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Abstract

In this research, the bismuth amalgam was co-deposited with the carbon nanotube and
chitosan on the surface of glassy carbon electrode for the lead determination in honey products.
The surface of glassy carbon electrode (GCE) was modified by deposition of bismuth
amalgam/carbon nanotube (CNT)-chitosan(CHIT). The anodic stripping square-wave
voltammetric was selected technique for testing the modified electrode in solution of 0.1 M
acetate buffer (pH 4.5) containing 5 ppm lead (II). Under the optimal conditions, this sensor
showed a high repeatability of 3.85% with a low detection limit of 0.79 ppb and wide linearity
range of 1.0 ppb to 50 ppm. This sensor was applied to determine the Pb’in5 honey brands and
all brands were found Pb~ contamination. This sensor was validated to the determine the Pb"
with the atomic absorption spectroscopy and the results were tested by precission (F-Test) and

accuracy (t-Test). They were not significant difference at the confidence level of 95%.

Keywords: Carbon nanotube, Chitosan, Anodic stripping square-wave voltammetry, Honey

products
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R LARIATY] WA aszualWihilg [Pb] TiAx [Pb] 90
(nA) (ppm) (ppm)
1 2299 5.0 5.24
2 222.7 5.0 5.06
Sample 1 3 221.5 5.0 5.03
4 220.8 5.0 5.01
S 227.4 5.0 5.17
Aunac 5.0 5.10
%recovery 102.03%
1 428.2 S0 5.17
2 420.6 5.0 5.07
Sample 2 3 418.4 5.0 5.04
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Yrecovery 101.86%
1 135.2 5.0 5.11
2 134.7 5.0 5.09
Sample 3 3 134.2 5.0 5.07
4 133.9 5.0 5.05
5 135.1 5.0 5.11
Aunag 5.0 5.09

%recovery 101.72%




67

Y
= g}J (Z ]

4 v a o @ ] go}
ﬂ1§1\1ﬁ 9ﬂ1§‘1/]ﬂﬁf’]‘]J%}f’JElﬁxfﬂiﬂﬁ‘]JﬁLlsUf’Nﬂ?i?tﬂi?%ﬁiﬂﬁ’l@ﬂ?ﬂﬂ?ﬂﬂﬂﬂ 5 @]’Jf’)fﬂ\i@s\}’)ﬂ
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MANUIN D
MIMUIN
n.1 M3ta3aaedmminmies aAautudu 0.10 M pH 5.0
n.1.1 3guasazans 0.10 M NaAc U331a5 1,000 ml (13 A)
n=CV/1000
n=0.10 x 1000/1000
n=0.10 Tua
910 n = g/MW (72 luanavod CH,COONa = 82.04 g/mol, Assay = 95.0%)
0.10 = ( g/82.04 ) X (100.0/95.0)
g=86358 g
M zRz A CH,COONa  3H,0 11 8.6358 g azatedinieandufienaz sy

Y3038 1,000 ml

n.1.2 iM3euaIsazale 0.10 M CH,COOH 1331015 500 ml (a15 b)
(2 luanaved CH,COOH = 60.05 g/mol, density 1.05, % = 99.7)
C=(10 X% X dyMW
C=(10)(99.7) (1.05) / (60.05)
C=17.43 Tuanoans
9110 C,V, = C,V, (Anundindu €, =17.43 Tua)
CV,=CV,
(17.43 M) (V,) = (0.10 M) (500 ml)
V, = (0.10 M) (500 ml)/ (17.43 M)
V,=3.0ml
mswazididamsayats CH,COOH 11 3.0 ml U§uifinasdresandufionlsd

1851105 500 ml
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NNUUEET A (N.1.1) U1 643.0 Yaaans WEuAUES B (7.1.2) ¥1357.0 Haaans

1214 ozdamivliles ity 0.10 MpH 5.0
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=2 [ 1 A 1 Ia A a v A X 1 G
71519 V.1 HANISANEIOATIEIUNHUICANTZHIUNDTAITLasTauAN 1F U155 IUAT S

I v o Y a =
Lﬂuazfuaﬂumsll,ﬂﬂuﬂLLamﬂaTiLum

dANdMNRSAIT : Dain nszuaihila

(Haan3) (alasueamls)
6:1 0.9435
5:1 1.1142
4:1 1.064
3:1 21.32
2:1 0.5126
1:1 1.012
1:2 0.6272
1:3 0.6651
1:4 0.9781
1:5 1.022
1:6 0.743

1919 V.2 Nafﬂﬁﬁﬂi&l1fﬂi@]i’)°Uﬁuﬂﬂﬂ]@ﬂﬁﬂfﬂﬂ%}\lWﬁi%&lUﬂﬁﬁéﬁ BiAm

FoelihilNumsnta Biam nszualihila
(aa) (alasueamls)

-0.9 5.155

-1.0 7.008

-1.1 27.03

-1.2 16.67




1919 V.2 NﬁﬂﬁﬁﬂyWﬂﬁ@@‘Uﬁu@ﬂﬂ]@ﬂﬁﬂﬂﬂﬂ%ﬁﬁiﬁuﬂﬁﬁ?ﬂ BiAm (@]'E’J)
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FoelWihiliNumsnta Biam nszuaihila
(aa) (alasueamls)

-1.3 6.212

-1.4 2.355

-1.5 5.632

-1.6 4.554

AN $u.3wamﬁﬁﬂy1mma‘uﬁuewammm%ﬂumm’?q BiAm

na i lumsa3a Biam nszualihila
G (alnsupamils)
90 2.085
105 2.829
120 3.627
135 8.55
150 9.07
165 9.1
180 9.14

=2 J = A =
1319 V4 NﬂﬂﬁﬁﬂE1Na’“'ll’ﬂﬁTE'JJWQAT@QﬂTﬁUGHUWIUﬂ’JH-ﬂﬂIW%11!1/]1%}11!ﬂ15@13\1

Ysnamsverinluig-lalaau nszuaihitld
(ulasans) (alasueamls)

10 8.512

20 69.89

30 78.18




= J a Jd A =< T
1319 V4 Nﬁﬂ1§ﬂﬂH1Wﬁﬂ]f’]x‘l‘ﬂ%lﬂﬂlﬂl@ﬂﬂWiU@uuTIuﬂ’)U-qﬂI@%1“%1%11!ﬂ15@]5\1 (919)
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Ysnamivernluig-lalaau nszuaihila
(ulasans) (alasueaml3)

40 21.28

50 0.9169

] Y v
A9 V.5 HaMsAnEIMIAoUdUesvesans N 15 luduanud uduuenzni

FoelthmPuiuanndutvesnzi nszuatihild
(Taa) (alasueamls)

-1.3 87.19

-1.2 114.4

S 126.7

-1.0 156.3

-0.9 150.9

-0.8 150.1

= = g Y <
1319 V.6 wamsﬁﬂy1wamaanam“l%'“luwmmmmmaamm

naluduamandaduvesnzin nszuaihitld
Gwn) (alasueamls)

80 110.7

100 117.5

120 125.9

140 159.6




= A g Y v 4
1319 V.6 Waﬂ’]ﬁﬂﬂﬂ']Wﬁle@\1L'Jaqﬂﬂl%’iumu‘ﬂ'J’]Nﬂluﬁllusll@ﬂﬁgﬂ'l(@]@)
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e ludunnndaduvesnzia nszualihila
G (alasupamls)
160 167.2
180 167.5
A1519 9.7 HANIANYINTADLVOIAUBINID Y
‘ nszualihitld
oy
(alasueml3)
3.0 2.173
3.5 0.7964
4.0 0.6779
4.5 2.7793
5.0 26.7
5.5 9.182
6.0 10.73
A1319 1.8 HaMIANEIMAN D NNAYAREMIHAAYDIALAA
minduewmaganemanigavesnz i nszualulfhilld
(Haalian) (alasueamls)
25 7.89
50 21.7
75 32.95
100 51.61
125 75.14
150 75.28




" v o a 1 < J
M1319 V.8 Nﬁfﬂﬁﬁﬂi&lTﬂTﬁﬂﬂllﬂﬂJWﬁ‘gﬂ@@ﬂ?iﬂ@ﬂﬂlﬂﬂ@]%ﬂ’)(@@)

minduewmaganemangavesnzi nszuallfhitld
(Haalian) (alasueaml3)

175 75.32

200 75.55

Z

1o A o
1319 V.9 Waﬂ’]ﬁﬁﬂcﬂ']ﬂ']ﬁ@@Uﬁu@\i"uf’]Qﬂ']ﬁﬂmwuallu@]@ﬂ"liﬂ@ﬂﬂl@ﬁ@]gﬂ’]

mind i uenisigavenzia nszualilfhilld
(aalan) (lalasueanls)

1 14.76

2 57.51

4 53.49

8 51.22

1919 ¥.10 NﬁﬂﬁﬁﬂkﬂﬂﬁGl’O‘Uﬁu’ENGU@\‘]ﬂ’ﬂllasllﬂ\iﬂﬁua’tLﬂ’ll?ﬂ@i@ﬂﬁﬁﬁqﬂﬂlﬂﬂﬁzfﬁ

anadvasnauaial nsznaihila
(135M) (alasueamls)
5 257
10 150.2
20 68.52
25 58.59
30 35.21
40 28.42

50 26.02
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v ]
@119 v.11wan15nado U1 11 BIAm/CNT-CHIT/GCE 1isununsosiouiasgiulu

Sample 2
BiAm/CNT-CHIT/GCE AAS*
anududuvesnzi  nszualihild  anandaduvesnsi Absorbance
(ppm) (alasueaml3) (ppm)
0 10.37 0 0.001
1 44.88 1 0.006
3 167.3 3 0.011
5 229.9 5 0.017
8 322.2 8 0.028
10 409.3 10 0.032

*AAS = Atomic absorption spectroscopy
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MANUIN A
MIMIMIANNANTAIIDIAUAZMTNATDUANNUNUUAZA NN
a.1 MINMIANANITNTIDIA

o 1 Ay v A Y Y T o
uTﬂTﬂi%LLﬁ‘ﬂ]lﬂ (yi) AINNIINAABDINAITUVUVUA N (Xi) I ININNE AdAIT19 A.1

1319 A.1 MIAUIUAIVATINANITATIVIA

A " AN?

X Yj Yi YiT i Yi T Vi
0.0001 28.54 28.65 0.1135 129 X 10°
0.001 29.35 29.22 0.1249 1.56 X 10°
0.01 34.93 34.94 0.0114 130 X 10"

2
A = 2.86X1072
2| Y=Y

VINAUMIFUATS y =635.14x +28.59

URGE!

A N ay : v
e y =a1y N lannmsunua x asluaumsidunss

= Prediction y,

y =mnszuai ldnnnsnaass
|

n =uudoya

X = AN UUBIENTAZAONIATTIUAZN?
|

d‘ 1 /\ Y
WBLNUAT Yy HAE Yy ﬁ]$llﬂﬂ1 S
I y/X



89

2.86X1072

3—2

0.1691

LOD =

A 1 v Ay Y Y
o m= ﬂ']ﬂfl']uslfuﬂ]lﬂinﬂﬁuﬂ']jlﬁu@jq

_ 3%0.1691
635.14

E
[

JUU LOD =0.79 ppb

o a 4 A Ly [y
7.2 NINAADUMU t-Test 1az F-Test JASMNNSTUAITI1ZHiA0 I DA A 1561 I08NUALIINY

] @ 1 Z ‘3 o 9 ana ' A ax
1umimlﬁmmmmmm“lumamﬂmm NINIINAADIAIYITIAUATIENADILUL AD ITU

2y 2

< o ' F A s Y o A X an
ﬂ%ll']m@lgﬂﬁclu@']f’]fl’Nu’WNﬂ'JfJTﬁ AAS Llaglgﬁumf@ﬁ‘ﬂ"lﬂwwu']"’lluWaﬂ’]i’)lﬂi’]gﬁﬂ\jﬁ@\j')ﬁ
1 % | = 2 o 1 dl o = 2 1 dl % zﬂl @
ADTITAIDYNUAYINU Iﬂﬂﬂ’]u’]ﬂ!ﬂ’]ﬂ'] tLW@u’]llllW]fJUﬂllﬁ'ﬁ'Nﬂ'] tNIZAUAIULBDUU 95%
(1919 A.2) Llﬁgﬁ']u’)ﬂ!?f']ﬁ'] F !Wdﬂﬁ']ulﬂlﬁﬂﬂﬁjﬂﬁ'ﬁ'mﬁ'] F ﬁizﬁﬂﬂﬂm%@ﬁu 95%(M115 14

d’ IS g’/ ad dald 1 v A [}
f.3) MoTeUNeUNaNISNAAOINIIS 2 uummu@ﬂmaﬂum@‘lu

M3 A201900 t NTLAVANVIFIU 95%

Degree of freedom Factor for confidence interval, 95%

1 12.7

2 4.30




M3 A2A1900 t NTLAVAUFIU 95% (41D)
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Degree of freedom

Factor for confidence interval, 95%

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
o0 1.96

M1319 A.3MADA F A5zAUA1FOI 95%

\ANCEY: 3 4 5 6 7 8 9 10
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 194  19.4
3 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
4 694 659 639 626 616 609 604 600 596
5 579 541 519 505 495 488 482 477 474
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
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a 3 o 1 23 .
M348 A4 wamﬁumwﬁﬂ?mmm-ﬂﬂumamqmﬁqﬁ’aﬂ BiAm/CNT-CHIT/GC itag AAS

BiAm/CNT-CHIT/GC / ppm AAS* / ppm
0.13 0.21
0.5 0.61
0.21 0.29
1.1 0.97
1.22 1.17

*AAS = Atomic absorption spectroscopy

9
Jd @ = A v

HAMIAATIZRINIFD UL UL NANN URE T Tsd 1A WI o LiRATan LTI

95% UAAIAIAIIN A.5 LAZAITN A.6

M99 A5 MINAFDUANNLUY (t-Test)

Sample StandardMethod  This work D, Di _5 [D. —5}2
[
1 0.21 0.13 0.08 0.062 0.003844
2 0.61 0.5 0.11 0.092 0.008464
3 0.29 0.21 0.08 0.062 0.003844
4 0.97 1.1 -0.13 -0.148 0.021904
5 1.17 1.22 -0.05 -0.068 0.004624
Sum 0.09 0.04268
D 0.018
S =, ,M =0.1033
d 5—1
.01
B 0.01833 x5
=0.3896

H F) H 1 '
21AM1519 A2 A1 t NIZAVTULET = 4 TA1 2.78 NANAAWFONU 95%



M54 .6 NTNATOUAIIUNYY (F-Test)

92

(Xi)1 l(xi)l_le [(Xi)1_)_(1]2 (Xi)z l(xi)z_ zJ [(Xi)z _;2]2
0.13 -0.502 0.252004 021 0.44 0.1936
0.5 0.132 0.017424 0.61 0.04 0.0016
021 0.422 0.178084 0.29 10.36 0.1296
11 0.468 0.219024 0.97 0.32 0.1024
1.22 0.588 0.345744 117 0.52 0.2704
SUM  3.16 0 101228 325 0 0.6976
X 0632 0.65
52 2101228 _ ) o539
10 g
52 =00970_, 1744
2" 5.1

y,
. _5_1_ 0.2531
s2 0.1744
2
=1.4511

NN A3V, =4, V,=4 A1 F 910915 °190A 1NN 6.39 A1 F 9100151121001

Y 1
Toen lun1319

J ' I~ 1 g}J a 1 1 [
10A1 t-Test LAaZ A1 F-Test Llﬁﬂ\1“lﬁ)LﬁLl’JTﬂﬁﬂﬂﬁ’t’J\iVI\iﬁ@Q’J%]‘lNﬁﬂ’JﬁJLmﬂ@Nﬂu
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UNAALD:

MODIFICATION OF GLASSY CARBON ELECTRODE BY BISMUTH
AMALGAM/CARBON NANOTUBE/CHITOSAN FOR DETECTION OF LEAD IN

HONEY PRODUCTS .

Wararom Wangwattanapanich', Anchana Preechaworapunz, Tanin Tangkuaraml’3’

" Chemistry Program, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand

’Department of Chemistry, Faculty of Science and Technology, Pibulsongkram Rajabhat University,

Phitsanulok 65000, Thailand

3 Nanoscience and Nanotechnology Research Laboratory, Faculty of Science, Maejo University,

Chiang Mai 50290, Thailand

* Corresponding Author: tanin@mju.ac.th

ABSTRACT

In this research, a bismuth amalgam (BiAm) will be co-deposited with the carbon nanotube

(CNT) and chitosan (CHIT) on the surface of a glassy carbon electrode (GCE) for

determination of Pb®". This sensor was in situ modified by electrodepositing simultaneously

of bismuth and mercury at -1.4 V on the CNT/CHIT/GCE. The anodic stripping square-wave

voltammetry was selected technique for testing the modified electrode by test in solution of

0.01 M acetate buffer (pH 4.5) containing 5 ppm Pb*". Compared with the BiAm/GCE and

the BI/CNT/CHIT/GCE, the BiAm/CNT/CHIT/GCE yielded a largest stripping signal for

Pb*". Under the optimal conditions, this sensor was observed low detection limit and wide

linearity range. Finally, the sensor had been applied to determination of Pb’" in honey
products and the results were validated with the atomic absorption spectroscopy.

CNT-CHIT P Bi amalgam

Bi amalgam/CNT/CHIT/GC
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Abstract:

In this research, a bismuth amalgam (BiAm) will be co-deposited with the carbon nanotube (CNT) and
chitosan (CHIT) on the surface of a glassy carbon electrode (GCE) for determination of Pb>". This sensor was
in-situ modified by simultaneously electrodeposition of bismuth and mercury at -1.1 V on the CNT-CHIT/GCE.
The anodic stripping square-wave voltammetry was selected technique for testing the modified electrode by test
in solution of 0.1 M acetate buffer (pH 4.5) containing 5 ppm Pb>". Under the optimal conditions, this sensor
showed a high repeatability of 3.85% with a low detection limit of 0.79 ppb and wide linearity ranges of 1.0
ppb to 10 ppm and 10 ppm to 50 ppm. This sensor was applied to determine the Pb” in honey products.

Keywords: Carbon nanotube, Chitosan, Anodic stripping square-wave voltammetry, Honey products
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as193a leeouTangminldluseauininso luszauiing [13] Tnarnnatetaaiimrea i
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