyuundinasluawuudalud® in1sAnenan1izangg Al

3.10.1.1 Anwdnsmsivafivangay
1. wssuwadlvih mwiate 3.8 uag 3.9
2. [asazaneweaaivities pH 8 Wunszuadwiluszuunsiva
Wethulinszuadmiluszuulnastedaiiios
3. @nansazans 4% (w/v) lalupeuilaneain (4% Disodium
phenyl phosphate) fuszuudnans Tuusuns 100 Tulasans Wlvlunssuasmfe
amsavaeweanates pH 8 Widndnseduansinaranaliih 0.75 v anszua

\Rntu

4. Fnwsasmsivadi 1.0 1.52.0 2.5 3.0 3.5 uaz 4.0 Haddnsne
w1l

5. wanskamsvaaedluiide 4.7.1

3.10.1.2 Anwdndlwihfmanzaslunisnszduansdananemig
W

1. wisuwaalwi muide 3.8 uag 3.9

2. [ensazaeveawatmiwes pH 8 Wunssuadimlussuumsiva
Waduldnssuasamiluszuuvaetseidios

3. fnensazany 4% (w/v) lalapenita susyuudaans Tuusuns
100 lulasdns WnlulunssuasmAeansazareweaintiines pH 8 Ailnasednsinisla

(K P

2.0 Nadansmaudl Inandyqunseuaniiniy
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4. AnwidndnssiurasasiinarmilWiigm 0.60 0.65 0.70 0.75
wag 0.80 laniauiudrlniiadedanes-danesaaslsn

5. wARINANITNAadluYe 4.7.2

3.10.1.3 Anwiszpzimfivanzaslunisusaulesisaniladneanunadae

ATsTunusY Tuszuuitinisinauvusaluda

1. wismeadlwi muite 3.8 uag 3.9

2. lansazaneweaativivies pH 8 Wunssuasmmilussuunisiva
Dethulinszuaimnlussuulvasthmaiiios

3. @nansazay 4% (w/v) Ialapsuiianeawn iussuvdnans Tu
Usums 100 Tulasdns hlvlunssuasmiAeansazaeoamntwines pH 8 filvasdednm
mslva 2.0 fiaddnsde Widndnseduasinaremslwi 0.75 Thad Yadtygunssuan
\atudasvualianssuailandu i,

4. aasazaeanilugusuanudndu 1 Tadndusiafilaniy
Huszuudnans luuSuwes 100 lulasans Walulunssuasng Weduduaing injection
valve lsunanauasu 5 5uit mntudady Tnetndudunan 4 wit Gzeznanlunisuy
wulwisanlatneanunasisasluusy) wdaladuievzarslunusuesnainszuuns
wa udideansazany 4% (w/vlalaRenAdaneaiwn {1y injection volume USums 100
lulasans Whlvlunssuasan Sadyananszuafietudsmualdenssuailadu |

5. ¥hmavaaewiands 2- 4 Tnewdsusvesnalunsumeules
Wus 6 7 8 9uay 10 ud muaau

6. wanmwamvnaedluite 4.7.3
3.10.2 Anwwanisdugimainureseuleddaaladnaanunasisan slurusu

1. m3esngadlni amide 3.4 uaz 3.5

2. WWansazaneveamatines pH 8 Wunsvuasmiluszuumsiva Wtk
Tinseunadmilussuulvastwiailios

3. narsazans 4% (w/v)lalebsuiianoan rruszuudeans Tuusumns
100 lulasdns Wl lunszuamniAearsazateeaiainines pH 8 filvadednsinisiva
2.0 fiadanseoum Iudndnseauarsimnarsmalni 0.75 laas Sodtuganssuanintuds
fvualirnszuaiilaidu |

4. Faansazangasluusuanaduty 12,5 ppb dusguudaans lu

USums 100 Tulasdns Whlulunssuading Welsuduaing injection valve Tduianauasy
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5 3 mndudaiy TneUatudunm 8 wift wiidatiuRevsasTurususanainssuuns
lva uddeansazans 4% (wv)lalgRsuitaneaim Ky injection volume USuns 100
lulasans Whlvlunssuadan Sadygranseuaiiintudstmualienssuadlid |

5. vhensnaaesil 4 usivAsumndiduresmsTugusudiistu vims
naassnulaifinisanasvesnsvuaiiiniu

6. waAMINANISNAADIlUNITD 4.8

3.10.3 Anwranalavaanisiassianiluyusy

1. Wwssuwaalii ausite 3.8 uay 3.9

2. Wasazaneweamatines pH 8 Wunszuashwilussuunislva Datl
Tonszuasamluszuulnasgrasadio

3. Anansazany 4% (w/v) elshsuitanaanen muszuudeans lulsuns
100 lulasans wWhlulunszuaswifeansazanevoamaimines pH 8 filnasiesnsinisiva
2.0 fiaddnssiouit Wdndnszauansinatmalnii 0.75 laad Sodyaunszuaiiintud
fmualranssuadilaidu |,

4. Iransararearslugusunnandudy 16 ppb srwszuvdnas Tuliums
100 Tulasans Whlulunszuasing Wedudu injection valve TWauransuasu 5 Sundl
miudndy Tnedatuduna 8 wil LLﬁaLTJm%uLﬁamsmﬂuﬂmuaanmnszuums‘lvia ud
daansazane 4% (wA)lalueuRTaneainn g injection volume Usums 100 lulasins
Wrltlunssuasin Sedugnanszuaiiiatudatmualimnssuailaid |

5. v‘hfgﬂmswmaaaﬁ q LLGiLU?i‘aummL‘ﬁ'u‘ﬁ'u‘ummﬂmﬂmuL’fJu 18, 20, 22
ppb MuaeU

6. LANIHANSNAABIIUINTD 4.9

3.10.4 AnwAnuuaiug1vean1sasIed (Precision)

1. wiswsaalwi auide 3.4 wag 3.5

2. Wansazaneveawiatimnes pH 8 \unseuadaniluszuumsiva ety
Tnszuaswilussuulvasghseiias

3. dnansazane 4% (walaladsuiia sussuudnans Tudsuns 100
Tulasans wWrlvlunssuadmnfemsazaneveamntvines pH 8 Alvafedsnsiva 2.0
fiadanssioui Iidndnseuansiinaraalwi 0.75 Taad Sndygrainszuaiiiniy lneda
asazany 4% (wv)laledeniidareamndiuu 10 ads

4. WAANANTNAABIUWITD 4.10
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3.10.5 Anvdarmaansasgaveamsiiaseianflunusy

1. wisuwadlndh snuide 3.4 waz 3.5

2. Wasazaneweawinimwes pH 8 Wunssuasawiluszuunsiva el
Tnszwasnilussuulvastswaiies

3. deansazany 4% (w/v) lalsinsuitianoans sruszuvdaans Tudunes
100 ilasdns wWhlvlunszuadwfeaisazansveamntmes pH 8 Alwadednsnsiva
2.0 findanseaut Widndnsefuansinananalnih 0.75 Taad Sndyaunseuaiiotuds
fvualenseuaiiinu i,

4. Fpansazanseaiintvives pH 8 nussuuanans Tuusuns 100
Tlpsams Wilulunszuasng duaindues injection valve Tufishumia inject dledudu
#ind Isunaauasu 5 3und nadatudune 8 Wi LLﬁaLﬁm%uLﬁamzmﬂwjmuaan
Mnseuunsiva uddeansazats 4% (wvlalemsuitanoamn Wiuszuvdeans Tu
Wainas 100 lulasans whlvlunszuasn Sadanunseuaiiinduiehmuslienssuai
Ty 1 99 dygusuniu (Noise)

<

5. Vg IMSNeasm 4 umvasuainmsidensazarsweamntvies pH 8

W mslutusuanadadu 16 ppb IndygrunssuaMintudrmuaiirinssuaniondu |
POINITNATIEN

6. WARNIHANITNNADIINTD 4.11
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4. HANISNNADY
| a asey s
AUN 1 Han15ATIEUIUIUsaveslulauwa sTusyuunistuadalusin

mATeiiNsuIEmiessivsenshlulaeuseslusruumsinauuusiludalagld
adusumaniafoeuluinglaasandnauuumenmuudidninsiedifawaduasifousoiu
szuun1sivauuudnlud® ninmavihnuveteuluinglaasendinassjisensendindures
nglealsiandunglalunanlnu uaglalasiaueieenled Tnsiilalnsisuasoanludii
wihiiduanssnanemaluih wagsiuniasenlefuansiddidnaseu Welyidndnszdu
amhddidnasauazyililalasisueseenlesisamsiinujisensenfinduinilninalusaeu
wazdidnaseu ynmyTadygrunszuanlwivihlvaunsansatausnalslasoudes
sonlediintusnmsihauveseulesl middeiiordendnmsiudinshauves
wulwinglaasendina efiusendilududinsvhanseeuluinglaassndina vili
aildanasiinavhlindslelasaueioonleitosas endemdnmsdudinsvhauwes
wuledlunsieseiusinalsen Fadundnnsingimedemmasiulewuives

MsRAIUTISNTIEITRUSinausenamslulawusesiuszuvunmsivawuudnluia
sududesdnuimasdiusenauuaranngnisieseiiinsan el lidygundinse
i Anwannizsagdedl Anwsnmnsinaivnnvanvesnsuasim dndlnihimunzan
dmsunseuansiinaremalni sseznamnzalunsuseuleinglaaeendinase
Usan mhinean1s et mnaniieansweimsiesed Yaamsianzivasniw
15U Iammannsosgauaan1snsada (Limit of detection, LOD) wagmsiiasie
(Limit of quantification, LOQ)

4.1 Namﬁﬁnmam'szﬁmmzaudamsv‘iwﬂuLau‘l«vﬁng‘[ﬂaaan%mﬁm‘s'wumi'wma’lu
Tuszvumslvanuudaludia

Weldldanmensvhawiivnzansedulowwees Jddvhnsdnwaniizas
anuvsssulainglagesndinaniuumsvaunavudidninsindfawadlusyuunsivaiuy
Soluslh nansvnaeasdnIEae RN fai

4.1.1 wan1sAnSasINstuaiiuizau e InsTuaRINA

smnsinaveanssuasimiiinasedygunseuavasnisnsvimiiesninans
6\'3nawmalvdﬁngnwﬁm%umnmsﬁﬂq‘lﬂagnL's'aﬂﬁﬁ%mﬁaULaul%ﬂﬂqiﬂaaan%maﬁm?auu
ASUBULNA ﬁ’aﬂv’uc:ﬁ%’sﬁaﬁﬂmsﬁnmﬁﬁmﬂmﬂwawaanszuaﬁawﬁ?uwi 1.0 - 4.0 mL.min "
HANIVAARILANIANUFURLS Iy N TEwaTaaUfATen (LA) Audnsinisivavanssuas
W1 Fagui 4.1
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S __
1.20 ]
1.00 ]

0.80 |
]
0.60 ]

0.40 1

0.20 1

Current(pA)

000 1+

00 1.0 20 30 4.0 50 |

Flow rate (mL.min'1) '

d LY w ¢ J ' a Q 17 L4 =& v
JUR 4.1 anuduiugseninsdnssuanazdnsmislvaveanssuasiing Tansusumansasig
P3 a a 2 Y ¢ oo
oulwinglaasandinau3uin 1.27 U/mm” Tuansazareveamnuvines pH 7.0 18031013

.-t
a 1.0 - 4.0 mL.min

ks T T T T T T T T T

mngﬂﬁ 4.1 waesmuduussznIndyaanssuaiusnInsivasesnseuadiin
# 2.0 mLmin” Wanmnzaudign iesnlimnssuagefigauasandoauumnsgiush
figm %RSD = 0.3 WiewIsurfisuiushsnisivedudshim %RSD oglutas 0.8 - 3.1 9n
foyanuiidnsinslvai 1.0 - 1.5 mLmin Wifdyanunssuaiuasinguni 3ol
wnzanfisndonldsasnmsivadian wazitdnsinisiva 2.5 4.0 mLmin™ surdyano
nszwaanasiosnvieuleuvesansazarenglaaivasiuimidr i3 aildnsise

Ujfisonialianysel dnfunuidedadendnsnsivavesansiinif dnsmsiva 2.0

b

4

.1
mL.min
uananeadadissiasdnmndndialunisnsziuansiinaansiwiafindngn
Ufisemsiseeaeuled awihdedinly

4.1.2 wansAnAnglrihiiminzaudenisnsgduasdanatmslih

Pnmsisaiseneentindurenglradiseuluinglaseentindlinareitiungla
Tusanlpuualalasiaudeseanlys lumsveassaunsansequliiinufiseroendindures
lelnsiueseanlaniidng +0.70 v ifisuiutalnihdreds Ag/AgCl Fedngldnseduiiiy
Fndiansdmannsauoanatin nsndilin awnsainufAsoeendindulidygiusuniums
sl fafu nguiidedadinmduarniddidnnsou weniaeenled Alddndnszeu
Trinlutng +0.40 V §ia +0.50 V ununisnsedudndeandinduveslalasiaulaseanlen fa
foyaguit 4.2 Wunsanudiiudsewineaulblinmsdessitudndlrinildnsedu
wantaeanlen
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1.20
* 100
o
S 080
d
= 060
@040
o
@®» 020
0.00 Mﬁﬁﬁ—h—m——kﬁ*ﬁﬁ
040 042 044 046 048 0.50 052
Potential(V) & Ag/AgCl
o ]

JUN 4.2 aduiusssnindndlwihildnssduatsdinanmalviuezarulaluns
= ¢ o e [ g . 1l = [ 2

AR5 eRsINTInaveInIELasiIng 2.0 mLmin Anwidngluii +0.42 fia +0.50 V
AUAINY

NNIUT 4.2 Pwduiusserinenrmhlumseseitudng Wiy
nszgunuAndliimnzaniian fe +0.46 v ilesnlimmuihlumsiinseii
0.969 pA.L.mol " uazlirrundiudunss 1 = 0.970 wmnzaniian Andnsvdulunmsfinuni
wuhiiesinianuideves Kurt K. wavany ddlddndnseduit +0.48 v vilianaded
ausadedndsuniumsiinseianansauldaty

falunntiu MmBTetiislinan AR iane iy 3ndussidnwisyesinani
wulyizgndugadeysean wariurnihlumslinngiviinuusen Neasiden fawite
faly

4.1.3 wansAneszezatimanzaslunisuueulwinglaaeendinadaeusen

nransiuvatlulawugeslussuuiinslrauuusnlulii n3s
wulwinglagesndinauuiiviimsusiwa wutidledeansavanesdudsemdniuly
sevumsivauuusaluga Tnglivieuleuvesansavarousenivaiuiaviingalnifin3adne
ulnflusnsinslvaivanzania 2.0 mLmin* (nranisnaasdluiide ¢.1.1) duls
annsaliusandusnsvhaumeseuluinglrasendiadld Jafowimsdnusseznanil
wanzaulumsumeulmithesdudsen Teefinwssovinaniudus 2 81 10 uiit Tngld
anmeivunzauiildanuanisaaoii 4.1.1 - 4.1.2 wamsmaaaé’agﬂﬁ 4.3
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% Inhibition
>~ =

(=T C TP = I - -]
Leraay " s

+ T 7T T
0 2 4 6 8 10 12
Incubation time{min)

—

jU# 4.3 mmﬁ’mﬁuﬁ'wiwLﬂas'l,%uﬁmsé’uﬁqLLaxnm’L‘umstimaulminq‘[ﬂaaan%Lmacv'h&l
[V ) =K L lguvae 1Y @
Usanauidndu 5 me/L Ndnsnsiua 2.0 mL.min® Wéindnseruansiinatmialni
o <
+0.46 V Niszaziign 2- 10 Ui

PngUi 4.3 muduiudsewinaesiduinisdiudaiussesanfivueulsl nglaa
sanfnasmsUsen nuissezial 6 wilunanivunvandian Weswnidussesaiilien
Wesidudmsdugausumiiuaglimanuuiughvesdyniumsinings % RSD = 9.5 e

v

Wisuisuiussesiaundug Alvian %RSD aglutig 11.50 - 26.13 uasliaruy 6 Wil

Wusgeziia Mduninaudfeeee Hasna M. Lavane 398ansosatiunsusm 6 um i
Mnsanwsall

4.2 wamsAnwwamsusnisiusesieulesinglrsaandinadaeusoy
qm‘iﬁ'&ﬁmﬁ’wé’nm'ié'ué’qm'iﬁmuﬂaaLaulminq“[ﬂaaan%maﬁaaﬂiavﬂ,m‘iﬁ
nszinnden lnsniueuluinglagesndinauuiniinisuauna wagAnwinseiudanns
yhaouveseulesiifievlugnsaiumuduiusseninaesidusinmsdudatuuiinason
Togldannefimunvauiildanuanmsvaaasdi 4.1.1 - 4.1.3 Fmanisvaaaaldngm

AnudNuSAIgUN 4.4
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1 ¥=26758In(x) + 12518
25 | R%=0.984

; f 3
20 |

¥ = 0.2031x + 16.254
26 11z 0.9985

22
20
18

M

-
[9,]
L

%I nhibition

10

%inhibition
>

0 5 10 15 20 25 30 35
"L Concentration of marcury (ppm)

0+

10 15 20 25 30 3

L2 L O A T S et e A T T T T T T

S5 40 45 50 55 60 65 70 75 80

(=}
[4,]

Concentration of mercury (ppm)

a1

=) LY. A 1 ' 3 (3 (v n’.‘; LY N v v R o o
JUR 4.4 anuduiusseninanvesigudnmsdudaiuamiudutuvasusen nensimsiva 2.0
S Y v Y ' ¢ a
mL.min~ Andnszduansiinaramslndi +0.46 V szeziianlunisumeuleinglrasen i

anmeusen 6 uv

INNANTITNAAEY AINAURLSTeLUasIdudAnsSuduauleliuUSuaUsen wuia

s auduis wuudulds y = 2.68 In x + 12.52 waz R = 0.984 sausimududy
0.5-73.5 mg/L Feanusoutatindunsiwasnsiasiziosniiu 2 429y = 0.90 x + 11.51
Ay = 0.906 sausaududy 0.57.5 me/L uar wuudunse y = 0.20x + 16.25 waz
i = 0.999 annsansaviauiinauseviugaanudud 7.5-31.5 me/L LLamﬁaa‘J,afT’mmﬁ’q
A9 4.1 awnﬁagaﬁwﬁﬂﬂém'i"‘;Lﬂswsﬁﬂ%mmﬂsaﬂu@haa'mfwLLaxmmwiahﬂumu

AN
asadl 4.1 f-mué’uﬁ’uﬁ'waaLUaﬂ%uémié’utﬁLaul%ﬁnqiﬂaaan%maﬁuﬂ'%mmﬂsaw |
- ANUAUAUS B WNTIATIEN AnduUsEANS
aAndunusS
AU y = 2.68 n x + 12,52 0.5 - 73.5 mg/L i = 0.984
ATAEURSY y = 0.90 x + 11.51 0.5- 7.5 mg/L ¢ = 0.906
NsMAURT y = 0.20 x + 16.25 7.5-31.5 mg/L ¢ = 0.999

4.3 pan13ane1aulraIn1sIATziusan

TulawuessnasiaiausunnusavilussuunisivanuusaluiRainsanimiyhiues

MFUATIZNA 2 WUU

1. N5 EUTAY (Non-linear) Amnuhwasmsinsisvansamlaan dy/dx
wuilsiAnmailafe - 0.0106 %inhibition. Lmg ' MiAandudiu 7.5-31.5 me/L

2. PINNSMEUAST (Linear) 15091 AW y = 0.90 x + 1151 2=
0.906 WAz y = 020 x + 1625 r°=0.999 mulilumsiinseiidwiniu 0.90 uay
0.20 %Inhibition L.mg " fguil 4.5 wavguil 4.6
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-
21 y=0.8972x + 11.51
201 = 0.906
o] :
5
=10
£
=
5
0 T T T H Tror o T T T 1
0 1 2 3 4 5 6 7 8
Concentration of mercury (ppm)

JUT 4.5 armduiussewinvandeiiduinnsdugatuamudndureausen lagldasuauma
o o v « a P 2 = v a
snaeulsinglaaeanding Uunw 1.27 U/mm” Anwimeawmalialasiuneumwelsumsly
'Y 2 @ - lde o 1Y
ruunsivauuudalud@lidnsinmsiva 2.0 mL.min~ Adngnszay +0.46 V szaziaaituns
vneulesiniaysev 6 it Tuansazarevisandiwes pH 7.0

26 -
24 | y=0.2031x+16.254

22 1 2= 0.9985
c 20 4
S 18]
2163
£ 14 1
ENVE
1
0 5 10 15 20 25 30 35

Concentration of mercury (ppm)

JUT 4.6 arwduiusseninanilasidudinistiugaiuanudutureatsen lagldasueuma
o o ow ¢ a a 2 = v a
Pnsssneiauluinglraeandina Usuiw 1.27 U/mm” Anwisewmeaialasiunaumelsemsly
'Y v - 1lde « 1Y
sruumsvauuusalud@lggnsinisiva 2.0 mLmin~ #fndnseau +0.46 V szagiianlung

uneulesineyusen 6 u Tuans azareweailativives pH 7.0

4.4 HANISANYIAMINMIUGIVDINTTAATIZHU TN
Pnmsmaasdldhmsmadeuamuuiugwasmsinsevivadulawugesi
wannulussuunsauuudaluld wdrimsenaiadygaredlelasaueseanledi
Aaturnmadafitenglaaseieuleingleasandina lagldannyitmnzauildannua
mMsvaaesit 4.1.1 - 4.1.2 Tagvhmsasaia 10 ase nuilulewuesnavaussdy %RSD

Wiy 2.30 Fagudt 4.7
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N
o o o
g

Current(uA)
> o

JJUUUUL

— T L — T T T T T T - T T T T—T -

o O
o O

0 200 400 600 800 1000
Time(s)

JUR 4.7 Amnudunusseminanssuanlannnsan 1%wA) Glucose #ignsinislva 2.0
1love « v @
mL.min " lgndnsequanssinarsmsluih +0.46 v

mngﬂﬁ 4.7 WUTIPMUTIEInSaBIMsInTeiliaia s ssdenadoaiu
13789 Marcela C. wavany  deinwimansraianglaadenifusumaniadag
wulwinglaasendina TAauilesseesdeyail % RSD < 2 uagliirmauiilsnsivas
MINATILAGINTNWITEVD Kurt K. wasane 21 F5imsnevidneluTermueaslan %RSD
Wit 7% wazAiiinssivesdulowumesinauniveuiunas A msiessifinidosan
% %RSD < 10 %'aaq'luﬁwﬁaau%'ulﬁ

4.5 wamsAnyTnAdnuasaRgaveIn1InTIRianazmMIiaseiusen

yhnsneaeumdarnuansasaaveinsasaiausen dsnwndeygyo
sumuuardyy M TiesEy lngdumman 35/N wuihanudududigaesisendi
annsansIviald Ao 0.14 my/L wasBudumdam uannsosanuaansiinssiainisnig
ynaoll 3.6.5 fegui 4.8

Current(pA)
N w
() ()
o o

-
(=]
o
L L

L tu buffer pH7.0 L L 1in mercury 0.14 ppm \

Ty o - T 1 L S e S S S S

0 500 1000 1500 2000 2500 3000
Time(s)

e L
d. s v f t 1 &v . ‘1 vV & g

JUA 4.8 anuduiussewinenssuauagiian fidnsinslva 2.0 mLmin” lédndnszauans

fananamalviih +0.46 V szeznattumsuneulsinglrasendinanisusen 6 i
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AUUTAAINAILNTOIUNTIATIERAINNTORTIABUTIN 10 S/N WUIIRIMLTY
Y o I v & ° v & o
dureslsenit 0.50 mg/L Tanlesidudvesnisduginisvhauveaeuleyd 10% fauda
anunsoagulirintamnausasgaveInsiATIEN 0.50 me/L

4.6 uamiaTEivnausanluansnsgie DORM-2 saasyuululawuwesiussuy
n13lnadAludli

wuimswaasumugnaeslunsieseiuiinausenluaisinasgiu DORM-2 &
fivsunaseniavin 9.11 me/ke oo Tusiseiinsanuusen 9.07 me/Kg Anduilosivus
msldnduAuan 99.6 % SeamnsnagUldiilulawueesiaunsainswiviuuusenls uay
aunsmbhludssyndldruiinssiviinasevlused umadenwilsdmiuns
aseidiunalsen naununsiassiiemaiialaaninesiauusstuaunlnsalatl
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o a s wa
aaun 2 n'mms'\zﬁtﬁmmmﬁuﬂumuﬁw‘lu‘[awuwaﬂmzuums‘lvaaﬂum

NANTIVAABILASIVITAINANITNAADY

mdeilldvinsimunemiveumaiignaiiiiseuleidamlaieanuaadions
aivnenmenw Fueuleddanlateanmarzaeladlalafofitoneamadiaduivea
dlelwindnsedu 0.75 V isufiudaluil Ay/AgCt agviliinlusneu wardidnaseu Suiu
dygnammewivilannseanstainadusaiidetuaninmsinuveseuled mmiddeil
i mstufimsvhaureseulsisamlaiweariua Lﬁ'aﬁmﬂuﬂLLiuL‘b'wlﬂé’Ugami
erenaulyisaniadweanuaa vinivieulsidamladveanusaaunsavieulianas
v‘iﬂﬁlﬁﬁzyzy'n:u'uENWuaaaﬂaﬁj’aﬁuﬁ’uﬂ%mmmmL‘?J’:J‘?J'u‘uaamﬂwjusuﬁtﬁu‘ﬁmﬂums
AATIIEITY WD Y

nmswaululawuwesluszuumsivawuudnlud®@ Sudusesfinwmssauszneu
uazanmEnITITsiivanzay s iddugansinseida Tnevhnisdinededd dnw
Sasmslvaimsnganvesnssuadmn Anvdndlinseiumanatmisiniiimnzan
Anwsvesianivnzanlunisumeuleidamlaiveanunaseasluusy vl
PIMINATIEN Anwimaiisamserassiinged uasdnundamiuaunsodigausinis
AATEn

4.7 wamsAnwanEimanzansen I uTeInITUBUIWaNA TR deeulesiFannlay
Woarwaluszuunisinawuudalud

Welildlulowuwesvngay JaldinsAnmannznmsvasesemsuaumai
gessheauleisanlaieaninalussuuiiinsivauuusalui@fiannesne q fail Anw
Sarmsivafivnzanveanssuadm Anwdndliihfmngausenisnseduarsdnatimis
i uazdnwszeznaivanzanlunsuueulvidamladvearumassasTuyusy

4.7.1 wansAnedasmsivafianzay
nnsfnwnisinnuvesliulowugeslussuuifinsivawuusalusi® Tny
maeulsisanlusneanimavuionivesmivauwa wuisasimsiwaiiuansaiuasii
Wirndyanaiusauandiu wavjuirsvesiiauansneiy Fafusndusesinudnsinisivai
wzan 39hnsAnwsnsnsivanus 1.0 - 4.0 fadansAourd mewamsmaaaﬁagﬂﬁ
4.9



a6

08 -
0.7 4

0.6 -

current (uA)

05 3

0.4 T T T T f i

1.0 1.5 2.0 25 3.0 3.5 4.0

flowrate (ml/min)

31]1'7i 4.9 arwuduiussewinmnsruauardnsnsivalagldasuaumaiiniwhaouleisa
mlatneanumauiunu 20 lulasdns Anwiswmatialasiuseuwelsiunilussuulnadulan
Fusruilada Wennszdudasinanamsliih 0.75 v lumsazanaifonyuneaisivines
pH 8.0 inmsfinwdnsIn1slvia 1.0 - 4.0 Haddnssiaum

NNFUT 4.9 wansrudiussevindnssuaiusasnisivavasnssuasimmuin
dasmsivafimnzauiian fe 20 fiaddnsdewit ilswnlidnszuaiguazanisauy
wmsgIuiiiniign uazesiiuinfisnainsive 25  faddnsdeuritudinsruageiignus
lesniisnsnisiva 2.5 faddnsdeunit iludasnisivaiigaiiieulefanunsavan
asneenanivthldieidasnnlumAsedunseusulaituumenin wagysgnauiuil
Andssiuusnsgiugs fauiadensnsinsive 20 faddnsdeuniiduaiiidentdly
msfinwsgly

4.7.2 wamsanmAndlWirnmunzansanisnaziuarsiinatmislni
Pnmsanwnsvinueesiulaugeslussuuiinisivanuudaluli@ lng
ssaaulesidarlusivearipauuiiombheiueuma nuiAndlwiilglunisnseaudygin
vaaueatiamnndt +0.7 Taad dniudndudsmifndnsziudyaumelniiinuizay 3
13 o Y4 v & ' ¢ o =
in1senwdngnszsusaus 0.6 - 0.8 Taad wanwan1IAaeeRazun 4.10



q7

1.42

1.02 -
0.32
0.62

)

0.42
0.22

senstvity ALA [DSF]

0.02

0.60 0.63 070 0.73 0.80

petential (V)

Ul 410 audiussewinedndlwihildlumsnseduansiinanamalwiuazamnudy
AARLP) Tagldarfusumainivhaeulaidanladweanuaauiings 20 Lilasdns
Anwmeomatinlasiukemwelsiumslussuulnaduarduszuilada THdnsnsivavesnseua
fawn 2.0 fiadamsrouit luasavareifenyurleantines pH 8.0 vhnsAnwdnglnih
Aldnsduansiainandlnih 0.6 - 0.8 Taad mudiy

NNFUN 4.10 wanspnuduiusseninmublumsiinssitudndlninldnseeu
wuhdnglihivansauian Ae 0.75 Tiad esnndienubilumsieasiminzauiigauay
aruludunsaidian (uaidenldlunisfinwimely

4.7.3 wan1sanwsseznarimunzanlunsuneulusidarlatinaannaadie
A1slunusy

nnmsAnwnMsinuvesiulawuweussuuifinsivanuusalud® Taansnsa
wulwiFamladnearinauuiimieniuouma wuimnndasadudadrlulussuullvasing
Ameulesllusasinislwadimnzaudie 20 faddasrowrdt (Innamsvaasduiide
4.1.1) ﬁ"’uhjmmim‘iﬂﬁﬂﬂmjLLsué’Us']v’qmsﬁmuwamaul%ﬁlﬁ wmawhnsAnuszesiaan
Fnzaslunsuueuleddenaduss nefinuniissoziaa ¢ - 10 urfl uanman1svnasIsa
;:;U*?i 4.11
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16.0 -
140 -
12.0 A
10.0 -
8.0
6.0
4.0
20
0.0 T : , r r

4 5 6 7 8 9 10

% Inhibition

Incubation time (min)

Uil 4.11 mndiussernadeiiduimssuduasnailunsumenluisanlavwoanuna
feaslugusuanududu 1 me/L eeldmiusumainiwhoieuluisanlaineanina
Uiums 20 lulasdns  AnwidnowedalasluwsumelsuvilussuuIwaduaatuszunlada
Tgdmsmsiva 2.0 fadasnsdeud Andnsguatsdinanamalui 0.750a4 Tuaisasane
\emguraaiiatimines pH 8.0 Yimsdnwfiszernatlunsuu 4- 10 widl

NNUN 4.11 wamIAILFURUS eIl IS UAluN1SE UG IT U T EZLIa LN S UL
wuleidamlaiveaninanisasludisu wuiissesalumsuuivinsauigame 8 Wi
Wiosanuszeziaiipeiganiliandesiduinisdudadumai Jaduiidenldlunisdinm
sl

4.8 wamsﬁnmwamsé’ué’amsv‘hmwaqLau'lsuaié'am'laﬁwaaw'lmaﬁ'wmﬂmﬂmu
‘lumu%é‘faﬁmﬁwé’nmsé’ué”’amsv‘hmu‘uaaLaulsdﬁé’aﬂ’llaﬂmammas’hamﬂuﬁ

wsuUlAEISAATIEYINIDaY in1sAnulaeasaoululdamlauneantnauuRIviIA T UDY

walagldanmefimunzauiildannanisnaasedl 47.1 - 4.7.3 Lms‘lﬁwamswmaaaﬁagﬂﬁ

4.12
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50
45 P
40 ’ * ¢

35

30 \ ¥ = 2.271x - 16.68
25 R3 = 0.964
20 . /.

10 /

.

% Inhibition

0 1 H T T 7 T T | 3
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

concentration of carbofuran (ppm)

gﬂﬁ 4.12 mmﬁmﬁ’uﬁ'iwdwmLUaiL%usﬁmié'Uév’aﬁ'ummvﬂwﬂu'uaamﬂuﬂuiu Tnely
miusumaniadwhaauluidanilaivearina Usunes 20 lulasdns  Anwidowmedalas
Tuwaunalsiunslussuulnaduanduazutladalddnsinisiva 2.0 Nadaensseunii fnd
nsgsuansfanaramdlii 0.750ad szasnatlumsuieuleidganlaivearunasmanisly
yusu 8 ufl lumsazaeiiovyuraamntvies pH 8.0

mnmamswﬂam'gﬂﬁ 4.12 vhmsAnwmdendudnsdudweneuluidanlad
waaw'\maﬁaamsazmamﬂuw\,usuuaxL‘Tmuﬂswwmmﬁ'uﬁ'uﬁ"izwmLU@%L%uém'ié'uév'qﬁ'u
anududuvesmsTugusuldnsimuduinusfguil 4.12 ansaidentimududunse
YaIN5IATIEAlA Aa 16 - 50 ppb

4.9 wamiAnwaMulvamsiannimilugusu
nmnaassnauludunsirenisinmgy ilvansavenauliveants

Ainseituldananiudurssrndudursinnnsmuansendiiugseniavedidusd

nsdudatumudiduvasaniluyusu dlvinansmeassdaguil 4.13
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30 4
y =0.550x - 5.753
25 R?=0983 "
e 20 -+
2
=
£
E 15 A
£
X 10 A
5 -
0 T T ¥ 1
0 20 40 60
concentration of carbofuran (ppb)

80

JUn 413 mmﬁuﬁuﬁ‘swdwmmaﬁ%uﬁmsé’ué’aﬁ'ummvﬁuﬁu‘uaamﬁuzd,u,su Tnela

ANSUBUINaNmSIIuaulvtdan latneanuea Usuias 20 lulasdnsg

Anwimawaialas

Tuseuwalsumslusruulvadunatuesnladalydnsmsiva 20 Taddassowdt  dnd
nszsuasfinanmalni 0.751d szesiarlunisumeuleidanlauneanueansnisiy

Wusu 8 uW Tuansazareiievyuneaaiines pH 8.0

4.10 wan1sANEIALINE1vaINTIATIZRATSTUYUSY

nn1snaaedldvinnisvegsuanufisinswainsiasisiveslulowuigesa
Wanndulusyuulnedueatusruileda Tnowssululawuges udwhnrsnsetadyain
yesiusaiiAntuaInnsazailadlnluisuitansamadoeuleddanladwearina Ing
¥msnsada 10 afs nudlulawumesnouauedli %RSD Wiy 2.86 slinanisvnasass

Ui 4.14

Time (s)

14.00 H
zF 12.00 7
=
T 10.00 1
g
= 8.00 -
&
6.00
4.007
n.Qo —r — — —
o} 100 200 300

d L7 (.7} £ 1 U . oy e
JUM 4.14 audinfudseninenszuauazinaivesansazaiy 4% Ialaneuitianoana Tae
Hanfusunanasimaaulmidanlauneanwana Usuias 20 lulasdsns  Anwidievadia
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a

Taslunauiwalsumsiussuulnaduiaatuszuiladaldsnsinisiva 2.0 Naddanssoud fne
nszsuansfiainannlni 0.750a4 Tuansavanaifenyureaiwaiviwes pH 8.0

4.11 wan1sAnednAduaansomgeusinsiiaTsiansTuyusy

vmsvedeumdaauannsasanuaansiensy wuitanuduiusiigan
awnsadnsizsimnsTugusuls Ae 16 ppb (Madenmenudadushgrussmsiiareian
namsveaesiate 4.8 indAnwBuduindurdamuannsamanveinsiiaey Feliina
nsnAaBIRagUR 4.15

30 -

25 4

20 A

15 -

% Inhibition

O T T H ¥ T '
0 20 40 60 80 100 120

concentration of carbofuran (ppb)

31]17’i 4.15 mmé’uﬁ’uﬁ'swdwmuJa'n’L%uﬁmsé’Uéu’aﬁ’Uﬂamvﬁwﬁwaamﬂuw‘,mu 1ngld
Asusumanaiwheioulidanlatneanuaa Usums 20 lulasdns  Anvisewnaiialas
Tunewmwalsumstussuulnaduiatuezunladalgensinisiva 2.0 Hadansneund fnd
nszsuansiina i 0.750as svaznalunsumeuleddanilaineansamenislu
Husu 8 U luasazanaifonyuneaatmmes pH 8.0
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5. @3unan1snaaeg

5.1 Miaseilsuiuysenalelulawugaslussuunisivadnludla

nuITglaviniswaululawuwes dwmiuiinseidsmnaysenlasisniden Anwinae
wedialastuneuwelsumduarszuunisivauuudaludd lulawugesfiadsuusznaude
asmstanmdsioulminglaasendinanaiauunonmuumiveumnaludidninsieiida
\waa msﬁwqu‘uaﬂu‘laL%uL%aéiﬁﬁﬁmmﬂmnssLLaLLaIuﬁnmnnﬁsL's'auﬁﬁ%maan?uﬂ‘ﬁ’wm
nalaasaieulainglaasandnalindndusilunglalukanlauuaslalasisulesoanled
wazsliannirdsdidnasounnamiasanled 5% (w/w) ansalddndnszduiidadlaeyiinig
nseduanhddidnaseuununisiddndnseiuansinaremaeliiiniioantiguinissuniu

a ¢ =

PnfsunuBuIiadndaandintuinsmislndifssiulalasiaunesoanles nsitasied

[
s LY

Usawﬁwl‘uiamuma%ﬁmﬂwanmsé’uév’amsﬁwmwauaulsuﬁnqiﬂaaan%maﬁmﬂmw

delildnanmsiinneiiinddosdinwesivsznounazan s imunzauveensiasied Tag

Anwdnsinsluaiivnzasvaanszuadim dndlihdimnganlunisnsedumstananma

Wi szeziarlunsuseulesidiefsudasen namiimsgiuvesnsiasgivsan

ANWiuIweINsIAEd anuhiveansiiessd wazlinanuaiusasanueinis

aaiauazmeTzivson samsmaaamuiansiinzamdusiil

1. Samnslvavesnszuadanii 2.0 mLmin”

2. fngnsgduansminarsmaliii + 0.6 v

3. szoznalumsuneuluingleaesndeaieuseniinen 6 uni

g, lulowuweiivauniuluszuunmsivauwuusmludilinsmanudniug woudulds v
= 268 In(x) + 1252 R°= 0.984 Wswein1siasesd Usen 0.5 - 73.5 mg/L 34
ansouUstmiezvoonifuaesinde  wuuiiudunse y = 090 x + 11.51
¢ = 0.906 TirawaemsiaszsiUsan 0.5 - 7.5 mg/L uwuuidudunse y = 0.20 x +

16.25 1 = 0.999 Tmaamsiaseiusen 7.5 - 31.5 me/L
5. mnumiugrensiaTiziadluloeurasNAALIUIRAT %RSD = 2.30

6. auilhwesmsiszvadulamueesitauntunuilulawugesimaulilums
a52939 2 wwu wuuiilddudunsedie - 0.0106 %inhibition. Lme' uazkwuuidu
Wumsait 0.20 uaz 0.90 %Inhibition. L.mg

7. Famwaunsoiaeesiulowuse iiannfulumsesisintiinuusen fe 0.1
mg/L LLas%ﬂmmaﬁmmﬁﬂqm‘lumﬁﬂswﬁﬁa 0.50 me/L

8.  Uszdiunansinieiuiuiasenluanssiagauinggiuy DORM-2 wuniilasiou
mslanauAuin 99.6%
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5.2 nsaaseiviinumslugususslulawugeslustuunisivasiludi@

nisivhneiaunlulewume fdwivinnsiviinumilugusulagisneden dnwlag
Tdmadalasluneumalsiumi mslinswivsnuasluyusunedouveslulawuwaiondy
wdnmssudamavhaueseulvidanladnearinasisniluusy Tnsufisernzaila
vousulwidamlaiveanindlindnsugusundudinishaureeulesinanfusifiingy
anaadunalidygruanas nsvaululawuwesildnulussuulnaduieatuesunlada
dmsumsiAssd annsawssuasusuwakarassansazatsouleidanilauneaninauy
Ramthasusunauunsaiivmementw delildnamsiiasnsisuduseanesivseney
wazanmeninnsiimingay JddinisAnummsnsnsivavenssuadam Anwvaim
dndlwihdimnzanlunisnssduansinarmalin szesnanlumsuieulesideddud
myhnusaeuled Hrrrududusswesdulamugeisensimsisiiunmumsiugusu
Auiug e ed mthveimsitnne uasdinmiuainsomanyen1singe
HANSYIAABINUIN

1. Swsnisivaveanszuadawil 2.0 mLmin

2. Fndnsgduansinatanalwinil + 0.75 v

3. szeznanlunisuneuleidanladneanunamenisluyusu 8 uiv

4

Tulawwuwasiwaurruluszuuinaduaatuazuiladalvrremnududunsvenis
A58 0.016 - 0.05 me/L carbofuran
anuuiugraInsinsieivaslulawwueasinauTulian %RSD = 2.30

o

[

6. Tamnuannsasgaveslulawuweiiianniulunsiinsziusununslugusu fe
0.008 me/L
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An indirect amperometric biosensor was designed for the detection of carbofuran exploiting inhibition
of the enzymatic activity of alkaline phosphatase immobilized on a carbon nano-powder paste
electrode (CNPPE). Measurements were performed by chronoamperometrical monitoring on the
inhibition of the enzyme activity. Experimental parameters were investigated and optimized. The
biosensor showed optimum performance at an operation potential at +0.75 V vs Ag/AgCl at pH 8.5
(stirred phosphate buffer solution, 0.1 mol/L). The calibration curve had a dynamic range of 10 - 97
pg/L carbofuran with a detection limit at 10 pug/L. The repeatability was 2.3 % (3 measurements, 50
pg/L), the reproducibility was 3.4 % (3 sensors). The determination of carbofuran in spiked water and
chili samples using the proposed biosensor was satisfactory when compared to a spectrophotometric
reference method. The results showed no significant difference at 95 % confidence level with t-test
statistics.

Keywords: Alkaline phosphatase, Amperometric biosensor, Enzyme inhibition-based biosensor,
Carbon paste electrode, Indirect method, Carbofuran

1. INTRODUCTION

Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate) is one of the most
toxic carbamate pesticides; it is frequently used for the control of insects in agriculture and food
production because it inhibits cholinesterase. Ne-ertheless it exhibits significant toxicity to humans
and wildlife animals causing nerve disorder ar.d immunological respiratory diseases [1-3]. Commonly
used analytical methods for the determination of carbofuran are high performance liquid
chromatography, gas chromatography coupled to mass spectrometry, and spectrophotometry [4-6].
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These conventional techniques are sensitive, reliable and precise. However, they have some
disadvantages such as complex and time consuming analytical processes, relatively high costs, and
requirement of highly trained personnel. Alternative assays to detect carbofuran were devoted to the
implementation of biosensors in environmental analysis owing to some advantages, such as rapidity,
use of small, portable and low cost instruments, fast signal response and low detection levels for
quantitative detection.

Most biosensors for detecting toxic substances are relying on the inhibition of the activity of an
enzyme [7-13]. Indirect biosensors for herbicides or pesticides have been mainly designed with
acetylcholinesterase [14-23].

For the determination of carbofuran alkaline phosphatase has been used in a few cases [24-27].
An electro-inactive substrate releases a product which can be electrochemically detected at the
electrode surface. Usually phenolic phosphate esters are employed which deliver the free phenol upon
enzymatic hydrolysis; the latter is electrochemically oxidized to a quinone subsequently. With a
constant substrate concentration inhibition leads to a decrease in the activity of the enzyme and as a
consequence to a decrease of the response signal which is proportional to the amount of inhibitor in the
sample.

In this work, a new designed biosensor based on a carbon nanopowder paste is proposed to
fabricate alkaline phosphatase inhibition-based amperometric biosensor for the detection of
carbofuran. The designed biosensor is based on alkaline phosphatase cross-linked with bovine serum
albumin and glutaraldehyde immobilized on the surface of a carbon nanopowder paste electrode.
Preliminary studies showed that carbon nanopowder paste electrodes provide good response with low
current background currents, a wider window potential range and long term stability compared to the
ordinary carbon paste electrode. The performance of this new type of biosensor was evaluated by
cyclic voltammetry and hydrodynamic amperometry. Details on the practical design and its
applications of this biosensor will be discussed.

2. EXPERIMENTAL

2.1 Chemicals and reagents

Alkaline phosphatase (ALP, P6772- 2 KU), bovine serum albumin (BSA), carbon powder (size
< 50 nm) and all other chemicals were purchased from Sigma-Aldrich. Deionized water was refined
with a purification system (Milli-Q, Millipore) and had a specific resistivity of 18.2 MQ cm; it was
used throughout the experiments. The supporting electrolyte was a phosphate buffer solution (PBS, 0.1
M) prepared by mixing aqueous NaH,PO4 and Na,HPOy solutions (0.1 M) to achieve the desired pH
(usually 8.5). The disodium phenyl phosphate stock solution (DSP, 10 % m:v) and carbofuran standard
solution (100 mg/L) were prepared freshly in phosphate buffer solution pH 8.5 according to the needs.



Int. J. Electrochem. Sci., Vol. 8, 2013 3256

2.2 Apparatus

For electrochemical measurements a computer-controlled electrochemical workstation
(Potentiostat/Galvanostat, Metrohm PGSTATI12) was used to perform cyclic voltammetric
measurements; a corresponding software (GPES) was used to register signals and evaluate the data. pH
was measured with a pH-meter from Sartorius (pH Meter PP-50). Spectrophotometric measurements
were done with a Lambda 25 spectrophotometer from Perkin Elmer.

2.3 Biosensor design

Carbon paste (CE) was prepared by thoroughly mixing carbon nanopowder (1.00 g) and
paraffin oil (0.30 g) until homogenous consistency was achieved; afterwards it was left to stand
overnight before use. The electrode holder was a plastic syringe tube (diameter 5.8 mm, length 40 mm)
and was filled with the carbon paste. Electrical contact to the paste was established by inserting a
copper wire into the back of the paste. The CPE electrode surface was polished with weighing paper
until a smooth surface by optical inspection was obtained.

The alkaline phosphatase solution for casting the bio-film was prepared by mixing bovine
serum albumin (0.040 g) with 40 uL of an aqueous solution of alkaline phosphatase (2 KU/mL), 20 pL
of glutaraldehyde solution (2.5 %) and 20 uL of glycerol and adjusting the final volume to 500 puL
with phosphate buffer solution (pH 8.0). The mixture was gently agitated by a vortex shaker at room
temperature for 15-20 min. The biosensor was fabricated by dropping 20 uL of the enzyme casting
solution onto the surface of the carbon paste electrode (28 mm?). The electrode was dried at room
temperature and then stored at +4 °C in a refrigerator until use.

2.4 Sample pretreatment

Water sample

1 L of water sample from a natural reservoir was passed through a filter paper (Whatman, grade
1) and an aliquot (100 mL) of the filtrate was spiked with an appropriate concentration of carbofuran.
The spiked sample was transferred into a separatory funnel for extraction with 100 mL
dichloromethane by shaking for 10-20 min. Then, the extract was evaporated to a residual volume of
1-2 mL with a rotary evaporator (water bath temperature 40 °C). The remaining liquid was dissolved
in methanol (5 mL), transferred to a volumetric flask (10 mL), and made up to the mark with deionized
water. The blank solution was likely prepared by using deionized water instead of natural water
(modified from [28]).

Chili samples

Bird's eye and yellow chili samples were purchased at a local fresh market in the north eastern
part of Thailand. The peppers were initially homogenized in a blender; afterwards, 20.0 g of each
sample were weighed into Erlenmeyer flasks and 80 mL of hexane (saturated with acetonitrile) were
added and agitated for 5-10 min. The extract was filtered and transferred into a separatory funnel. The
extraction was performed by adding 50 mL of acetonitrile (saturated with hexane) by vigorously
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shaking for 15-20 min. The acetonitrile phase was isolated and evaporated to a volume of 1-2 mL by a
rotary evaporator, the residue was carefully transferred into a volumetric flask (5 mL) and made up to
the mark with methanol. The blank solution was analogously prepared by omitting the chili peppers
(modified from [28]).

2.5 Electrochemical measurement

The electrochemical cell was composed of a Ag/AgCl (3 M KCI) reference electrode, a
platinum counter electrode, and a modified carbon paste working electrode (ALP/CPE). All potentials
mentioned in the text refer to the silver-silver chloride reference electrode.

If not mentioned otherwise PBS (0.1 mol/L, pH 8.5) was used as supporting electrolyte.

Cyclic voltammorgrams were recorded from -0.1 to +1.5 V with a scan rate of 10 mV/s.

All chronoamperometric measurements were carried out in stirred phosphate buffer solutions
(approx. 300 rpm) at room temperature with an operation potential of +0.75 V.

The current response was recorded with 500 mg/L disodium phenyl phosphate as the standard
substrate concentration. Signals were evaluated as the difference of the registered steady state current
to the current obtained before addition of the analyte.

2.6 Spectrophotometric analysis

Spectrophotometry was chosen as a reference method modified from the report of Chu and Fan
[28]. Carbofuran was in a first step hydrolyzed to the corresponding phenol in alkaline medium.
Afterwards p-nitroaniline was diazotized by the aid of sodium nitrite in acidic solution forming the p-
nitrobenzene diazonium salt, which couples to the aromatic ring of 2,3-dihydro-2,2-
dimethylbenzofuran-7-ol to yield p-nitroaniline-5-amino-2,3-dihydro-2,2-dimethylbenzofuran-7-ol
which is a wine-red azo dye with an absorption maximum at 520 nm. The standard addition method
was chosen to determine carbofuran in the sample solutions using a concentration range of 0-5 mg/L

carbofuran.

3. RESULTS AND DISCUSSION

3.1 Cyclic voltammetry

Cyclic voltammetry uncovers that under the chosen experimental conditions phenol is oxidized
electrochemically at the nano-powder carbon paste at around 0.7 V (Figure 1). As oxidation products
finally quinoid structures are formed after primary oxidation to o- or p-dihydroxybenzene. When
employing the biosensor with phenyl phosphate similar electrochemical behavior is found (Fig.1,
curve c) which clearly demonstrates that the enzyme is catalytically active retaining fast kinetics; thus
the intermediate phenol is reasonably rapidly formed to be monitored electrochemically by the carbon

paste electrode.
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Figure 1. Cyclic voltammograms of phenol with a CPE and of DSP with the biosensor; (a) blank, CPE
(dotted line); (b) 1000 mg/L. phenol, CPE (broken line); (c) 500 mg/L DSP, ALP/CPE (solid
line); supporting electrolyte PBS 0.1 M, pH 8.5; scan rate 10 mV/s

Figure 2 summarizes the overall electrode reactions occurring at the biosensor.
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Figure 2. Measurement principle of the ALP/CPE biosensor

3.2 Effect of operating potential

In hydrodynamic amperometry (amperometric measurements with agitated liquids) a crucial
parameter is the operating potential. In the present study the dependence of the applied potential on an
ALP/CPE exposed to a stirred solution of the supporting electrolyte containing phenyl phosphate was
investigated (Fig.3).

The electrode shows an almost linearly increasing current with an increasing potential up to
+0.75 V; beyond this the signal decreases again the reason for which is not completely clear. One
possibility could be the formation of oxidized products other than benzoquinone or of polymers which
are sorbed on the surface and reduce its active area. Another explanation is the occurrence of possible
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potential-dependent sorption processes of oxidation products. For further studies a potential of 0.75 V

was chosen as optimum value.
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Figure 3. Dependence of the current of ALP/CPEs on the operating potential; stirred phosphate buffer
solution, pH 8.5; 500 mg/L disodium phenyl phosphate

3.3 Influence of pH

The effect of the pH on the performance of the biosensor is of great importance, because the
three-dimensional structure of the enzyme and the electrochemical response of the biosensor were
depended on the different pH values. For the effect of pH, the biosensor responses with different pH

value from 7.0 to 9.0 were investigated.
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Figure 4. Effect of pH on the amperometric response of ALP/CPEs; phosphate buffer 0.1 M; 500
mg/L disodium phenyl phosphate; operating potential +0.75 V
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Additionally the electrochemical reaction may be dependent on this parameter in case that
hydronium ions are consumed or released in the course of the electron transfer process, which is valid
indeed for the oxidation of phenol (Fig.2).

To optimize the measurement medium its pH was varied within 7.0 — 9.0 (Fig. 4). The highest
activity was obtained at pH 8.5. Alkaline phosphatases show a pH-optimum in vitro between 7.3 and
9.2 depending on the source and also on the substrate concentration [29]; the bovine variety (used in
this work) has an optimum at around pH 8.5 [30] which has been exactly found in our study.
Therefore, this value which is also similar to experimental conditions described by Pingarron’s group
[31] was chosen for further investigations.

3.4 Enzyme inhibition-based biosensor

For the indirect determination of analytes by inhibition of an enzyme the substrate
concentration is held constant, and the decrease of the response signal is monitored after addition of
the inhibitor. This principle was applied to the determination of carbofuran with an ALP/CPE
biosensor using disodium phenyl phosphate as a substrate (Fig.5). The response current drops when
carbofuran is present in the test solution; the extent of inhibition is proportional to the concentration of
carbofuran. The mechanism of the inhibition of the enzyme by carbofuran is its strong binding to zinc
and magnesium which are essential cofactors of alkaline phosphatase close to its active center [32, 33].
Thus, the determination of carbofuran can be realized according to the inhibition degree of the enzyme.
A typical chronoamperogram of an ALP/CPE biosensor for successive additions of the same amount
of carbofuran under optimal experimental conditions can be seen in Figure 6. The anodic current
decreases due to the presence of increasing amounts of the carbofuran causing inhibition of the activity
of alkaline phosphatase immobilized on the CPE. In this work, the concentration of disodium phenyl
phosphate solution was kept constant as 500 mg/L, whereas the concentration of the inhibitor was
increased stepwise by adding defined amounts of carbofuran (Fig. 6). The relative inhibition,
expressed in percents, was evaluated as (Iy - 1) /lp x 100, where Iy and I are the current response in the
absence and in the presence of the inhibitor, respectively; its dependence on the inhibitor concentration
is shown in Fig. 7. The dynamic range for the indirect method was evaluated from 10 to 97 pg/L

carbofuran.

disodium phenyl phosphate
[}

benzoquinone
Y . -

ALP<— o M
A inhibition e
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N J
Y —/ Y
electrode surface solution

Figure 5. Inhibition of the ALP/CPE biosensor with carbofuran
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Below 10 pg/L of carbofuran the calibration plot deviates from linearity with an estimated practical
detection limit of about 5 pug/L. Above 100 pg/L the graph levels off (not shown). For 50 pg/L carbofuran the
repeatability was enumerated as 2.32 % (n = 3 measurements). The reproducibility was determined as 3.38 %

(n =3 sensors).
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Figure 6. Amperometric response of a ALP/CPE to the addition of carbofuran; phosphate buffer (0.1
M, pH 8.5), 500 mg/L disodium phenyl phosphate; operation potential +0.75 V; carbofuran
concentrations: (a) 10, (b) 20, (c) 30, (d) 40, (e) 50, (f) 60, (g) 70, (h) 80, (i) 90 and (h)100
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Figure 7. Relative inhibition of a ALP/CPE biosensor by carbofuran of concentration 5 - 97 pg/L; 0.1
M phosphate buffer solution pH 8.5 containing 500 mg/L disodium phenyl phosphate;
operation potential at + 0.75 V; the data represent mean values and standard deviations of three

measurements
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3.5 Selectivity

Selectivity is an important aspect for the performance of an inhibition-based enzyme catalytic
process. In this study fenobucarb and carbaryl (two other carbamate insecticide) as well as some metal
ions were investigated on their possible interfering effect on the determination of carbofuran under the
same experimental conditions. The results show that Fe(IIl), Cu(Il), Cd(II), Mn(II), Pb(II) and Cr(VI)
practically exert no inhibition on the enzyme even at concentrations of up to 100 mg/L. As expected
carbaryl and fenobucarb which belong to the same chemical class of insecticides have a similar effect
as carbofuran at even low concentration. Therefore the method is applicable to the determination of
carbamate insecticides as a summation parameter.

3.6 Detection limit

The detection limit was evaluated as the lower end of the linear dynamic range of the sensor,
i.e., as 10 pg/L carbofuran.

3.7 Stability

The long-term stability of the biosensor was monitored during storage at +4 °C in a refrigerator.
The biosensor’s response to 500 mg/L disodium phenyl phosphate as a function of the storage time
yielded a loss in activity approximately 50 % during 2 weeks but was still useful for performing
inhibition experiments of carbofuran.

The biosensor presented here shows high sensitivity combined with a low detection limit
compared to previous works (LOD 0.02 mg/L) [25, 26], a wider linear range with otherwise similar
result to the works of Mazzie et.al. and Thavarungkul et.al. [24, 25]. The biosensor described in this
paper consumes less time for the measurement due to omittance of incubation [24-27]. We may
conclude that these advantages could be achieved by the use of carbon nanopowder to produce the
carbon paste rather than micro-particles. It may be expected that CNPPEs could improve the
performance of many other analytical procedures employing conventional CPEs. Moreover, the
biosensor presented here is easy to construct and operate, high precise and exhibits longer stability
than ALP-biosensors described before.

3.8 Application of biosensor to samples

The biosensor based on ALP/CPE was applied to natural water as a sample matrix and chili
samples. A concentration of about 10 mg/L carbofuran was spiked to the water sample (which did not
show any inhibition of the biosensor without spiking), and the recovery was determined. The standard
addition method was chosen for all sample measurements to exclude matrix effects. The results were
compared with data obtained by spectrophotometric analysis (Table 1). The analysis of the statistically
significant difference of the two techniques showed that the results obtained with the biosensor were in
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satisfactory agreement with data from the reference method obtained at 95% confidence level using the
t-test model. It can be seen from the results that the biosensor provides slightly lower concentrations
than the reference method; nevertheless the obtained data underline that the method is applicable for a
quick determination of carbofuran in chili pepper samples.

Table 1. Determination of carbofuran in spiked water and chilli samples with the biosensor and with
spectrophotometric method

Sample Biosensor Spectrophotometry
Natural water n.d. -
Spiked natural water 9.18 £0.10 mg/L -
Bird's eye chili 5.55+0.07 mg/Kg 5.93+0.14 mg/Kg
Yellow chili 5.52+0.06 mg/Kg 5.62 £ 0.07 mg/Kg

n.d. = not detected

4. CONCLUSION

Inhibition of the enzymatic activity of alkaline phosphatase immobilized onto the surface of
carbon nanopowder paste electrode was exploited for the determination of carbofuran. The data show
that the performance of the biosensor in terms of detection limit, dynamic range, stability, precision is
satisfactory facilitating qualitative and quantitative determination of carbofuran. The biosensor is
inexpensive, simple to operate and shows short response time. The biosensor seems promising for
being applied in environmental analysis.
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PA-04: Indirect Method of Biosensor for the
Determination of Mercury

Anchalee Samphao"”, Warunee Phadungkit, Duangjai
Nacaprichéz,] Kurt Kalcher®

'Department of Chemistry and Center of Excellence for Innovation in
Chemistry, Faculty of Science, Ubon Ratchathani University, Anchalee Samphao
Ubon Ratchathani, 34190 Thailand scanchsa@mail2.ubu.ac.th
*Department of Chemistry, Faculty of Science, Mahidol University, Electroanalytical Chemistry
Bangkok, 10400 Thailand
*Institute of Chemistry-Analytical Chemistry, Karl- Franzens-Umversny,
Universitaetspl.1, A-8010 Graz, Austria

"E-mail: scanchsa@mail2.ubu.ac.th

An amperometric enzymatic biosensor for the determination of mercury was developed.
Indirect determination of mercury could be studied by inhibition and utilized by
immobilization of enzyme glucose oxidase with suitably designed electrochemical sensor.
Measurements were performed by electrochemically monitoring the inhibition of the catalytic
activity of enzymes. Physicochemical immobilization of the enzyme on tip of carbon paste
electrode modified with 5% (w/w) MnO, as a mediator was studied. Electrochemical
characterization and optimization of experiment parameters were investigated in terms of
voltage, the amount of enzyme unit per surface area of electrode, pH, linear range,
reproducibility, detection limit, reversibility of the enzyme, sensor’s lifetime, interferences
and the evaluation of the biosensor for the determination of mercury compared with standard
technique atomic absorption spectrometry. As the results the biosensor showed optimum
conditions at 0.46 volt, enzyme loaded at 0.56 U/mm” for 4 layers on the electrode surface
area, optimum pH at 7.0 with phosphate buffer. The linear response of the biosensor was at
2.50 - 32.50 with the detection limit of 50 ppb Hg . The reproducibility was good with 4.70
% RSD. Furthermore, the sensor yielded a stable and reproducible response for over 24 days
with stored dry at 4 °C.

Keywords: Biosensors ® Glucose Biosensor e Indirect Method e Enzyme Inhibition e
Mercury
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October 11,2013

Ms. Piyanart Suebsanoh

Department of Chemistry and Center of Excellence for Innovation in Chemistry,
Faculty of Science,

Ubon Ratchathani University,

Ubon Ratchathani, 34190 Thailand

Dear Ms. Piyanart Suebsanoh

Abstract Ref: 0083 _1_BS-PP-0068
Topic “Indirect Method of Biosensor for Determination of Mercury Based on Flow Injection
Analysis”

Greeting from AseanPlus2013.

It is our pleasure to inform you that your submitted abstract has been accepted for Poster
presentation at the 2nd Regional Symposium on Biosensors, Biodiagnostics and Biochips
(ASEAN" 2013) to be held during 11-13 December 2013 at Mae Fah Luang University, Chiang-Rai,
Thailand.

The full programme will be added to the website www.aseanplus2013.com as soon as possible. The
website also give information on registration fees, accommodation and the programme. Affiliation
reference numbers will be changed to superscript in the final programme if relevant.

Each poster is asked to display throughout the conference. The poster session date and time will be

notified four weeks after the deadline of abstract acceptance.

Please bring your poster to the registration desk in front of the conference room on 11 December
2013 to get your poster number. The format for your poster presentation is attached

Deadline of early bird rate of reregistration is NOYEMBER 5, 2013. Please kindly LOGIN to
register.

For registration rate, travel and accommodation information, please kindly visit our website at:
Registration: http://www.aseanplus2013.com/registration-fee
Accommodation-travel: http://www.aseanplus2013.com/hotel-reservations

Thank you for your interest in participating in the conference.
We look forward to seeing you at the conference in ASEAN+2013 meeting.

With regards

S

Werasak Surareungchai
Chairman
ASEAN'2013: The 2™ Regional Symposium on Biosensors Biodiagnostics and Biochips Symposium

Email: secretariat@aseanplus2013.com 1

Website: http://www.aseanplus2013.com
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Posters For Main Conference

Format
The dimensions of the poster should not exceed 90 cm wide x 120 ¢m high,

Poster presenters are responsible for printing their own poster prior to the conference and bringing it
to Please kindly note that no printing service is available on site.

Please ensure that your poster is fixed to the board corresponding to your final poster number.
Indicate this poster number with your poster.

Material
Material will be available for the hanging of posters at the Registration area.

Posters should be mounted from the morning on the first day of conference and must be dismantled at
the conclusion of sessions on the last day.

It is the responsibility of the presenters to bring, put up and take down their posters.
Timings
Each poster will be on display throughout the conference.

Poster presenters should refer to the program in order to know the exact date and time to present their
poster.

Email: secretariat@aseanplus2013.com 2

Website: http://www.aseanplus2013.com



