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Abstract

A 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 (IIT). 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
A ppm |, and the detection limit of 0.458 ppm (2.21 uM). 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 atomic absorption spectroscopy by using the
T-test and F-test for accuracy and precision, respectively. The results 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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3. Ag/AgCl ink - - USA
4. Bismuth AAS - Reagecon Ireland
5. Cadmium nitrate 99.0% Ajax Chemical Australia
6. Calcium nitrate 99.0% Ajax Chemical Australia
7. Carbon ink - - USA
8. Carbon nanotube >98.9% Nanolab USA
9. Chitosan - Aldrich China
10. Copper(Il) nitrate 99.0% Ajax Chemical Australia
11. Dimethylglyoxime 95.5% Fluka Switzerland
12. Ethanol 99.9% BDH England
13. Iron(I11) nitrate 101.0% Ajax Chemical Australia
14. Lead(I) 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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Aq Y = .
2. nan ¥ lumsnie Bi-DMG 260 s - -
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v Y v
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[ 9 v
6. MANANNIADMIHGATDIAZAIM Eq, - - 8§ mV

7. MANGUENNDYARDMTHAAVBIAZ N - - 25 mV

8. ANWAYDIRAUALAINUADNMIHGAVBINZNI - - 25 Hz
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MANUIN N

MIANUIN

n.1 mamseuezdamivwles 0.1 M pH 5.5
n.1.1 19383 0.1 M NaAc Y3315 250 ml (@15 A)
n = CV/1000
n=0.1x 250/1000
n=0.025 lua
0 n=g/MW (maimaqamm CH,COONa = 82.08 g/mol)
0.0025 = g/82.08
g =2.052¢g

IN512R1UF CH,COONa » 3H,0 11 2.052 g azatealetiioansuien 1% 181U5u1a35 250 ml

n.1.2 19138534 0.1 M CH,COOH 1J331¢15 100 ml (@15 b)

(172 uanaved CH,COOH = 60.05 g/mol, density 1.05, % = 99.7)

C = (10%d)/MW

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

C=17.43 lua
110 C,V, = C,V, (anududuc, =17.43 Tua)

C,V,=GCV,

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

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

V,=0.6ml
msrzaziuililla CHCOOH 1 0.6 mlUSulSinasdresaniufionld1dU5as 100 mi
MATEs A (L) 11200 Hadanswanfums B (n.12) w132 fiaaans 14

pzdmativlivles it 0.1 M pH 5.5
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1.2 MINATDUUDY T-test Az F-test 1AM 1zHaaIsaoa1560819A8IHU

Y

a ) g} = o 9 ax a 4 A ax
°lumimﬂsmmmmmﬂﬂumm NMINITNAABDIAIYITNITUAINCUADIULVUAD ITH

Yy 9 E4 E4
= o

a o'./ o J 4 [ a Y =Y 1
Usuaeziilnimedae AAas tazlulaswumasn lARauAUNanIT AT IZHNIa093500
o ' ~ o ° ' A o =~ o ' ~ o A o
mMIdvgufeIny Tagduiamial ¢ et lifeuduaisnen t NTeauANUFoNTY 95%
(®1519 1.1) HazAIUIUMIAT F tiioun iMeudua1siaal t Nseauaudony 95%

[l v Y
(M54 0.2) WienlSeuMeunan1snaananads 2 Hilanuaaiunse la

M319 N.1 A1 t NTZAUANUFDIY 95%

Degree of freedom Factor for confidence interval, 95%
1 12.7
2 4.30
3 3.18
4 2.78
5 2.57
6 2.45
7 2.36
8 2.31
9 2.26
10 2.23
11 2.20
12 2.18
13 2.16
14 2.14

0 1.96
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M504 .2 A1 F N32aUANU0NU 95%

2 3 4 5 6 7 8 9 10
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4
3 9.55 9.28 9.12 9.01 8.94 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 4.88 4.82 4.77 4.74
6 5.14 4.76 4.53 4.39 4.28 4.21 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 3.48 3.33 3.22 3.14 3.07 3.02 2.98

Y 9

M99 0.3 wamiuaazilSaaziluihiedremaiin AAS tagy SPCE

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

9
Jd o =

MM AT IHITR LDz ANNuana N uegeltsdvyrTe T Nadannudeiu 95%

Tagsiimamna ldnadannsng n.4
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x),  )-X x)-XT (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
5% = 0.0083 _ 1 o4z
3-1
52 = 0.0189 _ 4 0095

A 2 2
21N F-test {(UDIVN 32 >Sl

_s20.0095
s> 0.0042
=2.26

NNAIN N2V, =2, V,=2a1F A3 Nuaumi 19.0

A1 F 9103080101314

o _ TIPSl el
P N;+N,—k

s - \/0.0083+0.0189
P 3+3-2

SID = 0.0083

fio 0.0189-0.0083 [3x3
B 0.0083 3+3

=1.28
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Fl v Y
o

ANy WUt Aanudutu  nszuaiin Aszuadin nszuadiaue  Assuaiia
il vl K,Fe(CN), woludn  ualnan Tugnid - ualsdns
M TwolMm (nA) (LA) i Audid i
(mm’) KCI (mM) I MU
Lélﬂ’J 10 -60.00 45.00 -13.27 10.00
Wi$5Hﬂ§ 4.52 20 -90.00 47.50 -19.91 10.50
30 -125.00 10.00 -27.71 11.10
10 -12.30 1.54 -5.70 0.71
?%m?;au 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
RNGEY 6.71 20 -38.95 32.0 -5.78 4.77
30 -70.95 52.57 -10.55 7.83

=

= a =) 4 a  dJ 9 =
M1319 A.2 waﬂjmmiﬁﬂynJiaJ1mmaaami‘uauuﬂumﬂﬂﬂumamq

/51191 CNT /ng i (nA)
5 2.93
10 12.31
15 10.45
20 13.32

M3514 A.3 wanevauedveddnd i 1¥lunsase Bi-DMG (Modified potential, E,,)



#nd i lumsinzda (€, / V) i (uA)

-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

M1319 A.4 NANITADVAUDIVDINATN 1F1UNTATI Bi-DMG (Modified time, t,,)

narlumamean (t, /s) i (nA)
160 6.30
180 6.84
200 6.16
220 7.92
240 10.39
260 11.22
280 11.25
300 11.19

320 11.06
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k4

v A o o
M15149 A.5 HaN1TAUAUBIURIANIN 1F ludua 1 UIduTUUDIAZNT (Preconcentration

potential, Ep)

Preconcentration | ¥ i(nA)
-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

[ k4 v
M99 A.6 HANTABUAUBIVBIIAN 14 T UANUTUTUVDIALAT (Preconcentration time, t)

Preconcentration / S i(uA)
30 2.97
60 5.47
120 8.87
150 10.26
180 10.33

210 11.41
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Vo d A 4 1 o
M3 A.7 HANTHANBLALDIVBIMANINNTUADNTHRAVDINZNIA Eq, (Step of stripping

. 9 a 4 =
potential, Eg, ) Ademataauasin launumms

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

4 a 1 o
1379 A.8 HANITADUTUDIVDIAANYLBUNAYANDNITHRAVDIASNIAN (Stripping, amplitude,

E i) S28MATATIAS N Taaunuim3
Ampti /MY i(uA)
5 8.47
15 8.90
25 10.89
35 9.80

45 7.52
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M1 A9 HANITADUAUBIVOIANNDVBIAAUALAIIVADNITHAVDIAZN Frequency /Hz

a 4 ~
(Stripping, frequency, Fre/Hz) aamataaunITN Taunuuns

Frequency / Hz i(uA)
5 3.27

15 10.75

25 14.24
35 8.53
45 5.60

1319 A.10 Wﬁfﬂi@]’E]‘]J’ﬁu’t’]\1GU’E]\1ﬁI,’EJGWII@ﬂi%uﬁﬁ%ﬂqé}jﬂlﬂieﬁﬁlh\lﬁ? SPCE/CNT/Bi-DMG

pH i(pA)
3.0 433

3.5 5.90

4.0 10.63
4.5 12.02
5.0 15.22
5.5 28.14

6.5 25.19
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M99 A.11 waveanszua lWihnda ldve 17 1 SPCE/CNT/BI-DMG luaisazaienzna

A uveenzii 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

v Y
M99 A.12 paveanszud i da ldvesin 1 SPCE/CNT/BI-DMG luesazaisnyuads

E4
1

asai i (WA)

] 3.40

2 308

3 326

4 3.32

5 333
d'JULﬁ'EN!UuiJ']ﬁﬁjj']u 0.05

ANNAY 3.32
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319 A.13 waveanszua Wihndaldvesdq Wil sSPcE/ONT/BI-DMG  luaisazatoazni

Yy 9 an g
FNUU 50 WWIDY

Al i (WA)

1 16.45

2 16.59

3 15.71

4 13.35

5 14.22
dﬂulﬁﬂﬂlﬂuu’]ﬁﬁ:ﬂ;’]u 1.42

ANNAY 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.
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