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Detection of Lead and Cadmium Ions by Voltammetry
using Antimony Impregnated Activated Carbon
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This work deals with antimony-impregnated activated carbon electrode for the detection of heavy metal
ions. Activated carbon is employed to enhance the surface area of the working electrode. Square-wave
Anodic Stripping Voltammetry is performed to analyze the electrolytic solution. The peak currents for cadmium
and lead are 29.2 and 49.4μA respectively, in 100 μg/L of cadmium and lead solution, which are considerably
higher when equated with the previous reported values. Results also indicate that antimony-impregnated
activated carbon is better when compared with the ratio of antimony amount to minimum detection limit.
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Heavy metals are elements that have specific gravity of
at least 5 times as that of water [1]. Mainly the transition
metals, some metalloids, lanthanides, and actinides are
considered heavy metals. There are in total 35 toxic
elements, which are of concern due to occupational or
residential exposure. 23 of them are heavy metals [2].
Some of these (like iron) are needed in minute quantities
by human body. However an excess can cause fatal
diseases such as Parkinson, muscular dystrophy, multiple
sclerosis and cancer [3].

Modern day industrialization and manufacturing
activities resulted in the contamination of water bodies by
the runaway wastes leading to the buildup of heavy metals.
The heavy metal ions can exist for decades, even centuries
in water. Heavy metal pollutants tend to localize and lay
dormant through precipitation of their compounds or by
ion exchange into soils and muds. Knowing all these
aspects, the World Health Organization (WHO) has
established a standard for maximum levels of these heavy
metals in drinking water. Mercury, antimony, lead and
cadmium have an upper limit of 1.0, 5.0, 10.0 and 3.0 μg/L
respectively [4].

Several techniques have been developed to detect the
concentration of these heavy metal ions in water up to
micro or even nano grams per liter concentration [5]. These
techniques include: Voltammetry, Atomic absorption
spectrometry, Inductively coupled plasma mass
spectroscopy, Capillary electrophoresis, X-ray fluorescence
spectrometry, Optical sensors, Aptamers sensors and
Quantum-Dot-Labeled DNAzymes. Voltammetry is one of
the most widely used electrochemical detection
technique. Several variations of this technique are
developed including linear sweep voltammetry, staircase
voltammetry, squarewave voltammetry, cyclic
voltammetry, stripping voltammetry, alternating current
voltammetry, rotated electrode voltammetry, normal pulse
voltammetry and differential pulse voltammetry. This
research uses square-wave anodic stripping voltammetry
(SWASV) as the detection technique due to its superiority
over other techniques, including little or no sample pre-
treatment, low cost instrumentation, quick and
reproducible results, compact analytical set and minimum
personnel training needed.

Major work in the field of voltammetry has been carried
out using in-situ electrode preparation [6-10]. Mercury is
generally selected as the working ion due to its excellent
detection efficiency [11-14]. However the poisonous nature
of mercury has led researchers to search for more
environmental friendly elements like bismuth or antimony
[6-9, 15-19]. The working ions are traditionally studied on
the non-porous glassy carbons as a support material
[7,8,12-14, 20-23]. However recently the porous supports
have been used to obtain better surface properties and
enhanced detection abilities [18]. These materials are
developed using several techniques however,
commercially available porous activated carbon as support
material has not been tested yet. This may be because of
its messy handling and orientation dependent electrical
conductivity.

This work consists of ex-situ working electrodes
preparation as in-situ detection inherently involves working
ion contamination in the test solution. This ex-situ
preparation is done by impregnation of antimony working
ions over activated carbon. The selected analyte ions to be
detected are lead and cadmium. Antimony is selected
instead of mercury because of the stated reason. This ex-
situ preparation of the working electrode is done to achieve
superior detection efficiency and to control surface
characteristics. A schematic comparison of the two
schemes is given in figure 1. In-situ method works by the
simultaneous additions of working and analyte ions into
the solution followed by deposition and stripping of both at
their respective reduction potentials. On the other hand, in
ex-situ method, the working ions are already anchored on
the electrode surface, leaving the analyte ions to be present
in the solution only. In this way, a better deposition and
stripping of analyte ions are facilitated.

Experimental part
Antimony Impregnation

All chemicals were of chemical reagent grade purity.
Activated carbon from Norrit was regenerated at 220°C
with a ramp of 25°C/min for 2 h in ECF–12/4A furnace
provided by Lanten to remove any impurity present on the
surface. Antimony trichloride (SbCl3) from Sigma Aldrich
was taken as the precursor for the subsequent
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impregnation of antimony metal over activated carbon
support. 37% HCl from Scharlau was taken as the supporting
solution for the impregnation. Vacuum impregnation was
carried out at 90°C and -600 mbar pressure for 4.5 h  in XA-
43 rotary vacuum evaporator provided by BIBBY. Four
samples were prepared after impregnation with antimony
concentrations of 2, 3, 4 and 5% by weight. Drying of
samples was done at 120°C with a ramp of 12°C/min for 2
h in JSON-150 oven provided by JSR to remove the water
contents and other volatile impurities from the prepared
samples. Subsequent calcination was performed under
nitrogen atmosphere at 300°C with a ramp of 10°C/min for
2 h in CTF–12/C5 muffle furnace provided by Carbolite to

Voltammetry
The three-electrode system was used to carry out

electrochemical tests on PG STAT-101 potentiostat
provided by AUTOLAB and powered by NOVA software.
Deposition potential of -0.1 V was given to the solution
with a deposition time of 10 min , unless stated otherwise.
Stepping potential was set to 4 mV, frequency was set to
30 Hz and amplitude to 50 mV. During deposition, the
working electrode acts as a cathode and reduces the metal
ions to metal atoms

         M2+ + 2e- →M  (1)

The counter electrode completes the other half-cell by
working as an anode and dissociates water molecules to
liberate oxygen

      2H2O→4H+ + O2 + 4e- (2)

 During stripping step, the working electrode acts as an
anode and oxidizes the metal atoms back to metal ions

           M →M2+ + 2e- (3)

while the counter electrode becomes cathode and
completes the other half-cell by hydrogen ions reduction
to hydrogen gas

2H+ + 2e- →H2 (4)

Results and discussions
In order to assess the effect of antimony amount on

detection efficiency of analyte ions, stripping voltammetry
was performed on the four prepared samples having ‘Sb’
weight percentages of  2, 3, 4 and 5%, with the results
shown in figure 3. The results consist of separated and
fairly well developed stripping peaks for both cadmium
and lead. The characteristic peaks are obtained at  -0.76 V
for cadmium and -0.53 V for lead. The peak heights increase
with the increase in the amount of antimony. Maximum
values of 29.2μA and 49.4μA for cadmium and lead
respectively are obtained for 5% AIAC sample. This
observation is consistent with the previous studies i.e. peak
height is proportional to the working ions concentration
[6,9]. These peak currents are more than previously
reported values [6-8, 16, 17], when compared to the
amount of antimony used as working ion. This may be

Fig. 1. Figurative demonstration of the
difference between in-situ (a) and ex-situ

(b) methods

Fig. 2. AIAC working
electrode. Copper as the base
conductor and carbon layer to
prevent any short-circuiting by
the solution. AIAC is sticked

to the surface with the help of
paraffin as binder

remove the impregnation impurities from the samples
prepared.

Electrode preparation
The catalyst samples prepared were then reduced and

tested in electrochemical cells. Paraffin (C14) as a binder
was used to hold the catalyst powder over a specially
developed copper-plastic piston-working electrode as
shown in figure 2. Usually a layer of impregnated carbon
paste contained 0.05 g activated carbon (0.0025 g
antimony) and 0.08 g paraffin. Carbon was used as a
counter electrode and reference electrode was Ag/AgCl.
Analyte solution consisted of 100 μg/L Pb+2 and Cd+2

(precursors: Lead Nitrate and Cadmium Chloride
Monohydrate from Loba Chemie), unless mentioned
otherwise, supported in a 0.01 M HCl solution (pH = 2) to
remove the effect of migration current.
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because of the higher available surface area offered by the
AIAC for the analyte ions deposition and better antimony
dispersion obtained via impregnation. Furthermore, no peak
voltage shift was observed for either cadmium or lead with
the increase in the amount of antimony. This shows that
the diffusional and capacitive currents are negligible for
the selected voltage ramp, which may become important
for narrow pore sized materials like activated carbon. It is
important to note that antimony stripping is not observed
at the oxidation potential of +0.1 V against Ag/AgCl
reference electrode (not shown in the figure) indicating
chemical adsorption of the antimony over the electrode
surface.

The reproducibility of manufactured electrode was
investigated employing 10 different electrodes all having
5% antimony concentrations. All tests were performed in
100μg/L concentration solutions of both analyte metal ions.
The results show that AIAC has an excellent reproducibility
and the standard deviation for cadmium and lead is no
more than 8.37x10-6 μA and 1.06x10-5 μA respectively. A
5% AIAC electrode was tested under the conditions as of
figure 3, twenty times consecutively, to check the
reusability. The results have shown the excellent ability of

the electrode to repeat the measurement with almost
negligible error. Standard deviations of 6.32x10-6 μA and
1.06x10-5 μA for lead and cadmium were observed
respectively. This repeatable behavior of AIAC can be
attributed to the impregnated antimony that does not tend
to dissolve at its oxidation potential during successive tests.

A series of deposition time tests were performed in 100
μg/L analyte solution and the data is presented in figure 4.
As the deposition time increases stripping current increases
linearly. Figure 5 shows various voltammograms obtained
for 5% AIAC for successive addition of cadmium and lead
in 10 μg/L steps in the concentration range of 50 – 100 μg/
L. The calibration curves for both metal analyte ions are
provided in figure 6 in which an exponential trend is
observed. This non- linear behaviour can be related to small
amount of antimony employed for the detection of analyte
ions, which is further investigated and is a subject matter
of our next study. In this study the carbon paste layer utilized
contains 1.5 mg/L antimony, compared to previous studies
usually having 500 mg/L antimony (in-situ) [6, 10] and 10
mg/L antimony (ex-situ) [17, 19]. Even with almost ten
times less antimony, a higher signal to noise ratio is
obtained. No peak for either cadmium or lead is observed
below 50 μg/L concentration. Possible reason for this

Fig. 3.SWASVs of 100μg/L Cd(II) and Pb(II) at
the ex situ prepared AIAC electrodes.

Solution: 0.01 M HCl (pH 2), deposition at -0.1
V for 10 min with a frequency of 30 Hz,

amplitude of 50 mV and a potential step of 4
mV. 5%( ), 4%( ), 3%( ), 2%(o), AC( )

Fig. 4.Deposition time test of ex situ
prepared AIAC electrodes with 100μg/L
Cd(II) and Pb(II). Solution: 0.01 M HCl

(pH 2), deposition at -0.1 V with a
frequency of 30 Hz, amplitude of 50 mV and

a potential step of 4 mV. Cd(II) (o),
Pb(II) ( )

Fig. 5. SWASVs of 50-100μg/L Cd(II) and Pb(II) at the
ex situ prepared 5% AIAC  electrodes. Solution: 0.01
M HCl (pH 2), deposition at -0.1 V for 10 min with a

frequency of 30 Hz, amplitude of 50 mV and a
potential step of 4 mV. 100( ), 90( ), 80( ), 70(o),

60(Δ), 50( )
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detection limit may be because of the hydrogen over
potential. Although this potential with respect to antimony
is negative [24], but it cannot be neglected with such small
amounts of antimony on the AIAC.

Conclusions
Activated carbon is selected as the support material due

to its high surface area. Antimony as working ion was
chosen because of its low toxicity as compared to mercury
and superior thermal characteristics with respect to
bismuth. The results show that the current peaks obtained
are directly proportional to the amount of antimony present
on the electrode. The analyte peaks are remarkably higher
when compared with the amount of antimony employed
in previous studies. However, the detection limit of the
electrode is lower because of the overall small surface
antimony amount used. The detection repeatability and
reproducibility are also superior because of the negligible
antimony loss during stripping. The chosen impregnation
method shows promising and practical results while
introducing more antimony over the surface may enhance
detection limits. As antimony stripping in electrolyte is quite
low, so manufactured electrode is environmental friendly.
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