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Electrochemical Micro Sensor Fabrication for on-site Lead Determination

in Honey from Mae-Rim District, Chiang Mai
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Abstract

;\ lead chemical micro sensor for honey was fabricated by immobilizing a group of
inorganic compounds and organic compounds on electrode surface for enhance selectivity, These
substances were bismuth and dimethylglyoxime which absorb lead ion electrode easily. Three
types of bare Screen Printing Carbon Electrodes (SPCE); crescent, square and circle were
designed and tested by cyclic voltammoetry with potassium hexacyanoferrate (III). All bare
SPCES signal were observed the same concentration, where the cathodic peak height of the CV
signal was proportional to the concentration of potassium hexacyanoferrate. The squae design
SPCE gave the highest signal and was them selected. The selected SPCE was then modified with
carbon nanotube/bismuth-dimethylglyoxime, The square wave anodic stripping voltammetry was
selected to measure the lead concentration with a modified SPCE. It was found that the figure of
merit of this sensor shown wide linear range of 0.5 ppm to 100 ppm with the sensitivity of 0.3468
pA ppm'l, and the detection limit of 0.458 ppm (2.21 pM). The modified SPCE sensor was used
to measure the concentration of lead in honey samples collected from market Chiang Mai and in
field. The sensor performance was validated with the atornic absorption spectroscopy by using the
T-test and F-test for accuracy and precision, respectively. The resu-lFs showed no different

between two methods at the confidence interval of 95%.

Key words: Carbon nanotube, Square wave anodic stripping voltammetry, Lead chemical micro sensor,

Bismuth-dimethylglyoxime
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Applied potential
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mﬂﬁﬂaum{mﬂammumﬂ? (Square Wave Voltammetry)
?fuﬂ'l‘; 174 (Boutron et al., 1990; Wensing et al., 1994; Song et al., 2007) ti'lu'ﬂizmn
& Qs -} ar n’j ar Y 4 a -
nisludssianiad Thamuam3 Taolifndlugtlvesduivlauuiaduvugso Mfsniwi 5
o d’dv - | o =y
matiniildedfe Tnuinnnuaziinoligs
- - o o &1 ] : o il
1001 5 (A) Asrdroiuvesauniiad launuwni anvoiiveduaaziuiv la
[ A o - | o a0 o ao F-3 w’
HATITHLIIAVBINDT (time) FIUAUHNDUAULAZEUMYsSHIN 5 UadIWIN YUADUYDS
o . n’:‘ o F- | 1 o & oA S |a o 1 & a o
dndiihnidluiuiula a2, sefidiidy 10 TadThad uazitSuavesiadn 5o iadlad
@ N 3 2 Y - o oal oo 2 o/ 4
msnmaaesnuldanizdssaoandoanunUHVRINATN 200 1IN FINI15ATIVIAIZADA

a1 0.05 Fuf dpvazves auny Tuunsusilugs

1
)

- & a ar [ 4 . ar e} 3 ' d
AA 6 FunavinnisTanszuaniga 1 TAdunsi, uazmsianssuaiya i, 14
idunsan | ndsvinvWnay i wae i, uda9z 14
o P ¢ ) [Y]
TaaunuTuunsuaaudunsi ai anugavesfinaunion Taunu Tuunsuezuilsiulavassiy
Fadmvowrnududuuazdng I wesinez reandosdudng 1 weos leadnTraunu-Tu
o 9w o g ar o o = [ = -7
unsuiasinavesnisaiiadimsumainaualfon laaunmumasanseasanialdos 10
89 10° Tymy
I'd = o 4 =y =Y d‘d
auarid TnaunuwasidwnisailoluFimdsdRianuansolunisulsua'ld
[] o P ° 9 - § w1 o 9 = r'd a o
sdnImTasHana I igmileutuhimaiintzgniduinlumslinssiaisdunid

Y o = ] Y
uazasetunid vazldumsuonuzmaiaaunifion Taumuwas avrsoldlunis

A5 IAT I UmALIA HPLC



4

z
Q!
ol
o
r——'__s' -
; &
1 . -
Time
(n)
i
_ I
g F‘:‘.N
< f
B!
2 |
; |
b —
B ARG Y L e PP
Tme
(@)
RE
1
4
= {
£ —‘E:\'_’Esw
2 H
© -4 __ 2
P p— S I P
) T.me )
(n)

] ] »
mnf s nafaauaiod Taumuwa’ ninmsnszdudygulassunndygymduivle

= J o -3 or d. -
M walunuwaduuusa ™ @) YT 8nadwiiduauaiiod (@) nszuanld Aise
wfunszuanfng i 1 - nssuanidng i 2



16

Gurrent, it A

=~1 1 5 R > . |
102 - 280 400 00 -&Ch
s{E B, omV

S; 4 o ¢ w W ar 3 u’r ar
a6 aunasiod Tauny Tuunsuradnsndsninms Mdggranszquuuuiuivle

exnouiinueuvesvuaninInsalnil (Atommic Absorption Spectroscopy, AAS)
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spectroscopy (GF-AAS) (Wang et al., 2001), inductively coupled plasma mass spectroscopy
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2. Insulator ink = - USA
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5. Cadmium nitrate 99.0% Ajax Chemical Australia
6. Calcium nitrate 99.0% Ajax Chemical Australia
7. Carbon ink - = USA
8. Carbon nanotube >908.9% Nanolab USA
9. Chitosan - Aldrich China
10.  Copper(1l) nitrate 99.0% Ajax Chemical Australia
11.  Dimethylglyoxime 95.5% | Fluka Switzerland
12.  Ethanol 99.9% BDH England
13.  Iron(lll) nitrate 101.0% Ajax Chemical Australia
14.  Lead(1l) nitrate 99.5% Qrce New zealand
15. Magnesium sulphate 98-102% Ajax Chemical Australia
16.  Nitric acid 100% Rcil Labscan Thailand
17. Potassium chloride 99.5% Merck Germany
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18.  Potassium 99.0% Ajax Chemical Australia
hexacyanoferrate(IIl)
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: at =y ‘.’ O’ J L]
MmN 5 AN iadiname i lnhrameludenljiams

. p I AAS**/ppm This work/ppm
d1Au funveai
Calibration graph Calibration graph

1 qewhduia ND* ND

2 vhiufwndust ND ND

3 wwed inifians ND ND

4 qmﬂﬁm‘fq ND ND

5 yhfuRuesiYa ND ND

6 ﬂduri'u.‘aruai{a v.AugyTan ND ND

7 azriunwwa 8.03 + 0.06 7.12+0.09

*ND = Not Detectable

** AAS = Atomic absorption spectroscopy
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wan1inaasanldonnies AAS v uSsuifivurmianusiulaelsd T-test wuA1 t 9

Taninnsnaasaniifiy 1.28 imsulSeudfisuiuaisis « szduanunFedu 95% @113 n.1)
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o =1 o 1
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A7 IRINNIINADDINIABIE uanaiuetiiisddgissAuanuFetu 95 %uazns
nagounNUNBI 1Al Fest wuhd i F #ldnnmsnaasanify 2.26 insifssuiniey
fUAIT8 F AszAuanugeiiu 95% (1519 1.2) V, = 2, v, = 2 A1 F 1inaisnefinuviifiv 19.0
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= L 3 c‘r 9 1 =
PONTUNWIINRATY (Adsorption) ) CRNTLARE
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o1 Stripping Tavarnagi lWainmsviaaesagyl TaRamsad 6

nmauauaqﬁmwui11f11ﬂﬂ1ﬁ1ﬁnszuﬁq§ﬁqﬂﬁﬂ SPCE/CNT/Bi-DMG #iatu
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g ql: - 4
M319A 6 an1zvean IR RuNanT U

[ 1ApH Modified Preconcentration  Stripping

1. VhnamrfuewinTuiadildlunmsas 10 ng - -
2. e 19lunsas Bi-DMG 260's - -
3. #ndf 19 lun13n%a Bi-DMG 080V - -
2. fing 1 Tudunmududuvoanzia s 0.95V -
5. pailluduanududuveansi - 1205 -

o a4 &
6. ﬂ‘lﬁnﬁmwuﬂan'l‘mqﬂﬂmmn’m‘l - - gmV

7. Afindupundganensngavoensia . - 25 mV

8. ANUIVNAUTUAIINABNITHAAYDIAT D - - 25 Hz

W92 A Wi anIuudnemssunm Tasarsimimaaeu ldun cdNo,),,

Ca(NO,),, Zn(NO,),, Cu(NO, ),, MgS0,, Fe(NO,), itaz KCl nah Iaae lufiais lasunuiiaa

=

a o i ar o’a‘ o 4
Wudu 50 ARy uazsednyinnumsalunisasniave st i duwansuluasazao
o o [V A4 d o : ¥ a vt 4 a v
azmAnIdudu 50 AREL $11v 5 9 udaduamdidresnasguiiaunify

1.42 (iof 14U % RSD LAY 9.32 %

) »
=] a_ar

o o A = {1 o
diovhd fhAudaniufidiiu  SPCEONT/BI-DMG firl5ui 3118 Tasae 9ann
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: aodq ¥ ] = Qo Y v : J Y " A a o '

119577 1aove 2 T linanaaoutwiduriufe vindlet191hH 7 Adegaditios 1 A70019

a ¥ - o A A o [ ¥ - n’: aa
NasNumIIaLna fe axTudiswe et lilfewanuuandraveatoyans 2 3340ms
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o o &
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MAHHIN D

MIATHIN

.1 MitaisuezFaminles 0.1 M pH 5.5
f.1.1 19383 0.1 M NaAc 131103 250 ml (113 A)
n = CV/1000
n=0.1 x 250/1000
n=0.025 lua
910 n = g/MW (170 luanaves CH,COONa = 82.08 g/mol)
0.0025 = g/82.08
g =2.052¢g

S ¥
(H512R21{UFI CH,COONa « 3H,0 11 2.052 g azatodauidaad uiiod WlAuTues 250 m1

n.1.2 193871 0.1 M CH,COOH Y3115 100 ml (813 b)

(ura lianavse CH,COOH = 60.05 g/mol, density 1.05, % = 99.7)

C = (10%dYMW

C = (10) (99.7) (1.05) / (60.05)

C=1743 lua
1IN C,V, = C,V, (Anwdiuduc, =17.43 Tua)

C,\V,=C,V,

(17.43 M) (V,) = (0.1 M) (100 ml)

V, = (0.1 M) (100 m1)/ (17.43 M)

V,=0.6ml
msrzsiudida CH,COOH ¥1 0.6 ml USulSinasaredaniuied 1w 1dd51as 100 mi

Ed
PVAUUEINIT A (N1 Y1200 TadansHaunuels B (n.1.2) 11 32 dadans 9214

ardamiiides udu 0.1 M pH 5.5
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0.2 PIINATOULVY T-test 1az F-test Inatiimsinsziiaesdtaoa13dree uaa i
= o :’ J o oy o I's M an
lumsmTnavesazdl luiibs Fimsnanediudtnisimsisiaeuuune 351
- & b 4 N ¥ oo 4 a i aa s
WSmmazirlniidede Aas uazluTasauaosi lAWannturansinszivsaedifae
QF 1) - oF [-] T d' -] - o r d' o A &
msmetiudvaiu Tagdnnamar et ldifsusuaisea ¢ Aszduanudodyu 95%
a ] A o 24 or 1 s a A o
@519 n.D wazAaua F oo hifisuduaisisan e Assduanudotiu 95%

A =4 g =] ﬂvﬂ 1 far L=} L}
(M54 n.2) MOISUUNYUHANITNAADINGID 2 uummmqnuma'lu

M99 0.1 A1t NITAUANUITNIY 95%

Degree of freedom Factor for confidence interval, 95%
| 12.7
2 4.30
3 3.18
4 2.78
S 2.57
6 245
7 2.36
8 2.31
9 2.26
10 - 223
11 2.20
12 2.18
13 2.16
14 2.14

Q0 1.96




A13149 0.2 A1 F NIAUANTOIU 95%
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2 3 4 5 6 7 8 9 10
2 19.0 19.2 19.2 193 19.3 194 19.4 194 19.4
3 9.55 9.28 9.12 9.01 3.94 8.89 8.85 8.81 8.79
4 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96
5 5.79 5.41 5.19 5.05 4.95 4.38 4.82 4.77 4.74
6 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10 4,06
7 4.74 4.36 4.12 3.97 3.87 3.79 3.73 3.68 3.64
8 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
9 4,26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14
10 4.10 3.71 348 3133 3.22 3.14 3.07 3.02 298

M1519 1.3 anmsiae S inaesiilusiied jomnaiin AAS uas SPCE

AAS/ppm This work/ppm
8.13 7.86
8.03 7.92
8.01 7.73

» . ] 1 1
a o o ] @ ] o o I maa o’
HaMs IR IHNIT LU inuanmsiustaiiiodAgmie i Addanmneiii 95%

Tasdmissrurnldrnadinis na
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X), X)X, X)X (X)), X)X, ) X))
8.13 0.07 0.0049 7.86 0.02 0.0004
8.03 -0.03 0.0009 7.92 0.08 0.0064
8.01 -0.05 0.0025 7.73 -0.11 0.0121
SUM 24.17 -0.01 0.0083 23.51 -0.01 0.0189
X, 8.06 7.84
2 0.0083

8 = —3—— = 00042

5= 20189 _ 0095
3

910 F-test 11184910 82 > 57

VATV N2V, =2, V,=2M F ninasnlinuminy 19.0

1 F 91nNsfuamiianissniais

g o T X+l X2l
g ' N,+N,-k

5 \/0.0083+0’.0189
P 3+3-2

Sp = 0.0083

rre 0.0189-0.0083 ,3,(3
; 0.0083 3+3

=1.28
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ﬂ = Agink
= Ag/AQClink

= Carbonink
10N = insulatorink

Counter electrode

-JIII

= Working elecirode

= Reference electrode

O = Conlactpads

st v. 1 Tnseadrsvonmuareimani T

& =] 5 a o 4
1. Ml (Working electrode: WE) sziivuaued Idfnfivinadniie v

» 1
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anvue M aowdadu moma®n nazuodn nssaeue  nssuain
F2iéh W KFecN), ueludn  unlndn Tuandud  unTsdn/
M TuoamM (eA) (1A) S Audisalddh
(mm’) KCI (mM) M i
@ 10 -60.00 45.00 -13.27 10.00
wizdunsd 4.52 20 -90.00 47.50 -19.91 10.50
30 -125.00 10.00 2771 11.10
10 -12.30 1.54 -5.70 0.71
AmAuy 2.16 20 -24.61 22.30 -11.39 10.32
30 -46.25 41.53 -21.36 19.23
10 -18.38 2,28 2.72 0.34
Wnaw 6.71 20 -38.95 32.0 -5.78 477
30 -70.95 52.57 -10.55 7.83

M1 A2 Kaveansanu S amaeanisusuu Tuii i1 unisess

USu10 ONT /ng i(uA)
s 2.93
10 12.31
15 10.45
20 13.32

M3 A3 HareuaueIvefnd IMA11151un13A34 Bi-DMG (Modified potentiat, E,,)



fnd i lunsinizéa €,/ V) i (pA)

-0.60 4.32
-0.65 4.26
-0.70 5.07
-0.75 6.18
-0.80 10.67
-0.85 11.24
-0.90 10.25
-0.95 10.73
-1.00 10.43

M319 A.4 HAMIADUAUDIVDIINN 1T TUMIATE Bi-DMG (Modified time, t,,)

A lumsimzan (, /s) i (A)
160 6.30
180 6.84
200 6.16
220 7.92
240 10.39
260 11,22
280 11.25
300 1119

320 11.06
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1319 A.5 Han1saouaunsveadnon1¥lusunrududuyeeazni (Preconcentration

potential, Ep)

Emaﬂm l Vv i (p'A)
-0.90 3.54
-0.95 10.51
-1.00 10.71
-1.05 9.90
-1.10 10.16
-1.15 9.28
-1.20 9.21

[l » T
A1319 A.6 HaMIAD DAY BIveIah 1T lutun U uduve a2 (Preconcentration time, t)

Cyreconcentration | 3 i(pA)
30 297
60 5.47
120 8.87
150 10.26
180 10.33

210 11.41
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T S & ..
AN AT Hi’lﬂ‘l‘iﬂﬁﬂ‘ﬂﬂﬁ‘uﬂﬂ‘ljﬂﬂﬂ'lﬂﬂtjmiﬂmﬂﬂﬂ'l‘iﬂq@‘llﬂﬂﬂzﬂ’]ﬂ'l Es”‘_p (Step ofstrlppmg

. y o + o
potential, Eg, ) @aumatinaunisian launuiumi

Eg,,/ mV i (A)
2 2.26
4 11.84
8 12.82
12 9.24
16 8.22
20 5.14

A1319 7.8 HaN1TABUANBIVBIAANdIINAYAADN T NRAYDIAL AR (Stripping, amplitude,

Ep i) A20MATAMAT190 Taaumuam’3

Y i (uA)
5 8.47
15 8.90
25 10.89
35 9.80

45 7.52
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M99 A9 HANTABLAUDIYBIAIMDVOINAUIAWINADNITNYAYDIAZI Frequency /Hz

(Stripping, frequency, Fre/Hz) Aromaiing a2 Traunuams

Frequency / Hz i(pA)
5 3.27
15 10.75
25 14.24
35 8.53
45 5.60

v »
M1914 A.10 HANISADDITLBIVBITHBTABN Iz YA 1ave s WA SPCE/CNT/BI-DMG

pH i(nA)
3.0 433

35 5.90

4.0 10.63
4.5 12.02
5.0 15.22
5.5 28.14

6.5 25.19




75

[ » &
1319 A.11 Havesnszua 1WA R Sa ldve 2 Idh seCE/CNT/BI-DMG lumisazaisazin

anududuvesazia i(uA)
0.1 473
1 5.39
5 6.87
10 8.52
25 13.76
50 23.35
100 35.86
200 45.89
500 54.57

. ¥
1919 A.12 wavoanseua 1N Sa 18vesd Wi sSPCE/CNT/Bi-DMG Iumisazatouuasn

¥ o4
ar

L i (uA)

1 3.40

2 3.28

3 3.26

4 332

s . 3.33
dnudsatanasgn 0.05

ANNQY 3.32




11919 A.13 wavenseua AR Ja ldvoat 2 1A sSPCE/CNT/BI-DMG  lumisazaione

ifudu 50 wRdw

A3 i (pA)

1 16.45

2 16.59

3 15.71

4 13.35

5 14.22
dufivauanasgy 1.42
e 15.26
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Abstract:

The design of screen printed electrode is aimed for the complete redox reaction occur.
These design were 3 type of configurations: circular, square and half circle. Each of design was
comprised of working (WE), counter (CE) and reference (RE) electrode. The electrode design
was size in 1x3 cm’ and was tested in the solution of 10, 20 and 30 mM K,Fe(CN), / 0.1 M KCl,
respectively. The electrode with the square design gave the highest slope and was selected for the
Pb sensor application.

Keywords: Screen printed electrode, Electrode design.

uni :

1 4 | 4 i d
i TihAutanswllud Idfhauyselnwluduesamnisoseldudinaldmane
L4

M & a F e v o w It
szneudrir 1 190u 92 TWMAS 1981 wazda 1ifhe9e Faunasdbmihiaed

} 4 » 1
1. 2 1 #9910 (Working electrode: WE) sz fiunnavesda Iihfifinunaidn

Uﬂ, o

A - P o ¥ o Y a o = ¢ o b4
weldlinuffdudadess dlifaaanzvesInar lsisdunasanisdngiey dnesly
v 1 []
i adulaneidon wu uwantuniones Tnlsladnns Tdd amradmsuny vay we

AU

2. 0211191989 (Reference electrode: RE) (Huda T d1dnl3 ooy

]
ﬁl ol

' ¥ v v i .o
fing IR 1A 1A ud 2 1A 1 udr I atiiadnanuuuou lundsuaiy
amliznoudlesny

o

v B ) q R y o
3. 92 I8 (Counter electrode: CE) vimdhiifludni IWfid iiudnsy
% i . @ L] : 1 L] 1 1
wasu Thondr lihdaou #ldnamsdiaml§isountivesarsdndeiqueg udadede
] ] ] 1 4 } 4
wasuhiuihdiniosiaguand i Tagnldvii Infhediail 14un araunamiunsousu
a o = « «
uwaiiiy, naradarfueuuazni ve
o« o ar élv :r = q
yalszaafveantuddon dsanmsda I I Tivuraidn (miniature) indoudeld

(Portability) ey 1uga (highly signal) 1aziis1n1Qn (modest cost)



79

I5MInaaes :

: b d o 9 =, & o’; n’: =
ponuuuda 18iiu 3 uuy degil 1 TaudeBa1n Tangkuaram [1] 1114 IWH9Ts 3 oiia'lel
a9 =Y =Y = =1 ::

gz ¥asmmatia laaan launuans lumsazate Inanadouenes laer lursisafnig
) .
Wud 10, 20 uaz 30 mM azawlumsazas Twunemdounas lsmdudy 0.1 Miwe o luns

a &
1Iannu

SRl 1 o 4
31 1 12 IvhRuvianiuie 3 nuulae n). uuvlenay, ¥). nuuAmasy uaz a). KUUASS

NAQY



80

Han1Inaanl

= g = o =4 = at
TnanTnauny Tuuasuvesd WA RAanTueuud 1, 2 uae 3 uansdagll 2

wz /7 3
z S| = 7” I ow
L Rt " 8 5
t o £ -
S 18 MK FeCNY, H = 10~k Feli, H ~ 19 mMY FellN),
H X ~ .
2 0o FRLU N, - - 26 mAK FOiCNL - " 20 MRIE FelCN)
. - A . ]
WM Fell MY, ‘ 30 mb K Fellng, = 30 M Fe{CN],
3 o E € = - b3 ] . at v"& i3 ] o P 14 IR % et < . - £ £ 2 7 2 EH &1 b ) "y
Fotcntlal . Y Patenitil < % ; I’r:l(-nrlinl 1
. yaTe H - 1
- roN =4 I S /4 | o surs -
2 : <z : /
2| ' { o — £ [ 1
=3 I = T E
S l E3e) 3 2 1
| - 5 10 T+ »n n =\ x - | axm - by T
o - - |
=5 | & [ . 5 T ¥ B X ® F £ o - = = o 8
= =X[= il S 2
L e !
w' e I . - 3 !
L — e am e - B T T L T et = N
OFmN T T KO i i T T i [K 5o O B mn

¥ '
g1 2 lwadnloaunu Tuunsuvestn I Ruans uuuuh 1 (n 1), 2 (0 D) uog 3 (A 1) uagns
' CY- g as :
nasasznNaldnduesia lWdhdvanududuaes K Feen), Tu KOl voada Id

#1(n 2), LUUH 2 (1 2), asuuni 3 (A 2)

9ngd 2 A1, ¥1 uag Al Funs g naaouvesia T isaniunuuanau
WUDFMALY HaTUBUATI2INAY MUY SRS IAISAUAL SO Dadliadas3und 910
1.0 &1 +1.0 Taad Taoteauuuuimidnd i wznaduasafusianuiduduve
Trunagowends Tyt Tuieisa (K Fe (CN),)

9131 N2, v2 uag A2 Munsiiuaasnnuduiussznined Jaem’ fu [K,Fe (CN),]

» v
Tu ket mMlasfinnuuandrsve st snafmuand iy 31l o 2 BRuARwmdy

» »
= (-3 =4 b=

671 mm’ g1 @ 2 HRUNAWAIAD 2.16 mm” uaz g A 2 HRUARNIAY 4.52 mm

Wamnnuduessgaganaz Wnamuailihdnge



81

agiluamsive:
3 a o = 3 & : yr
Tumseenuuud TudhupuRuwaniu nnmsvereuduasulumsidondaraydldn

13 [ ] ] ¥
I udens unuudmdos Wamsaniahanige

oy oy
andnssudsyma:

3
o oar

Insens3tedl Idsumsaduayusudssnunndninnuilsuasdanndudiuisins

AT ¥H1INden 13 sudszinadszdl 2554

1BAA1501984:;

[1] T. Tangkuaram, C. Ponchio, T. Kangkasomboon, P. Katikawong and W. Veerasai, Design
and development of a highly stable hydrogen peroxide biosensor on sereen printed carbon
electrode based on horseradish peroxidase bound with gold nanoparticles in the matrix of

chitosan, Biosensors and Bioelectronics, 2007, 22, 2071-2078.



82

1.2 lilamesnagiu

nsaanuuuds iinuuRswandy

Desngn of screen prmted Electrode

0, Aansel Afng waz £15ins LA AFud
Jraporn Kitikyl and Tarin Tangrkuaram®
siry, Facuily of Science, Maejo University, Chiang Mai, 5029(

“Email: tanin@mju.ec.th

unfade sioesnuirldih Rudacin dolfESsiaanditaitoieeyin Taosammmi it 3w T oy ofsdon saswunds
< & = Jom . 2 o = . A q = - -
naw @ lnfhdssnonmmanysaid od w1 41 A it ST RS eaci e DseflanlddiutasToona 13 pnamdon

: : PP 4 2 - A 44 =
a3 wiiad IndazgamrasuTuaazmiawad 0 26 30 M K reest o0 ke fanuhin indfiusizduid s wesan i Wanafuwainsa e
: . a
aan i wdndinneina O IiGgedon WA efeswm i iming e it diloswina
B L ¢
unul . I o i huuuvinvaniv
b wd i Wlop dnwio i woy e soTfudm
Timnziiznoud w0y A Fon VTR 0 w39 T dl 0 Bawda; §

Tmiidadi

FR Roterence RL E A S S o *
JUF L g A LR 0 U RuR 6w Vioau b Autia ol iRnng

W PSR W ot Z
e Fenamaaouys
. J— ] ] eaBnirsunn

= Courler eleciote (O

A Bi [
}th 1 i zpnonnr TR runRproTy 1) viou i, R C) aFraaa

TR EEE
1 BT 1 b erbang ehmeie W1 9z Sonanaain T i E'ﬂ :i::;ﬂ*ﬁ“
[2. DS T+ 30 A

PIRPTER 7, RS, > 5 .
winmdrdin i Aidadatoss Milddaan ssaddaa leviunagants

urTeE

Szt dnaz |30 dd i lanzE sodn onasivunio nes aes eiariupy
HONTINAAH

2. 07T AS 1T (Rereence viccrode RLY \ﬂuﬁu‘lrlﬂ s vuddiuu

ERSARL I PR AN R N A 0l T IR ek AL I | |
Awmmidsoag i e ~ . i —
3 5 0T 08 e ot €01 A 00T A G G ’
iiumanednun g 1A o Al mmnanl§iienaiaans L
whmnmqunq ufrddondaaseilfud finTortanudd i Saan ki
A TeTadi Tt o fusuazn T4 . = ! - S
\lﬁﬁiu\ﬁ-ﬁaiuuufﬂnﬁlﬁum Aok MEN) e FePION), ; - g
A -] e e
L

JUR s lwvndalreenn Tunatwvoa s 1 I auraniowunil L b 2 ortypae 1o b
warn Rdaaaz e i ndnFe s I d oAt aunundi v & fayi, T ket vaav I

aund 2 o w2 0o 2 s 2

u11Jmnmmum
tumzgoowun 3 o BadaaTn s1aa 1 naanui e auunts

liamnuq\l'lﬁn M hdraiusuundon WWamae dirddfga

-]
< mdnsauizam
Trren3 ol funmiadiayuivthzviavindifniwifowaz daut

Deyirg Sereen mdtdalar

o faaiidvinmnuar ndmodmod T vl $10 2554
wnaifiada g A
[N T. Tanguaam, C Ponchio, T. Kangkasomboon. P Katbasong and W, Vecrasar Boign and deveopment of a highly stable hydropen penmide biosensoe on serven pread

carban chotrode baxecd on harseaadish penexidaschound with okl nanofracticles in the matng uf’chitran, Brasemsors and Biclr promes 2007, 22, 20712078

¥
1%

o Y = =1 l:i
1l ¢ 1 Wamesnasmulumsiszgplnmsinnmaasuazing Tuladnsad



	titlepage
	acknowledgement
	content
	abstract
	maincontent
	bibliography
	appendix



