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Abstract

Analysis of cadmium(ll) (Cd™) and lead(ll) (Pb*") using by a developed device was presented in this
work. This developed device bases on electrochemical principles, and it was consisted of 3 parts: the 1% is
electrodes part; the 2" is voltage controlling part and the 3%is signal display part. For electrodes part, the three
electrodes system used were the bismuth nanoparticles electrode, the Ag/AgCl electrode and the platinum wire
as working, reference, and auxiliary electrodes, respectively. The voltage regulator or “Potentiostat” was created
and developed for being suitable of portable device. The last, laptop was applied as signal display part. The
optimal conditions such as time and voltage for deposition of analytes, frequency, step potential and amplitude,
etc. As the results, the calibration graphs of both Cd”"and Pb**showed good linearity in the ranges of 100-800
and 1,200-1,400 ugL™". The limit of detection (LOD) of Cd*‘and Pb”" were 43.8 and 66.0 ugL”, respectively. The
limit of quantification (LOQ) of Cd**and Pb”" were 145.9 and 220.1 ng'W, respectively. Moreover, this developed
device was applied for determination of Cd”"and Pb* in laboratory wastewater samples. These results from the
proposed method were compared to these from Inductively coupled plasma - optical emission spectrometry (ICP-

OES). These showed that were not significantly different at the 95% confidence level.

Keywords : cadmium(ll); Lead(ll) ; bismuth nanoparticles ; test kit ;ILaboratory wastewater
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Figure 1 The developed device include part 1: electrode, part 2: electric potential control (small potentiostat)
and part 3 : signal display (laptop) Inset: prototype circuit board for the potential control section (part 2)

in developed device

2. neduarsieunIAu lubanuaznisas1ega i

o e

2.2.1 nsduarzvieyn AUl udadnuazigasienansnd
a o Ao > ae Ao S =
aun1Aw ludadinndunsviliainauideid danwuailuginsanay uazdauinsesayniatszunn
o A A o a2 o Ly o mg_/ 14 IS4
146 £ 3.43 Wrlums A9nNIh 2(a) waziietinndiazviesAlsznautesauniau Tunduassviusqematiasqe
N&099aNI9AIBLANATOULLLABINIIALAZIIATI eI ALIENa L8955 (SEM/EDX) UansAFaaazaaon6 iy

o

mﬁﬂﬁéxﬂfaumﬁ’nmmmmﬂﬁ pseild Ae Tai (Bi) waveandiay (0) Nseaineinuinwinivbesay 94.01 way

5.91 AANAGU (N 2 (b))

60



IENTINNANARTYIN TN 28 (RUUN 1) WNTIAN — INHEU W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAININE

p&-Sep-2016 11:24:34

Label: LSoce: 49 Element | Wit% At%

(a) (b) o
o] 05.91 | 45.05
" Bi 94.09 | 54.95

na -

[KCnt Bi
0.7 -
0.4
L+
- 0.0 -
Mag= 10.00KX WD= 9mm EHT=1500kV  Signal A= SE1 0.00 2.00 4.00 6.00 8.00 10.00 124

Figure 2 (a) Scanning electron microscopy (SEM) image of the synthesized spherical bismuth nanoparticles and

(b) SEM/EDX composition study of the synthetic bismuth nanoparticles.
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Figure 3 Images of electrode comparisons between (a) bared glassy carbon electrodes and (b) glassy carbon
electrode modified with bismuth nanoparticles (left) and square wave stripping voltammetry of oxidation
peaks of bismuth (experimental conditions: accumulation time 240 s, frequency 25 Hz, step potential

6 mV, and amplitude 95 mV) (right)
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Figure 4 Voltammograms for determination of Fe™ 6.0 mM were performed using (a) the developed device in this
work and (b) a potentiostat (PGSTAT-204, methorm company) (experimental conditions: cyclic

voltammetry method The scan potential starts from -0.12 V and ends at 0.80 V, step potential 20 mV).

Jo2pA
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Figure 5 Voltammogram for determination of Cd”* concentration 2500 pg/L and Pb*" concentration 2500 Mo/l
with the developed device (experimental conditions: square-wave anodic stripping voltammetry method

accumulation time 240 s, frequency 25 Hz, step potential 6 mV and amplitude 95 mV).
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Figure 6 Analysis signals of Cd*" concentrations 1,500 ugL™" and Pb”" concentrations 1,500 ugL™" using
square-wave anodic stripping voltammetry technique under the suitable conditions (a) accumulation

time, (b) frequency, (c) step potential, and (d) amplitude
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Table 1 Summary of optimal conditions for analysis of Cd”" and Pb™* by square-wave anodic stripping

voltammetry using the developed method

Parameter Studied parameter Optimum value
Deposition time (sec) 15 - 300 240
Frequency (Hz) 15-30 25
Step potential (mV) 1-12 6
Amplitude (mV) 15-115 95
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Figure 7 Voltammograms obtained by studying the standard curves for the determination of Cd*" and Pb™" at two
different concentration ranges: (a)100-800 pgL™ and (b) 1200-4000 pgL 'using the developed electrodes
and measured with the proposed method (experimental conditions: square-wave anodic stripping
voltammetry method accumulation time 240 s, frequency 25 Hz, step potential 6 mV and

amplitude 95 mV) and calibration curve for analysis of (c) Cd”" and (d) Pb”" at two concentration ranges

Table 2 Relative standard deviation (%RSD) for the precision studies of Cd”* and Pb™* analysis with glassy

carbon electrodes modified with bismuth nanoparticles.

Concentration Relative standard deviation (%RSD)
Analyte
(ugL'1) (x £ %RSD)
. 400 0.37 +4.19
Cd

2,500 1.07 £4.91
) 400 0.27 + 8.58

Pb™"
2,500 0.84 £9.42
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5.4 faEazn1INaLAY (Y%Recovery)
=2 A o A ° o aa a e« 2+ 2+ o ' I Q!I ¥ a oa 14
HANNIANHITREATNIINALAUAIUILABNNTIATIZI Cd™ waz Pb™ ludset1tinisanniieqdfjumnasiae

Ly a rdl s dgl ¥ o a
Qﬂmmmmmmwwwwmw IAHANNIMARBIUAAIAIANIINT 3

Table 3 Recovery percentage of sample analysis using the proposed method

Concentrations of heavy metal

Sample Heavy metal (UaLl™) Recovery
percentage
added measured
cd*” - 146 -
100 254 108
S, Pb** - 166 -
100 265 100
cd*” - 150 -
100 263 112
S, Pb** - 178 -
100 266 89
cd™ - 152 -
100 254 102
S, Pb** - 139 -
100 225 86
cd” - 196 -
100 287 90
S, Pb* - 122 -
100 210 88

6. N191lszenel 1981 In70IN19AURTIVINABMUI TUAINTTINTATIZS Cd” uae Po” TudoneandeainiaslfiiEnis

Watiglnsainisdiansinvmununidseyna lEdmiuameed Cd™ uaz Pb” ludnatnaun@aann

k2 yvaa a

ieedjimnas delunisdnuilé a8 ANa1INIRgIU (Standard addition) waztinAndildainglnsainisdiasnziin

WUt FaumeuiuNNsInIzifiaaiATeas ICP-OES (F8Nmn3gw) MHuanisiimsnzt Aamnsed 4
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Table 4 Concentrations of Cd”" and Pb”" in laboratory wastewater samples detected by the developed methods

compared to the standard methods (ICP-OES)

Concentrations of laboratory wastewater samples (ugL'1)

Sample ICP-OES?® The proposed method
Cd** Pb* Cd** Pb*
S, 140 170 146.10 + 7.07 165.83 + 1.41
S, 143 200 150.67 +12.16 177.50 + 1.27
S, 144 125 151.83 +2.24 139.00 £ 24.92
S 172 120 19617 £ 1.77 19617 £1.77

Note: a: standard method ; sample dilution: S2, 100 times, S3,,, 200 times, S1_, WAz S4,, 500 times, S2_, WAz S4., 5,000 times,
S3., 6,250 times waz S1,, 10,000 times

ATUNANISIAEY

1. 90NULILLAZATI91INI0IN 7T T ViEN N TN

' v '

Anzfadelfisueanuuy uaza3199insainisdansifiuuuuWmuidu Tne Buainniseanuuuigas
Adnnseiingd (circuit design) WATEANKULLNUINATANA (printed circuit board: PCB) A9n 1 8 iatinnnasalu
1 dl = a < s a rdl o d” o o a 3| d' o ¥ dl
dauh 2 visalnnudleaunnauindnresginaninisiaszinimunau duiusasivmudleauaniiluleasinintin
gnuAnszualninduitiasnnaindangnisainiaail il tnadseynsldaeas feedback control 1asginsniaat-
wan{lunislidndlninaiunda il uazdalwilngsgs Tnaginsal U301B azpsadanszualniiauadn
Tnaszninedaliinrineu wazdalindos Tunsianszualninlussastiaz lagasveneusass (amplifier) vialdnfnag
AuaunaulilluAnszua Wil wazfiasandyorlniinnlainnismeamzidanuussiauinasaiudasding

wenedryeynifiangiingnl U301C e liiszuuauanlé

ciot

c102

> DIOt

U101

c103

C104

Figure 8 Electric circuit design (left) and printed circuit board (PCB) design (right) for design and construction of

the developed device.
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