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A novel differential pulse anodic stripping voltammetry for the determination of trace amounts of lead, using a
biomacromolecule heparin drop-coated modified glassy carbon electrode, has been described. Pb?" was deposited
on the surface of a heparin-modified electrode &t —1.0 V (vs. SCE) via forming Pb?*"-heparin and subsequent re-
duction at the electrode. In the following step, Pb-heparin was oxidized, and voltammograms were recorded by
scanning the potential in a positive direction. Conditions were optimized with respect to the pH of the medium, the
mass of drop-coated heparin, accumulation potential and accumulation time. The peak current was proportiona to
the Pb?" concentration in the range of 2.0 10 ° to 7.0X10 " mol/L. The detection limit was 3.0<10 °mol/L.
The relative standard deviation was 4.83% for 1.0X10 ®mol / L Pb*" (n=10). The developed method has been
applied to the determination of Pb?* in water samples with satisfactory results.
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Introduction

Overall exposure to lead is of public health concern
because of severa hazardous effects that may occur to
human beings. Lead poisoning may provoke irritability,
anorexia, malaise and headache. Intoxication progress
may lead to attacks of abdominal pain until coma and
death.* The determination of trace lead in variety of en-
vironmental samplesis of great importance since lead is
recognized as a cumulative poison to animals and hu-
mans. There is a constant demand for improved ana
Iytical methods for the sensitive and selective determi-
nation of Pb®" in environmental, biological and medical
fields. Among the various methods used for the lead
determination, electrothermal atomic absorption spec-
trometry is perhaps the most accepted technique®® On
the other hand, anodic stripping voltammetry (ASV) is
one of the most sensitive methods for the determination
of trace amounts of numerous ions because of its re-
markably low detection limits.* Other advantageous
features of ASV include the relatively low-cost instru-
mentation and the capability for simultaneous
multi-element determination. In addition, the possibility
for portable and compact instruments for stripping
analysis and their low power needs make them attractive
for on-site monitoring of trace metals.

Mercury-based electrodes, especially mercury-film
electrodes, have been widely used in anodic stripping
voltammetry for lead determination.*®’ The formation
of an amalgam enables the analyte to be accumulated in
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the mercury film, thus providing the stripping with high
sensitivity and reproducibility. However, because of the
toxicity of mercury, it is important to develop mer-
cury-free electrodes, especially disposable electrodes,
for the voltammetric stripping determination of lead.
Chemically modified electrodes (CMEs) have been
recognized as one desirable aternative. They can be
fabricated easily and conveniently, and have some
unique advantages in enhancing selectivity and sensitiv-
ity due to the chemical nature and microstructure of the
modified electrode surface. Therefore, CMEs have been
widely used in analytical chemistry.®*

In recent years, various chemically modified elec-
trodes have been used to determine lead. Man%/ sub-
stances such as chitosan,"* moss,* quercetin,*® N-p-
Chlorophenylcinnamohsydroxamic acid,* 1-(2-
pyridylazo(?—Z—naphthoI,l dibenzo-18-crown-6 and
cryptand,™ lichen,’” and 2,2'-dipyridyl-2,4-dioxy-
benzoic acid™ have been used to fabricate the CMEs for
the determination of lead. However, most of these
modifiers were used to produce chemically modified
carbon paste electrodes (MCPEs). Some of the MCPEs
require additional steps for their preparation'®*’ or re-
quire a medium exchange,** while the 1-(2-pyridylazo)-
2-naphthol and Nafion MCPEs,*® and the moss MCPEs
require longer accumulation time.*? The accumulation
times for the two MCPEs are 8 and 15 min, respectively.
The sensitivities for some MCPEs are lower. For exam-
ple, the detection limits of the lichen, dibenzo-18-
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crown-6 and cryptand modified electrodes are 2.0X 10>,
1.0x10 °® and 5.0x 10 ®mol / L, respectively.***’ Fur-
thermore, some of these methods have not been applied
to the determination of lead in real samples.!’!® Re-
cently, the determination of lead using a drop-coated
modified electrode has been reported. Usualy, the
preparation of drop-coated modified electrode was easy
and the sensitivity of the lead determination was
high.>® To our knowledge, there is no report about
the determination of Pb?" using heparin as drop coating
on the glassy carbon electrode.

Heparin (Hep) is a polysaccharide belonging to the
glycosaminoglycan family. Its structure is shown in
Figure 1.*! It can bind with Pb**.? In the present study,
we explored here the possibility of drop coating the
chelating agent, heparin, on a glassy carbon electrode
for the determination of Pb*" in aqueous samples. This
article presents a detailed description of our studies.
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Figurel Structure of heparin.

Experimental

Apparatus

A CHI 660A Electrochemical Workstation (CHI In-
struments) was used for electrochemical measurements.
A conventional three-electrode system was employed
with a heparin modified glassy carbon electrode (3.0
mm in diameter) as the working electrode, a platinum
wire as the auxiliary electrode, and a saturated calomel
electrode (SCE) as the reference electrode. All poten-
tials reported in this paper were referenced to the SCE.
Scanning electron micrographs (SEM) were taken with
a PHILIPS XL 30 ESEM scanning electron microscope
(voltage: 20.0 kV, magnification: 500).

Reagents

A 1.0X10 2 mol / L Pb*" aqueous stock solution
was prepared by dissolving lead nitrate in water. The
working solutions were prepared by diluting the stock
solution before being used. Heparin sodium solution (1
mg/mL) was prepared by dissolving 0.1000 g of heparin
sodium reagent (160 1U / mg, Shanghai Chemical Re-
agent Plant) in water and diluting to a 100 mL volume.
HAc-NaAc buffer was used to control the pH. All other
chemicals used were of analytical-reagent grade. All of
the solutions were prepared with deionized water. The
water was prepared using MilliQ equipment (Millipore
Corp.).

Preparation of heparin modified glassy carbon elec-
trode

Prior to each experiment, the glassy carbon electrode
was first polished with 0.05 pm alumina slurry using a
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polishing cloth to mirror smoothness, cleaned with ul-
trasonic waves in 1 . 1 agueous solution of nitric acid,
and then sonicated in ethanol solution. After being
rinsed with water, the glassy carbon electrode was dried
under an infrared lamp. The heparin modified glassy
carbon electrode SH EPMGCE) was prepared by coating
4 pL of 5.0X10° mg/mL heparin on the dry electrode
with a microsyringe. Then the electrode was placed un-
der an infrared lamp to evaporate the solvent. Before
measurement, the modified electrode was rinsed with
deionized water.

Determination of Pb?"

A 10 mL volume of the solution containing an ap-
propriate concentration of Pb*" and HAc-NaAc buffer
(pH=5.2) was transferred into an electrochemical cell
for accumulation of Pb?®" at —1.0V in stirring solution
for 4 min. After standing for 30 s, the potentia was then
scanned from —1.00 to —0.20 V by differential pulse
stripping voltammetry with a scan rate of 40 mV/s. The
peak height was measured at —0.51 V. After each elec-
trochemical measurement, the el ectrode was scanned for
five times from —1.00to —0.20 V by linear potential
sweep voltammetry in pH=5.2 HAc-NaAc buffer to
clean the previous deposits.

Results and discussion
Voltammetric characteristics of Pb?>" on the HEPM -

GCE

After Pb*' was accumulated on the HEPMGCE and
the GCE under the same condition, the cyclic voltam-
mograms of the two electrodes are shown in Figure 2. A
big anodic peak appeared at —0.50 V and a more
poorly defined cathodic peak appeared at about —0.66
V for both electrodes. However, the peak current, espe-
cialy the anodic peak current was increased obviously
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Figure 2 Cyclic voltammograms for the HEPMGCE (1) with-
out Pb?" accumulation and (2) with Pb®>" accumulation and (3)
unmodified glassy carbon electrode with lead electrodeposition
from acetic acid-sodium acetate buffer (pH=5.2). Conditions:
Pb?" concentration, 2.0X 10 ® mol/L; accumulation potential,
—1.0 V; accumulation time, 4 min; quiet time, 30 s; scan rate,
400 mV/s.
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when the HEPMGCE was used. There was no redox
peak in the absence of Pb?" at the HEPMGCE in the
same condition. These experimental results indicated
that the HEPMGCE could improve greatly the sensitiv-
ity of the determination of Pb?*. In view of the results
obtained, the anodic peak was chosen for lead quantifi-
cation.

A possible mechanism for the HEPMGCE reaction
was proposed as follows:

accumul ation:

(PO sotuion T (HEPAiN)surace — (PP ' -Heparin)asorpion(1)
reduction:

(Pb*" -Heparin)assorption+ 26 - (Po’-Heparin)asorpion  (2)
stripping voltammetry:

(PbO'Hepari n)adsorption — (Pb2 * )solution + (Hepari n)surfa:e +
2e 3

In order to confirm the electrochemical process, the
SEM photographs of the GCE and HEPMGCE under
different conditions were taken and are shown in Figure
3. The SEM photograph of the bare GCE show that the
GCE surface is very smooth. When the GCE was modi-
fied with heparin, heparin was distributed with graini-
ness on the modified electrode surface. After Pb?" was
deposited on the surface of the HEPMGCE, many new
and great grains were displayed on the surface of the
HEPMGCE. But, after lead was stripped, the number of
the grains was obviously decreased. The results of the
SEM indicated deeply that the mechanism proposed
above was reasonable.

Differential pulse anodic stripping voltammetry

The differential pulse anodic stripping voltammetry
(DPASV) is shown in Figure 4. Systematic studies of
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the various experimental and instrumental parameters
that affected the DPASV response were carried out in
order to optimize the experimental conditions.

Effects of electrolytes and solution pH values

Various supporting electralytes, such as HCI, NH4CI,
HOAc-NaOAc buffer and Britton-Robinson (B-R)
buffer were investigated. It was found that a
well-defined and sensitive anodic stripping peak current
appeared a& —0.51 V when HOAc-NaOAc buffer was
used as the electrolyte. The effect of pH of
HOAc-NaOAcc buffer on the anodic stripping peak cur-
rent of the HEPMGCE was investigated. The relation-
ship between the anodic stripping peak current and the
pH value of HOAc-NaOAc buffer is shown in Figure
5A. It was found that an optimum pH range existed in
pH 5.0—5.4, where a maximum stripping peak current
could be obtained. Therefore, the HOAc-NaOAc buffer
(pH 5.2) was selected as the supporting electrolyte.

Effects of accumulation potential and time

The dependence of the differential pulse anodic
stripping peak current on the accumulation potential
was examined over the potential range of —0.7 to
—1.4 V. Figure 5B shows the effect of accumulation
potential on the stripping peak current. The maximum
response for lead occurred at the accumulation poten-
tials equal to, or more negativethan — 1.0 V. Therefore,
— 1.0 V was chosen as the accumulation potential in our
measurement.

Shown in Figure 5C is the plot of the differential
specific accumulation period, 240 s, the peak current
pulse lead stripping peak current of the HEPMGCE with
the accumulation time. At first, the peak current in-
creases with the accumulation time. However, after a
tends to level off, illustrating that adsorption equlibrium
is achieved. An accumulation time of 240 s was used for

further studies.

Figure 3 Scanning electron micrographs (< 500) of (a) the surface of glassy carbon electrode, (b) the surface of HEPMGCE, (c) elec-
trodeposition lead on the HEPM GCE and (d) the HEPM GCE after lead was stripped
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Figure 4 Differential pulse stripping voltammogram at scan
rate of 40 mV/s. 1: acetic acid-sodium acetate buffer, containing
5.0% 10" mol / L Pb*", HEPMGCE; 2: acetic acid-sodium ace-
tate buffer, containing 5.0X 10 7 mol/L Pb?", GCE; 3: buffer only,
HEPMGCE. Other conditions were the same as those in Figure 2.
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Figure 5 Effects of pH, accumulation potential and accumula-
tion time on the anodic stripping pesk current of the HEPMGCE.
Pb*" concentration, 5.0 10" mol / L; quiet time, 30 s; scan rate,
40 mV/s. (8) Accumulation potentia, —1.0 V; accumulation
time, 4 min. (b) pH=5.2; accumulation time, 4 min. (c) Accu-
mulation potential, —1.0 V; pH=5.2.
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Effect of the heparin concentration

The anodic stripping peak current of Pb®" at the
HEPMGCE was greatly higher than that at the GCE.
The influence of the heparin concentration on the peak
current was also studied and the results indicated that
the peak current reached the maximum when the con-
centration heparin was 5.0 X 10 2 mg/mL. The depend-
ence of the peak current on the volume of heparin (5.0
X102 mg/mL) added to the GCE surface was exam-
ined over the range of 2 to 8 pL. It was clear that the
presence of 4 pL of 5.0%X10 2 mg/ mL heparin was
sufficient for obtaining the maximum peak current.

Effects of the pulse amplitude and scan rate

The influence of the pulse amplitude was investi-
gated and it is suggested that the differential pulse an-
odic stripping peak current reached the maximum when
the pulse amplitude was 0.075 V. As for the scan rate,
the current response rose with the increasing scan rate.
But when the scan rate exceeded 40 mV/s, the noise
increased. Hence, a scan rate of 40 mV/s was chosen,
sinceit could afford the highest signal-to-noise ratio.

Calibration plot, detection limit and precision

The dependence of the current response (i) on the
concentration of Pb®" (c) was linear in the range of 2.0
%10 °t0 7.0 10 " mol / L with a correlation equation:

i(MA)=4.09X 10"c(mol/L) +0.260 (correlation coeffi-
cient, 0.9990)

The detection limit defined as the concentration at
signal-noise ratio of 3 was 3.0x10 *° mol /L, and the
relative standard deviation for 10 determinations of 1.0
%10 ®mol /L Pb*" was 4.83%.

Effect of other ions

The interference of various foreign metal ions on the
determination of 1.0X10 ' mol/L Pb** was investi-
gated. These species were added to the sample and the
tolerable limit of a foreign substance was taken as a
relative error less than 5%. The tolerated ratio of the
foreign substances to 1.0X 10~ mol/L Pb*" was 1000
for Na", K*, ca®*, AlP", ga®*, ', Mn?", Ba®*, Co?",
Ni?", Mg?", Zn?"; 180 for Fe*"; 5 for Cd®". Equal con-
centration of Cu?" interfered with the determination of
Pb”*. Taking into account that the relative high concen-
tration of Cu** was in most potable waters compared to
Pb”*, the interference of Cu”" must be eliminated when
the proposed method was applied to the determination
of Pb?" in natural and drinking water samples.

Cu?" is known to react easily with iodide to form a
stable compound, Cul, and the reaction is shown in Eq.

(4):
2Cu?T +41"=2Cul +1, 4

When iodide was added into the solution-containing
amount of Cu?", the iodide can react with Cu?" to form
Cul and then prevent Cu** from forming a complex
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with heparin, and finally eliminate the interference of
Cu**. For the determination of 1.0X 10 ' mol /L Pb**,
500-fold amounts of Cu?" can be eliminated in the
presence of 5.0 102 mol /L iodide.

Analytical application

The utility of the developed method for the Pb?"
determination was tested by the determination of Pb?"
in different water samples. The river water samples
were filtered with a 0.4 um polycarbonate membrane
filter, and then acidified to pH=2 with nitric acid. In
order to destroy the organic substances, it is necessary
to pretreat the water samples. The wet digestion and UV
irradiation are the two usual methods. In this work the
wet digestion method was used and the pretreatment
procedure was the same as that described inliterature.®
Aliquots of water which contained 5.0x 107 mol/L io-
dide were buffered with HOAc-NaOAc buffer to pH=
5.2. Three replicate determinations of Pb** in unspiked
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and spiked water samples were carried out using the
standard addition method. The results obtained by the
proposed method are summarized in Table 1. They
made evident that the present modified electrode was
ggjzﬁh effective for the determination of trace levels of

Conclusion

A new chemically modified glass carbon electrode
has been developed using heparin for the determination
of Pb?" at trace levels by differential pulse anodic strip-
ping voltammetry. The proposed method can be used to
determine trace amounts of Pb*" in real samples. The
detection limit of this method is 3.0X 10 °mol/L Pb*".
In conclusion, the proposed method can be a potential
candidate for the practical use of Pb?" determination
with high sensitivity, selectivity, simplicity and rapid-
Ness.

Table1l Resultsof the determination of Pb?" in water samples

Pb?* found®/

Pb?" added/

Pb?* found after addition®/

Sample (10 moleL (10 molsL ) (10 moleL ) Recovery/% D
3.00 4.22 1017 22

Drinking water 117 10.00 1081 96.4 41
20.00 20.37 96.0 4.2

4.00 1258 94.0 20

Tap water 8.82 16.00 2553 104.4 33
24.00 33.15 1014 22

8.00 62.53 98.1 22

River water 54.68 20.00 75.22 102.7 28
30.00 85.91 104.1 36

& Mean of three determinations.
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