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ABSTRACT

The design and development of a screen printed carbon electrode (SPCE) on a polyvinyl
chloride substrate as a sensor is described. Four configurations were designed on silk screen frames.
The SPCEs were printed with four inks: silver ink as the conducting track, carbon ink as the working
and counter electrodes, silver/silver chloride ink as the reference electrode and insulating ink as the
insulator layer. Selection of the best configuration was done by comparing slopes from the calibration
plots generated by the cyclic voltammograms at 10, 20 and 30 mM K,Fe(CN); for each configuration.
The electrodes w_ith similar configurations gave similar slopes. The first configuration was the best
electrode that gave the highest slope. Modifying the best SPCE configuration for use as a sensor,
multi-wall carbonnanotube (MWNTs) was selected as a modified material in the matrix of N,N-
Dimethylformamide (DMF). Sensors of 1 mg/mL DMF modified SPCE electrode were used in the
voltammetric detection of paraoxon in a solution of 0.1 M borate buffer pH 12 show linear dynamic
range from 0 to 100 ppm (detection limits of 0.906 ppm ; R’ = 0.993) The amperometric detection of
paraoxon in a solution of 0.1 M borate buffer, pH 12, by applying a potential of -0.875 V (Vs
Ag/AgCl) at the working electrode, flow rate 1.5 mL/min, sample volume 50 UL show linear dynamic
range from 0 to 50 ppm (detection limits of 1.106 ppm ; R’ = 0.999). The sensors showed an

immediate response to paraoxon.
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2.2 m%muuﬁuﬁ’aﬁ (Carbon nanotubes; CNTs) [15-17]
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2.2.2 1n59a319999 CNTs
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Walled Carbon Nanotubes (SWCNTSs) it multi-walled nanotubes (MWNT)

M50 2.1 uaasdnyais Tnseadiede q vee *C
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AMONHY

Diamond ;

142 A
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i
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| @il g @t
| e —a T e
""'“/. Tw.f e
g —u

> g0 — g ®

Graphite ;

each C is bonded tetrahedrally to four others
through spj-spj O - bonds
(1.52 A)

C atoms are linked (1.42 A) in plane by spz—spz
O - bonds.

Electrons move freely through the
7T-bonding network in this planes,

but they do not jump between planes




M5190 2.1 (919)

Tnsaarsa

@

AMANYUE

multi-walled Carbon

Nanotubes (MWCNTSs),

fullerene, is a closed-cage carbon molecule
with threecoordinate carbon atoms tiling the
spherical or nearly spherical surfaces, the best
known example being C,, with a truncated
icosahedral structure formed by twelve

pentagonal rings and twenty hexagonal rings.

single-walled nanotubes (SWNT) there is only

the tubule and no graphitic layers

a central tubule of nanometric diameter
surrounded by graphitic layers separated by

~34A.

Single Walled Carbon Nanotubes (SWCNTSs)

SWCNTs Hanydemilousiauusduny graphene 18717170 J6A518 1140991081960

9y
Wurmgudnasyszutar 1000 Fiu Ssitnsandiii Tnssad i Indlnssadie 1 76
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S6 % 511&]

58 5 ad o
X,
.
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B8 286 2084
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LI X XX
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TR
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lasnesnane s

' Ammchar

gﬂﬁ 2.4 SWCNTs ﬁﬁﬁﬂymzﬂm%mimmu (a) armchair structure (b) zigzag structure

182 (c) chiral structure AUAIAY [18]
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Armchair nanotube
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e, 33 @:5; " w
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Zigzeng nanotube

sep-
Qcondicror

Derndty of Qstw
Ll

! 1T ad {
g 2.5 uaanuMULUUBIANAT0UYEY MWCNTSs i 103981901 armehair tay zigzag

2.2.3 AMaNUANIAYUBY CNTs

2231 anummsalumsinalfnseundl (chemical reactivity)
anvannIolumsiiadgisennlives ONTs ssilSouiienIdndes vy
1 a a a 1 g A ¥ A d Y 2L a
graphene uAvzfillss@nSamgenindunainennsifimdhintugil Ifswes oNTs Faufann
aan v @ Jdo da q’;l a A a aaa
UdfTe1ves ONTs wxduiusdy In -oviiinea (pi- orbital) mrzagiiuviaiifalfisen
o { o a ) $ 2 i )
IddszilufimisdhaazuSnalatedaves oNTs vinimauaiinilf oNTs Aiduriiy
4 [ = a W ¢ o 4
gudnauanasianeTaves CNTs Taemsifiawuss Taduaust fuaisdu
2.2.3.2 anuannsalumsi i (Electrical conductivity)
wa 4? (Y . Y 24 Ao FY
AUTNUAITYUDYND chiral rector ¥241A35997519909 CNTs #4 CNTs ATlidu

' J =3 wva o £ o . <3| .
Hiuguinatuane sgandmiluaisfedani (semi—conductor) n3eoiiluTany (metallic)

auaudAlumshlthidefuiaumguinnlnseafrsves Tuanafid band gap unndrafu
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uazA1ms@mmath 1Wf 19211910 quantum mechanic uag18Rgo1iTay quantum mechanic
¥
wdryhmmsdumsi nthes lidusdenuenives ONTs

2.2.3.3 AauandiAMameEs (Optical activity)
4

VNMsfnEIMMguiwud die CNTs Tuu1alngdu Optacal activity o4
:al e ara  dA @ a a LY y
chiral nanotube 9118 1 imsznzsiunamuiidnaiFndouq wldusniwanngalsidqe
2.2.3.4 ANUUTWII (Mechanical strength)
fl1 young modulus AMMLHILNY (UI817) YOS CNTs UAIGIINIUAY CNTs
) 1A A ' A o o o =< a ¥
dwlngiinnuiandugaiioaninanuevesiuiiues mszasifi ONTs SefuuaTdufios

o I 9 wa 9 = 1 [
gﬂm'lllclév‘luammmmsamﬁwmmaﬂmmmaﬂﬁqmmuia

H
wva s o

M3 2.2 uernsnuaulanialdnnmananssaznnmssiuiamanguives

L4

'3 o
A5V U TN

wa J a o (4
qUUA msuauuﬂum‘u : ﬂ‘i']uh/\lﬁ

Lattice structure (Cylindical) hexagonal lattice helicity = | Planar hexagonal, plane — to-

Nanotubes: ropes, tubes arranged in plane distance
triangular lattice with lattice parameter | ¢ =0.335
of a= 1.7 nm, tube ~tube distance =

0.315

Specific gravity 0.8-1.8 gcc (theoretical) 226gcc’

Elastic modulas ~1 TPa for SWNT 1 TPa (in —plane)

~0.3 -1 TPa for MWNT

Strength 50-500 GPa for SWNT,
10-60 GPa for MWNT

Resistivity

5-50 micro —ohm-cm

50 (in —plane)

Thermal conductivity

3000 Wm "K' (theortical)

3000 W m-' K (in —plane)
6 Wm-K' (c axis)

Thermal expansion

Negligible (theortical)

-1x10°K" (in ~plane)
20x10°K" (c axis)

Oxidation in air

700 °C

450-650 °C
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2.2.4 MIFUATIZH CNTs

™ [ d a a . *
Taonalunsdunsizd CNTs veilouldinadin arc discharge, laser ablation 1Az
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chemical vapour deposition U3IIinINMImManszIeRauIMIFunTIzHIdTUszansawm
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INALIA laser ablation 9zBaudaumosnAINUge lUTamsveuniunaiimunieaisueuuoul
J £ a dy o a = ' a
on lasaiilu feedstock gas Funaiintivg 18 CNTs AAUT N gaudez 1dUsmadeinnly
vauenAA arc discharge ¢ 1% CNTs ﬁﬁﬁﬁ!ﬁﬂﬂuﬁﬂ d7ulumnaiin chemical vapour
a o Jd o 1 L4 1
deposition 92 1 HAAS a1 MWCNTs 130 SWCNTs gaunids Juwnadurugudnaisla
ANUAUDIINUANTAILAY
Growth mechanism
a [~{ 1 d [ 1 = ' [ & o v 9 a
nszuaumanatiunew Tumiveudsluidluiinsuediunide Fadwmailuidon

Y o

{ o a a a ' 3 A a 1
mﬂumﬂmauiﬂﬂﬁumwmmﬂﬁﬂﬁwmsmma"lﬂmsmmﬂu‘namTuﬂﬁm)mm 2 849U
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G
~ 3 'Q 4 £ M aaa a
1) fiailu precursor (C,) YuiAruespymalangAlHdudus ulfnsouasdad
3 a 1 o g
metastable carbide particle MATUIAAAIILNOAT VU I
a ] (é‘ 9 A @ P 9 ] 4 3 @
2) wailuuduns Iidiudg Aadsvesoyma Favnadurmguinaasiuiy

vinavessymaiiuduswlfise

CNHII

it AR Ve WA

Support
CH-C+H
Y Y
Support

510 2.6 uansnszuumsfadiueu Tumsveniidluly 14
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2.2.5 M3 CNTs 1Au3gns

=

° a ac & a
m3vh1d CNTs vSqnT Hvae3s deldsausaw PBluaseh 23

Y

m31ei 2.3 agilimadiansi 1 CNTs USgns

Technique SWNT Carbon Short Metal Yield Purity Short description of
particles, | fullerenes | catalyst the technique
graphite C60,

C 70etc
Thermal 0 _ _ + No Norecord | Heating from 350-
Oxidation _ record 600 C Metal is used
as oxidation catalyst.
Wet Oxidation 0 0 0 + No No record | Reflux in hydrogen
(H,0,) record peroxide. Process
makes it easier to
remove metal
catalyst
Pure Oxygen R = - + Poor Very few | Preferentially burns
Oxidation carbon SWNT with smaller
(Size selective) impurities | diameter. P=1,5-5,
10 -6 mbar, T= 723-
873K
Wet Air 0 _ ¢ + Good | Very few | Air bubbleed
Oxidation ' carbon through water
(HiPco) . impurities, | oxidies and expose
metal the metal
expose
Microwave 0 _ _ _ Very | Veryfew | Oxidation and
Treatment good | carbon rupturing of the
impurities, | carbon passivation
metal layer
expose




A13197 2.3 (¢19)
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Technique | SWNT | Carbon Short Metal Yield Purity Short description
particles | fullerenes catalyst of the technique
, C60,
graphite C 70etc
Mild _ _ + Good | Less defects Oxidation in
Oxidation H,80, and H,0,
Shortens the tubes
and consume
sidewall defects
- HNO, + + Good | Up to <0.1 Reflux or
Treatment wt % metal sonication in
nitric acid catalyst
will solvent,
HCI 0 0 £ Good | Up to <0.1 Reflux or
Treatment wt % metal sonication in
hydrogloric acid
catalyst will
solvent,
Mild Acid + + S Very | Upto <0.2 Remove most of
Treatment good wt % metal the metal, when
the metal surface
is totally exposed
to acid. (4M HCI
reflux)
Functionalis + + + SWN | 0.4 % metal Functionalised
ation Ts with 1,3 dipolar
(In 100% cycloaddition and
diethylether) then solvted
Funtionalisat + + + SWN | Very pure Functionalised
ion (GPC) Ts with
74% Octadecyamine

ize separation by

GPC
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2.3 ranmamanil i iagialy (197

wf I uanuduiussenheldfhdumsalfeuulamand wadiad ldfhaedes
Usznoudae 3 pendszneuvndniidide 1dud 1 lnfhedreton 2 §2 Aot lulfliney
(working electrode) ozt 81954 (reference electrode) #91/Fanaman iy dari
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auriagade 11l

a oy
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Qs 1 A a 4a 4:5’ aana 1 -~ a L& ar &2 d
aIgetanienaniafiiatunlfAsnsenieas sz Tinnevfiunssuadimduily
] [ -] & ] A [y A o
sample zone L3 lmusiodn q sunszislnadig Iangwaveuniowsnia tveans

A A a 4? ¥ A o A 2 o) A A As Y a va
Wisunlasfifedulasldinsomsrnfaimne audeeruiumniedenieg luienlfinms

1 X a ¢ - 1
llﬁa]}uﬂm?ﬂ\‘lﬁ wWnlas W IndmossHanig ¢ (UV-VIS spectrophotomer, spectrofluorimeter,

i 4 .
atomic absorption spectrophotometer Aud W) wsesiioma lifual (pH meter, potentiometer,



31

A A o Y

[ T
polarograph, voltammograph, conductometer Lﬂus?fu) IN599UBAANUTOULYY Thermister N1T
~ A A A @ a :II d?l t s a w /A dgl aas =)
1’]%ZLﬂi’]ﬂLﬂii’J\‘ﬁJE]’JWH‘Hﬂiﬂuu"U‘LIﬂgﬂﬂﬁuﬂﬁﬂlﬂﬁﬂﬁﬁﬂﬂ!ﬂ’mmﬂﬂm‘Nﬂl]Qﬂifﬂkﬂll
2HEN19IENTINYARAT1360E199UN ST sample zone g IginTosnsdndn
v
o Y o 4 a LY
UU sample zone VISHHTUAUFITAIN DS /"Vf%{@ ?L@L%umlé’ﬁlﬂﬂﬂﬁﬂizmEJG]’] (dispersion) LB
F
MIUNIUINTIU LwaLﬂﬂ‘].l;]ﬂ'iEl'li%ﬂ’ﬂ\iﬁ']iGl’JW'lﬂ‘Uﬂ'i%LLﬁﬂ’JW’l ﬂ'lill‘W‘i"llZLﬁﬂﬁHlﬂﬂﬁ?@

1 4 =

¥
Hortuagiusniing lna, dushugudnameluvee, anmenveseunsdulszdnd

3
LR Y

UVIMTUNI VDA species Nilog AOTUMINTZIWAIMTONTIT9919U04 sample zone AINTTD
9
[y = o o )
muguuazlfulfiminzasawanudosmsvesmsiaszniiu q TasidendTunsvenis
faesdrodrafimuzay, 8a31ms IMaveInsEuadIni, A1UY1IVDA reaction coil LAZYUIN
T 3 1 { o a aaa T { a 'S
vouduriugudnanalusief ¥ dmuzan annsamlmidadfater seninmsiiezdinged
v A I Y Ut i 13 1 ' A
fu Sisaud 14 TaoliTonud Inadurienn 9 oddeiios
= o Yy Y Y Ao o
msulasunasdugiuvesnnududuues sample zonelunsziadImIifig
o3| 1 ' o a o @ s 4
Inaiiiu function YeaauAz3T19618 9 vesdRIMNINMIIAT ISV AMLAAIAgUT 2.18 98
< LY o a @ ' | o
diuldhdufindeniamyazaiediea1ud1gsz vy FIA 138 FIA manifold 14 sample zone
: . s 3\ . ,
T1n509 FIA 925 concentration profile WluszuufimAsuyunin (U 2.18 n) vz sample
] T e g
zone Whoufin1eluie9sifia band boarding M3MINTZIIWAIVY 31/519984 sample zone
a o T |
fin1n U31ngnsel 2 ed1s A
- dlszmsusniBn 1M I (convection) (AN InaLUL laminar {89 NITE
1 ' g A o A1 g d = ' =} S g '
younar lnarmie anuimlsesfaudugud uazgaiinaeviessianui uiu 2 11 veg
< A o 3 4 3 A o 3| Y P
anuamae §aiuidiodl sample zone Huvzdidnuazity parabola Autralugin 2.18 4
3 a £ . . . L a
- dszmsfiaeadaaInmsuns (diffusion) ¥4 2 LULA® radial - diffusion &9l
1
a o v oo 5 . A aa
Femadannsufieniams lnavesaisazate uag longitudinal diffusion Fedifiemamsiva
v oa o o T3 1 { a g
sufufamens ldvesasazats dmsuvioda q msunsuuui 2 favudesunn minld
o ° o Y a g " = 9 tﬂ" o
§a51m3 a9t 1iiRan13nsz 01867 (dispersion) n1eldan19%il sample zone v21lU

~ v I . a 9 v o 9 A a
HULENRS tastisnyazdly Guassian laoilnfuda FIA ininisnaasenieldaniiziine

3 ' . o 9 A o S| 1 Y A
RINSUNTUUD radial 111 sample zone Tanyasunuy ldauinas muﬁm‘lugﬂﬂ 2.18 A



32

'gw..mw ~Cy

g

g }

% Y

=% Time Titme A Tisme | Time

qilfi 218 msulfeunlasdaugimvennududuyes sample zone Tunszuadma
o w 3 o v 1 Qs a Sy Y 1
s1de lnadiufleddursannuas jlsvesdayananinmsinseiil Wudaguuy
n. lLiAemauninszae
¥, MIUNINTZIBLTB9INNTW
k4
a. nsuwsnsznelasmIm uaymaunidemindums lva

N, ﬂﬁLLWfﬂi&’i]’lElLﬁi’]\ﬁ]'lﬂﬂ'l‘iLLW‘il

2.5.3 AANWUGIHVDA FIA

k7
1. famsszanlylasdas i lddsnesiazdSuaassansdiesnaunaunnass
) 4 a I
Wl lunseueadami@ vatwuaiiuns
d'! d'd' ni Q t 9 [
2. mMsinaeufinedl (stable movement) U84 I¥uvDIe13A1061 IUIZTVUNTONAY
a a aa 4 = 1 t aaa =
M3RANTZUINMIMUATIT N T (physicochemical process) A9 €] IYUMTWNTY ﬂgﬂ‘ifﬂlmj
R [y o
lnoslada (dialysis) Msada Dudu
1 =} Qs L] d'd 9
3. A1INIVAUNIINTENY (MIUNTUATAITABIW) yose1srnersnaa 1y 1y
ssvuedrundensassniefiasdiosegnunaisausensinszuuiiemlfiiiagduuud
] = o =Y a o
HUUDY (definite scheme) UBIWITTUADINIUTVIAMUA (geometric parameter) LASWITINIADT
4
NNYNANANAAT (hydrodynamic parameter)
o ~ Y] t 1 a 9 a "4
4. amuadneusvesszezmiasdedisegiuszuunlelumsunnsy
5. 113AT2959 YSwramenmenInL19e81e sd1eaaiilawaziinisnilaia

@ a /A a 1 o 1
aINMsIATIERNRaludIng



33

Response »

510 2.19 52VUNUFIWBIFIA tzdradedgydnyaives FIA
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[ Y 2 A [ a o e A o Y a
sequniaimnzaufunsinseluszuuedloowinmsizimsnauiii e
a { [ 4 1 =3
asilszney viemstszneuddeufimininganauidaduudiman Ifhmismeusauuy
J ! [ o ' a d
Wigeoismiaud (fluorescence) iamsansnin’ld d1ed19msAng1zvide FIA colorimetry
D > 10 fimMInszaevedmsfiogegeuin fnnueravesien g mixing
R A R 1 = o t =< Y a 9 9
coil 139 reaction part S¥MegARamIsFIet1efgaas v taerafiuly aldfinndrann A
~ { &4 <3| @ 1 o @ 1
afhavesfinfiganenanwesanuguiiudadiufuanududuvosasdiedis Junue

#1115 FIA-titration
I . 1 1 @
b luszuvenlewediunasiwnamnszneludiuaieg lussuuddeiune

D= Dinjection + Dtranspon + Ddetector (2-1 1)
I~ a Y 1 ' h ¥ .
D per HMMITNTZDWIINTNATNIAIBOMAL YT 190DY injection port
[ Ao o 4 T 1 1 A
D flumsnszneiddagfigalussuuelere nngdieidiuangh

transport

ildiRalgAsonnfivazeindasims navosansazae

D .. A15A529789IN3U319U04 flow cell

detector

2.5.6 WaveslSaasaIsaza1efIoed (sample volume)

o = a ay = 1 9 v o o 9
Mnsans lnemasedtonludsiasareudigassua lvanudrdy 2218
o ~ T v W P Y 1 a o 1 d'- cg o 9
Faanafuaneiefiuaagli 2.32 uaaslditulSuasvesasdregrnuntuiilnms
[ { o @ o 1 i LYY =
AsZ910aARY AIA15197 2.6 Ruzicka 11 ¥y FuRU S sEnemnsE e ARARUAULT RS

A15A0819AIANNTT
D =k/V; (2.12)
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20 sec

e

Scan

1 Qd

511 2.23 navestlSunsn1saamsdlsgeilinemduilss AnsnmInszae

d' = = 3 1 d‘ 3 ' a Q‘f
A9 2.5 Wﬂ“ll’t]\‘i‘ﬂiiJ']ﬁiﬂ'li"ilﬂﬁ']iﬂ’J’t’)EJNﬂ ADAE AulseaninInizae

Sample volume (LL) | Dispersion coefficient(D)
40 6.1
100 2.9
200 2.2
400 : !

2.5.7 Nammé’nymzsmwmﬂﬁawau (mixing parts)

FRIERMIRK mixing parts mehm ﬂlmmmzmmmwmﬁ@wauﬁwaﬁiﬂmi

ﬂ‘iui]'lﬂcluﬂE)WﬁﬂJ‘lfuﬂﬂ’N LﬂJi’Jﬂ’J'lﬁJfJ'l’J L) L‘Willﬂﬂ‘llu il%’,‘Vl'I‘lﬂ‘Wﬂiﬂﬂ"Uu Ruzicka TR

anuduius ludaun1s 1d
D=kL"” (2.13)

v [ d o . < 1§ .
fnf1aTanyazRagUf 2.13 91nmevinneves Vanderslice v 141 travel time (t)

¥ k4 [] ’ 4
LAY baseline —to- baseline time (At) ilzquﬁmﬁﬂﬂ'313JEJ1’JVI?)WET1]LW3J§H ANEUNS

t, =kL "% (2.14)

wag At =kL°% ' (2.15)
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A D
05[ 20 20
| 100 140

0.25 75
250 180

s
o

—_—L

L

51ft 2.24 Snvazdyadldnnszuy FA dieldendufilanueuandny

U u

=) v 4 @ 1w
melmmf’f'umuﬁuﬂﬂmmwiuuazamwmi"lwammu

9

floNaNYHa coil
AndnYHEY03 coil (A) LEAIRIANNT

7\, = coil diameter/ tube diameter

1
=%

#i A = 10 M3nIzateliauinty v voanerilanss

1 a dyd o a <] = ° Y a .
Henausiiaiidnunsdadlunieasouuny ¥rlniia Centrifugal  force
= 1 Yo e 2 o A
asazareiims Inanyuaunasaanue1avie uaasns Inalddegii 225 fnwilaemsnad
Houdhgazunienlete Masin1s Inavssmsasaed wav1n Centrifugal force fitorun
A o S & A o A
sample zone fdaguarududugimnlvm fdanmslnavesmasmogs Tusana

@ 1 =] vA w y v
wfsvieduneniarudagenhfimisduluy Feanislnaunuunyuanuyuiii secondary
a o Y a = A 3 o v a .

flow HrnalfiAamsnszatsluiianiendenindums Movesansnzait ienduyua zigzag

fifsmans InaAegUi 2.25

~ Low Velocities € d———
De<16 ]

i'r-merWall-

outef wall . - ——rmeT

High Velocities — K==
“ De>16 =

innerWall

4 . ' { o A o
51l 225 puwumsinavesveunadluviemiussuunuiidunay
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g1 226 gluyunsInavesveamailuefiiugiia z

Single Bead String Reactor, SBSR
e VoA 1 a dy 9y 1 A
Reijn wozanziiiunguillauorondusiadi SBSR Usznouaiiomnaounse
1 . a { = ' a '
VoWAEANNUITY glass bead ViaianedmeluillF1as1/521101 60-80% VOIND glass bead
v ¥

finaremsnszatluiuafigamindufiannis IMovesa13agats (radial dispersion) 11143
msaenaazmInsznvesasnieens Ides msld sBSR luszuuen laeiidonfo

LD 110 vessuudaiifivu iy

2. ﬂamqwmﬁﬂw?amiﬂimw'lﬁ%uﬁué'ﬂﬁmi"lwmmmsaxmtﬂmha
0.2-1.5 mL/min

3. Sample rate G019 500 dpthasoda 1

4. Famsnarldie i lfinel§Asounissudiedieduduiionud 1Aa

2.5.8 HAVDIOANIIN T Iiavesa15azae (flow rate)

{ v o d @ :
NAUNITVDY Vanderslice NUAAIANNTUWUTUDA floe rate (q) NV travel time

(t,) 10 baseline-to baseline time (At) AIAUNT

t, sk q 108 (2.16)

oy At = g™ (2.17)

4 A J v o d [
t At ag D ﬂzﬁﬂﬂﬁlﬁﬂ flow rate (WWUU Ruzicka "lﬁ'uﬁmmmanwuﬁﬂlm D nU8nIINIg

a { [ v d [
TnaFadu ) AanuFuRusuuuws lual aeauns
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D = ku” (2.18)
D = kq” (2.19)

3111 2.27
4 L=1i0em, d=0.5 mm
1. q=0.57 mVmin
A ©2.q= 093 mlimin

3, q= .80 mlfmin
4.q= 3,00 mlimin

0 10 20 4 60‘ 20 100 120 140 162 Time(sec)

Y

1A 227 dounizdaygnadldiielddanms lnauandraiin

¢ A
2.5.9 panilszApUNKFIHUBITVY FIA

: a 79 9 & & o @
msaaniesiiednsedldiduszuuedleeiuazdesiglnisimanidszney
Yy 9 [~ A A da a A A a A A . <
ihdesudiuaieafioffisinign YszAniamd faammFelioqs Ruzicka 1ag Hansen 11U
slan' 9 4 v o 1 ’ o 9 A A 9 =1
A5Suasegunseldlszneudien SimiheluFensniisANTIANIN 1,000 1IN IUNIIMN
- 1 I Ad a’/, ) = 1 3
0g521313 40,000-50,000 W szuvien leedifiargnifuezlglumsfnumii ssun
Aa a o Y . Q P d A
olleiifismune 928n15A0gUAIA9AY microprocessor 1T1131IH 2.28 Wuszuuh
s a d a J 1 ' v o
fnvzuaaslumsafuimeinnmans Uszaouludremauzussgansazaienien wu A
a ¢ A qd g a . 4 o a A Y A o oA
avane Snud vieldiduvinfiuvenis (waste) FaaIUNMIAAN M50 LAT IATBILUNA
o o a do 2 & dy 9y O Y o e
Fyananziuridafituiinasuunseaiy Meile191s computer Fufinuazuaaswa ld da1iu

szuvionlefiauyseliunadsszudegii 2.38
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sample
injection mixing
valve tee
;ff
pump ;f detector

carrier 4 —
solution g 7 D /

reagent
solution

A @ A a Y
:‘i‘ll‘ﬂ 2.28 uﬁmmmquﬂﬂimwugmﬂlmmi’Jmiwwmﬂizuu FIA

SAMPLER
.............
:’ - 1
)
:
f D 0 e e COMPUTER
: sm-
] ’
......... ' &
‘L ’ 1
i
3 t
1

" RECORDESR
.

Cth@ LE;J AVAVE

PUNP

=

511 2.29 uaesdIuLlsznoUMIeY UBTZVL FIA

Tuszuy FIA Taeia T dndsznoudlsduiiddagediadon 4 daudaesfiu e
U 4 é 3 = Qs
suumstuinaeY (propelling system) #azihlifamsivavesnssuadom
@ v | [ 4 = T o a o o
Y fedausng quesszuy ssvuildlumstundeulugaunfizdos i Ififawad (pulse-
Y 9 - Y w S 4 4
free) ttazazdos Ianuui luns nadiedasanuEiineg
a . . . é 9 Y 1 a 1 9
2UUM3AA (injection system) Favziasdied1alSunsen a il lunssua
Faw1 Sreanugndes uaslianuiudigs |

& ; : ¢ ¥ g
SEUUNTUYUE (transport system) FalHiFondvesflsznovimiussuy FIA

uazsilda1sdedaunansngzaiey Wi afansNaLEloA R UNHINI S UL IUAIHINS Y
Aa o v [ Ado 9 o 9

winlumsnaasefiinisnszoivesarsdledie limuz ey wazlunsaindutludeatalv

a aan dgl A d' 9 o Y a ¥

LN RGEL AR ETAT wioluszuuideenisildifanisuenuenssud uazo199e 1y

1 ] t 1 4 ~ 'd

d11U52naUEDY (accessory ) A1 ¢ bBU m%usmmLﬂ?@@ﬂgﬂimuazqﬂmifnwmmﬂﬂa

14
(merging point) Anaudn lluszuy
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[ £ o a wva
LUUNIAIIDTA (detection system) F93zIiN1sAIINUTINNVRIRAIANIALA

wva P Y] 1 P=} a o '4 aaan ] v A Y Y =y [

ﬂmﬁuumﬂuwmmimaﬁm Wﬁﬂwﬁﬁﬂﬂl“ﬂ%']ﬂi]{]ﬂiﬁﬂ'l’]ﬁl']\W]@Lu@ﬂ!iﬁxiﬁm@yjﬁlﬂﬂﬂﬂﬂ
9y

o 1 o a P ' @ 1
anantiasenaialuduguamuaziSinadsazBoaveszuudn q dnandiedues
1énanludrause’ly

2.5.9.1 szuulumsiunaeu

A 4

oy =1 " { é
dszansamlumsliens1sims Inafinsigedeondluunaes

=h.

Ay
NOBVINTT

aQ
D

[
a

o. [ { ¥ o A o a .
dyigavesdluiifon1¥lussuy 1A sazmessaaadnilul (peristaltic pump) Al

o b4 H ] 24 ]
anausAnsnarseilituilydaiiduidon 1 dluszu 1A nnfige unsiludntunld14a
o

a 4 ga o 4 @ < Yot
Snaieanieife dudlves HPLC demunsantugudnsuisvesns Inaldd szuylums
Y & A o 9 ¥ 1 Yo a Y Y 1 Jaq ¥ v o A gy
windeuduy q femnseldldud ldfuanuilouios 18ua ginsainldanuduuna vely
anudunannualumstunfounszuadmn

v @ o A v o o (74 A L
a3 Musafulumsduefou linzuusduainuie niouseTiua1sues
10 a o d ' a <
Taneg livh IdiAakaduesns lna udssszaudamlumsnivgudasiiivesms naves
AITUA 2 NIzLEnsaNINNd A REINY
o 4 g P o w = <
szupdundenveuval Wiglnsalihlinaudnguiniigaluszuuelowd
v E4 ] ¥
fanududIng 10 psi Hudiszrudumasuvsunarimuzaney 3 yiade nsldonadu
- da 2 NPy - ~t ¥
YBUNAIDBAINUIN (pressurized bottle) wassamadniluil uag syringe pump Tagiimsly
oa a VI 1 1 A A ~ @
messamannduilluszuuen lotaduninanniwidadug lussupideldnnudaugs
k4
Wuewsald HPLC pump
d @ d‘ A 3 9 = va o d’l =Y
gilnsaiduiniouveunaridtussdesiiquautadail idaanisInaves
1 { v @ 1Ta o d 1 :
amsazarwedansd annsadsusanninald lifaWad (puise free) Tuvaizduinnou
9 y a
asazane 19em ldnumunaziisiagn
o a o | . g 9 Ay o v W A
wessanafnilidl (peristaltic pump) Hsznoudlsgagnaauudidunaensy
A o ~ Qy @ (V) = =] Qy
flusameensluvaziganiayuludnyasdgii 231 anusseulumanyuveagnnds

i]%ﬁ'muﬂ’gﬁﬂﬂ'lill’ﬂﬁ"ll?)\ﬂﬁ'liﬁzaw
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51l 2.30 uanamessamaaniludl

o y { & we a d A
Tunmsvuwmdeumsazaeniluaaiiaza108um3d (organic solvent) 92 19353

v
o

unuRdInigagli 2.31

'
=

" [ 4 o 4 <] ) a 4
3N 2.31 uamsviaussduommie ldlunsdundeumsazaviidludhazawdunss

YIANTUTIAY (pressurized bottle) B1MANGAI 11/ TuvrarTadviludldiari
Tanudumeluviageanidmuuen mldmsazawnoluriagaduesni nieansald
a T ] =y 4 a d'sl Y A a o
IAYIAA1 IFUVIRTIENANmaannd i aze1n wievianaadnsiaignitvielu

9 ° =] &y Yy 1w ' a A ' < A Y
NOINDIAUINUNZILAN nnuIALARNBNUNINAIEANYIaNaMmWasuILIAIan Yii'ﬂ(l‘iﬁl'(]ﬂ

'
(9

: A Y = 1 Ao ' Y 1
mmaamsQﬁ1saza1uumu"lﬂumq& m:ia::mu“lummz"lwamqﬁzﬂuwmmuwﬂuuma

a9 A A o vy
‘UfNIﬁﬂllﬂﬁﬂlﬂlﬁﬂﬂ@ﬂ')ﬁﬂﬁﬂﬂi"lﬂﬁvlﬂa'lﬂﬂ'lﬂ
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2.5.9.2 55UUMIAN
a 3 9 P I A o Y 9 [ LY 1 P o @ 1 P
sepumsRatuldiedundmsuiingn (Plug) voed15A19819NIIAAA TS
v b
dhl unszuadiminiige lva uazaszdeadiguautAnis o dese 11l
) msezthensdreditlsnanuivewdr lulunssuadani lnadae

PRV T

2) msfedasszgmind i lunszuadmnludnyaeiios i ldaans
5UNIU (disturbance) ABATELAAIN
a ° PR < A o 9N Yo 3 ~t
3)  myRanrsnszilddisuazsiasa el ldoasuialunstams
v iy a Yy ¢ .
ERRIANGE wenvinfiszuulumsianisszannsoniugy 1ddreusmes 11 (electric motor)
wa = :is} o 1 o Ey " " s 1 P k1l
auauiAvesszuuiaidesn1sdinamnzuun1ge (aspiration system) 15008190 1
=Y a 'd = o 1 i o
Tumaianssmedns lnauvuiidesermasu ldawisanaz i ldld lussuuen los
d'l .o/ 1 o 9 a v o [l d' T 9 p=% d' -
flaannszuudanarii fifanmsdndiaed1eh lunsegndewazinisuilsilaey (variation)
= Qs 1 { 1 A QU { Qs T 1]
voelSuavesatsdletrefinad i ldlugae 34 % Feszdunisildeuudasfenanes la
1 a = o aan s J o 1 dy 1
AeldiAailamilussuumsinsied U§ASeidluAa19¥ (indicator reaction) szagluaniig
anga sazlSuastinsfeuntas Tz inadennundevesinuinadianugeuesing
I~ =Y ’ o P Y a a 'd
Wumwrsitwesnaulanuiesddumsinsizv
mielunsiafildlugausn q due et 1d Taeldnszuaniiae (syringe)
< da @ ] I~{
uazliuleTinesiin (aypodermic needie) tazilogiusyuuasaainee ldiduuuylsas
¢ da a 4 . ks
9187 (rotary valve) LiagWsoililoiduuea BURANDS (proportional injector)
2.5.9.3 STUVUUAY
A 9 d' Y ' ai 1 J =
wenmiinanniinanlumsvudenszuan va liamuneais 9 wazluuensal
¥ [ 1 v
ssupandesziil§asouiatuludFinaiimmzeunds ssvvvudedilfiieondeday
1 N 9 Y ar
6149 o Yeaszuvew lotodaleiy
t a o [} 1 o
sspumsuas Tesilnddnezyszneudlevienalsunadusiugudnaisua
I e v ] v T o Y 1 !~ 1 '3
ian q Fein1egszndne 0.1 — 2 ml uet Tagiia lsinas ldveRdiduriugudnaialssana 03,

0.5, 0.7ml dwmiuszuuiinsnsgaiedos thunae wazuin awady NonTiduru

v ]
govinmslngniilines hildfuilewnszuuerlews lignesnuuldldfuvieniivua

t 1 y 1 4 1 o i d 1
g msldvefivunaduimguinarsinguazldesddsznovdindu q lusspuiideas
Q a a a 2 1 [ [ 1 1 {
(compression) 1z l¥iiamsRalnd lidaziinademsnszneiusgianin drurnefiidu
v P o ' o Y ac ot Y .. ;
Auguinanaudani1 03 ml dnezldmmeluTen leionilivuiaies < (miniaturized FIA

mode) 13U adlai3ionleie (capillary FIA) Tagildlunsivieluszuumenlowdiulng)



46

' A a a a a a 2 o
18uA mwWaou (teflon) InGieFadu (polyethylene) 1ag IWA TwsWady (polypropylene) 447aq

Aq o 1 o3 o o Y Y A a1 Y 1
‘Vl‘l‘lfﬁluﬂ'l'i‘ﬂ']‘ﬂﬂﬂzlﬂl‘lﬂ'JﬂTﬂu@ﬂ'liﬂl.‘lf\ﬂl‘lﬂilﬁ"liagﬂ'lflﬁﬁﬂ‘ilﬂ\uﬁﬁ?"]fuﬂﬁnﬂ 9 C‘l?ﬂﬂ’l\ﬂu

. 9/ 1o o Y ] 9 a
ﬂ’liol“lf\ﬂﬂ‘ll’?)\ﬁ’lﬁ]‘l’]‘i’l'l‘ﬂ'lﬂ?ﬁﬂﬂ%‘l 9 ’i’J‘iJi’Jilhl’Jﬂluﬂﬁ'NVI 2.6

@19197 2.6 M3 lFnuvesefivhnTagan o

Classes of liquids and solution

Tubing material (Trade name)

Aqueous solution
Dilute ethanol solution
Dilute acid and base
Concentrated acid and base
Alcohols

| Lower alcohols
Formaldehyde , acetaldehyde
Acetone
Acetic acid and anhydride
Aliphatic hydrocarbons
Aromstic hydrocarbon
Chloroform

Carbontetrachloride

PVC ,Tygon

PVC ,Tygon

PVC ,Tygon, silicone ruber

Fluoroplats (“Acisflex” from Technicon)
Modifide PVC (“Solxaflex” from Technicon)
Silicone rubber

PVC, Tygon

Silicone rubber

Silicone rubber

Modifide PVC (“Solxaflex” from Technicon)
Fluoroplats (“Acisflex” from Technicon)
Fluoroplats (“Acisflex” from Technicon)

Modifide PVC (“Solxaflex” from Technicon)

o A dq v M) S quA A 4
A1404 (connector) N 1% IumIadeszume ooty 1eoudonons o

' 2 - & 1 & - 2 o A 4
%Wﬂﬂﬂﬂuﬂﬂﬂx‘lﬂﬂﬂﬂﬁuﬂ LLZW%"Iﬂﬁ’m‘ﬁux‘l‘uENix‘U‘Ullﬂﬂﬂﬂﬂﬁ?ﬂﬂﬂﬁl’m‘izuu AIUBDUN

' & o & v A & ) -
vanenuy ualagsialudnezdlunuuda@ouuut 2 me @nsuuunduduasansetiy

51d2 v) dudiow 3 ne (U T @2 Y M50 @I W) Wiedulen 4 W19



(@)

CARMER

BYPASS

Q)

Erom pump
outlst

SUS b

g1l 232 douiaesfiednuesszuy FIA Luuen <)

d o v A W 1 Y 1 a Y -
fl) ‘Igﬂqﬂﬂ’im’c’f’lﬂ'i‘ljﬁﬂﬂ’lﬂiﬂﬂlﬂﬂ’sﬁ%‘ﬂ‘ﬂ FIA 1U1URNAAIVUD

2 )
9) Injection port LUUUDI Ruzicka (1981) mzﬂuuuuﬂ%’zﬁu

. 4 du
A) (9) Loz () Injection port LULUDY Betteridge (1984) Faslupuui lailddy

] { 4
AdduRannasaiivean)

. L q v (a -
f) Injection port 41UV loop e lAdsuimsmIananuuuaIuIn
A,B = A Perspex plastic, .C = sample solution ,

D = Tygon or Teflon tubing, E = rubber septum, §= Syringe

47
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1 1 4 4 1 o 1 v
Vodeidow (connection tube) lumiendeassilsenavaiulsznousienlu
Y Y o Y 9 v a A 1 v =t 4 A v @ o
suuted JereiddeiudesldionaraanlumsrounenovsdTolIua HIONBYDIAINY

avaefiy pump tube TUMIgAAITATAIIBENIINYIA 1F1UNIIFONARTZN I pump tube A1

2

injector 1192 manifold  ttaz141HouAnIEN IS detector AVUIAVITYVOUTY VieWAAANT LY

&

Huda ﬁ]‘ﬂi 21A polypropylene, Teflon (PTFE), polyvinyl chloride (PVC) H3e389d 9

q

=n

=)

Aé 1 o aaa Qs Qs ¥ ] 1 = L4
muzaudalitliisnsuasazas dnsuzmsfeudedaevienarafnuaaslddegl

2.33

7os b VoA

£4)

PUMP TUBE SILICONE SLEEVE  PUMP TUBE
. 1
,;{%mg{,y | PR XED "'f" 5 e‘{f/.’{{:"i J

TR ZS, R
brdest s o it e s e

TEFLON
TUBE b

)

4 ' v 1 - o o 1
1lfl 233 ugasmisseszrinnevesiuiiunevesszuy FIA

A a 4 & g 3 @ w 5 a t
in5oeifnsel (reactor) TP U0IAYTEADUNANVBITZUUYHUTINY WUNDADIIAT
fiesezodluseuy (residence time) - LAXTUFIUMANUBINTAIOE 1D YNBONULLUT
I o L A4 & a G4 & a 1Y %
Taammzdmivszuufing wissdfnseluvufiugmlussuy e lewdl 5 uuvudeny
1T A <3| 1 £ v J 4'
1) hedln (open tube) vziTunassFeilanuerasduriiuguinaid
E4
uanaefiueen i wwdedsegsznnsgaiauasszuulumniinia
. | a ' @ A o a 9
2) A (coil) (HuUVANREIVBINDIOVIAGNINTTUBANUAI LAZHYUIALTY
1 J Ay :
HIHgUENa19NABINg
4 a o [ a
3) ndoetlfnsaifiussyiagnionisall (packed reactor) Unfinzilsznoudan
g

1 £ 9 Q Ada a . . N A o A .
NOYIIFIVTIFAIYIAANIUAUNNONT (chemically active material) 1393AQNINDY (inert

. A a d a dy [~ s a 9 o 1 ] Y] P
material) insestfnseiwdad Widundonldsuedumsnainluszuuellen Wewn

'
as &

= ' o q Yt K & Ao Aa
nsusseiaaffivuiaeynialng ey ldfasaems lnadueynindy Tuvasiiagnd

q Q Q
1

g g 0o q ¥ a 9 d 2 o q Yo & ¥ 9 o o
‘Uu’m'f]léﬂ']ﬂmﬂﬂﬂ$ﬂ11ﬁlﬂﬂﬂ15ﬂ1uﬂ1uﬂ']'ihh’iﬂll']ﬂ‘llu Wﬂm’]iﬁﬂ’]!ﬂu‘ﬂﬂﬂi‘]ﬂﬁQﬂumq@iu

]
P}

ar A = o AAa 4 = = o d
mstundey wisslfnsaiiussgananiiifigns (msuanwdoulevenSannd unziew i)

d da 9) 1 A = S &
wilufitionldunnniuasesdgnsainussyasios



49

4 a ¢al < o !
4) n3eslfnssinussydegnilaSeailuioufen (single bead string reaction)
=] [~ P a o 9 VoA 1 ) ) 9 A
#30 SBSR 1iuinTeslgnsainseneudienenlinnue1dnig q duussgdiognud vie
A o a s A S 9 v '3 . v o 3/ o
gnilaninnnedwefiReenlidurugudnaialszuin 60-80% yoevio Mliniadauas
! . Y a Al 3 Y a a
UBIND (tube cross-section) TUITIAIEYNTALiBe 1 gn tilosninmsussgiussldlig
1 o I 1 a 9 Y] 9 & a ¢ a z:y o J a
(space) voavio 1% lifanmsdmmuns nawndn msldwiesdnssiaiaiissildifa
¢ 1 ' a { Y v 1 1 o
sz Toard (9u Freiussezaasdisiezeglussuy Frwanmsnszate uazi liidu
2/
3 eV (smooth basely)

] 9ot
5) asusHay nruznaysz lddiodsinsIdinmsnaufdu vSeasdled1s

Y

¢ o A o ¢ & & o g
uagSeudnauiluiloferiuoteauysel delaen ludnezdlunsdinldszunlaih e
definnuuendrefiuiineudrannluanunila anuaasduny guugll wiedlSuawves
a J Jd v s Y 1 3 LY
AMBTIRUA (detergent) 38U TNINTEUAG M WAL 15A00719 Loz 19 Iuszuvion Toe Tninsdu

dilddmiomsiialfnse dluvenauiifizylsieeg fagal 2.34-2.36

L)

d=2mm, L=33mm

" d=1imm

g=1imm, Leklmm

d=2mm -
_ L=tomm 9 SRl O=l7mm, La560ma

AN AL ora
ST

hg
A TEI T M

s ————,
| e gy T gy v
a-m;.};!:g::

0 2 i d=2mem, L=10 mm

510 2.34 wilavosviondy A

] 9 v 'd Py [ Y

a. ViowauvIAurugudnatsniely 0.5 mm Nn1elussydiauda
] 1 4 { .y =]

b. Nenauyaduduguina1sntely 0.5 mm Ameluussy PTFE Fuidne
T 1 o ~ <

c. viewauuaduiugudna1eniely 1.5 mm fneluussgdauds

. ' ' 3 { Qy =]

d. Monauvinaduruguanateniely 1.5 mm An1eluussy PTFE Fuidng

e. 9 PTFE Nnwluyssyne Tanggihnden

f. io PTFE fiusounananadoy
1 = <1 Y Py =

g. 18 PTFE flussydiauiuuuiseahen

h. io PTFE 1ussyduadnlans 6 1du
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2.5.9.4 52UVNM5ATIDIA
o o a wey wa é -2 1
SZUUMIATRvEAsdalSymandialaauiianilavesa15a 196194150

a o s a aaa 1 ' & Y a 9 Y va o [ 3 9
Nﬁﬂﬂﬂ!"ﬂ‘l’llﬂﬂ%1ﬂﬂ§]ﬂiUTBﬂN¢]muﬂ\3 uaﬂmmﬁmmmuwmnuaummﬂanmmu
=

AuamuazlTuaguaviAveunsesnsadyaalugauadnazszuued 1o 1o szdoall

v
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A aNAA
i <4 o a
1) #mseevansaniIng: (Tasn ldiszunm 5 Sud)
2) UANUIUWI

IUTUNIUG a1 13 (sensivity) g9

[ e

3) ud

& dy v A » y o o
4) fumumw"lﬂmﬂmsmm’JinmzﬂEN"lmluﬂummlaﬂuuﬂawmqmwnu

o L)
[ <} o A
9n3152v039m5 na uazilededu ¢
a 1 o Y o ~ =
5) Tanuutud uaz Indyanauiaios
Y v d"]d_l v 1 a Y W y 9 @ 1
6) Tdyaandudaduuudaduiuanududuvesaisaiogs
= d' v W
7) HUUIANNENATA
8) gtuuulududou

d' e ‘é (% Ao v v 9 [ :,l A ad
L‘L!‘E'N%'lﬂIlllll!ﬂi'E]\Wli'.]‘ﬂ?ﬂiﬂﬂllﬁ]ﬂlﬂil‘l]ﬁﬂilmﬁﬂﬂﬁﬂu AIUUNTIABDNITUDINIG
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[ g s o a d o o 3
arvdalsufugalssasiuesmsin e museuuiy o
2.5.9.4.1 n30ea520 TAFaaa (Optical detectors)
A v oA LY~ A v aa Y v T A
nIemsndaues daithuasesasrvianidenldnuediaunsvats wies
[ :3’ 9o s a dalo a ¥ [ o
asdvinlszaniimunsoelddimiumsTinszindunizvessgriladig o Wudmaunn
4 X o/ é a aaa
luilagduniesnsirstamsSeuasduineinilfAsomiauail (Chemiluminescent) 3o

aa . . o w o { & o & o v o o a d
UNTemM19HIA M (bioluminescent) SaudufifonFiu Fuhldasiadmiumslinszd

imeglumeanudududiie 10™ - 10" M

3‘1]‘?! 2.37 HUUUDY flow through cell Agmrseaieldnn Pefspex plastic

10 min

2.5.9.4.2 15090599 31l 1WA (Electrochemical Detector)
[ 7
insesnaaiamanil Wi niuiiang Tuaz Wanusunznieldaniizues
4 4 [ 3 4 t
oW lotouazifiesninnis 1finTesnsatan il lfhildonmelsznissawisglns ol lal
Y] A4 A £ 4 By 1 - )
FUFOULALN1T0BNUUVYBDD 1A (reliability) 519190 AINIT0ATIUTIRVDIETA
° vy o S A o q9 v Y A = Yo
T lamsaeuaussiisiagy e ldasasieiadaedsmani i1 1850010
v
o 1 4
aulannvy  lumsihinldlussouenlen 1dunToaunuams (voltammetry) uouines Is
2 o : o . .
N3 (amperometry) Faldaa T nldsns aautlasnmanii (chemical modified electrode) (LD%
- , g - g . .
TwinuF Torun3 (potentiometry) 4314 loooudidn 1nsa (ion selective electrod)
dyu = 9 i o a o a 4
wenAHFNIsNUM Idaua1sian (squar — wave) AlesisuFoanas
a et Y4
(differential pulse) iaz ladn Toaunumums (eyclic voltammetry) M3 1435 Msvesiaduowen
o P Yt Py g YA o @ a e o a2 9
1010 1A 18B s nszd i ldTadrfaveanisTinnedid uaziinnugndesvesnans
a &l dy A L ;’ ldg, VY < [l ac = Qy
nanssiiganstiiiosnnnsvoedyaia duldiududasisivesmsiva daudiansdis
v F4
Taaunuiun3 (stripping  voltammetry) 19235 a051UTe Inmudoowms Wuthu19luns
pp

a 'S Ao 1 a S Y dy
AnswisnhiledludTnaudndesndesnmsanlags
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1139932939 (detector) 1funToailof1dlumsTamsulasuulaslasede
wva 1 1 2 ~ A v 4o 9 1
auauiasdalaedaniisvosmsnauls wiesnsaviaiiwnldluszouen louuudieg
uaas13lugl)

1 - transparént windows
2- Teflon body

3- cel) housing

a b

5107 238 (@) TadlwadsUin z (b) Wadmadqilda U

H ' v
it 239 szvumsandaiduiadennzlossuvesszuy FIA € = msazay,

@ 1 g 9 a 3 A
S = e36eEne, REF = 92 81384, ISE = 4adenmmnz lessu
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Luminol Sumple
Siream Stream

Plexiginss
body w spiral

Photomultipiier
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1> waste

SIDE VIEW

' 9y '
5 240 msAadeiinseIaiefaguantamaFouasuesmsluszu FIA

Torgidal
Hirror

Crystal

Cross Section
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nirror

Sample

Crystal

End=on

i 241 pliumsduvewasluszuy FraRimsas v amnifFaidsvend A0

d' @ =2

C% [

Pealk height Peak area

Peak-ta-peak

u

g 242 dygadnymzen q uagmsiady

o 9 12 G o J A
NTDIVUNDAYN Y (recorder) ﬂm3umsuu‘nﬂwa‘nm"lﬁ‘lu;ﬂuuumm IAT0Y

y "
uiin YU 1Aun chart recorder, microprocessors V50 computer

Peak width

e ——
—

Dynamic sttenuation

'
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g 1¥lumsiadiuszuu FIA
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2.5.10 VoAUDY FIA
a '8 Y] 1 & | Y 1 P
1. gzaanlumsdinazvinnaisdieianile luasdlegranile
s)r.:' s 3 d'l r=1 1 LY
2. ¥ lumstndunsaaiie luuiniin

a d o 1 @ '
. §i sampling rate g9 InT1zHa15AI0E19 180104 300 FI0819 / T,

98]

4. MWiwnuddosninitAdfiaduialy

. IdasdedalSuaios (30 - 100 uL)

AN W

Y carry over ¢'i1

7. Wdeyasiadinelu 10 Jundl

8. Huszila Wsumsnifiszmeld nieldsumsitny1dlnedasads
9. I#¥oyafiusiutmazfinnugndosns (% RSD > 1 - 75 %) Sufuriauag
F55UTRVRITIT NSNS 1Y

10. a¥aunzeenuues]d laeldTaghlinaignuazmlade

[y YV

Ay aa
2.6 NHIANINEIIVUDY

Tu3) 1996 Trojanowicz uazanty [26] laaieluTemwumesdmivasrviaodsiy

Qs A v

o { S Sy @ wa
faghanguesim lurleamlafiandrsludunadenlaeldi5den fe erdfunuauifvesms
1 J . { (Y 7 aa 4 4 3 ]
nquesinm luWeamlafiawisaduduenaifvesionla cholinesterases F9'laas4
Fd
potentiometric biosensors 1l01¥ amperometric biosensors YuTag potentiometric biosensors 9%
o { a 3 1
af19lnonsuouley  cholinesterases ARINT1v09472 pH-sensing electrode * @Y
4 3 3 y @
amperometric biosensors 2z 141 lasal choline oxidase VINeA@BILVUHTMITANTIVTA
u v o a { @ o
Unufagisnguessa Turloamla 18 TasasmdFutomes choline MinBedrsmsiayTuim
Mmsifavod hydrogen peroxide
d o Y LY
T3l 1999 Mulchandani uagaae [27] 1das1sluTemwwesdmiuasiaiaeilsiy
& A ’ Jd a A . 2 4
dagirnguossmlurloanaenilnfie paraoxon UnY methyl parathionlasaTatou lal
ad a d . 4 o
organophosphate hydrolase asuudan InauuuRuNnfoy (screen printed electrode) WIT15DDT
4 ¢ a <3| . 2 a aan
mlureaidnazgnlelasladlnsioulodifaillu pnitrophenol  Feazifinll§aTe
. . Aa 9/ 3 a d a zg o 3 9
electrooxidation ~ NRINT199997 YSuanszuaiifadussul siuaIuA AN UYDS
. Y Yy 9 & v Y 8 -8
paraoxon LL81$ methyl parathion uazmmmmumqwmnm"lmﬂu 9x10 M Uuag 7x10 M
AUAIAY
o o, s [ 1 4
7443) 2001 Mulchandani uazaae [28] lawanniFasaetanlsudagienqueasn Ty

Woalnaoewiinfie paraoxon WaE methyl parathion lawiszgndidfumailn Inaduea
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Fuozu1ada uazasauen organophosphate hydrolase 09UU activated aminopropyl
controlled pore glass beads ﬁmﬁq“luﬂaﬁ'uﬁ m’m’iﬂﬂizuﬁﬁgﬁﬂﬁmmﬂﬁﬁ?m
electrooxidation U84 p-nitrophenol ﬁ‘ﬁsj’J carbon paste working electrode ‘ﬁﬁ'ﬂﬂ' 0.9V il EJ‘iJﬁ"U“ﬁg’J
81989 silverisilver chloride LAt stainless steel Hutaras wudldeefifuiduassvos
paraoxon A methyl parathion 1511120 uM and 140 pM anuduus1gaiiasaTaldifu 20
nM Lag 20 nM ATUAIAL

1113 2001 Mulchandani uagame [29] lARmuunalauemmwe Isunidimiuasiata
enlsufagenguessm Turloaiaa1uyilnfo paraoxon parathion 4ag methyl parathion
Taen3aoulal organophosphate hydrolase st fueuwadlusasduvesaswey

4 1 < )
o larsi 10 mg A9 100 mg UDIANTUDU Wodansueaves paraoxon 0.2 UM L8 methyl

¥
4 9 &

v [ o’;’ J. g ] {

parathion 1 uM Wy 1A deyaaige uazsdanadrsduiifionuados Taadlofiu 4 °c
a1 45 Judlddyaransuauss 100%

1ud 2002 Schoning iagANY [30] 1891015 e319 dual-transducer flow-injection

. v : . 4 : a
biosensor 1/52ABLAY potentiometric  IL01¥ amperometric  biosensor Taomalla thin-film
. o [ V) Y] 1 4 ar aana o
fabrication f1113Uas 19 TR TIUFAgHTNgURRsM Tunamvn laverdel§iTe lalas lade
o a  d 3
Taoiou Ty organophosphate hydrolase nendu prnitrophenol 97 potentiometric biosensor 9%
#319910 silicon-based pH-sensitive electrolyte-insulator-semiconductor (EIS) transducer 1
wameUaueInuaIssznaunguensn Iudemann@afiins1ey d2u amperometric
Y o 1 :,’
biosensor 1ANAADUAUDIAY paraoxon U parathion NIUU »
Ed
113] 2003 Wang tiagaay [31] T@waun amperometric biosensor NUABUNTIII [30]
2 L4 3 o ¥ a .
Taon1sasatou Jaal organophosphate  hydrolase Q4UUYINDIATAIUINAUA cystamine/
1§ 1 T Y] 1 o

glutaraldehyde coupling technique wmﬂﬁ’%gamsﬂfJ'uﬁu'eNﬂamismamﬂuﬂqmmmh

Womaludnyazuandreiy nagldanududusgainsiialdluszdudind um
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al o A 5%
ITAUHUNITIVY

A d T
3.1 1n3aaile gilnseluazmaniiilalumsnaaes

3.1.1 tnseaNenlFlumsnaaed

L.

10.

11.
12.
13.
14.

15.
16.

FIA manifold (311 3.1)
modsamadniiuil ; WATSON MARLOW Models 205CA
Ffhaniu-wiu ety GreazBenegluiaded 33.1)
Wall-jet flow through cell fadrei, (sunzBuaogluriaded 3.3.2)
10 PTFE i.d. 0.5 mm. ; SUPELCO 58701
Injection valve ; RHCODYNE Incorporated 7125 & 7126
‘]gﬂﬂ’J‘iJﬂﬂJﬁ'ﬂ &'l (potentiostat/galvanostat); AutoLab Models PGSTAT20
mé‘mﬂauﬁ'smaﬁmugﬂ&’sﬁﬁizuuﬂﬁﬁﬁmﬁuTﬂ”‘fXP wogaa 11lsunsy
General Purpose Electroanalytical System (GPES) Vresion 4.5.007
g1n3aldBN2e IME 663; Metrohm
m?mﬂauﬁamaﬁm‘ugﬁiﬁ:ﬁﬁizwﬂﬁﬁﬁmﬁuiﬂ’Zﬁ%ﬂﬁ 9@ 11/514n53 Corel
Draw Vresion 12 lia ‘1;@11]‘5 N34 Adobe Hlustrator Creative Suit 2
m’%"m«i?aam%‘aﬂ (Analysis balance) ; PRECISA Models 404 MSCS
Solvent filtration Apparatus ; SUPELCO Model 5-8061, 5-8062, 5-8079
Syringe 100 pL ; SHIMADZU Hamilton
NFEAIHNTDY cellulose acetate ; SUPELCO Sellulosic membranes

0.22 pm x 47 mm
pH meter ; SUNTEX Microprocessor 2000 A
Utrasonic bath ; ELMA Tramsonic 570/H

3.1.2 msainllunsnaaes

[l ¥ F
3.1.2.1 asniin 1l umsadreta Iufhansu-nsuriitas Walljet flow through cell

1. Silver Ink : Electrodag 479SS, Acheson USA
2. Carbon Ink : Electrodag PF-407C, Acheson USA
3. Silver/Silver chloride Ink : Electrodag 7019, Acheson USA
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10.

11.
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Insulator : Chaiyabon Brother

PVC Substrate

Aluminium frame screen 16 x 20 inch (‘ll’e)‘uclu)
Aan3u 140T

WREAN acrylic V1120 mm

silicone rubber 41 1 mm

amaainldlunmsnaass

A130LAVIRTTIUNITIBOAYOU 19391 0.1 mg / mL (in methanol) YBIUTEN
AccuStandard Usgimaaviigamsm

Multi Wall Carbonnanotube : Ma3MAANT aniginenans
unInededes v

lawsiianlesunlad (N,N-Dimethy! formamide ; DMF : 1798 luafa 73.09 g/mol
AN 0.949 glom’ ATUUSENT 99.8% ¥8UTHN Lab-Scan Analytical
Science)

#1502100UUWBDU (Nadion Solution : mmwmuﬂu 0.87 g/cm3 Wadiu 5%
azateluioaneesfiazii U311as 25 ml V9IUTEN Fluks)

n3ABLFAN (Aceric Acid ; CH,COOH : 170 TWIANA 60.05 g/mol ATMHUULY
1,05 glom’ AMLS NS 99.7% Y09UTHN Lab-Scan Analytical Science)
A3ALBIN (Boric Acid ; H,BO, : 470 1utana 61.83 g/mol ﬂ’J11!‘1J§q1’I§’99.7%
Y941549 Carlo Erba REagenti ; RPE)

nsa'lalasaansn (Hydrochloric Acid ; HCI : 478 101a0@ 36.46 g/mol AN
VUL 1.18 glem’ mmu’?qw%‘fw% ¥99135W Carlo Erba REagenti ; RPE)
nsaeareTn (Phosphoric Acid ; H,PO, : 870 luiana 36.46 g/mol AW
MUY 1.685 g/om’ mmu?qw%d 87% Y99U5EN Lab-Scan Analytical
Science)

n3aTuA3A (Nitric Acid ; H NO, : 498 111870 63.01 g/mol AU 1.42
g/cm3 ﬂ’J“Iim?fm§,69% ¥9491/55% BDH Laboratory Supplies)

TpiReuoedAN (Sodium acetate ; CH,COONa : 470 1uiann 136.98 g/mol
mmu?qm§ 99% U®4UTHN Carlo Erba REagenti ; RPE)

Tnunai@ounan’lsa (Potassium chloride ; KCI : 42a Tuiana 74.55 g/mol AI1Y

USENT >97% YBIUTHN Carlo Erba REagenti ; RPE)
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12. Tides'lensonlae (Sodium hydroxide ; NaOH :12a [uiafa 39.997 g/mol
m1uu’§qw§ >97 % V84138 Carlo Erba REagenti ; RPE)

13. Taow'lenson la@ (Sodium hydroxide ; NaOH :37a Tatana 39.997 g/mol
ﬂa1uu?qw§>97% YBILTEN Carlo Erba REagenti ; RPE)

14. TnueaFonlalalasnunoaa (Potassium dihydrogenphosphate ; KH,PO, :
17 luana 136.09 g/mol ﬂ’;1uu‘§qw§99 % UPUTEN Carlo Erba REagenti ;
RPE)

15. NSAUDIN (Borax Acid ; : 820 1uIANA 39.997 g/mol m1uu§qw§>97% %
9Y99U5HN Carlo Erba REagenti ; RPE)

16. Tnunendeuanye loer lumlosn (Potassium hexacyanoferrat (I1) ;
K,[Fe(CN),] : ¥3aluiana 329.26 g/mol mmu?q*w%d% % YBIVTHN
MERCK) '

v
17. Wtlseminlessy

3.2 MmsdadsailnsaimsIvy

E
v @

aw ;d \ ¢ 9 a s/ 19/ a a o 3 = < .
Gluﬂ'li’li]ﬂuu@ﬂﬂiml‘lﬂu“ﬂﬂ'ﬁlﬂﬁﬂQﬂ?ﬂﬂuﬁﬁ'm“ﬂuﬂ ﬂﬁuu%ﬁ%ﬂﬂﬂﬂﬂﬂimﬂ'ﬁ‘ﬂﬂﬁ'ﬂ\i

9

Twmuzay Tavezldmsnaasauuy Taduwaduesindae (F1A)
A‘l = Y] 1 9 d' = v 9 [l
fofamsazatedaoens paraoxon 1 lfigafiams msasmeszunaid hignisua
] o ¢ & 9 Y = a v oa a ¢ Ao 1
yesmsazaetvlives #alnadausnsndaasiinmlUfalingewnin nllvwne gUs1unuzdy

] ' [ é =2 o’l’ =S Qy
wazezInaluanumieidn o udarn i walljet flow through cell @il InfhanTu-nus

[ J a o 1 3| 4 o & [ { a
gautlsdrenrsuouut Iudinifadedudunionitaia Feezdanszua ldfriiiann
aaa 4 o 4 (Y s
1§}f361 electrochemical oxidation U89 paraoxon dioldnnd Indhah uasdedyanullds
A v Qo A o A a S a d? A & o d o
ndeaiufndayan etiufinnisn/foundasifaiulugdvesiin (peak) Fevziduilerigu

] v 1
funmmsazaeiinganiaudane Inaldfsienaasazas (waste) Aegalii 3.1
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TINE

plﬁ 3.1 ueAd FIA manifold
1. MFULVIIYITALAIWAIN
2. mossaataaniludl ; WATSON MARLOW Models 205CA
3. sz aanun 151159@ ; Rheodye model 7125
4. Wall-jet flow through cell
5. 2 Weharn s s
. PGSTAT20 : Metrohm, Switzerland
. AONTIADS

_uptines

O 00 =N

myuzdmsuldoad

3.3 I5MInNaaed

33.1 msadein dhaniu-niun

a 2 ‘i‘_’ o o 1 1 u’;‘
33.1.1 ponuuumwaniy Fuiunisdmuauing dumis wazguievesialwihlag
3 £
1'»1’5'Tﬂmﬂsu Corel Draw Vresion 12 uaz JUsunsy Adobe Illustrator Creative Suit 2 3018
a 9 a’o’l’ d o w g A
ﬁﬂiu%%ﬂi%ﬂﬂﬂﬂﬁﬁlmﬁﬂiﬂﬂﬁuﬂ 4 QD9 LiUQﬁ'lﬂ‘U%’lﬂLmU@iﬁNfIﬂ )

1) 218 Conducting track
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14 9

2) aneda I 1deru 42 1Wfh9e uag Contact pads
9

3) et Ifd1ede

4) aoaudu A (nsulator)

Yy 9 1
a a

P 3 d' 9) ao
uupaeansui 4 nuufilddnelumiiteaselinaaslunsan 3.1

™ i o d 1a '3 a g n’/'
3.3.1.2 Hunud gl s suaniu TaoRuiiaiRuide35n28a snduded

=) a & 1

ansuiRuwuifusindrnsuunsoyesgiiioy

(o]

3.3.1.3 }IMIARZUAIE Conducting track 439 Silver Ink v lfoufigamgil 60°C lu

(e 2 $2Tas e semed oz atefied 1y Sitver Ink

F4 k4
3.3.1.4 msansuaed a1 19w 4211 #1928 uag Contact pads 498 Carbon Ink

[]
I3

° a [~ o 4 v o a
ihlvevfieamgil 60°C Wlunm 2 $2lue iffeszmediinzareiieglu Carbon Ink

q

14 v
33.1.5 fmaansuaied 11813894y Silver/Silver chloride Ink 11 li/oufigaimgd

60°C Funa 2 §2Tus ieszmedihazatefioglu Sitver/Silver chloride Ink

¥
o _as ]

3.3.1.6 ¥Msaniuaty Insulator 420 Fiifu shldevdigungii 60°

o
¢ Wlunm2
u'./ d' s - t:; \ d:’ CY
"]5'311]\1 LWﬂﬁzlﬁﬂﬂ'ﬁ‘vnﬁgﬁ']ﬂﬂﬂg‘luﬁu'luu
& o A a 2 oedyvy a ¢ g A
3.3.1.7 l‘]fﬂ‘vnﬂ'r]llﬁzf]’lﬂsU'Jﬁﬂiu'W5uﬂﬂqﬂﬂﬁﬂlﬂﬂall@ﬂﬂ@ﬂﬂa LLﬁZlﬂ‘U“luﬂ

9
dsrnanuiu
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“Ag ink”

oy N
. J ﬁ A -

“C ink”

"
oA
e
“»

“Insulator ink”

d' : a 3 ) 4: u’z
sun 3.2 uaauwumnIuasumMIanIud Iihani u-wiuniis 4 uuy



62

332 mstaenuuuda Iihandu-wiuniel¥as1s Wall-jet flow through cell

’
A

9y v
1Y a '3
Aonuuut M ansu-nsumiie1dad1s  Walljet flow through cell 1ag
~ a ) & a arodan ol a ¢
aienifendygiuvesid Iihaniu-niunnldinnsinsier 10 20 uaz 30 mM

K,Fe(CN), Taoldinniinlyndn laaununms

WUATIIAZAIY 30 mM K Fe(CN), 11 0.1 M KCl FrmumsviuufiaTuTaswudly
v Y
a o a LY a 4 @ a
1281 300 3117 19w 40 uL asuuAmThd IfhanIu-wiud udnsraiadaumaiinlay
a a Ao ] =2 Y @ [3
aanTraunuuys fidadlnihluge - 1.0 v 89+ 1.0 V A2w8a31msdunu 100 mv/s 114U

o =R
5 59v Hunn lrauny Tuunsy

Yy 9
[ . )

3 i g a a" d @ =
idauddy Tandnunuuyesia ithaniu-nsuiudulSoufoudgauinld

333 m3adas Wall-jet flow through cell AR IWhansu-winiiludinsindn

v
' o

SrozAaanlauna 20 % 20 mm W1 254 mm (1 3.3 dau A) wunggien

&h viovheonlifiauiag L mm w%'auﬁ"’mw‘ﬁmﬁm%’uﬁuﬁngﬁﬂﬁum’fa 4 yp3WBZATAN
&@ silicone rubber 1 HU11A 20 x 20 mm WoOUMUNITFIVA 5 x 5 mm VTN
- A59NA19UB LAY silicone rubber Fuilerls g N0 Wall-jet flow through cell U2 Y0991

{ a o o { =]
fifS1as 25 PL uaw silicone rubber Fahmihndhalufudndae

20 mm

= — A
PP T B
io @ i Io o o]
20 mmi l .8
_I_ ° e/ 254 mm (] (]
20 mm — -

71 3.3 uarmsdaulsznoUYDI Wall-jet flow through cell
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o o d o d
33.4 mssaudsiahia thanu-wiurigratafseadmsvernlufiag

33.4.1 mydwdadieadmiveumnTuiiald
0w a < J a ] [ a =
WiadaeasmiuouuiTuiiag 0.0500 n¥u wnmlu 2 M nsaluainlFings
o ] ' o a g o
60 mL w1 20 2 Tued2eA13157 2000 s0uARUT figangies m1niuiin 1y sonicated 3
o . ¢ J
i wdaih'ldnsesdaeszuugaenmelasldnszaunseuves 42 uazdredednlimn

a

< o 4 & o o
evausuidlunansudnirleuiigavgd 60 °C wuilssuas 8 Falusanuds aintiusirlyl
=3 § J °
PuluTogaarudunswiilyidan

v a o o a o
33.4.2 AISWTeNEIsUvIUasvaslafleaamIveuul Tun
v a I'4 o a o
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0.1 M Woamlasiuwlas pH 12 0.1 M ezdmativives pH 6 Loz 0.1 M yoisativies pH 12
o o 9 =y =1 Y] d' 9
mud ey udaFeufoudyanuil
Yy v a v } 1 Y ]
ﬁ1°1?1mme?n’uiﬂmﬂ'ﬁﬂum"lvslﬂmﬂ?u-wwﬁﬁﬁmtﬂﬁﬁwﬂ'wé’wﬁaamaﬁ
o a 3 Qy { 1 @
anduauin Tufiadfluda Inthaniu-nsusii l 1adauls
1 ad
33.5.2 A1 pH yosasazawsianing lad
WEATITAZAIY 25 ppm WI31DONTBY I yoisatiles pH 12 Akumanuuie
Fa 9 1

Y, Tastou 300 Su1f $117u 40 pr asuud dhanSu-nsud #l 18 ausudnsantadae
maiialsadn aunuasnd Adndlifhluge-12vas+12v &108a51NTEALAY 10 mV/s
o o R A
$1uau 2 5o Tufin Trauny Tuupsuin la

o g‘ 3 19 a ad o o

Fisundulaonaou pH vevensazaedianInsladiu 2345678910
uag 11 iy udaFeuifieudyanaild

o :’ 3 1 4 3 ay el ] o 3 =%

mmmsmﬁuiﬂEJuJ?iEjum"lvlﬁmﬂ?u-mLm17'1"13J“1$1'ﬂ@uﬂnﬂum"lwﬂmﬂiu-

Q’I PRy a 9 9 v a o 3 a o
wsurisaudsianihd-edafteadmivenin luiag
= (Y] A 9 = @ a o o
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= 3 9J A a 3 - 1 slg = o’<; A .
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= ny a9 g 3 Adw Y A v aa o w
An3u-wSuy Radredusie 4 uuu fASadrunioaiadimes FLUKE Tuiaa 45 laoiaain
a 2 3 2 ) v o g ; v &
AmthAsnanetiauiepenatsvesd uduiauedda (Contact  pad) iWeifieuiuda vl

amadarsuou dueaslumsed 4.1

T ¥ v v v 9
maf 41 sanudimuliihuasRufiaavida ihvesda lufh aniu-wiud doudy

v
W na1adaisueu

SPCE, SPCE, SPCE, SPCE,
SPCE GCE

WE | RE | CE |WE | RE | CE | WE|RE | CE | WE | RE | CE

R(Ohm) | 8.78 | 4.20 | 5.09 | 4.63 | 4.92 | 8.16 | 5.00 | 3.84 | 4.10 | 5.65 } 498 | 3.71 | 4.5

A(mmz) 2362753531225 1.2 |11.5(3.75|3.14| 9 |2.54 2543041 7.1

4.1.2 wamstaenuuuya lihaniu-wsuniie1¥a319 Wall-jet flow through cell

a a 3 A Ay 4 g A @ 3
nsasIdevyseaniniwuesda Wi ansu-nTun i 4 uny Nasriuee
asnaeu Inverde lain Taaunuamivesmaazats K Fe(CN), nammidiudis 10 20 Lo 30
' 4 a ! fy E o
mM &9 lgaan Tauny Tuunsud Idnnda Indh andu-sdun 19 4 wuy Awaeslugll 4.3 4.4

45uaz 4.6 fnd Wthuazanalalumsliagzd K Fe(CN), warnslun1ed 4.2
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-60 T T T T T 1
-1.2 -08 -04 0 0.4 0.8 1.2

E vs Ag/AsCl (V)

510 4.3 lyndnTaaun Tuunsawsa (2) 0 mM (b) 10 mM (c) 20 mM (d) 30 mM
:,' = : d
Y09e1302a78 K,Fe(CN), 11 0.1 M KCl w0992 1wl ansu-wsui
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=
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I(nA)

-1.2 -0.8 -04 0 0.4 0.8 1.2

E vs Ag/AsCl (V)

i 4.5 NaaanTaaun Tuinsuausd (a) 0 mM (b) 10 mM (c) 20 mM (d) 30 mM
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ﬂ]'i'l\i‘ﬁ 4.2 LLﬁﬂQﬁﬂ511‘1/‘]1?‘1'ILLﬁSﬂ'J'IiJ‘l'JGluﬂ'li'JLﬂ5131"?‘11@\1‘1]'317\]1%1'] ﬁﬂ?‘”-Wiu‘V] 1N 4 1yl

Peak potential % RSD Sensitivity
V (+SD) of peak current® (na mm mM")
SPCE N3N
Oxidation Reduction

Oxidation Reduction AE Oxidation Reduction slope (Rz) slope (R?)

1 0.54 (£0.03) -0.56 (x0.02) 1.10 4.72 -3.85 0.35(0.991) -0.83 (0.998) A

2 0.60 (£0.03) 0.67 (£0.03) 1.27 593 -7.25 0.28 (0.994)  -0.69 (0.994) B

3 0.58 (x0.08)  -0.65 (£0.07) 1.23 12.45 -14.09 0.35(0.990)  -0.82 (0.999) D

4 0.55(x0.04) -0.58(x0.03) 1.13 At -3.84 0.32(0.992) -0.78 (0.998) B+
*n=3
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WSU9 uuuAAfigalaun SPCE, SPCE, SPCE, Liag SPCE, mudA
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o

4.1.2 HaM38319 Wall-jet flow through cell A ihanursuidugansate
Wall-jet flow through cell Faradunnuiuozaaanuaz 14 silicone rubber ﬁngu‘im
ATINANNVDUAY UUIA 5x5 mm Wzfideed1eiifiTuias 25 pL uag silicone rubber Gadmihdl
Slzfufumisazates188ndau JUiaasstoaziBeauee Walljet flow through cell fiadra

b4 H
Tuueraslugin 4.7
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' I | A
51011 4.7 Walljet flow through cell ¥ 19ULIALAWDZATAN

U a d

42. wanmssandsiamhi ihaniu-wlinidraiiafreadnsvermnluioyg

4.2.1 Nﬁﬂ]‘ingtl%lﬁ]it!ﬂ?unﬂﬂﬂlﬂﬂﬁﬁaiﬂﬁéﬂ1%‘1]01!1!1111‘?]’)1?

. v 4 a
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o w Aa 4 I3 a [ o
DMF m’%tmTﬂuumamaaamweuuﬂumﬂ 1 mg 3HaR U DMF 1 ml 11111 sonicated 111 30
' k4 ¥ v

it a1 uensuvvassddiduiioduaiy Weuanududuves MWNTs 112 mg
MWNTs/mL DMF 1182 4 mg MWNTs/mL DMF A 1dy wud iieannududuues MWNTs 110
2 " 4 2 ;
SuanuanInluMINIZeR1Ues MWNTs  YoasdauilunainonanImdIved DMF il
1NA Nafion §IM UM SRS BUAsLYINABBYBITaRI0aaA 1 UauU TuiAN 11 0.1% Nafion
a ' P VoA A Yy ¥ 4 Yy v & '
farawegluneansged wuinleminanududuvesiionuUuvuyes MWNTSs nnuee i

finarennuausnlumsnszaedves MWNTs dauaaslugili 4.8 -4.11
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(a) (b) (c)

51 4.8 uaAININTZBAIVOI MWNTSs 14 (a) 1 mg MWNTs/mL DMF (b) 2 mg MWNTs/mL

4 a & '
DMF 112 (c) 4 mg MWNTS/mL DME #1105 131 11a]

(a) (b) ()

517 4.9 1AAINIINTZIWAIVEI MWNTSs U (a) 1 mg MWNTS/mL (b) 2 mg MWNTs/mL

v 9
DMF 1% (c) 4 mg MWNTs/mL DME #a391nasns 13 30 11
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(a) (b) (c)

51/ 4.10 1EAINITNTZIWAIYDY MWNTs 11 (a) 1 mg MWNTs/mL 1% Nafion
(b) 2 mg MWNTs/mL 1% Nafion (182 (c) 4 mg MWNTs/mL 1% Nafion 71133131 111)

(a) (b) (c)

51l 4.11 uerAIMINIZWAIUDI MWNTs 14 (2) 1 mg MWNTs/mL 1% Nafion
(b) 2 mg MWNTs/mL 1% Nafion 118% (¢) 4 mg MWNTs/mL 1% Nafion
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A o ] v a "4 o a 4
Nafion 92 5ius9femId1n e sazateiafeaaa1s Uouu 1u#i21) 1u DMF 199910 1% Nafion
a o I~ o i ’ w a
wi o Taen1359919910 5% Nafion lutefiaueanoaassaiiunadildaisasarguiunosion
o o a .cv 3 1 M @ 1 =Y
nendmsueuw Tuiiagilu 1% Nafion nszn1edauua i luaduaye wazdedamalidSum

C) 4 3 A daa 3 9) o a
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WiT1vnBoOU

o ad 4
4.2.2.1 FiaupsasazawdanIng lagd
(lengAR1TaLaY 25 ppm WI31VBNTDU 1U 0.1 M pzdaatidivies pH 6 0.1 M
N2OH 0.1 M HCI 0.1 M Womwaiivives pH 12 1ag 0.1 M vosaWives pH 12 frkums
1 [~ a o o @ 3 =y Ay I'4 9 @
wuuda I Tasiou 300 31# $119u 40 pL mudrdy asuuda Idfhaniu-wsun udnsieia
rumaiinlaaan Tauny was Adnd i lugie— 1.2 v 89 + 1.2 vV dredasmsauny 10
° 1 a ¢ o ] Y A @ a
mV/s 819U 2 39U wuddisazateiividesyiladieg TiinIdntuesniseenaoun
g ihdusissdng Infhuanaedu loadn Trauny Tueasuvesn1s190nwou 25 ppm
Tumsazaretiidesaien uaasluglh 412 d13as010 25 ppm W1 10BNLYOU luezdian
Tiled pH 6 Wistwenveuse luifialgasonlassswn ldnn hidlsingfinanmsvirlaadn
Traumuns 471 0.1 M NaoH  AdndIn#l Sanduf — 0.4 v Tnsguasanduminy -25.25 pA
uas 0.1 M HCl Sl Sandus -0.7 v Jnszuasanduiviiny -12.12 pA MUSAU U
Y LY o o 1 o {
asazaeusisatiimes pH 12 uazaisazaevoamlatiivlod pH 12 wlidundednd Wi
el §ATesanduveamisieonseuaesdums A9 25 ppm W1319BAYBY 1UAITATAY
vesativies pH 12 Hfndlndh Sinduf -0.232 v uaz - 0875 v Anszuaidnduniny
o @ Y 4
-14.56 W8T — 6.34 pA MUFIAY 1A 25 ppm Wis100AwRY Tumsazamereamadiwives pH
12 g SEnFUT -04 V ez — 1.0 V nszua3andumiiiy -3.62 pA oz — 2.76 pA
o w [ 3 awo 3 LY o [ ad 4
audey guiuluausseisddmsazaeuesaiives pH 12 WumsazarwdianIny lag
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160.001
135.00
110.00+
i 85.001
= 60.00

35.00

10.00;

-15.004

-40.0 y ; y y x ; . r r
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ifiovi1 43 SPCE, / MWNTs /DMF wasaedaluasazasueisativlles pH 12

a a @ a 1 @
SramatiaawaisuiFeaiad Taunumms aunudnd i luge +1.0 v 89 -1.2 V (fsudu
¥

§181951 Ag/AgCl) Sasmaaunu 10 mv/s uazshas Taanszud IWf91ndaanal Noise 30
9 VoA 3 o Y ] v o da kY Ay v
19 uaImAndeuuuNINI Iy nmiuthaanuduveseanuduiusaduduaseii lden

N1INAN0Y 3.3.5.6 "lﬂﬁm’;mmséh%i'iﬁﬂiumsm'aﬁﬂ (msﬁmm‘lumawum v.2) WU

]
1 a o

adanadigaiiiald -0.1307 pa sazanudududigaiiald 0.906 ppm

4.2.5 Nﬁ‘nﬂﬁﬂ‘ijélﬂi'lﬂﬁﬂﬂﬁ‘ﬂﬂﬂﬂi&’!!ﬁﬁ?ﬂ]

A o 3 = ny el w .a 9 Y v a 4 4 a d
dieti Ifhaniu-nsuindamlsimmhidretadreadmivenur Tunaday

4 { o . S
anzfimunzauildnnamsnaassdieduuiadiauilu walljet flow through cell MuITIU

e 3.3.3

A o A

@ [ o 4 aaa =]
sas1ms lnavessnsazmedluiletoniislunmsnvquilgnvuniiviedygiun

o g

Y o

) >
Aatu 8851015 IavesnseuadamInzlnade NSNS ASLAILUBIA 1T AL ALY INTIZA10ATINT
Tavesnseradanidnd les i ldinanmsunsaszneluaadree1ann udd s ins lva

o

4
Safulagi I Funldes d18asims luavesnssuadamumuizauizilf idanu g
=3

lns‘ =t o a o :,l dy 3/ o
Llﬁzuluﬁullla@\‘ﬁL'Elmuﬂll']ﬂlﬂullll ﬂﬁuuiuﬂ’li‘ﬂﬂﬂﬂﬁu"lﬂﬁﬂy']E]ﬁ'i']ﬂ'lillﬁﬂ“ﬂ'ﬂ\‘lﬂiguﬁ

A1 0.5 1.0 1.5 482 2 mL/min

msafi 43 MnszuavestfAzenidnduvesmisieenyeu e lddanims lnavesnssua

§am1 0.1 M veisaiivinles pH 12 uana1eiu

ANTEUEUo9 RN eITANTUYDINITIBDNHOU(HA)
[W13100AHOU] 8313 na 83113 Inia sasmslva | danmslva
(ppm) 0.50 mL / min 1.00 mL / min 1.50 mL / min 2.00 mL / min
1 0.64 0.2 0.2 -
5 0.74 0.6 0.8 0.1
10 0.9 1.1 1.25 0.26
25 1.29 2.22 2.66 0.8
50 1.9 4.16 5.17 1.6
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$ Y = s [
ﬂ'l‘iNﬁ 4.4 aNHUSVYDINITUATIEUTITASIYUIATIIUNITIDDNY DU Iﬂﬂi‘ff}@ﬂi'lﬂ'lillﬂﬁ

YBINTLUTRAINIAG 9 AU

gn31ms lna ., A20819 /
(mL / min) Sec. SRR
0.50 82 44
1.00 60 60
1.50 30 120
2.00 17.5 206
6 - ‘
* flow rate 0.50 mL/min y =0.0992x +0.2101
5 B flow rate 1.00 mL/min R2=0.9985
A flow rate 1.50 mL/min
4 X flow rate 2.00 mL/min
—_ = (0.0796x + 0.2066
3 )
: 3 R =0.9982
y =0.0257x +0.6257
27 R’ =0.9988
1 y=0.0332x - 0.0513
R’ =0.9991
0 X% 1

0 20 40
Conc. of Paraoxon (ppm)

5171 4.27 nsludasminssusveslfiseiianduvesmisioentou e lddns

M3 IMaveInILUaAINIA1L 9 il



92

0.12

0.08

0.06

Slope

0.04

0.02

0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9
Flow rate (mL/min)

{ v o o ' @ @ @ Y
1 428 anuduiusszninnudu fu §asimslvavesnszuadam (uL / min)

zs' 2 1 A w ) A
9ng1f 4.27 waz jUN 4.28 WUINEA5IN1S 1A 0.5 uae 1.0 mL/min (NDRATT
o (] =y Qs o3 {
F10819W13 198NN 25 ppm UTUAT 50 pL ﬁw"lﬁ'z’faﬁymmmﬂizumﬂuunuﬁﬁmmﬂ"s’n
Yeafinun hpaanisarsns lnavesmisazatedr mldasdredrufanisuniniely
ar 4 a o o 1 @ 1 @ a aan t
ATTUAAINIZS uaziemtusasimsinadiu 2 mL / min wuensaaedisduiadfase1d
g2 o Y Y [ 3 R A 9 o o (%
auysaitai I Winvesnszuaun sariududenldonsins 1MaveenISLa@INUNINY 1.50

&4 . @ ' o P
mL / min Fal¥mauduvosnIgegafnyanizee lt) dauraslugii 4.29
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0 0
0.5 (@) -0.3 1 (©)
1 A o4
15 - -15

1/pA
.
wn [ 38
1 |
v
1/pA
1 ]

3 4 5
3.5 3.5 -
-4 - 4 -
45 - 45
'5 T T T T T T T T T '5 T T T T T T T T T
0 50 100 iSO 200 250 300 350 400 450 0 50 100 150 200 250 300 330 400 430
0 i
054 (o) 05 4 (d)
-1 — _1 7
15 15 A

3,54 s
—
3 Ay
35 7 3.5 o
.4 -~ 4 g
4.5 - 4.5 -]
-5 T T T T T T T T T -5 T T T T T T T T T
0 S0 100 150 200 250 300 350 400 430 0 50 100 150 200 250 300 350 400 430

511 4.20 dnvazdygraueune lsunsuNMsAANITIeaAEU 25 ppm 1/311A5 50 UL
Tunszuadam 0.1 Muasasvies pH 12 Hda31a15 Ina (2) 0.5 (0) 1.0 (¢) 1.5

118% (d) 2 mL / min

4.2.5 wamsanydSanasvesmsazaaaesnyey nlylunInaned

a o 1 Ad d A as 2 da 1 [ Y v
Ysuasvesasdrsiandadudniledonianiinadevuiadyga wsizonldy

PSinasimunzavzildifanisuninsznsanns inf lddsunuuazlivinadyaaluns
a 4 v a a ° Q" 4 2

Sinsziga uad lduTinamnndullesh g dudfessienud lunsnanoeillddnu
Ysuasvesasiaetianieenwoud 19Rae o fufe 10 20 wag 50 uL uazezldonsIng

19av09nsEua@In 1.0 mL/ min 71 14910N15NAa099199U wuduileRaa1sAied1e W15198n
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w9y 25 ppm UTN1AT 10 wag 20 pL vz lddsngRinvesdyana uaasiasdiedalilsus
Houdu ldvufansunsi i ldaunsensntadyanald ualleRaaisdaedie wisesn
w9u 25 ppm 15105 50 pL wewUFRAINUVBINTZUAMIAAIINUHATTANTUVBINITIODN

£ 1
you Aey YSuammsaaasdedefitnuzanie 50 pL

425 namsanuTanuFiuEthuduns e s Indh (Linear range)
1InMIATI9SamIseenTeuiinududu 1 5 10 20 50 100 uag 200 ppm Ti
msazaeuesaives pH 12 &oth SPCE, /MWNT/DMF lag1¥sz11 Tnaidueadues
WA Tﬂﬂ“l%'é'mﬂmi"lﬂmlmﬂszuﬁﬁqu(ﬁjiazmaummﬁﬂt‘mla%"pH 12) 1.5 mL/min
T nsMsAAT15A29819 50 pL

@ o ] Y 9

ihmnseua Iihida ldund@eunsmanuduiusssnnsnnudududie yeamnn
@ v 3 [y o3| o {
ganaeutunszua i udadendrsanududuilddyaaduduase lanauaasdegun

430 4.31 1Az 4.32 AUAINY

i

L/pA
W
h

1

-5 T T 1 T T T T T ¥ T T T T T T T T T T T 1

0 S0 100 150 200 250 300 350 400 450 500 550 600 650 700 750 860 830 900 950 1000 1050

Time / sec.

51U 4.30 oW lorounsuveawrseenaeuinNududu (a) 1 (b) 5 (c) 10 (d) 20
. ¥
(e) 50 (£) 100 1Az (g) 200 ppm Iuasasaueisatimes pH 12 A2847
SPCE,/MWNTs/DMF
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12

10 ~

1/pA

0 T T T T T T T T T 1

0 20 40 60 80 100 120 140 160 180 200

Conc. of paraoxon /ppm

§ v w 1 o
31 431 namluamsnsanuduiusseniuanududuresnsieenyou Aunszud Wi

&t
spsmseonveulumsazmsuaisaiies pH 12 #2e43 SPCE /MWNTs/DMF

y =0.0981x +0.1334

R’ =0.999

I/pA
W
|

0 T T T T T )

0 10 20 30 40 50 60

Conc. of paraoxon / ppm

{ @ w d [} w
i‘llﬁ 4.32 ﬂ‘i'W‘lLLﬂ'ﬂQﬂi'W‘lﬂ'J'IiJﬁﬂJWU‘ﬁﬁa‘iW’JNﬂ’JWNL%)N%}UﬂUﬂi&’LLﬁulV\M'ISU?N

U

14
wiseenveulumsazmevasatiimes pH 12 #2g47 SPCE /MWNTs/DMF
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=] a I'd 9 3 = qy 4 o’/’
1ANITAAYINITATIIUATIZHWIS108nwoUA2092 TS u-nTusd 43
SPCE,/MWNTsDMF TngldinaiialandinToaunuwns lussazameususndiiies pH 12
14 Fa i v
wuna Ifhiamuafad §aseandusesmnaeensouidng lufh -0.232 v uaz -0.875 v
12 4 ' a d
agfi SPCE/MWNTs/DMF 1#nszualfiige esnnasveun Tufafianuawnse
: v 3 ¥ b
Tunsih I laduazfaamnsamununavidida In#i11¥ife Electron transfer reaction
Sldda’ . a = ' 9 =Y a
18831 vinmisdnyranziimnzanlumsasnlinngiwisieenyeudlemain loadn
' J o 4 & adg 2l
Traunumsnuhasazaesveusngtvives pH 12 HuasdidnIns ladnmazay 910
a . { o v a d o a o Y
msAnyriavesmsazaeilihmaniussuiofedmsveun Iufindseniuasazay
a J J ' =3 o 4
lawwalesin luduazmsagatouuileounuimsazavlammiia  vesunlud 1dfinnse
4 o a 4 4 s d a
ua'Iihqauazdieldmsuvarunsedadsednsueuun Tuiatlidudu 1 mgmL 151mas 4 po
o 9 3 9 o P Y= o~ W [Y) ; a ana o
neaasuur v ldau sl Idinnszuaddnduge Sasmsaunulumsiiayl e
1 9
(MINAUYDINIT1BBNYRY AB 10 mV/s Liag maailfnsetsanduiiAmrin Iifvesns
o o o < a aaa 3 P
panwoulumsazatw 0.1 M veusngiiwmes pH 12 Hlunszurumsifadfiseranadui
fndluiheeiu fle idndlnth 0232 v mineenaeuniAnl fATeiidnduvomy lulas
o v £ g i { o aa 3
Taweyiusveeiiu Fuluuuy Diffusion control Afind Wil -0.875 v UgReutuuuy
v = aan a 3 . g
Surface  control  eyWuFvsueNwAalfATe1TeTas laFa A1y p-amiophenol 91
=] P o <1 {
SPCE,/MWNTs/DMF luszvununddigrnnududun i dyanadudunseinnududu
0 - 100 ppm (R” = 0.993) Amdyanadrigandald -0.1307 pA tazanudududigaiia’ld
3 I 1 aa {
0.906 ppm 49 SPCE/MWNTs/DMF lusgu IWatoueaduszuiadga 7ld 0.1 M veise
LY o <] o a @ 1 I
e pH 12 $a51m5 Tva 1.5 mL/min Wunszuadm USuasdaasdiedie 50 uL e

anuduiuiniduduasslumsnstefamsesnaeusglugas 1 fa 50 ppm (R = 0.991)
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o a » 9 g =3 Qg] I'd Y] ') ] 3 3 [ kY
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Nl ﬂ'lim%ﬂuﬁ'liﬁztﬂﬂﬂlﬂ5§1‘H‘W"Ii'l't"]?]ﬂqm‘u
10 MV, =M,V, (n1)

4 A Y 9 2 v

die M, Ain AnudNTUYBIMTAZAIgNITIBENYIUSTUAY (ppm)
a 9 9 dy

v, fn anududureImsasnewIeenyeunaeIns (ppm)

M, Ao Uswmsvesmsazarenilaw (mL)

A =N A 9
Vv, 79 ‘1.]53“91'5ﬁ'ﬁﬁ&’a’lﬂW'ﬁTf]'f]ﬂ“lfﬂu'ﬂﬁﬂ\'iﬂ']_ﬁ (mL)

wld 1000 ppm x V, =25 ppm x 5 mL
V,=0.5mL
b4
Julaesazagnisnoonyou 0.125 Tanans asluwiaiatSuasvuia 5 dagans 91l

MmsdsulSuasaieesazaies lmsazaewiseensaududy 25 ppm 151103 5 Hadans

d d aa
a2 maeSexamsazaelafenloasen luaudy 1 Tums YSinas 1000 Nadans anveauds

g MV

SN (f2)
Mw 1000

1 N3]

b4 ]
=) o s =

dfle g fe minvesasiAensn (g)

)

Mw Ao Tualuwafgavedans (g/mol)
M fe anududuvesansfidesns (mol/L)

A% fo ﬂ?%J']ﬂi‘Uﬂx‘lﬁ'liﬁ%ﬁ']ﬂﬁéfﬂ\‘lﬂﬁ (mL)

g 1x100

40~ 1000
g=4
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fiaasas USudsunasaaninlseenlessuse ldarsazaefidanududy 1 Tuars Ysuas 100
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D)

4

S . a g a oe ¥ ¥ o
%']ﬂuuu'lllnﬂiﬂlllﬂuﬁ'ﬁﬁga'lfJI“]ﬂﬂUiJIlaﬂﬁﬂﬂ"lcﬁﬂﬂﬂ'ﬂul‘ﬂllslluﬂ']ﬂ 9 1'51]’]9']5 100

Jaaans Tavldaunis 1) azlddensedi nt

a a o ol Y g =
119190 nl llﬁﬂQﬂ'ﬁlﬂ5ﬂuﬁ'ﬁagﬁ'mi“]ﬂﬂﬂllllaﬂiﬂﬂnlcﬁﬂﬂﬂq'lulmu““u@'m 9 ‘].]51”(‘]5

100 Haddns 910 stock solution

stock solution NaOH USinasiidgestiule UFunshdesms
(M) (@adans) (adang)
0.01 1 100
0.1 10 100
0.2 20 100

E
Sidaladenlaasonlad asviaiatsuiasvura 100 Tadans USudSuiasdaeth

drenlesouszldmsazmentanudvduaiudasnis

03 MaMSeNaTazaenIAUeINENTY 0.5 Tnans USuas 100 Nadans 91nveands

v ¥
¥INTAUDIN 3.09 ﬂﬁll-ﬂ%ﬁ'lﬂclu‘lj'l‘l_li'lﬁ‘i]”lﬂll@'ﬂﬂu wasundadsuiasvuia 100

a aan ) a :’ 4 Jd |a
Sasaas USuSuasdreiiilsannlossuas laarsazarendanududy 0.5 Tuars USunas

100 Haaans

¢ d A
a4 mamseumsazamalduamdeunaslsadadiu 0.1 Tuars YSunas 100 dagans 91nvo4 stock

solution

ShlaTduneadounan'lss 10 Sadans aswaadadSunsvuia 100 Tadans Ysudiuas

oy 1 S [a a aa
Srevialsennn lesaues ldmsazmeiifianududu 0.1 Tums Usues 100 Tadans
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solution
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g’ { Jd (a s an
hlsreenleoeuss ldasazaefianududu 0.1 Tuars USuias 100 Tadans
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MIMUIUVASINANITATIAN

o d Q. o 3 o o d {
MINATaLLaTMIA N IMRRMITAS N aMInT9r U Iimanaaeusnmstleusndn
bl
mzanlungazass TngdinInaaautazduInNa18I5U04 International Union of Pure and

Applied Chemistry (IUPAC)
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= a 9 g9 Py ] 1 9 o o o
1. wssnasnespuianududuiudueuse o wdah lilihnmsnases dwamsnaaes
v v 9
AlsnadrensszrdanududusulSanszuandald sz ldnsmliduase vl

TR IUIUMIA NN U D AT U NN

a= (Y——#b)/}_(
L 2x-X)v-Y)
S(x-XJ

IE
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18 a A9 ANUFUVBATUNIN

p

b AB YAAALNUATEUN
2. @eannsamaanuduvesaduns W lduds hasasaehdsrninasdszneume
° o g o T 9/ 0’/’ 9 & o o ' o
sonaaull linsnaass lluswinedieres 20 A5Y) unIiwNAIUMIALRDY

AN UNINTTIY

Aunde Blank(Y_B)= =

Dy

Standard Deviation of Blank (SDy) =
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¥ v
3. mifildmuatihindusmmdyanadgeaiiamnseiald uazmdadiianisasiom

GRIGIRGN

9

drqaiitald (Y,)=Y, +3(Ss)

(3 #1 k = Confidence Level of 99.86% 118 Y, > Y5 +3(S;)

Detection Limit(CL) - b%YB)

U2 ﬂ]iﬁ]ﬂ?m%ﬂi‘i]ﬁlﬂﬂ'liﬂi'mﬂ'l !ﬁﬂﬁ'lﬂ1i%ﬂﬂ1iﬂi$ﬂ9ﬂw1i1ﬂﬂﬂ°ﬂﬂu

b4
1. VINHANINABBIILNTINDIANUFULDTAARALUNUAS

maeil v1 nszusveliseidnduvesnseongeudmsumsdmaamiaiialums

A5 IaNIsIeeNTBUAMNANA TaaunUmNS

Yy 9
ANUANUY (ppm)

ATTUAIANTU (LA)

E, (-0.158 V) E, (-0.823 V)

1 -0.40323 -0.48387

5 -0.48387 -0.72581

10 -0.56452 -0.88710

20 -0.72581 -1.20968

50 -1.45161 -2.25806

100 -2.46774 -4.67742
ALY (slope) -0.0211 -0.0414
9AANLNY (intercept) -0.3641 -0.4246
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M990 9.2 (9d)

UM (ﬂ%ﬂ) NILUH (nA)
26 -0.1713
27 - -0.1742
28 -0.1771
29 -0.1802
30 -0.1685
SUM -5.0473
AVERAGE -0.1682
SD 0.0125

3. wimdgaasgenia lduazmiadinansasron
adygadigeniald = -0.1682 + (3 x 0.0125)
= -0.1307 pA
Y Y9 do yy
anudududganiala ¥ (3% 0.0125)/0.0414

0.906 ppm





