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The electrochemical detection of As(III) was investigated on a platinum-iron(III) nanoparticles modified multiwalled 
carbon nanotube on glassy carbon electrode(nanoPt-Fe(III)/MWCNT/GCE) in 0.1 M H2SO4. The nanoPt-Fe(III)/ 
MWCNT/GCE was prepared via continuous potential cycling in the range from ‒0.8 to 0.7 V (vs. Ag/AgCl), in 0.1 M 
KCl solution containing 0.9 mM K2PtCl6 and 0.6 mM FeCl3. The Pt nanoparticles and iron oxide were co-electro-
deposited into the MWCNT-Nafion composite film on GCE. The resulting electrode was examined by cyclic voltamme-
try (CV), scanning electron microscopy (SEM), and anodic stripping voltammetry (ASV). For the detection of As(III), 
the nanoPt-Fe(III)/MWCNT/GCE showed low detection limit of 10 nM (0.75 ppb) and high sensitivity of 4.76 µAµM‒1, 
while the World Health Organization’s guideline value of arsenic for drinking water is 10 ppb. It is worth to note that 
the electrode presents no interference from copper ion, which is the most serious interfering species in arsenic detection. 

Key Words: Platinum-iron nanoparticles, Electrodeposition, Arsenic, Multiwalled carbon nanotube, Anodic 
stripping voltammetry

Introduction

The arsenic contamination in drinking water is unsafe and 
has been reported in some countries around the world.1 Arse-
nic (As) is a highly toxic element and can cause various human 
diseases such as skin lesions, bladder and lung cancer, heart 
disease, keratosis, and stillbirth.2-4 Two major forms of arsenic 
in water are arsenite (As(III)) and arsenate (As(V)). As(III) is 
50 times more toxic than As(V) owing to As(III) reactions with 
enzymes in the human respiratory system.2 The maximum 
permissible contaminant level of arsenic set by the World Health 
Organization (WHO) is 10 ppb (133 nM) in drinking water.5

Manny studies and techniques for the detection of arsenic 
have been published and developed. Some techniques such as 
inductively coupled plasma mass spectrometry,6 hydride genera-
tion atomic fluorescence spectrometry,7 and atomic absorption 
spectroscopy8 showed good sensitivity and low limit of detec-
tion. However, disadvantages of using these techniques are ex-
pensiveness, difficulty to handle, and high operation costs, etc. 
Recently, many experiments are being performed using the 
electrochemical techniques and sensors to make up the dis-
advantages of arsenic detection at low concentrations. Several 
types of Hg electrode using stripping analysis9 have been used 
for the detection of arsenic during the past two decades. The 
usage of mercury electrode brought about the difficulties in 
the treatment of the toxic metal. However, the development of 
sensors using metal nanoparticles is very promising and becom-
ing an attractive study field in the electrochemical detection 

†This paper is dedicated to Professor Hasuck Kim for his outstanding 
contribution to electrochemistry and analytical chemistry.

area. Nanometer-size materials have been used successfully 
for a wide range of electrochemical detection owing to their 
advantages such as fast mass transfer, sensitivity increase, 
catalytic effect, and large surface area.10 While there are many 
ways in the preparation of metal nanoparticle, electrochemi-
cal deposition and chemical reduction technique have been wide-
ly used. Especially, the electrochemical deposition is fast and 
easy way to make a metal nanoparticle deposited electrode.11

In order to improve analytical ability for arsenic detection, 
a lot of effort has been put into modification of electrode sur-
faces and materials by using metal nanoparticles and carbon 
electrodes, including carbon nanotubes. Examples are Au-nano-
particle modified glassy carbon electrode (GCE),12-14 Au modi-
fied boron doped diamond (BDD) electrode,15,16 Au nanoparti-
cle modified carbon nanotubes or carbon microspheres17-19 and 
Au nanoelectrode ensembles.20 Among other methods are silver 
electrode,21 Platinum (Pt) nanoparticle modified GCE,22 Pt nano-
tube,23 Pt modified BDD electrode,24 Iridium-implanted BDD 
electrode,25 arsenite oxidase biosensor,26 screen printed ring 
disk carbon electrode,27 and cobalt oxide nanoparticle modified 
GCE.28 Most studies using these modified electrodes adopted 
anodic stripping voltammetry (ASV) for more effective and 
sensitive detection of arsenic. Although these modified elec-
trodes show the successful determination of As(III) with a low 
limit of detection (LOD) via anodic stripping voltammetry, their 
sensitivities remain relatively low level and they suffers from 
the problem of copper interference. Recently, some studies 
showed that using the deposited metal nanoparticles as alloy 
or metal oxide with another metal improved the electrochemical 
catalytic effects. For example, Lin et al. reported the cooperative 
effect of platinum nanoparicles and Fe(III) co-deposited on 
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Figure 1. CV of the Bare GCE (a), Pt-Fe(III)/GCE (b, c) in absence 
(a, b) and presence(c) of 0.1 mM As(III) in 0.1 M H2SO4 solution at 
scan rate of 100 mVs‒1.

GCE in the electrocatalytic oxidation of nitrite and nitric oxi-
de.29-31 Therefore, the electrochemical co-deposition of Pt nano-
particles with transition metal oxide can be an alternative to 
increase sensitivity. 

In this study, we have developed a novel platinum-iron(III) 
nanoparticles modified multiwall carbon nanotube-Nafion com-
posite film on glassy carbon electrode (nanoPt-Fe(III)/MWCNT/ 
GCE) for the electrochemical detection of As(III). In the ex-
periment, Nafion, a perfluorinated sulfonate cation exchanger, 
was used as a polymeric binder of MWCNT onto the electrode 
surface. The Pt and iron(III) nanoparticles, incorporated within 
the MWCNT-Nafion composite film, co-deposited from the 
solution improves the electrocatalytic ability toward the elec-
trochemical oxidation of As(III). The prepared electrode shows 
high sensitivity and low LOD and can be successfully used for 
the detection of As(III) using ASV without interference by 
copper ion. The optimum experimental conditions such as de-
position time and applied potential were examined and the effect 
of co-deposition of other transition metal was also discussed. 

Experimental

Materials and reagents. Potassium hexachloroplatinate(IV) 
(K2PtCl6, 98%), Iron(III) chloride (FeCl3, 97%), Sodium (meta) 
arsenite (NaAsO2,), Copper(II) chloride dihydrate (CuCl2·2H2O, 
99.9%), Cobalt(II) chloride (CoCl2, 97%), Nickel(II) chloride 
hexahydrate (NiCl2·6H2O, 99.9%) and Nafion (5 wt %) were 
purchased from Sigma-Aldrich (USA) and used without further 
purification. All other chemicals were of analytical grade and 
Multi-walled carbon nanotubes (MWCNT, 95% purity, dia-
meter 10 ~ 15 nm, and length 10 ~ 50 µm) were purchased from 
Iljin (Korea). All solutions were prepared with deionized water 
obtained from Ultrapure water purification system (LabTech, 
Korea) with a resistivity of not less than 18.2 MΩcm.

Apparatus. Cyclic voltametry (CV) and linear sweep vol-
tametry (LSV) were performed using a computer-controlled 
CHI 842B potentiostat with a conventional three-electrode sys-
tem. A glass carbon (GC) working electrode (3 mm diameter) 
purchased from bioanalytical system (BAS) was used for the 
preparation of the modified electrode. A platinum (Pt) counter 
electrode and a silver/silver chloride (Ag/AgCl, 3 M KCl) re-
ference electrode were used for the three-electrode system. 
Images of the modified electrode surface were obtained using 
a field emission scanning electron microscopy (FE-SEM, Hita-
chi S-48000) and atomic force microscopy (AFM, XE-70). 

Preparation of GCE modified with Pt nanoparticles and Fe 
(III) (Pt-Fe(III)/GCE). A GC electrode was polished with aqu-
eous slurries of successively finer aluminar (particle size : 0.3 
and 0.05 µm) on polishing pad. The GC electrode was rinsed, 
then sonicated in deionized water and isopropyl alcohol for 
each 5 minute. After dried, the electrochemical co-deposition 
of Pt-Fe(III) nanoparticles on GCE was conducted in the solu-
tion containing 0.6 mM K2PtCl6, 0.4 mM FeCl3 and 0.1 M KCl 
by repetitive potential cycling between 0.7 and ‒0.8 V at a scan 
rate of 50 mVs‒1 for 30 cycles.31 The optimum molar ratio 
(Pt:Fe = 3:2) used in the mixture solution for the electrodeposi-
tion of nanoparticles was reported in the previous studies.29-31 
Using the same molar ratio for other metals’ co-electrodeposi-

tion with Pt, we prepared Pt-Metal/GCE (where, Metal = Co, 
Cu, Ni, Pd) with the same deposition method as described above. 
The modified electrode was washed with deionized water and 
dried at room temperature in the air.

Preparation of nanoPt-Fe(III)/MWCNT/GCE. The purifica-
tion of MWCNT for modified electrode was adapted from pre-
viously published studies.33,34 The 5 mg MWCNTs were puri-
fied by ultra-sonicator in 5 mL 3 M HNO3 for 24 h. The obtained 
homogenous black suspension was filtered by membrane filter 
(pore size 0.2 µm). After rinsed using deionized water, it was 
dried at 70 oC in a drying oven. The dried 5 mg MWCNTs were 
agitated by ultra-sonicator in 5 mL 0.5 wt % Nafion solution 
for 1 h. Then, 10 µL of the obtained homogenous black suspen-
sion (Nafion-MWCNT mixture, 1 mg/mL MWCNT) was dropp-
ed by casting on purified GCE. After dried at room tempera-
ture in the air, the modified electrode was electrodeposited 
from solution containing 0.9 mM K2PtCl6, 0.6 mM FeCl3 and 
0.1 M KCl using potential cycling between 0.7 and ‒0.8 V at 
a scan rate of 50 mVs‒1 for 5 cycles. 

Results and Discussion 

Fig. 1 shows the typical cyclic voltammetry responses of a 
bare GCE (curve a), Pt-Fe(III)/GCE in absence (curve b) and 
presence (curve c) of 0.1 mM As(III) in 0.1 M H2SO4 solution. 
As a result of electrochemical co-deposition of Pt and Fe(III) 
nanoparticles on bare GCE, the curve b as a background re-
sponse shows a characteristic feature due to hydrogen adsorp-
tion and desorption on Pt nanoparicles in the potential region 
of 0 to ‒0.20 V in 0.1 M H2SO4 solution. Two main oxidation 
peaks are observed on the curve c at 0.39 V and 0.91 V in the 
presence of 0.1 mM As(III). The first oxidation peak at 0.39 V 
is attributed to the oxidation of As(0) to As(III) and the second 
one at 0.91 V corresponds to the oxidation of As(III) to As(V). 
The huge reduction peak observed at 0.29 V is typically due to 
the reduction of Pt oxide layer formed on the surface of Pt nano-
particles during the anodic scan.35 In this study we focused on 
the second oxidation peak because the second peak current is 
more sensitive than the first one in the electrochemical detection 
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Figure 2. CV of the Bare GCE (a), bare Pt electrode (b), Pt/GCE (c) and
Pt-Fe(III)/GCE (d) in 0.1 M H2SO4 solution containing 0.1 mM As(III)
at scan rate of 100 mVs‒1.
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Figure 3. CVs of the Pt-Metal/GCE in absence (a) and presence (b) of 0.1 mM As(III) in 0.1 M H2SO4 solution at scan rate of 100 mVs‒1. metal:
(A) Co, (B) Cu, (C) Ni, (D) Pd.

of arsenite. A straight line was also observed in the plot of the 
2nd oxidation peak current of As(III) to As (vs. root of scan rate 
(v1/2), indicating that the oxidation reaction is a diffusion pro-
cess. 

In order to look for the suitable electrode type for the arsenite 
detection, we compared the oxidation peaks of As(III) to As(V) 

observed from the modified electrodes in 0.1 M H2SO4 solu-
tion containing 0.1 mM As(III), shown in Fig. 2. There was no 
oxidation peak using the bare GCE (curve a), which means that 
bare GCE is not a good candidate. The oxidation peak currents 
measured at around 0.82 V on bare Pt electrode (curve b) and 
Pt nanoparticles electrodes (Pt/GCE) in curve c were 5.54 and 
6.36 µA, respectively. Though their reduction peaks are diffe-
rent in shape and peak potential mainly due to the electrode 
microstructural difference, using metal nanoparticles’ charac-
teristics is an attractive approach to fabricate sensor electrode 
as reported22 previously. However, the peak current on Pt-Fe 
(III)/GCE (curve d) after background correction was 8.60 µA, 
which is the largest among the modified electrodes. This fact 
demonstrates that the electrochemical co-deposition of Pt and 
Fe(III) on bare GCE can be a good approach for the detection 
of arsenic oxidation. Lin et al30,31 reported that electrodeposition 
of Pt and Fe(III) nanoparticles exhibited excellent electrocataly-
tic activity for the oxidation of nitric oxide. In this study, the 
current enhancement result might be attributed to the coopera-
tive effect of the composite Pt and Fe(III) mixed nanopar-
ticles on bare GCE.

For the detection of arsenic oxidation, a good way to demon-
strate the co-electrodeposition effect of Fe(III) in the mixed 
nanoparticles is to compare with voltametric results from co- 
deposition using other transition metal ion instead of Fe(III).

(b)
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Table 1. The oxidation peak current of As(III) to As(V) on Pt-Metal (Fe,
Co, Cu, Ni, Pd)/GCE in presence of 0.1 mM As(III) in 0.1 M H2SO4
solution

Electrode Peak current (µA)

Pt-Fe(III)/GCE 13.21 ± 0.04
Pt-Co/GCE 10.49 ± 0.03
Pt-Cu/GCE 6.35 ± 0.70
Pt-Ni/GCE 9.50 ± 0.75
Pt-Pd/GCE 12.51 ± 0.46

(A)

(B)

Figure 4. FE-SEM images for the surface of MWCNT dispersed in Na-
fion composite on bare GCE before (A) and after (B) Pt-Fe(III) co-elec-
todeposition. 
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Figure 5. LSV of the nanoPt-Fe(III)/MWCNT/GCE in 0.1 M H2SO4
solution containing concentration of As(III): (a) 0 mM, (b) 0.1 mM, 
(c) 0.3 mM.

To evaluate the co-deposition effect, we prepared four differ-
ent types of Pt-Metal/GCEs in which Pt was electrodeposited 
with cobalt, copper, nickel, and palladium metal ions, respec-
tively. Electrodeposition process was accomplished using fresh 
solution mixtures, which contains the same molar concentration 
of four different metal ions compared to that of Pt (molar ratio 
of Pt:Metal = 3:2). Fig. 3 shows typical cyclic voltammetry 
responses of Pt-Metal (Co, Cu, Ni, Pd)/GCE in the absence 
(curve a) and presence (curve b) of 0.1 mM As(III) in 0.1 M 
H2SO4 solution.

All of the electrodes modified with co-electrodeposition show 
almost the same voltammetric features as observed at Pt-Fe(III)/ 
GCE (shown in Fig. 2d). As shown in Fig. 3, the respective 
oxidation of As(III) takes place at quite similar peak potential 
of ca. 0.91 V irrespective of co-deposited metal. However, the 
oxidation peak currents measured at the modified GCEs are 
slightly different each other. The differences in the oxidation 
current might be due to the electrocatalytic cooperative activity 
of co-deposited metals, coming from several factors such as 
size, shape, and microstructure of metal nanoparticles.

After the background correction, the oxidation peak current 
of As(III) at the modified electrodes including Pt-Fe(III)/GCE 
were averaged from three times measurements and summerized 
in Table 1. On the whole Pt-Fe(III)/GCE and Pt-Pd/GCE seem 
to be more sensitive than other Pt-Metal/GCEs for the detection 
of As(III) oxidation. 

Recently, Tsai and Hong32 reported the electrochemical de-
position of Pt nanoparticles in MWCNT-Nafion composite for 
methanol electrooxidation. This approach looks promising to 
develop a novel sensor for a wide range of sensing applications. 
In order to improve electrocatalytic ability toward the electro-
chemical oxidation of As(III), Pt and Fe(III) nanoparticles were 
simultaneously electrodeposited by repetitive potential cycling 
into the MWCNT-Nafion nanocomposite film on bare GCE. 
Fig. 4 shows the FE-SEM images of MWCNT-Nafion nano-
composite before and after electrodeposition of Pt and Fe(III) 
nanoparticles on GCE. The Pt nanoparticles were deposited to 
the surface of MWCNT, which is a pathway for electrons to 
carry out electrodeposition reaction and provides good electric 
contact with bare GCE through the Nafion composite film. 

As shown in the FE-SEM images, the nanoparticles with the 
diameter of about 70 nm are distributed on the surface of 
MWCNT well-dispersed in Nafion membrane. The nanoparti-
cles in the FE-SEM image are not an alloy of Pt and Fe(III) but 
Pt nanoparticles. According to the previous reports,30,31 the 
chemical identity of Fe(III) in the electrodeposition is known 
as the amorphous iron oxides and hydroxide species of Fe(III). 
In addition, the growth of Pt nanoparticles was limited by the 
Fe-O-Fe netting linkage.31 

To test whether it is possible to use nanoPt-Fe(III)/MWCNT/ 
GCE for the electrochemical detection of As(III), we first hired 
linear sweep voltammetry. Fig. 5 shows linear sweep voltammo-
grams of nanoPt-Fe(III)/MWCNT/GCE in 0.1 M H2SO4 solu-
tion containing 0.1, 0.3 mM As(III) at scan rate of 100 mVs‒1. 
The oxidation peak currents measured at ca. 0.95 V were 34.71 
and 89.84 µA in 0.1 and 0.3 mM As(III), respectively. These 
values are expected to be high at relatively low concentration 
of arsenite. 

In order to find out optimum conditions for more sensitive 
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Figure 6. Optimization experiments of ASV using the nanoPt-Fe(III)/
MWCNT/GCE in 0.1 M H2SO4 solution containing 5 µM As(III) at scan
rate of 100 mVs‒1. (A) Effect of predeposition potential (constant time:
120 s), (B) Effect of predeposition time (constant potential: ‒0.3 V).

Table 2. Detection studies of Arsenic using diverse electrode and technique. (SPRDE: screen printed ring disk carbon electrode, FIA: flow in-
jection analysis, ASV: anodic stripping voltammetry, ABS: acetate buffer solution, GC-CNT/Au-np-GC: glassy carbon electrode with gold 
nanoparticle modified glassy carbon sphere, LSV: linear sweep voltammetry, CV: cyclic voltammetry, BDD: boron doped diamond electrode,
PBS: phosphate buffer solution, MWCNT: multiwalled carbon nanotube, GCE: glassy carbon electrodes, Aro: arsenite oxidase, PtNTAE: platinum
nanotube array electrode)

Electrode Technique Electrolyte Linearity of 
response up to (µM)

Sensitivity
(µA/µM) LOD (ppb) Reference

SPRDE FIA (ASV) 0.1 M ABS (pH 4) 10 0.014 5.24 26
GC-CNT/Au-np-GC ASV-LSV 1 M H2SO4 - 6 2.5 18

Au nanoparticles coated BDD ASV-CV 0.1 M PBS (pH 7) - - 1 15
Au coated BDD ASV-LSV 0.1 M PBS (pH 5) 0.4 - 5 14

Ir implanted BDD FIA 0.1 M PBS (pH 4) 100 0.0065 1.5 24
nano-Au/GCE ASV-LSV 3 M HCl - 2.5 1.8 12

MWCNT/Aro/GCE CV, Amperometry 0.1 M PBS (pH 7) 6.67 0.107 1 25
PtNTAE LSV 0.1 M H2SO4 200 0.8 0.1 22

nanoPt modified GCE CV, ASV-LSV 0.1 M H2SO4 50 0.22 2.1 21
nanoCo modified GCE CV, Amperometry 0.1 M PBS  (pH 7) 4 0.111 0.83 27

nanoPt-Fe(III)/MWCNT/GCE ASV 0.1 M H2SO4 0.3 4.76 0.75 This study
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Figure 7. ASV of the nanoPt-Fe(III)/MWCNT/GCE in 0.1 M H2SO4
solution containing various concentration of (a) 0, (b) 0.01, (c) 0.03, 
(d) 0.05, (e) 0.1, (f) 0.3, (g) 0.5, (h) 1, (i) 3, (j) 5, (k) 10 µM As(III) at
scan rate of 100 mVs-1(predeposition condition: ‒0.3 V, 180 s). Insert:
the calibration curve of current vs. concentration of As(III).

anodic stripping voltammetry experiments, ASV was performed 
using nanoPt-Fe(III)/MWCNT/GCE. The measurement of ASV 
starts from the deposition potential after holding the potential 

at the deposition potential. Fig. 6A shows the effect of deposi-
tion potential at constant deposition time of 120 s on the anodic 
stripping current of As(III). The higher oxidation current was 
measured as the deposition potential became more negative. 
However, at more negative potentials than ‒0.3 V, the oxidation 
peak current was decreased due to the interference of hydrogen 
evolution on the nanoPt-Fe(III)/MWCNT/GCE surface. There-
fore, ‒0.3 V was determined to be an optimum and used in 
further experiments. Fig. 6B illustrates the effect of deposition 
time at constant deposition potential of ‒0.3 V. The oxidation 
peak current of As(III) was increased with increasing deposi-
tion time, but the oxidation peak current reached a constant 
value after 180 s. Furthermore, the nanoPt-Fe(III)/MWCNT/ 
GCE seemed to be damaged with longer deposition time. There-
fore, 180 s was determined to be an optimum deposition time 
for the detection of As(III).

Fig. 7 shows that ASV responses of the nanoPt-Fe(III)/ 
MWCNT/GCE at various concentration of As(III) in 0.1 M 
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0.08, (f) 0.1 mM in 0.1 M H2SO4 solution containing 0.1 mM As(III)
on the nanoPt-Fe(III)/MWCNT/GCE at scan rate of 100 mVs‒1.

H2SO4 solution at scan rate of 100 mVs‒1 under optimal de-
position conditions. The oxidation peak current of As(III) was 
increased with increasing concentration of As(III). In the ano-
dic stripping scan, two main oxidation peaks are typically ob-
served at 0.39 V and 0.91 V after the deposition of As(0) at 
‒0.3 V. The first oxidation peak at 0.39 V is attributed to the 
oxidation of As(0) to As(III) and the second one at 0.91 V 
corresponds to the oxidation of As(III) to As(V). We used the 
second oxidation peak current to detect arsenic due to its higher 
current density. Inset is the calibration curve of the oxidation 
peak current vs. concentration of As(III). The sensitivity was 
estimated to be 4.76 µAµM‒1 and the limit of detection(LOD, 
S/N = 3) was 10 nM (0.75 ppb). The Linearity of the response 
was up to 0.3 µM with a correlation coefficient of 0.9992. 

And the results of arsenic detection by ASV using the nano-
Pt-Fe(III)/MWCNT/GCE were compared with other values of 
arsenic detection reported in recent studies (Table 2). One of 
the most attractive features of the arsenic detection by ASV 
using the nanoPt-Fe(III)/MWCNT/GCE is high sensitivity. 
Although linear range in this study is smaller than other studies, 
the advantages of high sensitivity and low LOD seem to out-
weigh the disadvantage. Using nanoPt-Fe(III)/MWCNT/GCE, 
As(III) can be detected at the level of 10 nM, 0.75 ppb, which 
is much lower than the level set by WHO (133 nM, 10 ppb), 
via ASV.

Among the possible interference metals, Cu(II) is the most 
common and ubiquitous in water systems and is found in re-
latively high levels with detection of arsenic(III).36 Therefore, 
we carried out cyclic voltammetry experiments to evaluate the 
interference effect of Cu(II) species. Fig. 8 shows cyclic voltam-
metry responses upon five times Cu(II) addition (20 µM each) 
at the nanoPt-Fe(III)/MWCNT/GCE in 0.1 M H2SO4 containing 
0.1 mM As(III). The peak currents of a pair of redox peaks at 
ca. 0.02 and ‒0.10 V were increased with the addition of Cu(II). 
However, the oxidation peak height of As(III) to As(V) around 
0.9 V was not changed even though Cu(II) was added to the 
solution. This fact demonstrates that Cu(II) does not have any 
interference to the oxidation of As(III) using the nanoPt-Fe(III)/ 
MWCNT/GCE. 

Conclusion

This study shows that the platinum and Fe(III) nanopaticles 
can be easily electrodeposited in the MWCNT-Nafion nano-
composite film on bare GCE and the electrode system can be 
used for the electrochemical detection of arsenic(III) via anodic 
stripping-linear sweep voltammetry. The oxidation of As(III) 
to As(V) based on the electrocatalytic cooperative effect of 
Pt-Fe(III) nanoparticles is fast and sensitive for the quantitative 
determination of arsenic(III). A high sensitivity as well as limit 
of detection (0.75 ppb) which is much lower than the recom-
mended level (10 ppb) set by WHO in drinkable water were 
achieved. It was found that the nanoPt-Fe(III)/MWCNT/GCE 
can be used without interference of copper in the determination 
of As(III).

Acknowledgments. This work was supported by the Korea 
Research Foundation funded by the Korean Government 
(MOEHRD), Basic Research Promotion Fund (KRF-2008-314- 
C00235).

Reference

  1. World Health Organization, United Nations Synthesis Report on 
Arsenic in Drinking Water, http://www.who.int/water_sanitation_  
health/dwq/arsenic3/en/

  2. Mandal, B. K.; Suzuki, K. T. Talanta 2002, 58, 201.
  3. Smith, A. H.; Lingas, E. O.; Rahman, M. Bulletin of the World 

Health Organization. 2000, 9, 1093.
  4. Mukherjee, A.; Sengupta, M. K.; Hossain, M. A.; Ahamed, S.; Das, 

B.; Nayak, B.; Lodh, D.; Rahman, M. M.; Chakraborti, D. J. Health. 
Popul. Nutr. 2006, 24, 142.

  5. World Health Organization, Arsenic in drinking water, http://www. 
who.int/mediacentre/factsheets/fs210/en/index.html, RevisedMay-
2001

  6. Nam, S. H.; Kim, J. J.; Han S. S. Bull. Korean Chem. Soc. 2003, 
24, 1805.

  7. Lopez, A. C.; Castro, M. D. L. Anal. Chem. 2003, 75, 2011.
  8. Hung, D. Q.; Nekrassova, O.; Compton, R. G. Talanta 2004, 64, 

269.
  9. Wang, S. Stripping Analysis: Principles, Instrumentation, and App-

lications; VCH Publishers: 1985.
10. Santos, D. H.; Garcia, M. B. G.; Garcia, A. C. Electroanalysis 2002, 

14, 1225.
11. Mays, D. E.; Hussam, A. Anal. Chim. Acta 2009, 646, 6.
12. Majid, E.; Hrapovic, S.; Liu, Y.; Male, K. B.; Luong, J. H. T. Anal. 

Chem. 2006, 78, 762.
13. Hossain, M. M.; Islam, M. M.; Ferdousi, S.; Okajima, T.; Ohsaka, 

T. Electroanalysis 2008, 20, 2435.
14. Dai, X.; Compton, R. G. Electroanalysis 2005, 17, 14.
15. Yamada, D.; Ivandini, T. A.; Komatsu, M.; Fujishima, A.; Einaga, 

Y. J. Electroanal. Chem. 2008, 615, 145.
16. Rassaei, L.; Sillanpaa, M.; French, R. W.; Compton, R. G.; Marken, 

F.  Electroanalysis 2008, 20, 1286.
17. Xiao, L.; Wildgoose, G. G.; Compton, R. G. Anal. Chim. Acta 2008, 

620, 44.
18. Baron, R.; Sljukic, B.; Salter, C.; Crossley, A.; Compton, R. G. 

Russian Journal of Physical Chemistry A 2007, 81, 9.
19. Dai, X.; Wildgoose, G. G.; Salter, C.; Crossley, A.; Compton, R. 

G. Anal. Chem. 2006, 78, 6102.
20. Jena, B. K.; Raj, C. R. Anal. Chem. 2008, 80, 4836.
21. Simm, A. O.; Banks, C. E.; Compton, R. G. Electroanalysis 2005, 

17, 1727.
22. Dai, X.; Compton, R. G. Analyst 2006, 131, 516.
23. Xu, H.; Zeng, L.; Xing, S. J.; Shi, G. Y.; Chen, J.; Xian, Y. Z.; Jin, 



Anodic Stripping Voltammetric Detection of Arsenic(III) Bull. Korean Chem. Soc. 2010, Vol. 31, No. 11      3083

L. Electrochem. Commun. 2008, 10, 1893.
24. Hrapovic, S.; Liu, Y.; Luong, J. H. T. Anal. Chem. 2007, 79, 500.
25. Ivandini, T. A.; Sato, R.; Makide, Y.; Fujishima, A.; Einaga, Y. 

Anal. Chem. 2006, 78, 6291.
26. Male, K. B.; Hrapovic, S.; Santini, J. M.; Luong, J. H. T. Anal. 

Chem. 2007, 79, 7831.
27. Sue, J. W.; Ku, H. H.; Chung, H. H.; Zen, J. M. Electrochem. Com-

mun. 2008, 10, 987.
28. Salimi, A.; Mamkhezri, H.; Hallaj, R.; Soltanian, S. Sensors and 

Actuators B 2008, 129, 246.

29. Wang, S.; Lu, L.; Lin, X. Electroanalysis 2004, 16, 20.
30. Wang, S.; Yin, Y.; Lin, X. Electrochem. Commun. 2004, 6, 259.
31. Wang, S.; Lin, X. Electrochimica Acta 2005, 50, 2887.
32. Tsai, Y. C.; Hong, Y. H. J. Solid State Electrochem. 2008, 12, 1293.
33. Zhang, M.; Su, L.; Mao, L.; Carbon 2006, 44, 276.
34. Wang, J.; Yin, G.; Shao, Y.; Wang, Z.; Gao, Y. J. Electrochem. Soc. 

2007, 154, 687.
35. Brusciotti, F.; Duby, P. Electrochimica Acta 2007, 52, 6644.
36. Anawar, H. M.; Akai, J.; Mostofa, K. M. G.; Safiullah, S.; Tareq, 

S. M. Environ, Int. 2002, 27, 597.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


