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In this work, boron-doped diamond nanograss array, boron-doped diamond film and GC electrode were used to investigate the voltammetric
response of Cd2+ and determination of the mixture of Cd2+, Pb2+ and Cu2+ with differential pulse stripping voltammetry. For the stripping of
Cd, although GC electrode was slightly better than boron-doped diamond nanograss array and boron-doped diamond film electrode in terms
of peak current response, the reproducibility of boron-doped diamond nanograss array electrode was superior to that of boron-doped diamond film and GC electrode. In case of determination of the mixture of Cd2+, Pb2+ and Cu2+, boron-doped diamond nanograss array electrode
provided better analytical detection when compared to boron-doped diamond film and GC electrode. These results demonstrated that the
boron-doped diamond nanograss array electrode was quite satisfactory with less surface adsorption, better reproducibility and higher resolution.
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INTRODUCTION
Due to their tendency to accumulate in the body, toxicity
and low rate of clearance, there existed health problems associated with exposure to high levels of metal ions such as Cd2+,
Pb2+, Hg2+. Therefore, it is essential to detect toxic trace metals
in the environment and aquatic food product for human health
and safety.Currently, the recommended techniques for metal
ion analysis are atomic absorption spectroscopy, atomic emission, inductively couple plasma mass spectrometry and anodic
stripping voltammetry. Among these techniques, anodic stripping
voltammetry has attracted a great deal of attention due to its
advantages including wide linear dynamic range, low detection
limit, multi element analysis capability, simplicity of the instrumentation, easy operational procedures and portability1,2.
The glassy carbon (GC) electrode is commonly considered
to be the electrode material for anodic stripping voltammetry3
and numerous applications in trace metal analysis involve the
mercury-coated GC electrode4,5 or polymer-covered GC
electrode6,7.However, these types of electrodes pose some
problems such as the inherent toxicity of the material, the
introduction of discouraging environmental legislation5,8-9, film
stability10,11 and preparation and deactivation of the electrode
surface12.
Because the boron-doped diamond (BDD) film electrode
is free of above-mentioned problems13,14, it has become an
attractive working electrode in anodic stripping voltammetry

for the detection of toxic trace metal ions1-3, 8. Although BDD
film electrodes exhibit several advantages including wide
potential window, low background current, long-term stability
and excellent resistance to electrode fouling, they do have some
inevitable drawbacks such as chemical inertness, unfavorable
electrocatalytic activity, which may limit their applications.
Therefore, surface modification of BDD film electrodes is
necessary to improve their detection performance.
In our previous reports15,16, the BDD nanograss array was
obtained and has been approved to improve reactive site,
accelerate electron transfer, promote electrocatalytic activity
and enhance selectivity by detecting different substances. In
this work, BDD nanograss array electrode was used to investigate the voltammetric response of Cd2+ and determination of
the mixture of Cd 2+, Pb2+ and Cu2+ by differential pulse
stripping voltammetry. It has been compared with BDD film
and GC electrode in terms of sensitivity, reproducibility and
resolution for the mixture.

EXPERIMENTAL
(Cd(NO3)2·4H2O), Pb(NO3)2, Cu(NO3)2·3H2O, (CH3COOH),
(CH3COONa) were obtained from Shanghai chemical reagent
factory. All reagents were used as received without any further
treatment. Milli-Q water (> 18 MΩ cm) was used throughout the experiments. The supporting electrolyte was acetate
buffer solution (pH 4.7) prepared with (CH3COONa) and
(CH3COOH).
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Electrochemical measurements were performed with a
CHI 660 electrochemical analyzer (CH Instruments, Chenhua
Co. Shanghai, China) with a three electrode electrochemical
cell. An Ag/AgCl (saturated KCl) reference electrode and a Pt
wire counter electrode were used.The BDD film and the BDD
nanograss array electrodes were sonicated successively in
2-propanol and Milli-Q water before use. GC electrodes were
polished with 0.10 and 0.05 mm alumina powder, respectively,
rinsed thoroughly with Milli-Q water between each polishing
step and then sonicated in acetone and Milli-Q water successively. The geometric areas of the working electrodes in the
cell were estimated to be 0.07 cm2.
Preparation of the BDD film and the BDD nanograss
array: The preparation of the BDD film and the BDD
nanograss array was reported elsewhere15.

RESULTS AND DISCUSSION
Detection of Cd2+ on BDD nanograss array, BDD film
and GC electrode: The voltammetric response of Cd2+ on
BDD nanograss array, BDD film and GC electrode was investigated with differential pulse stripping voltammetry (DPSV).
First, using a fixed concentration of 50 µM Cd2+ in 0.1 M
acetate buffer solution (pH 4.7), different parameters such as
pulse amplitude (Ap), deposition potential (Edep), deposition
time (Tdep) were optimized to produce the best stripping
signal on different electrodes and the results are shown in
Table-1.
TABLE-1
OPTIMAL PARAMETERS FOR DPSV
ON DIFFERENT ELECTRODES
Electrode
Ap (mV)
Edep/V vs. Ag/AgCl
BDD nanograss array
50
-1.10
BDD film
50
-1.15
GC
50
-1.40

Tdep (s)
60
90
60

Using the experimental conditions described above, comparison of DPSV curves and reproducibility for the stripping of
Cd was studied with different electrodes in 0.1 M acetate buffer
solution (pH 4.7) containing 50 µM Cd2+ and the results are
shown in Fig.1 and Table-2. As seen in Fig. 1, for the stripping
of Cd, well-defined stripping peaks were observed on the three
electrodes. The stripping peak potential for Cd2+ was similar
on each electrode indicating that BDD is as active as GC for
metal phase formation and oxidation. Due to the more heterogeneous chemical and electrical properties across the BDD
film surface, the stripping peak was broader and more asymmetric than that for BDD nanograss array and GC electrode1.
The peak current on the GC electrode was largest and then
that on the BDD nanograss array electrode. In comparison
with the BDD film electrode, the increase in peak current for
the detection of Cd2+ on the BDD nanograss array electrode
was ascribed to that the structure of nanograss array could
increase the surface area, provide better electric linkage
between electrode active sites, promote the electrocatalytic
ability and accelerate the electron transfer15.
Table-2 shows comparison of eight-successive voltammetric responses of 50 µM Cd2+ on BDD nanograss array,
BDD film and GC electrode. It can be seen that on the three

Fig. 1. DPSV curves for the stripping of Cd from 0.1 M acetate buffer
solution (pH 4.7) containing 50 µM Cd2+ on BDD nanograss array
(solid line), BDD film (dot line) and GC (dash line) electrodes.
Experimental conditions as in Table-1

TABLE-2
COMPARISON OF REPRODUCIBILITY FOR THE
STRIPPING OF CD ON DIFFERENT ELECTRODES
Electrode
Number
Potential/V vs. Ag/AgCl Current (10-6 A)
1
-0.768
12
2
-0.772
11.99
3
-0.772
11.98
4
-0.772
11.95
BDD
nanograss
5
-0.772
11.93
array
6
-0.772
11.93
7
-0.772
11.91
8
-0.772
11.91
RSD (%)
–
0.3001
1
-0.78
10.57
2
-0.784
10.45
3
-0.784
10.44
4
-0.784
10.39
BDD film
5
-0.78
10.31
6
-0.78
10.26
7
-0.78
10.2
8
-0.78
10.15
RSD (%)
–
1.3678
1
-0.768
12.16
2
-0.776
11.75
3
-0.772
11.96
4
-0.776
12.02
GC
5
-0.776
11.84
6
-0.78
11.64
7
-0.78
11.38
8
-0.78
10.5
RSD (%)
–
4.5099

electrodes, the peak potentials changed and the peak currents
dropped to varying degrees due to the fouling of the electrodes,
which occurred as a result of the formation of a passive film
by the continuous adsorption of the products. The peak potential
shifted by ca. 0.004 V on BDD nanograss array and BDD film
electrode whereas ca. 0.012 V on the GC electrode. On BDD
nanograss array electrode, the peak currents dropped from 12
× 10-6-11.91 × 10-6 A and the response reproducibility was
0.3001 % (RSD). On BDD film electrode, the peak currents
dropped from 10.57 × 10-6-10.15 × 10-6 A and the response
reproducibility was 1.3678 % (RSD). On GC electrode, the
peak currents changed from 12.16 × 10-6-10.5 × 10-6 A and the
response reproducibility was 4.5099 % (RSD). These results
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demonstrated that BDD nanograss array electrode had favourable
quality about low tendency for adsorption and was superior to
BDD film and GC electrode.
Detection of the mixture of Cd2+, Pb2+, Cu2+on BDD
nanograss array, BDD film and GC electrode: Fig. 2 shows
DPSV curves for determination of the mixture containing Cd2+,
Pb2+, Cu2+ with concentration of 10 and 50 µM in 0.1 M
acetate buffer solution (pH 4.7) obtained on BDD nanograss
array, BDD film and GC electrodes. It can be seen that BDD
nanograss array electrode had the best ability toward the
detection of Cu (ca. -0.055 V versus Ag/AgCl) and then BDD
film electrode. However, there was no characteristic peak of
Cu observed on GC electrode. For the stripping of Cd, the
stripping peaks (ca. -0.8 V versus Ag/AgCl) were welldefined with concentration of 50 µM whereas ill-defined with
concentration of 10 µM on the three electrodes. The characteristic peak for the stripping of Pb became various at different
concentrations: In the presence of 10 µM, there occurred single
distinct stripping peak of Pb on BDD nanograss array electrode
(ca. -0.5 V versus Ag/AgCl) and BDD film electrode (ca. -0.55
V versus Ag/AgCl) whereas both a primary peak (ca. -0.57 V
versus Ag/AgCl) and a minor one (ca. -0.47 V versus Ag/AgCl)
on GC electrode. In the presence of 50 µM, there are both a
primary peak and a minor one observed in the potential range
from -0.6 V to -0.4 V on the three electrodes. The formation
of double peaks may have to do with the inactivity of electrode
surface. From the above results, it can be concluded that BDD
nanograss array was a more efficient electrode material towards
the detection of the mixture with less surface adsorption and
higher resolution.

Fig. 2. DPSV curves for a mixture containing Cd2+, Pb2+, Cu 2+ with
concentration of 0 µM (dot line), 10 µM (dash line) and 50 µM
(solid line) in 0.1 M acetate buffer solution (pH 4.7) obtained on
(A) BDD nanograss array, (B) BDD film and (C) GC electrodes

Conclusion
Electrochemical technique is significant for the determination of heavy metals. The choice of working electrode is
important. The results of this work demonstrated that, as a
novel electrode material, the BDD nanograss array was more
efficient towards the detection of heavy metal with less surface
adsorption, better reproducibility and higher resolution.
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