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Abstract- An adsorptive cathodic stripping voltammetric method is presented for the
simultaneous determination of Pb(Il), Cd(ll) and Zn(ll) in tap water with alizarin as a
complexing agent. The method is based on adsorptive accumulation of the complexes of
Pb(I1), Cd(1l) and Zn(ll) ions with alizarin onto hanging mercury drop electrode (HMDE),
followed by the reduction of the adsorbed species by adsorptive cathodic stripping
voltammetry (AdCSV). The optimized experimental conditions include: supporting
electrolyte (acetate buffer), pH (5), alizarin concentration (0.5 mM), accumulation time (60
s), accumulation potential (-0.2 V). This method has been applied to determine Pb(Il), Cd(l1)
and Zn(Il) in tap water. The concentration of metal ion in tap water was obtained Pb(ll)
0.045, Cd(II) 20 and Zn(IT) 129 pg/L. the detection limit was Pb(II) 0.008, Cd (II) 0.005 and
Zn(II) 0.001 pg/L, relative standard deviation was obtained Pb(II) 1.2, Cd(II) 0.4 and Zn(lI)
1.12% (n=10), recovery was obtained Pb(Il) 99.45, Cd(Il) 98.66 and Zn(ll) 99.72%. The
accuracy of the obtained voltammetric analytical results was validated by comparing with
that obtained by the atomic absorption spectrometric method, Concentration of the metal ion
in tap water was obtained with AAS technique Cd(II) 16 pg/L, Zn(Il) 115 pg/L and Pb(II)
not detected .
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1. INTRODUCTION

Today the protection of natural water to get serious attention in many parts of the world
because of the growing threats from pollutants inorganic, organic and biological derived from
improper waste disposal. Various compounds that enter the aquatic environment including,
heavy metals, pesticides, detergents, particulate matter, and so forth, and heavy metal is a
second pollutant after the pesticide, known as a pollutant that is very dangerous and highly
toxic. Compared with other toxic pollutants, metals are pollutants that are not biodegradable
[1-2]. Heavy metal is a pollutant second, after the pesticide, known as a pollutant that is very
dangerous and highly toxic. Compared with other toxic pollutants, metals are pollutants that
are not biodegradable [1-2].

Effects of heavy metals can affect directly to accumulate in the food chain although at
very low concentrations [3]. If it enters into the human body of heavy metals have a tendency
to congregate in organs and could not get out again through the digestive process. Water,
land, and air is the medium that can be used for the deployment of heavy metals into the
environment. Broad-leafed plants, in addition, to absorb heavy metals from the soil can
absorb heavy metals from the air [4]. The heavy metal can be transferred within the reach
very far and eventually can affect human health even in periods long enough and far from
sources of pollution. Some of the heavy metals that can pollute the environment and is toxic
is chromium (Cr), silver (Ag), cadmium (Cd), lead (Pb), zinc (Zn), mercury (Hg), copper
(Cu), iron (Fe) , molybdate (Mo), nickel (Ni), tin (Sn), cobalt (Co) and elements belonging to
the light metals such as arsenic (as), aluminum (Al) and selenium (Se) [5]. Depending on the
concentration, these metals can be harmful or beneficial to human, animals, and plants.
Therefore, the need for trace analysis methods was adequate increasingly necessary [3].

Existing methods for the analysis of metal ions such methods Flame Atomic Absorption
Spectrometry (FAAS), Graphite Furnace Atomic Absorption Spectrometry (GFAAS) and
inductively coupled plasma atomic method of emissions spectrophotometry (ICP-AES).
However, this method is costly for operations, maintenance cost are quite expensive and less
practical but it also cannot measure the levels of metal ions are very small [6]. Therefore, we
need an alternative method that can overcome the limitations of those methods.

Voltammetry stripping adsorptive selected as an alternative method because it has many
advantages such as: high salinity of the sea water does not interfere with the analysis, high
sensitivity, detection limit low on the scale pg/L (ppt), the use of simple and convenient
sample preparation, rapid analysis, can be detected simultaneously (metal 4-6), infra
structure's [7-10]. In addition, with this method it is possible to learn chemical species of
heavy metals [11-12], which cannot be done with other methods, this method can be
performed for simultaneous determination of Pb, Cd, and Cu in the seawater using calcon as
complexing [13]. Heavy metal toxicity is determined from the chemical species [14-15].
Almost all methods of determination of metals in very small quantities require considerable
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time at the stage of pre-concentration before measurement. In Stripping adsorptive
voltammetry pre-concentration stage a shorter time, generally less than 1 minute [16].

Determination of Pb, Cd and Zn simultaneously to have been done by the method of
stripping voltammetry are: adsorptive stripping voltammetry using complex 5-chloro-7-iodo-
8-hydroxyquinoline (Clioquinol) [17], anodic stripping voltammetry at a bismuth bulk
electrode [18], differential pulse anodic stripping voltammetry at a bismuth/poly(p-
aminobenzene sulfonic acid) film electrode [19], Array of peptide-modified electrodes [20],
SWASV [21-25]. Alizarin is a natural dye and chelating agent, which has been used
successfully in the stripping voltammetric determination of some metals including, Cu (1) and
Cu (1) [26], Zn(l1) [27], Mo [28], AI(I1T) [29] In(I11) [30]. The observed AdACSV peak is
most probably due to the cathodic reduction of ion metals in the adsorbed complex with
alizarin and the electrochemical mechanism of the reduction process of alizarin—ion metals
complex is illustrated in Fig. 1 [28]
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Fig. 1. Mechanism of the electrochemical reduction process for alizarin—ion metal complex

In this study, we have examined the application of Alizarin to the simultaneous
determination of Pb(Il), Cd(Il) and Zn(Il) by AJCSV on a hanging mercury drop electrode
(HMDE). The method relies on the effective accumulation of the Pb(Il), Cd(Il) and Zn(ll)
complexes with Alizarin onto the HMDE. The method is extremely sensitive, selective and
simple for the determination of trace levels of lead, cadmium, and zinc in real samples tap
water and optimum results obtained were compared with the atomic absorption spectrometric
method.

In this work, a new sensitive and selective adsorptive voltammetric method for the
determination of ultra trace levels of Pb(l1), Cd(1l) and Zn(ll) was developed. The parameters
studied were: variations of Alizarin concentration, the variation of pH solution, accumulation
potential and accumulation time. To determine the precision, accuracy, sensitivity and
linearity of method, relative standard deviation (RSD), recovery, limit of detection were
determined. The method at optimum condition was applied for the direct
determination of Pb(I1) Cd(Il) and Zn(ll) in tap water.
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2. EXPERIMENTAL
2.1. Instruments

All adsorptive cathodic stripping measurements were carried out with 797 VA
computrace (Metrohn, Herisau, Switzerland) in connection with Dell Computer and
controlled by (VA computrace 2.0) control software. Stripping voltammograms were
obtained via a Hewlett—Packard laser jet printer. The working cell consisted of three
electrode: mercury electrode (MME: multimode electrode) as the working electrode, Ag/AgC
as reference electrode (KCI 3 M), and a platinum wire as an auxilary electrode (all from
Metrohm).

A Chem Tech Analytical Model CTA-2000 Atomic absorption spectrometer (Shimatzu)
was used for lead, cadmium and zinc determination. The pH values of the solution were
adjusted employing a Metrohm Model 744 using a combined glass electrode.

All flasks and cell involved in the measurements were rinsed to eliminate contamination
by using sequantially a 1% (v/v) solution in 50% ethanol (plastic flasks). All solutions were
deaerated with ultrapure nitrogen for 5 min before the stripping voltammetry determinations.

2.2. Material

The materials used for this study were: Alizarin, concentrated HNOs3, acetate buffer,
ammonia buffer, nitrogen gas, doubly distilled water, What man filter paper and samples (tap
water). Various chemicals were purchased from Merck and the aqueous solution of Cd, Pb
and Zn 1000 mg/L were prepared by using the Analytical Grade Merck Product.

2.3. Sample preparation

Tap water samples were taken from the laboratory of Analytical Chemistry, Andalas
University, taken with the added HNO3; with comparison HNO3: sample=1: 1000.

2.4. Work procedures

The aim of this study was to obtain the optimum condition of each metal ion Pb(ll)
,Cd(Il) and Zn(Il) by AJCSV. Therefore, studied the effect of the following parameters
named: variations of concentration alizarin of 0.1-0.9 mM, pH at 2-9, accumulation potential
at -0.1 to -6.0 V and accumulation time at 30-90 s. The precision and accuracy of method
relative standard deviation (RSD) and recovery were determined. The procedure used in this
study was: according to reported previously [7].
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3. RESULTS AND DISCUSSION

Preliminary experiments were performed to characterize the suitability of alizarin for the
determination of Pb(ll), Cd(Il) and Zn(ll) ions. Fig. 2 can be seen adsorptive cathodic
stripping voltammetry of the Pb, Cd and Zn-alizarin systems at pH 5.0 (acetate buffer), after
deposition at -0.2 V for 60 s on a HMDE. The blank solution (the ligand without metal ions)
(Curve a) and metal ions Pb(ll), Cd(Il) and Zn(I1) without the addition of alizarin in pH of
5.0 (Curve b) did not show any peak in this potential range. The sample solution containing
the metal ions with the ligand are represented by two peaks (Curve c) at -0.37, -0.76 and
-1.076 V that correspond to the reduction of Pb(ll), Cd (Il) and Zn(Il) complexes with
alizarin in pH of 5.0.

For the best sensitivity in simultaneous determination of Pb(Il), Cd(Il) and Zn(Il), the
influence of different parameters such as pH, ligand concentration, deposition time and
potential were investigated.
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Fig. 2. Voltammogram adsorptive cathodic stripping voltammetry (a) Alizarin without metal,
(b) metal without alizarin,(c) Pb(11), Cd(Il) and Zn(Il) respectively is 0.01 ug/L with Alizarin
0.5mM

3.1. Optimization of parameters
3.1.1. Effects of alizarin concentration

Effect of variation concentration of alizarin as a complexing agent also plays an important
role in the investigated stripping voltammetric procedure. Fig. 3 indicates that an increased of
alizarin concentration from 0.1-0.9 mM. The current increases in the concentration range of
0.1-0.5 mM. However, the concentration range of 0.6-0.9 mM decreased flow.
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Fig. 3. Effect of Alizarin concentration to the peak current (Ip), Conditions: 10 mL of a
mixture of standard solution of Pb(ll), Cd(ll) and Zn(ll) with a concentration of each of 0.01
ug/L, acetate buffer 0.2 mL (pH 5), accumulation potential -0.2 V/, accumulation time of 60 s
and a potential scan from 0 to-1.2 V

The peak current resulting from the reduction of metal-ligand complexes are adsorbed on
the surface of the working electrode on the stripping step. While the reduction in peak current
at concentrations alizarin higher than the optimum concentration occurs because of
competition ligands adsorbed on the surface of the electrode when step deposition (pre-
concentration) and form complexes with metal ions as well as competition adsorption
between ligand with ligand-free so that the electrode surface is available for adsorption of
metal-ligand complex into smaller, besides the high ligand concentration of metal-ligand
complex would be difficult to be reduced so that the resulting peak currents lower [32]. For
the concentration of 0.5 mM alizarin was chosen as the optimum conditions for simultaneous
determination of metal ions Pb(ll), Cd(ll) and Zn(Il) by adsorptive cathodic stripping
voltammetry.

3.1.2. Effects of pH

The complex formation between the Pb(ll), Cd(Il) and Zn(Il) ions with alizarin at
accumulation step were affected by pH. The reaction process is described in reaction:
(@  Accumulation step:
M™ + nL—ML,
ML,—MLnags
(b) Stripping step:
ML pagstne —M™+nL
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At the proper pH it was expected more and more Pb, Cd and Zn-alizarin complexes
formed at the electrode surface, so that they would produce optimum peak current at the time
of measurement. The influences of pH on the adsorptive peak currents (Ip) of Pb, Cd and Zn
were studied in the pH range of 2 to 9. The result is shown in Fig. 4. At accumulation (pre-
concentration) step, the complex formation between the Pb(ll), Cd(Il) and Zn(ll) ions with
alizarin was affected by pH. The results showed that the peak current Pb, Cd and Zn-alizarin
rose from pH 2 to pH 5 and drops ranging from pH 6 to pH 9. At low pH there is an excess
proton resulting in competition with metal ions to form a bond with the ligand so that the
resulting current low, while at a pH greater than the pH optimum peak current decline due to
OH  ions so that metal ions can form hydroxide and will settle on electrode surface that is
difficult to remove [32]. For the pH 5 chosen as the optimum pH in the simultaneous
determination of Pb(l1), Cd(I1) and Zn(l1).

PH plays a role in increasing the number of complex compounds or ion association
formed in the process of adsorption on the electrode HMDE that would influence the
formation of a complex, complex stability and absorption properties [33]. Effect of pH on
peak current complex Pb, Cd and Zn-alizarin studied using acetate buffer and ammonia
buffer, with measurement conditions the concentration of metal ions Pb(Il), Cd(ll) and
Zn(11) respectively is 0.01 ug/L, alizarin 5 mM, accumulation potential of -0.2 V, and
accumulation time of 60 s.
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Fig. 4. Effect of variation pH on peak current (Ip), Conditions: 10 mL of a mixture of Pb(ll),
Cd(Il) and Zn(ll) with a concentration of each of 0.01 pg/L, 0.2 mL alizarin 5 mM,
accumulation potential -0.2 V, the accumulation time of 60 s, a potential scan from 0 to -1.2
\
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3.1.3. Effects of Accumulation Time

Accumulation time is the time when the analyte accumulated or deposited on the surface
of the working electrode HMDE (Hanging Mercury Drops Electrode). At the accumulation
time, pre-concentration was useful to improve sensitivity and lower detection limit [33-34].
Fig. 5 illustrates the relationship of the stripping voltammetric peak current versus
accumulation time for 0.01 pg/L Pb (1), 0.01 pg/L Cd (I1) and 0.01 pg/L Zn(ll) with 0.5
mM alizarin and pH 5 over various adsorption times. Variation of the accumulation time over
the range 30 — 90 s at a preconcentration potential of -0.2 V showed a gradual enhancement
for Pb(ll), Cd(ll) and Zn(ll) peak current up to 60 s and decreased with longer
preconcentration times. As a consequence, the accumulation time of 60 s was selected as an
optimum for further studies.
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Fig. 5. The curve between the accumulated time versus the peak current (Ip), Conditions of
measurement: 10 mL of a mixture of Pb(Il), Cd(ll) and Zn(lIl) with a concentration of each
0.01 ug/L, 0.5 mM Alizarin 0.2 mL, 0.2 mL of acetate buffer (pH 5), accumulation potential
-0.2 V, and a potential scan fromQV to -1.2 V

3.1.4. Effects of Accumulation Potential

Fig. 6 illustrates the relationship of the stripping voltammetric peak current versus
accumulation potential for 0.01 pg/L Pb(ll), 0.01 pg/L Cd(1l) and 0.01 pg/L Zn(11) with 0.5
mM alizarin and pH 5. When the adsorption of formed Pb, Cd, and Zn-alizarin complex was
measured as a function of accumulation potential at 60 s collection time over the range from -
0.1V to-0.6 V, it was observed that monitored peak current increased slightly when applying
-0.2 V as the optimal accumulation potential.
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Fig. 6. Accumulation potential curve of the peak current (Ip). Measurement conditions: 10
mL of a mixture of Pb(Il), Cd(Il) and Zn(Il) with a concentration of each of 0.01 ug/L, 0.2
mL Alizarin 5 mM, 0,2 mL acetate buffer (pH 5), accumulation time of 60 s and a potential
scan from0 to-1.2V

In this study also conducted to determine the relationship between accumulation potential
with peak currents of Pb, Cd, and Zn-Alizarin. Pb, Cd and Zn-alizarin peak current highest
accumulation potential obtained at -0.2 V. On a more positive potential than -0.2 V' peak
currents low due to the complex process of deposition on the surface of the working electrode
has not reached the maximum, while the accumulation potential more negative than optimum
potential analyte complex reduction process occurs during the deposition process takes place
so that the peak current is obtained decreasing [32]. Potential -0.2 V was chosen as the
optimum accumulation potential for the simultaneous determination of metal ions Pb(ll),
Cd(I1) and Zn(l1).

3.2. Analytical figure of merit
3.2.1. Relative standard deviation (RSD)

The relative standard deviation is used to look at the precision of the method is the same
operating conditions. The determination of the relative standard deviation performed at optimum
conditions has been defined above. At the optimum conditions with eight times replicates (n=10)
measurements of 0.01 pg/L standard solution of Pb(lIl), Cd(Il) and Zn(Il) were: 1.25, 0.4 and
.1.12%, respectively. According to the AOAC method, the value of relative standard deviation
was smaller than 15% at the concentration of 0.01 pg/L. That mean this method has a high degree
of precision because the RSD obtained for each metal was smaller than 15% [34].
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3.2.2. Recovery

Recovery is used to determine the level of accuracy of this method, it was necessary to
determine the value of recovery. Samples of known concentration were added the amount of
standard solution and then compared with the concentrations of samples and standards added. In
this study the recovery of tap water samples studied was taken from the laboratory of Analytical
Chemistry, Andalas University. The results of recovery of Pb(ll), Cd(ll) and Zn(ll) by
adsorptive stripping voltammetry at the optimum conditions, its value obtained were: 99.45,
98.66 and 99.72%, respectively. According to the AOAC method, the percent recovery for the
solution with the concentration of 0.01 pg/L was in the range of 70-125%.That is, this method
has high accuracy [34].

3.3. Interference studies

The evaluation of the selectivity of the method is very important. To check the selectivity of
the proposed stripping voltammetric method the influence of many ions on the determination
of Pb(Il), Cd(ll) and Zn(Il) was examined, and interference as taken as the level causing
the error in excess of 4%. The results of this study are summarized in Table 1. From the
results, found that most of the foreign ions did not interfere for Pb(Il), Cd(ll) and Zn(ll)
determination. The interference of anions can be eliminated easily by the addition of the
interfering ion to the solution containing 10.0 mg/L of these metals using the optimised
conditions.

Table 1. Tolerance limit to foreign ions in the determination of Pb(Il), Cd(Il) and Zn(l1)

lons Tolerance limit (mg/L)
Pb Cd Zn
Na*, Al*, Ca*, Li*, K*, Ba**, Cr*®, 10 10 10
Co?*, Ni**, CI', F, Br, SO/, I
cu® 1 10 10
Pb% - 10 10
cd* 10 - 10
Zn* 10 10 -
Fe3* 1 10 1

3.4. Application

The proposed method was successfully applied for determination of Pb(I1), Cd(I1) and Zn(llI)
in tap water samples. The Pb(ll), Cd(Il) and Zn(Il) contents of tap water samples were
determined using the recomended procedure under optimum conditions, using the standard
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addition method. The results presented in Fig. 7, show the high sensitivity of the proposed
method.
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Fig. 7. Voltammogram of Pb, Cd and Zn in tap water

In order to validate the practical reliability of the optimized AdCSV method, tap water
samples were analysed for their Pb(ll), Cd(ll) and Zn (Il) contents by the recommended
voltammetric procedure (Table 2) In fact, Cadmium and zinc concentrations were calculated
via the standard addition approach in order to minimize the sample matrix interference.
Typical analytical results correspond to the mean values of three replicate determinations are
summarized in Table 2. The accuracy of the developed electroanalytical method was verified
by comparing the analytical results obtained by AdCSV method with that obtained by the
atomic absorption spectrometric (AAS) method for the same tap water samples. As can be
seen from Table 2, the results obtained by the developed voltammetric method compared
favorably with those obtained by the spectroscopic reference method. The agreement of the
compared result was tested by the paired t-test statistical approach [35]. The means of both
analytical methods were found to not differ significantly since all the calculated t-test value
were less than the critical value (2.776) at the 95% confidence level (P=0.05). There is no
statistical evidence that the means of the proposed voltammetric method differ significantly
from the means of the reference methods (null hypotheses is obtained). Determination of Pb
by AAS is not detected, it indicates the detection limit of AAS limited and this also shows
that the method AdCSV more sensitive than the methods AAS and in figure 8 can be seen the
determination of Pb(Il), Cd(Il) and Zn(Il) conducted simultaneously, while the AAS was
calculated separately for each metal [6, 36—38]
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Table 2. Practical application of AdCSV for the determination of Pb(Il), Cd(Il) and Zn(ll)
content in tap water sample and comparison with the results obtained by AAS technique

Sample AdCSV AAS Paired
(tap water) (ug/L) (ug/L) t-test value
Pb(Il) 0.045 Not detected -
Cd(ll 20+17 16+10 0.351
Zn(1l) 129+2.3 115+15 1.598

3.5. Detection limits

In table 3 shows limit of detection (LOD) in present work compared with some previous
works performed by AdCSV applied for simultaneous determination of Pb(ll), Cd(ll) and
Zn(1l) using alizarin as a complexing agent. The results of the analysis shows the detection
limit of Pb(Il) 0.008; Cd(ll) 0.005 and Zn(Il) 0.001 pg/L. The detection limit is lower, so
this method is more sensitive and selective than the method that has been done for the
determination of Pb(I1), Cd(I1) and Zn(ll).

Table 3. Limit of detection (LOD) in present work compared with some previous works
performed by AdCSV applied for simultaneous determination of Pb(ll), Cd(Il) and Zn(Il)
using alizarin as a complexing agent

Determination method LOD (pg/L) Ref.
Pb Cd Zn
AdSV, complexing agent Clioquinol (5- 0.1 0.06 0.06 [16]
chloro-7-iodo-8-hydroxyquinoline)
SWASV 0.1 0.05 0.3 [17]
SWASV 0.9 1.3 12.6 [20]
SWASV 0.5 0.3 0.7 [23]
SWASV 1.3 0.7 12 [24]
DPASV 0.8 0.6 0.6 [18]
DPASV 5 1 10 [25]
SWASV 0.07 0.1 0.5 [21]
SWASV 2 2 6 [22]
DP-AdCSV, complexing agent 1,2- 0.008 0.005 | 0.001 | This work
dihydroxyanthraquinone,or alizarin
(AZ)
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4. CONCLUSION

It can be concluded that the optimum conditions for the determination of Pb(Il), Cd(ll)
and Zn(I1) simultaneously with AdCSV, namely: alizarin concentration of 5 mM, pH 5, the
accumulated time of 60 s and a potential accumulation of -0.2 V. By using the optimum
condition is the determination of relative standard deviation for each metal at 1.2% for Pb(ll),
0.4% for Cd(I1) and 1.12% for Zn(I1).The optimum conditions of simultaneous measurement
of all three metals are then applied to tap water samples. On tap water samples obtained
measurement as follows: by AACSV 0.045 ng/L for Pb(II), 20 pg/L for Cd(II) and 129 pg/L
Zn(I), by AAS technique 16 pg/L for Cd(II), 115 pg/L for Zn(II) and no metal content of
Pb(I1). recovery for the third calculation of Pb(ll), Cd(Il) and Zn(ll) is 99.45%, 96.66%, and
99.72%. This method offers a practical potential for trace determination of Pb(ll), Cd(Il) and
Zn(I1) with high selectivity, sensitivity, simplicity and speed.
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