
Full Paper

Fabrication and Characterization of Carbon
Nanotube-Hydroxyapatite Nanocomposite: Application to Anodic
Stripping Voltammetric Determination of Cadmium
Dawei Pan,a Yuane Wang,a Zhaopeng Chen,a Tanji Yin,a Wei Qina, b*
a Laboratory of Environmental Chemistry, Yantai Institute of Coastal Zone Research for Sustainable Development, Chinese

Academy of Science, Yantai 264003, P. R. China
b School of Oceanology, Yantai University, Yantai 264005, P. R. China
*e-mail: wqin@yic.ac.cn

Received: November 4, 2008
Accepted: December 25, 2008

Abstract
A novel chemically modified electrode for stripping determination of cadmium is presented in this paper, based on
carbon nanotube-hydroxyapatite (CNT-HAP) nanocomposite, which can be prepared by an easy and effective one-
step sonication. The newly synthesized nanocomposite was characterized with FTIR, TEM, and electrochemical
methods. Due to the combination of the strong absorption ability of HAP and excellent electroanalytical properties of
CNTs, the GC/CNT-HAP electrode has been successfully used for determination of Cd2þ by anodic stripping
voltammetry with a linear range of 20 nM – 3 mM. The sensitivity and detection limit are 25.6 mA/mM and 4 nM,
respectively. The practical application of the proposed electrode has been carried out for the determination of trace
levels of Cd2þ in real water samples.

Keywords: Carbon nanotube, Hydroxyapatite, Nanocomposite, Cadmium, Stripping analysis

DOI: 10.1002/elan.200804492

1. Introduction

Nowadays, the roles of trace heavy metals in nature
environment and public health are widely recognized. The
lack of these microelements in biological systems can cause
many diseases and illnesses. On the other hand, the excess
quantities of these elements can be toxic for a range of
metabolic processes [1]. Among those heavy metals, cad-
mium (Cd) has been used extensively in industry for the
production of pigments, anticorrosion coatings, plastics,
alloys and batteries. Substantial amounts of Cd are contin-
uously added to soil, water and air as a consequence of
human pollution. Cd is of great toxicological interest due to
its unusually long half-life and accumulation in soft tissues,
chiefly in kidneys and liver. It has been shown to have a long
resident time in the body making it essentially a cumulative
poison or carcinogenic activity. For these reasons, the
measurement of Cd is becoming more common in chemical,
clinical and toxicology laboratories [2 – 7].

Anodic stripping voltammetry (ASV) is one of sensitive
methods for the determination of trace heavy metal ions [8].
However, ordinary electrochemical solid electrodes such as
glassy carbon, Pt, Au and graphite electrodes are not
suitable for the determination of metal ions in ASV because
of their poor sensitivity. One interesting approach to
improve sensitivity is related to the use of novel chemically
modified electrodes (CMEs). Many kinds of CMEs have
been reported for determination of Cd [9 – 11]. In recent

years, bismuth film electrode has become an attractive new
subject of electroanalytical investigations as a potential
replacement for mercury and mercury film electrodes due to
its environmentally friendly property and closest behavior
to mercury, and been successfully applied to the detection of
heavy metals including Cd [12 – 19]. However, bismuth film
electrode has relatively narrow potential window (below the
oxidation potential of bismuth) and is easily oxidized in
contact with air causing relatively low chemical stability
[20]. Thus, new alternative electrode materials are highly
desired to meet the growing demands for on-site environ-
mental monitoring of trace metals.

Since the discovery of carbon nanotubes (CNTs) [21],
there has been enormous interest in exploring and exploit-
ing their unique structural, electrical, mechanical, electro-
mechanical and physical properties. Due to their significant
mechanical strength, high surface area, excellent electrical
conductivity, special size in nanometer and good chemical
stability, CNTs have been applied to remove heavy metal
ions from aqueous solution or determine the concentration
of heavy metal as new material of chemically modified
electrode [22 – 25]. Recently, many efforts have been
focused on the design and preparation of nanocomposite
based on CNTs in order to obtain new superior composite
material that would be useful in particular applications [26].
The novel nanocomposite offers the possibility to produce
three-dimensional nanostructured films that combine the
functional organic or inorganic materials with the high
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surface area and excellent conductivity of CNTs. Various
types of nanocomposite based on CNTs, such as CNT-
polymer and CNT-metals, have been reported [27 – 31].

Hydroxyapatite (HAP, Ca10(PO4)6(OH)2), a bioceramic
material analogous to the mineral component of bone with
great biocompatibility and particular multi-adsorbing sites,
has recently been used as a promising adsorbent for divalent
heavy metal ions [32 –34]. Conventionally, HAP powders are
synthesized by various methods including solid-state reac-
tions, precipitation and hydrolysis of calcium phosphates and
sol-gel. Lately, nanostructured HAP with a higher surface
area have attracted much attention [35 –39], and a few
literatures about CNT-HAP nanocomposite have also been
reported [40 –43]. However, the synthesis procedures for the
CNT-HAP nanocomposite are rather time-consuming and
complex. More regrettably, the application of this nano-
composite in electroanalysis has not been exploited.

In this paper, a novel CNT-HAP nanocomposite has been
prepared through an easy and effective one-step sonication
synthesis, and the resulting nanocomposite can be used as a
new chemically modified electrode material for stripping
voltammetric analysis of trace amounts of Cd2þ. This is the
first report on using CNT-HAP nanocomposite modified
electrode for heavy metal detection by stripping voltamme-
try. The proposed electrode shows a wide linear range and
high sensitivity. The experimental conditions related to the
preparation and characteristic of the sensing system have
been studied in detail.

2. Experimental

2.1. Reagents

Multi-walled carbon nanotubes with purity >95% synthe-
sized by the chemical vapor deposition method were
obtained from Shenzhen Nanotech Port (China) and acidic
treatment according to the literature [44]. Stock solution of
0.01 M Cd2þ was prepared by dissolving Cd(NO3)2 (Shang-
hai Reagent Corporation, China) into deionized water, and
then diluted to various concentrations of working solutions.
Unless otherwise stated, 0.2 M HAc�NaAc buffer solution
(pH 4.4) was used as the supporting electrolyte for Cd2þ

determination. All other chemicals were analytical reagents
and used without further purification. Deionized water
(18.2 MW cm specific resistance) obtained with a Pall
Cascada laboratory water system was used throughout.

2.2. Apparatus

The CNT-HAP adduct was pressed into a KBr pellet for
FTIR investigation (FTIR-8400S, SHIMADZU, Japan) and
loaded onto GC electrode for electrochemical study. All
electrochemical experiments were carried out in a conven-
tional three-electrode cell controlled by CHI 660C Electro-
chemical Work Station (CH Instruments, Inc). A platinum
foil served as the counter electrode, and a saturated calomel

electrode (SCE) was used as the reference electrode. All
potential values given below refer to SCE. All the electro-
chemical experiments were carried out at room temper-
ature. The TEM micrograph was recorded using a JEOL-
3010 transmission electron microscope (operating at
300 kV). A drop of the prepared CNT-HAP aqueous
solutions was placed on carbon-coated copper grids and
dried under ambient conditions. Atomic absorption spec-
trometric (AAS) measurements were conducted with an
AA6300 atomic absorption spectrophotometer (SHI-
MADZU, Japan).

2.3. Preparation of CNT-HAP Nanocomposite

CNT-HAP nanocomposite was prepared by one-step soni-
cation synthesis. Briefly, 0.8 mg of CNTs was dispersed in
25 mL of 0.1 M Ca(NO3)2 solution with the aid of ultrasoni-
cation for 20 min, and the pH value was adjusted with
ammonia to 10 – 12. To this mixture, 15 mL of 0.1 M (NH4)2

HPO4 aqueous solution was added drop-wise at a rate of 2 –
4 mL/min with continuous sonication. As a result, the total
molar ratio of Ca and P was equal to 1.67. The pH of the
above solution was controlled at about 10 – 12 using
ammonia during the course of (NH4)2HPO4 addition. The
mixture solution was then kept in continuous sonication for
1 h. The resulting liquid crystalline mixture was centrifuged,
washed with water and dried at 100 8C in an oven [45]. For
comparison, pure HAP was prepared in the same manner.

2.4. Preparation of GC/CNT-HAP Electrode

Before coating, GC electrode (3 mm in diameter) was
polished with 0.3 and 0.05 mm alumina slurries, washed with
deionized water and acetone thoroughly, and then sonicated
in deionized water for 1 min. After that, 10 mL of 1 mg/mL
CNT-HAP ethanol solution was added on the surface of GC
electrode and dried under an infrared lamp to obtain the
uniform modifying layer. For comparison, HAP-modified
and CNT-modified GC electrodes were fabricated with the
same procedure described previously.

2.5. Analytical Procedure

The analysis of Cd2þ has two main steps including accumu-
lation and stripping out. Cd2þ ions were first reduced to Cd
under �1.20 V for a desired time onto the CNT-HAP film.
In the following step, the reduced Cd was oxidized at
�0.84 V during the potential sweep from�1.10 to�0.65 V.
The stripping peak current was measured for Cd2þ quantifi-
cation. Prior to the next measurements, the modified
electrode was activated at 0.6 V for 150 s in the supporting
electrolyte to remove the previous deposit completely.

Quantitative determinations of Cd2þ were performed with
differential pulse anodic stripping voltammetry. The optimal
conditions were as follows: deposition potential of �1.2 V
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with stirring; deposition time of 5 min; quiet time of 15 s;
quiet potential of�1.2 V; amplitude of 0.05 V; pulse width of
0.05 s; sampling width of 0.0167 s; pulse period of 0.2 s.

3. Results and Discussion

3.1. Characterization of CNT-HAP Nanocomposite

The formation of CNT-HAP nanocomposite was identified
by analyzing its FTIR spectrum. For CNT with acidic
treatment (Fig. 1a), five characteristic peaks are observed at
1117, 1641, 2854, 2923 and 3409 cm�1. The peak around
3409 cm�1 is attributed to the hydroxyl group (vOH). This
band may be due to both water and the hydroxyl functional
groups resulting from the chemical treatment during the
purification process. Bands around 2923 and 2854 cm�1 are
due to asymmetric and symmetric stretching of C�H bonds
[46]. The band around 1641 cm�1 can be attributed to
carbonyl (vC¼O), while the band around 1117 cm�1 can be
assigned to vC�O groups. The appearance of peaks at 1117
and 1641 cm�1 can verify the purification and function of
CNT [46]. From the spectrum of HAP (Fig. 1b), the bands at
564, 602, 962, and 1068 cm�1 are attributed to the stretching
modes of phosphate group [40]. The split bands, mainly at
1027 and 1094 cm�1, seem to be coincided with the
formation of a well-crystallized apatite [37]. Carbonate

bands were detected at 1389 cm�1. The presence of hydroxyl
group in HAP gives rise to characteristic bands at 1637 and
3428 cm�1. The spectrum of HAP from our experiment is
coincided with the standard HAP FTIR spectrum [37].
Figure 1c illustrates that the CNT-HAP composite shows
the spectrum similar to that of HAP, which implies that the
existence of CNT in the synthesis of CNT-HAP composites
does not change the formation and structure of HAP.
However, the band corresponding to the formation of
apatite becomes sharp and is observed at 1035 cm�1, which
indicates the formation of CNT-HAP composites [42].

Figure 2 shows the TEM images of CNT, HAP and CNT-
HAP nanocomposite, respectively. From Figure 2a, the
diameter of the random CNT is 50 – 100 nm. Figure 2b
shows that HAP nanoparticles are quite uniform spindle-
like structure with width of 20 – 25 nm and length of 50 –
100 nm. The formation of CNT-HAP nanocomposite is
shown in Figure 2c. It can be seen that the spindle-like HAP
nanoparticles bind to the surface of CNT, thus forming an
attractive three-dimensional structure.

3.2. Electrochemical Behaviors of Cd2þ at CNT-HAP
Nanocomposite Modified GC Electrode

Figure 3 illustrates the potential application of CNT-HAP
film in the determination of trace levels of Cd2þ. Avery small
stripping peak was obtained for 0.5 mM Cd2þ at bare GC
electrode after reduction at �1.20 V for 5 min (Fig. 3a).
Under the comparable conditions, a larger stripping peak at
�0.84 V for HAP modified electrode was observed
(Fig. 3b). Because HAP has particular multi-adsorbing sites
for Cd2þ and can attracts Cd2þ from bulk solution to
electrode surface, the stripping peak current increases. For
CNTs modified electrode (Fig. 3c), the oxidation peak of
Cd2þ was also increased but appeared at �0.87 V. With
acidic treatment of CNTs, some oxygenous groups, such as
carboxyl, carbonyl and hydroxyl, could be formed at the
ends and defect sites on the surface of the CNTs. These
functional groups can complex with Cd2þ for chemical
adsorption [47 – 49], which results in the accumulation of
Cd2þ and the increase of the stripping peak current. The
highest peak at �0.84 V was obtained with CNT-HAP
nanocomposite modified electrode (Fig. 3d). Additionally,
the stripping peak currents of Cd2þ at bare GC, HAP-, CNT-
and CNT-HAP modified electrodes are 0.83, 1.24, 1.66,
9.01 mA, respectively, indicating that the current response
obtained with the CNT-HAP modified GC electrode was
increased by nearly 11-fold as compared to that with the
bare GC electrode. More importantly, the peak current at
CNT-HAP modified electrode is larger than the sum of that
at CNTs and HAP modified electrode alone, i.e., iCNT-HAP>
iCNTþ iHAP, indicating the synergetic effect of bifunctionality
of CNTs and HAP. Such bifunctional properties of CNT-
HAP nanocomposite include high specific surface areas,
particular multi-adsorbing sites, uniform and tailored nano-
structure and excellent electrochemical properties. Since
the electrodeposition of Cd is carried out at a substantially

Fig. 1. FTIR spectra of a) CNT, b) HAP, and c) CNT-HAP
nanocomposites.

946 D. Pan et al.

Electroanalysis 2009, 21, No. 8, 944 – 952 www.electroanalysis.wiley-vch.de � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.electroanalysis.wiley-vch.de


negative potential in all cases (�1.2 V), its electrochemical
accumulation of Cd from the solution phase and onto the
modified electrode is carried out under mass transfer
control. The surface area of the modified electrode and its
adsorption affinity for Cd2þ would affect the stripping
efficiency. Indeed, higher surface area of the CNT-HAP
modified layer would lead to thinner or well dispersed
deposits having a better adherence and able to support a
higher and stable metal loading, while higher adsorption
affinity of the nanocomposite could promote the accumu-
lation of the analyte ion with simultaneous reduction.

The mechanism of the electrochemical behavior of Cd2þ

at the CNT-HAP modified electrode can be described as the
following steps:

1. Adsorption:

Cd2þ (solution)þCNT-HAP (electrode)!
CNT-HAP/Cd2þ (electrode)

2. Electrodeposition:

CNT-HAP/Cd2þ (electrode)þ 2e!
CNT-HAP/Cd (electrode)

3. Stripping:

CNT-HAP/Cd (electrode)!
CNT-HAP (electrode)þCd2þ (solution)þ 2e

In the present experiments, since Cd2þ ions are accumulated
by applying a cathodic potential during adsorption with
CNT-HAP nanocomposite, step 1 occurs concurrently with
step 2. The advantages of depositing metal simultaneously
with adsorption include that the analysis becomes a two step
process (adsorption/reduction and stripping) as in conven-
tional ASV, and the deposition time and the overall time are
shortened [50].

Fig. 2. TEM images of a) CNT, b) HAP, and c) CNT-HAP nanocomposites.
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3.3. Optimization for Measurement of Cd2þ at GC/CNT-
HAP Electrode

3.3.1. Effect of Volume of the CNT-HAP Suspension

The voltammetric response of Cd2þ is dependent on the
thickness of CNT-HAP film, which is determined by the
volume of CNT-HAP ethanol suspension added onto the
GC electrode surface. The relationship between the volume
of CNT-HAP ethanol suspension and the stripping peak
current was investigated and the corresponding results are
shown in Figure 4a. The stripping peak current gradually
increases with the volume of CNT-HAP suspension until
10.0 mL, which is due to the increase of the active sites for
Cd2þ accumulation onto the GC electrode surface. How-
ever, further increase of the volume of CNT-HAP suspen-
sion can result in the decrease of the peak current. Indeed,
with thicker films of CNT-HAP, the mass transport might
conversely decrease, while ohmic losses through a three-
dimensional electrode coating with CNT-HAP material
could increase. Therefore, the optimized amount of CNT-
HAP suspension is chosen as 10.0 mL.

Fig. 3. Anodic stripping differential pulse voltammograms of a)
bare GC, b) HAP-modified, c) CNT-modified, and d) CNT-HAP
nanocomposites modified GC electrodes in 0.2 M HAc-NaAc
buffer (pH 4.4) containing 0.5 mM Cd2þ: accumulation potential,
�1.2 V; accumulation time, 5 min; pulse amplitude, 50 mV; scan
rate, 20 mV/s; pulse width, 50 ms.

Fig. 4. Effect of a) volume of CNT-HAP suspension (1 mg/mL), b) accumulation potential, c) accumulation time, and d) pH value of
buffer solution on the stripping peak current of 0.5 mM Cd2þ. Other conditions are the same as in Figure 3.
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3.3.2. Effect of Accumulation Potential

Figure 4b depicts the effect of the accumulation potential on
the stripping peak currents with 5 min deposition. When the
deposition potential shifted from �0.9 to �1.2 V, the
stripping peak currents increased greatly, which is due to
the fact that Cd2þ can be reduced more efficiently at more
negative deposition potentials. Experiments also showed
that further negative shift of the accumulation potential
could not increase obviously the peak current but cause a
relatively higher background current, which is mainly
attributed to the cohydrogen evolution at such negative
potentials. So, �1.2 V was used in the following experi-
ments.

3.3.3. Effect of Accumulation Time

The sensitivity of the proposed method for detection of Cd2þ

was undoubtedly promoted with the increase of the
accumulation time because of the increased amount of Cd
on the GC/CNT-HAP electrode. However, this tendency
would not be prolonged all through due to the limited active
sites for Cd accumulation. The response of the GC/CNT-
HAP electrode to 0.5 mM Cd2þ increased rapidly with the
accumulation time up to 5 min, and then tended to increase
slowly, as shown in Figure 4c. Though increasing the
accumulation time improves the sensitivity, it also lowers
the upper detection limit due to the rapid surface saturation
at high Cd concentrations [30]. Therefore, to achieve lower
detection limit and wider response range, 5 min was chosen
as the accumulation time for the following experiments.

3.3.4. Effect of pH Value of the Buffer Solution

Buffer solution has the ability to fix pH value and ionic
strength. In the practical analysis, buffer solution, therefore,
was widely employed as supporting electrolyte. The pH
value of the accumulation solution was found to exert a
significant but predictable effect on the accumulation
process. Figure 4d shows pH dependency of the stripping
current of metal ions in 0.2 M NaAc-HAc buffer solutions in
the pH range of 3.6 – 5.6. In this case, the chemical
deposition was done in 0.5 mM Cd2þ solution for 5 min at
�1.2 V. The current response was strongly influenced by the
pH value of the deposition solution. From pH 3.6 to pH 4.4,
the stripping current gradually increased and the maximum
current was observed at pH 4.4. This may be ascribed to the
multi-hydroxyl groups of CNT-HAP and fewer protons are
competed with Cd2þ for these binding sites with the increase
of pH value. But at pH values above 4.4, the current
decreased, which might be caused by the formation of metal
hydroxide complexes that may be partially soluble. These
hydroxide complexes may precipitate either on the wall of
the electrolytic cell or on the electrode surface, thereby
causing a significant decrease in the quantity of solution
phase metal ions that may reach the electrode surface [51].
Therefore, a moderately acidic environment is important for
the detection of the divalent heavy metal Cd2þ. In this work,

0.2 M NaAc-HAc buffer solution of pH 4.4 was chosen as
the supporting electrolyte.

3.4. Calibration Curve

The calibration curve of the Cd2þ sensor was derived from
the differential pulse stripping voltammetry curves obtained
at the GC/CNT-HAP electrode with a 5-min accumulation
period (Fig. 5). The stripping peak current (ip) is propor-
tional to the concentration of Cd2þ from 20 nM to 3 mM (ip¼
25.55Cþ 0.12, r¼ 0.995, ip in mA, C in mM). The sensitivity of
the GC/CNT-HAP electrode to Cd2þ is 25.6 mA/mM. The
detection limit was given by the equation CL¼ 3sbl/S, where
sbl is the standard deviation of the blank measurements and S
is the sensitivity of the calibration graph. The detection limit
of Cd2þ for 5-min accumulation was calculated to be 4 nM.
The relative standard deviations for 80 nM Cd2þwere found
to be 6.2% for one electrode with five measurements and
8.5% for five electrodes prepared with identical procedures.
The response characteristics of the proposed method were
compared with those reported in the literature and the
results are shown in Table 1. It can be seen that the proposed
GC/CNT-HAP electrode system has a wider linear dynamic
range, lower detection limit and larger sensitivity than most
of other methods for voltammetric stripping determination
of Cd2þ.

3.5. Study of Interferences

The interference of several common metal ions (Pb2þ, Cu2þ,
Hg2þ) to the detection of Cd2þ was investigated and the
results are shown in Figure 6. When GC/CNT-HAP elec-
trode was immersed in a mixture of Cd2þ, Pb2þ, Cu2þ and
Hg2þ at the same concentration of 0.5 mM (solid line), the
oxidation signal attributed to Cd2þ at�0.79 V was observed,

Fig. 5. Calibration curves of Cd2þ on the CNT-HAP nanocom-
posites modified GC electrode (n¼ 3). The values for the inset
curves are 0, 20, 50, and 100 nM from bottom to top, which are in
the linear rang. Other conditions are the same as in Figure 3.
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while the oxidations of Pb2þ, Cu2þ and Hg2þ occurred at
�0.57, �0.24, �0.13 V, respectively. This implies that the
proposed electrode could be used for simultaneous detec-
tion of several heavy metals including Cu2þ and Hg2þ, which
can not be determined by bismuth film electrode due to the
oxidation of bismuth at higher stripping potentials. The
positive change of peak position of Cd (from �0.84 V to
�0.79 V) indicates the interference of the co-existing metal
ions. The simultaneous detection of several other trace
elements was done in the presence of mercury, which may
result in the in-situ formed mercury film. Another supple-
mental experiment was carried out in the mixture solution
without mercury present (dotted line). Indeed, well resolved
stripping peaks were obtained in the absence of mercury. In
spite of the interaction of other metals with the CNT-HAP
film, their oxidation peaks can be obviously observed and
the peak potentials are far from that of Cd2þ. The peak

potential difference between Cd2þ and Pb2þ is at least
220 mV.

On the other hand, tests were done by analyzing a
standard solution (0.5 mM Cd2þ) to which amounts of
interfering metals were added under the optimal experi-
ment conditions, and the corresponding results were shown
in Table 2. Experiments showed that more than a 1000-fold
excess of Naþ, Kþ, Ca2þ, Zn2þ, Mn2þ, Co2þ, Mg2þ, Al3þ, Cl�,
NO�

3 , H2PO�
4 , and SO2�

4 , less than a 100-fold excess of Pb2þ,
3-fold Cu2þ and 2-fold Hg2þ had no influence on the signal of
0.5 mM Cd2þ. However, 300-fold Pb2þ could decrease 50% of
the peak current of Cd2þ, which might be due to the fact that
many available deposition and/or adsorption sites could be
occupied by Pb2þ at high concentrations. 10-fold Cu2þ was
found to completely suppress the peak current probably due
to the formation of the intermetallic compound between
copper and cadmium deposited in the electrode. 10-fold
Hg2þ heavily interfered with the measurement of Cd2þ due
to the formation of mercury film at the modified electrode
surface, which causes Cd2þ to be reduced more easily and
increases the stripping peak current due to the formation of
amalgam consequently. In addition, 100-fold I�dramatically
increased the peak current, which is due to the fact that I�

could induce Cd2þ to adsorb at the electrode surface [23].
However, experiments showed that the effect of interfer-
ences for real samples analysis can be eliminated effectively
by using the standard addition method (see below).

Table 1. Comparisons of response characteristic of the present work with other studies.

Detection limit (nM) Linear range (mM) Sensitivity (mA/mM) References

20 0.031 – 310 NR [a] [4]
9.8 0.20 – 3.2 NR [5]

20 0.18 – 1.8 NR [6]
6.0 0.018 – 0.11 20.3 [16]
4.0 0.040 – 4.0 6.2 [22]
6.0 0.025 – 10 15.1 [23]
2.2 0.044 – 0.89 15.6 [30]

500 0.70 – 5.6 NR [32]
40 0.25 – 25 NR [52]

100 0.56 – 35 2.83 [53]
9.8 0.089 – 0.71 9.24 [54]
4.0 0.020 – 3.0 25.6 Present work

[a] NR means not reported

Fig. 6. Anodic stripping differential pulse voltammograms of the
GC/CNT-HAP electrode in 0.2 M HAc-NaAc buffer (pH 4.4)
containing Cd2þ, Pb2þ, Cu2þ and Hg2þ (solid line) or Cd2þ, Pb2þ,
and Cu2þ (dotted line) at the same concentration of 0.5 mM. Other
conditions are the same as in Figure 3.

Table 2. Interferences of ions on the stripping peak current of
0.5 mM Cd2þ at GC/CNT-HAP electrode.

Ions Tolerance level
(mM) [a]

Naþ, Kþ, Ca2þ, Zn2þ, Mn2þ, Co2þ, Mg2þ, Al3þ 500
Cl�, NO�

3 , H2PO�
4 , SO2�

4 500
Pb2þ 50
I� 5
Cu2þ 1.5
Hg2þ 1.0

[a] For 6% error.
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3.6. Practical Application of GC/CNT-HAP Electrode

The GC/CNT-HAP electrode exhibits high sensitivity and
good selectivity for the determination of Cd2þ under the
optimum experimental conditions. In order to illustrate its
accuracy in practical analysis, the comparison between the
proposed GC/CNT-HAP electrode and atomic absorption
spectrometry (AAS) for detection of Cd2þ in real samples
was carried out. Several different types of lake water and tap
water samples were filtered through a standard 0.45 mm
filter and analyzed by the standard addition method. The
results are shown in Table 3. It can be seen that the GC/
CNT-HAP electrode indeed has a great potential for real
sample analysis with a high accuracy and good reliability.

4. Conclusions

By combining the strong adsorption capacity of HAP with
the unique properties of CNTs (the ability to facilitate
electron transfer and huge specific surface area), CNT-HAP
nanocomposite has been developed as novel chemically
modified electrode materials for sensitive determination of
Cd2þ. Compared with the bare GC, HAP- and CNT-
modified electrode, the proposed CNT-HAP nanocompo-
site modified GC electrode significantly enhances the
sensitivity for Cd2þ. The CNT-HAP nanocomposite has
attractive properties including wide potential window,
excellent chemical stability and unique three-dimensional
structures, which can be used as a new alternative electrode
material to provide an excellent platform for electroanalysis
of heavy metal ions.
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