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High Sensitive Detection of Cd(II) and Pb(II) Based
on Antimony-Film Covered Pencil Core Electrodes

CHEN Shan, ZHENG Zhao-Yan, FANG Yi-Min, ZHENG Li-Qing, SUN Jian-Jun"
(Key Laboratory of Analysis and Detection Technology for Food Safety, Ministry of Education,
Fujian Provincial Key Laboratory of Analysis and Detection for Food Safety,
College of Chemistry, Fuzhou University, Fuzhou 350002, China)

Abstract : In this paper, a pencil core was used as the substrate for an antimony-film electrode for simultaneous detection of Cd
(II) and Pb(II) by square-wave anodic stripping voltammetry (SWASV). With the deposition time of 180 s, the low limit of detection
(LOD) for the electrode was determined to be 0.075 pg- L for Cd(I), while 0.13 pg-L" for Pb(I) with good reproducibility in low
pH solutions (pH = 2). The results show a much lower LOD than that of bismuth-film pencil core electrode. Finally, this antimo-

ny-film electrode was successfully applied to determine Cd(II) and Pb(Il) in tap water.
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It is well known that heavy metal ions pose se-
vere risks to the environment and human health. Cad-
mium can accumulate in various tissues and organs,
especially for the kidney cortex!, leading to a vast as-
sortment of illnesses, such as proteinuria, calciuria,
aminoaciduria, glycosuria, and tubular necrosis !
Lead has been shown to cause damage to various sys-
tems when absorbed into the body, including the
hematopoietic, renal and skeletal systems, while the
most significant effects occur with the central nervous

41, Lead can interfere with brain development,

system!
slow down nerve conduction velocity, and trigger be-
havioral problems™®, therefore, the detection of heavy
metal ions is very important. Many methods for the
detection of cadmium and lead have been reported
previously, such as atomic emission spectrometry
with  inductively coupled plasma excitation
(AES-ICP), X-ray fluorescence (XRF)!", electrother-
mal atomic absorption spectrometry (ETAAS)", col-

12]

orimetry!"” and electrochemistry’. Among them, elec-
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trochemical method offers remarkable performance
due to its simple instrument and easy operation.
Electrochemical methods have played an impor-
tant role in detection of heavy metal ions, among them
stripping voltammetry and chromopotentiometry are
recognized as the most powerful tools in analyses of
heavy metals', Stripping voltammetry commonly em-
ploys the mercury film electrode and hanging mer-
cury drop electrode, which can form an amalgam
with metal ions, and has been used for heavy metal
ion detection for numerous years. However, due to
the toxicity of mercury, some environmental-friendly
materials have been reported to replace mercury. Re-
cently, bismuth, a low toxicity material, has been in-
troduced to substitute mercury as a promising elec-
trode material for its ability to form alloys with dif-
ferent heavy metals similar to mercury amalgams™.
A bismuth-film electrode has been successfully used
for the detection of different heavy metals, such as Cd
(1), Pb(1I), Zn (1), Cu(II), and Ni(II)!'*'™®, More re-
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cently, antimony, another new electrode material, has
attracted attention to application with stripping analy-
sis of heavy metals similar to bismuth film electrodes"”.
Compared with the bismuth-film electrode, the anti-
mony-film electrode offers a remarkable stripping
performance in lower pH solutions (pH <2) due to
the favorable overpotential for hydrogen relative to
the bismuth-film electrode. Therefore, the antimo-
ny-film electrode may be a more promising alterna-
tive in terms of performance for the determination of
heavy metal ions.

Glassy carbon %, gold®, silver™, iridium #,
carbon paste™, boron doped diamond™! have been
reported as a base for bismuth- or antimony-film elec-
trodes. However, a pencil core rod has also been used
as an electrode material for stripping analysis®**. The
advantages of this material include its low cost, simple
and fast preparation, renewable character, and high
electrical conductivity®?*". Here, by in situ depositing
antimony on a pencil core electrode substrate, simulta-
neous detection of heavy metal ions Cd(1l) and Pb(II)
is reported. The pencil core antimony-film electrode
displays a high sensitivity, 0.075 wg-L"' for Cd (II)
and 0.13 pg- L' for Pb(Il), which are lower than 0.3
pg-L'and 0.4 pg-L", respectively, for Cd(IT) and Pb
(I1) from pencil core bismuth-film elctrode™, and 0.7
pg-L'and 0.9 pg- L, respectively, for Cd(IT) and Pb
(ID ™ from glassy carbon antimony-film electrode.
The pencil core antimony-film electrode also shows
good reproducibility compared with the bismuth-film
electrode, and is applied to the detection of the Cd(II)
and Pb(I) in tap water.

1 Experimental
1.1 Apparatus

Electrochemical experiments were carried out
using CHI 620B (ChenHua Instrument, Shanghai,
China). A conventional three-electrode system was
employed with a platinum wire as the counter elec-
trode, and an Ag/AgCl (3 mol-L"' KCl) as the refer-
ence electrode. All experiments were performed at
room temperature.

The pencil core rod (HB, 0.5 mm in diameter)
was purchased from TOMBO (Japan). A copper wire

was coiled around the pencil core rod and inserted in-

to a stock tube which was subsequently sealed with e-
poxy resin. The electrode was successively polished
with 1000-mesh sand paper, then washed and soni-
cated in water before use.
1.2 Chemicals and Reagents

Standard stock solutions of antimony, Sb (III),
lead, Pb(Il) and cadmium, Cd(II), were provided by
National Analysis Centre for Iron and Steel. Hy-
drochloric acid was obtained from the National Insti-
tute for Control of Pharmaceutical & Biological Prod-
ucts (Beijing, China). The supporting electrolyte con-
sisted of a 0.01 mol -L" solution of hydrochloric acid
(pH = 2.0). Deionized water (Millipore, Bedford, MA)
was used throughout. The tap water was from our lab.
1.3 Procedures

The electrode was successively polished to a
1000-mesh sandpaper, washed and then sonicated in
water before use. The three electrodes were im-
mersed into a 10 mL electrochemical cell, containing
0.01 mol - L™ hydrochloric acid and 0.5 mg-L" of Sb
(IIT). The deposition potential of -1.2 V was applied
while the solution was stirred. Following the precon-
centration step, the stirring was stopped. After 5 s, the
square-wave anodic stripping voltammetric measure-
ment was performed by a potential scan from -1.2 V
to 0.2 V with a frequency of 25 Hz, a pulse height of
25 mV, and a step increment of 4 mV. The standard
solutions of Cd(Il) and Pb(Il) were introduced after
the background signal was recorded. Prior to the next
cycle, the electrode was cleaned for 60 s at 0.1 V un-

der stirring.
2 Results and Discussion

2.1 Effect of Antimony Concentration

The concentration of Sb(IIl) could affect the
thickness of antimony film, resulting in a different
peak current of Cd(Il) and Pb(Il). Fig. 1 shows the
square-wave anodic stripping responses for a pencil
core graphite electrode in a solution containing 30
pg L' either Cd(II) or Pb(Il) and 0.01 mol -L" hy-
drochloric acid (pH = 2) with different concentrations
of Sb(III) in the range of 0.20 to 1.50 mg- L. With an
increase in the concentration of Sb(IIl), the decrease
in signal of Pb(Il) was observed. However, the signal
of Cd(Il) increased first when the concentrations of Sb
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(1) increased up to 0.5 mg-L", and then decreased
with a further increase in concentration of Sb (III).
This phenomenon was previously observed at antimo-
ny-film carbon paste electrodes, and could be attribut-
ed to the formation of a Pb-Sb intermetallic com-
pound®. Therefore, a concentration of 0.5 mg-L" of
Sb(III) was selected for further experimentation.
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Fig. 1 Effect of Sb(IIl) concentration on the stripping
voltammetric responses of Cd(Il) and Pb(Il) at an in
situ antimony film deposited on a pencil core
graphite electrode. The solutions contained 0.01
mol-L" hydrochloric acid and 30 jg-L" either Cd(II)
or Pb(Il). Deposition potential: -1.2 V; deposition
time: 240 s; frequency: 25 Hz; pulse height: 25 mV,

step increment: 4 mV

2.2 Effect of the Deposition Potential

Fig. 2 shows the influence of the deposition po-
tential on the peak currents of Cd(II) and Pb(II). With
the more negative deposition potentials, the more
heavy metal ions were deposited. But hydrogen gen-
eration occurred when the deposition potential was
more negative than -1.4 V, which affected the signals
of Cd(I) significantly. When the potential was -1.1 V
the stripping signal of Cd(II) was highest, while the
stripping signal of the Pb(II) increased with more
negative deposition potential. To avoid the competi-
tive generation of hydrogen and the codeposition of
other metal ions from the real samples, the potential
of -1.2 V was chosen as the optimized deposition po-
tential for all subsequent experiments.
2.3 Effect of the Deposition Time

To enhance the electroanalytical performance,
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Fig. 2 Effect of deposition potential on the stripping voltam-
metric responses of Cd(II) and Pb(Il) at an in situ an-
timony film pencil core electrode. The solutions
contained 0.01 mol - L' hydrochloric, 30 pg-L' Cd
(I1) and Pb(II), and 500 pg-L"' Sb(II). Deposition
time: 240 s; frequency 25 Hz; pulse height: 25 mV,

step increment: 4 mV.

the deposition time was also optimized. Fig. 3 displays
the signals of Cd(II) and Pb(II) with different deposi-
tion time. When the deposition time is 180 s the sig-
nals of Cd(II) and Pb(Il) are almost the same, and the
signals for both heavy metal ions increased almost
linearly when the deposition time is shorter than 300
s. This demonstrates that in this case the antimony
coated pencil core electrode does not suffer from the
saturation effect reported previously™ within 300 s.
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Fig. 3 Effect of deposition time on the stripping voltammet-
ric response of Cd(1l) and Pb(ll) at an in situ antimo-
ny film deposited on a pencil core electrode. The so-
lutions contained 0.01 mol - L hydrochloric acid, 30
pg- L' Cd(Il) and Pb(II), and 500 pg- L' Sb(III). De-
position potential: -1.2 V; frequency 25 Hz; pulse
height: 25 mV, step increment: 4 mV
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2.4 Calibration Data 544 o A
Calibration was displayed on the antimony-film cd
pencil core electrode for the simultaneous determina « 1.8
tions of Cd(II) and Pb(II) with different deposition %
time (180 s, 300 s). As can be seen in Tab. 1, the re- § -
sults reveal good linear behavior for both metal ions 0.64
when performed over different linear ranges, low and
high concentrations. This may due to the different '0-1.2 TR TR o0
structures of Cd-Sb and Pb-Sb alloys ** under differ- Potential/V (vs. Ag/AgCl)
ent ranges of concentration.
With a deposition time of 180 s, the LOD (3S/N) 0121 Cd B
was determined to be 0.075 pg-L" for Cd(II) and 1.5 ZZZ
0.13 pg-L" for Pb(Il). When the deposition time was - 0.03
300 s, the LOD values of 0.048 wg-L" for Cd(Il) and g 1.0 1
0.49 pg-L"' for Pb(II) were obtained. The results §
show a lower LOD than those of the 0.3 wg-L"' and 0.5 4
0.4 pg-L"' reported for Cd(II) and Pb(II), respectively,
by bismuth-film electrode™®. With increasing deposi- 0.04 ————T——T——————
co , 0 10 20 30 40 350 60 70
tion time the LOD of Cd(II) decreased, while the Concentration/(ugL)
LOD of Pb(Il) increased. The peak currents of both
cations increased with longer deposition time, while 209 “%] Pb S
the stability of the peak current of Pb(II) decreased,
resulting in a higher LOD than that with the shorter y 151
deposition time. This may be attributed to the stronger E.;‘
competition from Cd(II) against Pb(Il) to form alloys % -
with antimony with longer deposition time. So for the - 0.5
rapidity and good detection limit, 180 s was chosen
for detection with the real samples. 0.0 - = = . = .

Fig. 4 reveals a good linear relationship of peak
current with concentration when the deposition time
was 180 s. The reproducibility for both Cd(Il) and Pb
(IT) was also investigated when the deposition time
was 180 s, and the relative standard deviation (RSD)
was calculated to be 3.4% for Cd(Il) and 1.3% for Pb
(II) (n =9) as shown in Fig. 5.

2.5 Determination of Cd(II) and Pb(II) in

Tap Water

The antimony-film pencil core electrode was ap-
plied to detect Cd(II) and Pb(Il) in tap water sampled
from the lab. The water sample was diluted 20 times
and the amounts of 10, 15, 20 pg-L"' of Cd(II) and
Pb(Il) were added. The standard addition results are

illustrated in Tab. 2. From the results, a reasonable

10 20 30 40 50 60 70
Concentration/(ng-L")

Fig. 4 SWASV data with increasing concentrations of Cd
(II) and Pb (1) at an in situ antimony-film deposited
on a pencil core electrode. The solutions contained
0.01 mol-L" hydrochloric acid, 4 to 65 pg-L" Cd(IT)
and Pb(1I), 500 g L' Sb(II) (A). The linear rela-
tionship of peak currents and concentrations for Cd(II)
(B) and Pb(II) (C). Deposition potential: -1.2 V; depo-
sition time: 240 s; frequency 25 Hz; pulse height: 25

mV, step increment: 4 mV

recovery was observed, indicating that the method
employed is sufficient for practical application in real

water sample detection.

3 Conclusions
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Tab. 1 Results of Cd (II) and Pb (II) with different deposition time (n = 3)

Deposition time/s Linear range/(pg- L") R LOD/(pg-LY)
180 Cd 4~10, 15~65 0.997, 0.999 0.075
Pb 4~10, 15~65 0.992, 0.997 0.13
300 Cd 4~10, 15~50 1.000, 0.998 0.048
Pb 4~10, 15~50 0.992, 0.999 0.49

Relative intensity

Times

Fig. 5 The reproducibility in the stripping voltammetric re-
sponses of Cd(I) and Pb(Il) at an in situ antimony-film
pencil core electrode. The solutions contained 0.01
mol - L hydrochloric, 30 pg-L* Cd(I) and Pb(II).
Deposition potential: -1.2 V; deposition time: 240 s;
frequency 25 Hz; pulse height: 25 mV, step incre-

ment: 4 mV

Tab. 2 The results of Cd (II) and Pb (II) by standard addition
method at an antimo ny-film pencil core electrode in

tap water sample

Added/(ng-L") Detected/(g L") Recovery/%
Cd Pb Cd Pb Cd Pb
10.00 10.00 10.41 10.39 104.1 103.9
15.00 15,00 14.66 15.98 97.73  106.5
20.00 20.00 19.41 20.78 98.55 103.9

In this work, the pencil core rod was used as a
supporting substrate for an antimony-film elec trode
to detect heavy metal ions by SWASV. Its ad van-
tages, such as, low cost, easiness and rapid prepara-
tion, renewable character, low background current
and high electrical conductivity, make it superior for
the determination of Cd(Il) and Pb(II) relative to pre
vious reports. The antimony-film pencil core elec-

trode was observed to perform with a low LOD and

good reproducibility. Owing to the low toxicity of an
timony, inexpensive electrode substrate and simple
operation, this method is promising for on-site moni-

toring of heavy metal ions in water.

References:

[1] Jarup L, Berglund M, Elinder C G, et al. Health effects of
cadmium exposure-a review of the literature and a risk es-
timate[J]. Scandinavian Journal of Work Environment &
Health, 1998, 24(1): 1-51.

[2] Satarug S, Moore M R. Adverse health effects of chronic

exposure to low-level cadmium in foodstuffs and cigarette

smoke[J]. Environmental Health Perspectives, 2004, 112

(10): 1099-1103.

[3] Wilson M A, Johnston M V, Goldstein G W, et al. Neona-

tal lead exposure impairs development of rodent barrel

field cortex[J]. Proceedings of the National Academy of

Sciences of the United States of America, 2000, 97 (10):

5540-5545.

Verstraeten S V, Aimo L, Oteiza P, et al. Aluminium and

lead: Molecular mechanisms of brain toxicity[J]. Archives

of Toxicology, 2008, 82(11): 789-802.

Ronco A M, Gutierrez Y, Gras N, et al. Lead and arsenic

levels in women with different body mass composition[J].

Biological Trace Element Research, 2010, 136 (3):

269-278.

[6] Olympio K P, Goncalves C, Gunther W M R, et al. Neuro-
toxicity and aggressiveness triggered by low-level lead in
children: A review[J]. Revista Panamericana De Salud
Publica-Pan American Journal of Public Health, 2009, 26
(3): 266-275.

[7] Gracia R C, Snodgrass W R. Lead toxicity and chelation

therapy[J]. American Journal of Health-System Pharmacy,

2007, 64(1): 45-53.

Krieg E F, Chrislip D W, Brightwell W S. A meta-analysis

of studies investigating the effects of lead exposure on

nerve conduction[J]. Archives of Toxicology, 2008, 82(8):

531-542.



543 73

THRA5 e T 0 TR RS 5 A 2 S P AR C (LD HTPh(IT) i 5 03 1 46 )

<375 -

[9] Hennebruder K, Wennrich R, Mattusch J, et al. Determina-

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(21]

tion of gadolinium in river water by SPE preconcentration
and ICP-MS[J]. Talanta, 2004, 63(2): 309-316.
Stosnach H. On-site analysis of heavy metal contaminat-
ed areas by means of total reflection X-ray fluorescence
analysis (TXRF)[J]. Spectrochimica Acta-Part B, 2006,
61(10/11): 1141-1145.
Alexiu V, Vladescu L. The determination of the contami-
nation level with lead and cadmium in sweet food sam-
ples by atomic absorption spectrometry with electrother-
mal atomization[J]. Review Chimica-Bucharest, 2003, 54
(7): 557-560.
Beqga L, Singh A K, Khan S A, et al. Gold nanoparti-
cle-based simple colorimetric and ultrasensitive dynamic
light scattering assay for the selective detection of Pb(Il)
from paints, plastics, and water samples[J]. Acs Applied
Materials & Interfaces, 2011, 3(3): 668-673.
Liu L, Huy N L, Wang J X, et al. Thickness-dependent
morphologies and surface-enhanced raman scattering of
Ag deposited on n-layer graphenes[J]. Electroanalysis,
2011, 115(23): 11348-11354.
Wang J. Analytical electrochemistry, 3rd ed. [M]. Wi-
ley-VCH: Hoboken, NJ, 2006:
Long G G, Freedman L D, Doak G O. Encyclopedia of
chemical technology[M]. New Y ork, Wiley, 1978:912-937.
Pacheco F W, Miguel E M, Ramos G V, et al. Use of hy-
drogen peroxide to achieve interference-free stripping
voltammetric determination of copper at the bismuth-film
electrode[J]. Analytica Chimica Acta, 2008, 625(1):
22-27.
Economou A, Voulgaropoulos A. Stripping voltammetry
of trace metals at bismuth-film electrodes by batch-in-
jection analysis [J]. Electroanalysis, 2010, 22 (13):
1468-1475.
Korolczuk M, Rutyna I, Tyszczuk K. Adsorptive stripping
voltammetry of nickel at an in situ plated bismuth film
electrode[J]. Electroanalysis, 2010, 22(13): 1494-1498.
Hocevar S B, Syvancara I, Ogorevc B, et al. Antimony
film electrode for electrochemical stripping analysis [J].
Analytical Chemistry, 2007, 79(22): 8639-8643.
Wang J, Lu J, Hocevar S B, et al. Bismuth-coated carbon
electrodes for anodic stripping voltammetry[J]. Analytical
Chemistry, 2000, 72(14): 3218-3222.
Wang J, Tian B. Mercury-free disposable lead sensors
based on potentiometric stripping analysis of gold-coated
screen-printed electrodes[J]. Analytical Chemistry, 1993,
65(11): 1529-1532.

[22]

Mikkelsen E, Schrder K H. An oscillating and renewing
silver electrode for cadmium and lead detection in differ-
ential pulse stripping voltammetry[J]. Electroanalysis,
2001, 13(8/9): 687-692.

[23] Nolan M A, Kounaves S P. Microfabricated array of iridi-

[24]

[25]

um microdisks as a substrate for direct determination of
Cu? or Hg* using square-wave anodic stripping voltam
metry[J]. Analytical Chemistry, 1999, 71(16): 3567-3573.
Tesarova E S, Baldrianova L, Stoces M, et al. Antimony
powder-modified carbon paste electrodes for electro-
chemical stripping determination of trace heavy metals
[J]. Electrochimica Acta, 2011, 56(19): 6673-6677.
Toghill K E, Lei X, Gregory G, et al. Electroanalytical
determination of cadmium(II) and Lead(Il) using an anti-
mony nanoparticle modified boron-doped diamond elec-
trode[J]. Electroanalysis, 2009, 21(10): 1113-1118.

[26] WangJ, Kawde A N, Sahlin E. renewable pencil electrodes

(27]

(30]

[31]

[32]

for highly sensitive stripping potentiometric measurements
of DNA and RNA[J]. Analyst, 2000, 125(1): 5-7.
Kakizaki T, Hasebe K, Fresenius J. Potentiometric strip-
ping determination of heavy metals using a graphite-rein-
forcement carbon vibrating electrode[J]. Analytical Chem-
istry, 1998, 360(2): 175-178.

Bond A M, Mahon P J, Schiewe J, et al. An inexpensive
and renewable pencil electrode for use in field-based
stripping voltammetry[J]. Analytica Chimica Acta, 1997,
345(1/3): 67-74.

Demetriades D, Economou A, Voulgaropoulos A. A
study of pencil-lead bismuth-film electrodes for the deter-
mination of trace metals by anodic stripping voltammetry
[J]. Analytica Chimica Acta, 2004, 519(2): 167-172.

Wu S H, SunJJ, Lin Z B, et al. Adsorptive stripping analy-
sis of riboflavin at electrically heated graphite cylindrical
electrodes[J]. Electroanalysis, 2007, 19(21): 2251-2257.
Tesarova E, Baldrianova L, Hocevar S B, et al. Anodic
stripping voltammetric measurement of trace heavy met-
als at antimony film carbon paste electrode[J]. Analytica
Chimica Acta, 2009, 54(5): 1506-1510.

Wang J, Lu J M, Hocevar S B, et al. Bismuth-coated car-
bon electrodes for anodic stripping voltammetry[J]. Ana-
lytical Chemistry, 2000, 72(14): 3218-3222.

Wei Y, Gao C, Meng F L, et al. SnO,/reduced graphene
oxide nanocomposite for the simultaneous electrochemi-
cal detection of cadmium(Il), lead(Il), copper(Il), and mer
cury(Il): An interesting favorable mutual interference[J].
Journal of Physical Chemistry C, 2012, 116 (1):
1034-1041.



-376 - LA 2014 4

4

ETHEEESNENBEKITCAIDF
Pb(ID S =R 8= Y&

M OB, B, h—K, FRWiE, IhNEE”

(N 2% A 2f i B, B e o Ir SR I 0 F a4 S S0 =, A %M 350002)

T . e AN S e SO R B IR 8 FH 7 B BB U AR 2 (SWASV) XF CA(ID) FIPb(IT) #E47 [7] i A6 0. 352
AR ] Ay 180 s, Cd(IT) A1 Pb(IL) 14 5 A 4G I BR 43 531 90.075 g+ LUAI0.13 g L, 5 i 5 18 4 1) 4% 25 88 L B A1 7E
K pHAE 7 W (pH 2.0) e SR 47, 2 F A mT sl 2 A 0 1 2R K v 1 CA(TD) AP (1) 7 4t

KHEIR] « BRI AL AL BRI ARk AR B T A LR



	High Sensitive Detection of Cd(II) and Pb(II) Based on Antimony-Film Covered Pencil Core Electrodes
	Recommended Citation

	tmp.1677736487.pdf.7QDJe

