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Abstract Pristine activated carbon (AcC) was oxidized by
H,0,; under ultrasonic conditions. Compared with pristine
AcC, the H,0,-oxidized AC possesses higher accumulation
ability to trace levels of Cd*". Based on this, a highly sen-
sitive, simple and rapid electrochemical method was
developed for the determination of Cd*". In 0.01 mol L™"
HCIO, solution, Cd** was effectively accumulated at the
surface of H,O,-oxidized AcC modified paste electrode, and
then reduced to Cd under —1.10 V. During the following
potential sweep from —1.10 to —0.50 V, reduced Cd was
oxidized and a sensitive stripping peak appears at —0.77 V.
The stripping peak current of Cd*" changes linearly with
concentration over the range 5.0 x 107%t05.0 x 10~°mol
L~"'. The limit of detection was found to be 3.0 x 10~% mol
L~' for 2-min accumulation. Finally, this new sensing
method was successfully used to detect Cd*" in waste water
samples.

Keywords Cadmium - Determination - Oxidized
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1 Introduction

Cadmium is highly toxic and carcinogenic for humans
[1-3] and is listed as the sixth most poisonous substance
jeopardizing human health. Exposure to lower amounts of
cadmium may cause renal dysfunction, bone degeneration,
lung insufficiency, liver damage and hypertension in
humans. Hence, there is an urgent need for developing a
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highly sensitive, rapid, reliable and simple method for the
analysis of Cd**.

The extensively-used analytical methods for C
include atomic absorption spectrometry (AAS) [4] and
inductively coupled plasma-atomic emission spectrometry
(ICP-AES) [5]. In addition to these, various electrochem-
ical methods utilizing different modified electrodes have
been reported for the determination of Cd*" since elec-
trochemical method possesses high sensitivity, good
selectivity, low cost, simplicity and easy data read-out. For
example, a SWNT/Nafion film-modified GCE with limit of
detection (LOD) of 1.0 x 107® mol L' after 5-min
accumulation [6], a p-tert-butylthiacalixarene LB film
modified GCE with LOD of 2.0 x 107* mol L™" after
5-min accumulation [7], a zirconium phosphated-silica-
modified carbon paste electrode with LOD of 2.6 x 107%
mol L™! after 2-min accumulation [8], a stannum film
electrode with LOD of 9.8 x 107 mol L™ after 3-min
accumulation [9], a clay nanoparticle and anthraquinone
complexly modified GCE with LOD of 3.0 x 10~° mol L™
after 5-min accumulation [10], a carbamoylphosphonic
acid modified carbon paste electrode with LOD of
8.9 x 107® mol L™! after 2-min accumulation [11], and a
polycyclodextrin-modified carbon paste electrode with
LOD of 2.0 x 107® mol L™ [12], have been reported for
the determination of Cd**. However, to the best of our
knowledge, electrochemical determination of trace levels
of Cd*" using a H,0,-oxidized activated carbon (AcC)
modified paste electrode is reported for the first time in this
work.

The main objective of the current work is to develop a
sensitive and convenient electrochemical method for the
determination of Cd*" using the excellent properties of
H,0,-oxidized AcC. AcC is a carbon-based material with
porous structure, large surface area and strong adsorptive
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ability. Pristine AcC was oxidized by 30% H,0, under
ultrasonic conditions for 2, 6 and 10 h. The electrochemical
response of Cd*" at different electrodes such as unmodi-
fied, AcC modified and various H,0,-oxidized AcC
modified electrodes was investigated by anodic stripping
voltammetry (ASV). Compared with the unmodified and
AcC modified paste electrodes, the H,O,-oxidized AcC
modified paste electrode remarkably enhances the stripping
peak current of Cd*". The oxidation treatment imparts
some useful properties to AcC, such as smaller particle
size, larger surface area, numerous micro-pores and
oxygenous group. Therefore, H,O,-oxidized AcC exhibits
higher accumulation efficiency to Cd®>" and greatly
improves the stripping peak current. Based on this, a novel,
highly sensitive, rapid and convenient electrochemical
method was developed for the determination of Cd2+,
which was successfully employed to determine Cd*" in
waste water samples.

2 Experiment
2.1 Reagents

Cd(NOj),, virgin activated carbon, graphite powder
(spectral reagent) and paraffin oil were purchased from
Shanghai Reagent Corporation (Shanghai, China). A stock
solution of 1.00 x 1072 mol L™' Cd*" was prepared by
dissolving Cd(NOs3), into redistilled water and then diluted
to desired concentrations using redistilled water. Other
chemicals were analytical reagent grade. All chemicals
were used without further purification.

2.2 Apparatus

The electrochemical measurements were performed using an
830B Electrochemical Analyzer (CH Instruments, USA). A
conventional three-electrode system consisting of an oxi-
dized-AcC modified paste working electrode, a saturated
calomel reference electrode (SCE) and a platinum wire
auxiliary electrode, was employed. Atomic absorption
spectrometric measurements were conducted with AA-6300
atomic absorption spectrophotometer (SHIMADZU, Japan).

2.3 Oxidation treatment of AcC

The oxidation of pristine AcC was performed as follows:
2.0 g of pristine AcC was added into 30.0 mL 30% H,0,,
then ultrasonicated at room temperature for different times,
namely 2, 6 and 10 h. The H,0,-oxidized AcCs (denoted as
AcC-2, AcC-6 and AcC-10) were then collected on a filter
membrane, washed with redistilled water and finally dried
at 120 °C.
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2.4 Preparation of modified paste electrode

Firstly, 200.0 mg H,0,-oxidized AcC (AcC-2, AcC-6 or
AcC-10) was homogeneously mixed with 600.0 mg
graphite powder and 240.0 pL paraffin oil to give a uniform
modified paste. The resulting paste was pressed into the
end cavity (3 mm in diameter, 1| mm in depth) of the
electrode body and the surface was polished on a smooth
paper. The unmodified and AcC modified paste electrodes
were also prepared by the same procedure. The amount of
paraffin oil was carefully controlled because excessive oil
will lower the conductivity, while insufficient oil is not
beneficial to obtain uniform carbon paste.

2.5 Determination of Cd*"

Unless stated otherwise, 0.01 mol L! HCIO, solution was
used as medium for the determination of Cd*". The anal-
ysis of Cd*" includes two steps: accumulation and
stripping. Firstly, Cd*" in the bulk solution was precon-
centrated onto the modified paste electrode surface, then
reduced to Cd under —1.10 V for 2 min. Secondly, the
reduced Cd was oxidized to Cd*" during the following
anodic sweep from —1.10 to —0.50 V, yielding a stripping
peak at —0.77 V. The stripping peak current was measured
and served as the analytical signal for Cd*".

3 Results and discussion

3.1 Electrochemical response of Cd*"

The electrochemical response of Cd*™ in different sup-
porting electrolytes was examined using anodic stripping
voltammetry (ASV). After 2-min accumulation under
—1.10 V, the square wave voltammograms were recorded
from —1.10 to —0.50 V. The supporting electrolytes
include HCI, HC10O,4, NaAc, NaCl, NaH,PO, (0.1 and 0.01
mol L™Y), pH 3.6, 4.0, 4.6, 5.0, 5.6 HAc-NaAc buffer (0.1
mol Lfl). It was found that the electrochemical behavior of
Cd** shows great difference in different supporting elec-
trolytes. In 0.01 mol L! HCI1O, solution, the anodic
stripping peak current of Cd** is higher and the peak shape
is well-defined. Therefore, 0.01 mol L' HCIO, was used
in the following studies for the determination of Cd**.
Figure 1 shows the anodic stripping voltammograms of
5.0 x 1077 mol L' Cd** at different electrodes such as
the unmodified paste electrode, the AcC, AcC-2, AcC-6,
AcC-10 modified paste electrodes. At the unmodified paste
electrode (curve a), a stripping peak is observed after 2-min
accumulation in 0.01 mol L' HCIO,. The peak potential is
at —0.77 V, and the peak current is very low. However, the
stripping current of Cd** obviously increases at the AcC
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Fig. 1 Anodic stripping voltammograms of 5.0 x 1077 mol L' 0 10% 15% 20% 25% 30% 40%
Cd>* in 0.01 mol L~" HCIO,. (a) Unmodified paste electrode; (b—e) Mass content of AcC-10

AcC, AcC-2, AcC-6, AcC-10 modified paste electrode. Accumulation
potential = —1.10 V, accumulation time = 2 min, pulse ampli-
tude = 25 mV, pulse width = 10 ms, scan rate = 100 mV s7!

modified paste electrode under the identical conditions
(curve b). Compared with graphite, AcC possesses larger
surface area and stronger adsorption ability to Cd*'.
Therefore, the stripping peak current of Cd*" obviously
increases at the AcC-modified paste electrode.

Curves (c), (d) and (e) illustrate the anodic stripping
voltammetric response of Cd** at the AcC-2, AcC-6 and
AcC-10 modified paste electrodes, respectively. From the
comparison, it is clear that the stripping peak current of Cd*"
increases at the H,O,-oxidized AcC modified paste elec-
trode. When the AcC was oxidized by H,O, under
successive ultrasonic conditions, the particle size decreased
and the surface area greatly increased. Additionally, more
and more oxygenous groups such as carboxyl and hydroxyl
are introduced. The larger surface area and numerous
oxygenous groups provide more active sites for Cd*" bind-
ing, and enhance the accumulation efficiency for Cd**. As a
result, the anodic stripping peak current of Cd*" signifi-
cantly increases at the H,O,-oxidized AcC modified paste
electrode. Additionally, the anodic stripping peak current of
Cd** at the H,0,-oxidized AcC modified electrodes obeys
the following order: AcC-10 > AcC-6 > AcC-2. Therefore,
the AcC-10 modified paste electrode is employed to achieve
higher sensitivity.

3.2 Optimization of detection

From Fig. 1 the AcC-10 increases the anodic stripping peak
current of Cd>*. However, the mass ratio between AcC-10
and graphite powder was found to influence the stripping peak
current of Cd**, as shown in Fig. 2. When the mass per-
centage of AcC-10 increased from 0% to 25%, the peak
current of Cd*" increased linearly due to the higher accu-
mulation efficiency and the existence of many more active
sites. However, when the mass percentage is higher than 25%,

Fig. 2 Effect of the content of AcC-10 on the stripping peak current
of 5.0 x 107" mol L™' Cd**

the peak current begins to decrease, maybe caused by the fact
that the electrical conductivity and electron exchange ability
decrease when the content of AcC-10 is too high. Thus, the
mass content of AcC-10 was selected as 25% in this work.
In ASV, accumulation potential and accumulation time
are two important parameters since they significantly
influence the determining sensitivity. Figure 3 depicts the
stripping peak current of 5.0(1077 mol L™' Cd*" after
2-min accumulation under different accumulation poten-
tials. When the accumulation potential shifts negatively
from —0.90 to —1.10 V, the stripping peak current of Cd*"
increases linearly. With further negative shift of the accu-
mulation potential from —1.10 to —1.30 V, the stripping
peak current of Cd*>" remains almost unchanged, suggest-
ing that the determining sensitivity has not been improved.
Furthermore, more negative accumulation potential will
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Fig. 3 Influence of accumulation potential on the stripping peak
current of 5.0 x 1077 mol L™ Cd**
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Fig. 4 Influence of accumulation time on the stripping peak current
of 5.0 x 107" mol L' Cd**

cause other metal ions or H" to be reduced, causing
interference to the determination of Cd>*. So, the accu-
mulation potential was fixed at —1.10 V in this system.
Figure 4 shows the influence of accumulation time on
the anodic stripping peak current of Cd*". Increasing the
accumulation time from O to 2 min causes the stripping
peak current to increase markedly; this may be attributed to
the fact that the amount of Cd*" at the modified electrode
surface greatly increases. Further increase in accumulation
time from 2 min to 5 min causes the peak current of Cd*"
to increase slightly and the plot becomes curved. If the
accumulation time increases from 5 to 6 min, the peak
current of Cd*" remains almost unchanged and the plot
becomes a straight line, revealing that the amount of Cd*™
accumulated at the modified electrode surface tends to a
limiting value. In order to shorten analysis time and
achieve higher sensitivity 2-min accumulation was used.

3.3 Reproducibility

After each measurement the AcC-10 modified paste was
removed from the end cavity and a new AcC-10 modified
paste electrode was prepared. The reproducibility between
multiple electrodes was estimated by comparing the anodic
stripping peak current of 5.0 x 1077 mol L™' Cd*". The
relative standard deviation (RSD) was 6.8% for 10 AcC-10
paste electrodes, revealing that this method possesses
excellent reproducibility.

3.4 Interference
To evaluate the interference of foreign cations on the

determination of Cd*", a systematic study was carried out.
The stripping peak currents of 5.0 x 107" mol L™' Cd** in
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Table 1 Interferences of foreign cations on the stripping peak current
of 5.0 x 107" mol L™' Cd**

Foreign cations Tolerance level (mol L™")

AP, Zn*", Ca®t, Fe®T, Ba®" 50 x 1072
Pb>+, Ni** 5.0 x 107
As*T 25 x 107
Hg”", Cu®" 5.0 x 107

the absence and presence of various concentrations of for-
eign cations were measured. When the peak current change
exceeded 10%, it was considered that this particular cation
caused obvious interference, and the corresponding con-
centration was defined as the tolerance level. The results are
listed in Table 1, suggesting that 10,000-fold concentration
of AI’*, Zn?*, Ca%t, Fe3+, Ba2+; 1,000-fold concentration
of Pb”, Ni”; 500-fold concentration of As3+, 100-fold
concentration of Hg*", Cu®"; have almost no influence.

3.5 Linear range and limit of detection

The relationship between the anodic stripping peak current
(ip) of Cd** and concentration (C) was studied under the
optimized conditions as shown in Fig. 5. The i, is pro-
portional to C over the range 5.0 x 107% to 5.0 x 107°
mol L™, obeying the regression equation: i, = —0.4215 +
1.3104 x 107 C (i in pA, Cin mol L™', r = 0.998).
Additionally, the limit of detection was estimated using the
method of gradually decreasing the concentration of Cd**.
When the concentration of Cd** decreased to 3.0 x 107%
mol L™, an observable stripping peak was observed after 2-
min accumulation. With further decrease in concentration,
the stripping peak almost disappeared. So, the limit of
detection was evaluated as 3.0 x 107 mol L™ for 2-min

0 " L 2 1 2 L 2 L 2 [l
0 10 20 30 40 50
C /10" mol L'

Fig. 5 Calibration curve for Cd*"
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Table 2 Determination of

Samples By AAS By this method RSD Recover
2 p y y y
Cd~" in water samples (mol L*') (mol L*') (%) (%)

A 7.66 x 1078 8.09 x 1078 44 101.0

B 9.02 x 1077 8.84 x 1077 3.7 98.2

C 9.53 x 107° 9.49 x 107° 2.5 105.0

D 8.06 x 107° 8.83 x 107° 4.1 98.1

accumulation. The limit of detection will decrease with
increased accumulation time. For example, the limit of
detection was as low as 5.0 x 107 mol L™! for 6-min
accumulation.

3.6 Determination of Cd*" in water samples

The newly proposed method was employed to detect Cd*"
in water samples to verify its potential application and the
results shown in Table 2. Firstly, 5.00 mL of water sample
was added in 5.00 mL 0.02 mol L™' HCIO, solution.
Secondly, the square wave anodic stripping voltammo-
grams were recorded after 2-min accumulation and the
peak current was measured for Cd>". The concentration of
Cd>" in the sample was obtained by the standard addition
method and each sample solution underwent three parallel
detections. The value of RSD was below 5%, indicating
good reproducibility. Additionally, different concentrations
of Cd*" standard solution were added to the sample solu-
tion and the recovery was subsequently evaluated. It was
found that the recovery was between 98.1% and 105.0%,
suggesting that this new analytical method is effective and
feasible. The concentration of Cd** in water samples was
also determined by atomic absorption spectrometry (AAS)
in order to test the accuracy of the new method. The results
obtained by AAS and the present new method were in good
agreement, indicating that the method has good accuracy
and potential application in practical sample analysis.

4 Conclusions

Activated carbon was oxidized by H,O, under ultrasonic
conditions, producing large surface area, numerous

micropores and more oxidizing groups. Therefore, H,O,-
oxidized activated carbon exhibits higher accumulation
ability to Cd*>" and greatly improves sensitivity for the
determination of Cd**.

Acknowledgment The authors are grateful to the Natural Science
Foundation of Hubei Provincial Department of Education
(2002A00012) for financial support.

References

1. Velankia S, Kelly S, Thundatb T, Blake DA, Ji HF (2007)
Ultramicroscopy 107:1123

2. Nawrot T, Plusquin M, Hogervorst J, Roels HA, Celis H, Thijs L,
Vangronsveld J, Hecke EV, Staessen JA (2006) Lancet Oncol
7:119

3. Ipbal M, Saeed A, Zafar SI (2007) J Hazard Mater 148:47

4. Rodrigues LF, Mattos JCP, Dressler VL, Pozebon D, Moraes EM
(2007) Spectrochim Acta B 62:933

5. Hakim L, Sabarudin A, Oshima M, Motomizu S (2007) Anal
Chim Acta 588:73

6. Sun D, Xie XF, Cai YP, Zhang HJ, Wu KB (2007) Anal Chim
Acta 581:27

7. Zhu WW, Li NB, Luo HQ (2007) Talanta 72:1733

. Shams E, Torabi R (2006) Sens Actuators B Chem 117:86

9. Zheng H, Yan ZN, Dong H, Ye BX (2007) Sens Actuators B
Chem 120:603

10. Yuan S, Chen WH, Hu SS (2004) Talanta 64:922

11. Yantasee W, Lin Y, Fryxell GE, Busche BJ (2004) Anal Chim
Acta 502:207

12. Roa G, Ramirez-Silva MT, Romero-Romo MA, Galicia L (2003)
Anal Bioanal Chem 377:763

[e ]

@ Springer



	Determination of cadmium (II) using H2O2-oxidized activated carbon modified electrode
	Abstract
	Introduction
	Experiment
	Reagents
	Apparatus
	Oxidation treatment of AcC
	Preparation of modified paste electrode
	Determination of Cd2+

	Results and discussion
	Electrochemical response of Cd2+
	Optimization of detection
	Reproducibility
	Interference
	Linear range and limit of detection
	Determination of Cd2+ in water samples

	Conclusions
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


