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Abstract- In this work, a selective and sensitive method to the determination of essential 
elements Cu and Zn in drinking water proposed by adsorptive stripping differential pulse 
cathodic voltammetry (AdSDPCV) using Alizarin (AZ) as a ligand. The complexes of  
metals-AZ were deposited onto a hanging mercury drop electrode (HMDE) and the resulting 
current was analyzed. Increase peak current of metals-AZ obtained optimization condition of 
pH 6, AZ concentration0.04 mmol/L, supporting electrolyte concentration0.5 mol/L, potential 
for adsorptive deposition (Eads) -0.1 V, the time for adsorptive deposition (tads)70 s, 
respectively, the instrumental parameters (drop size of mercury 8 and scan rate 800 ms/V). The 
linearity of metals were160 ng/L and 200 ng/L, the limit of detection 0.1 ng/L for Cu and 0.05 
ng/L for Zn, respectively. Relative standard deviation (RSD) 0.5% for Cu and 0.7% for Zn and 
recovery Cu and Zn in the range 98 to 101%, respectively. The applicability of AdSDPCV 
methods is successfully for determination of metals in drinking water. 

Keywords- Adsorptive stripping differential pulse  cathodic voltammetry, Heavy metal, 
Alizarin, Differential pulse, Drinking water  
 

1. INTRODUCTION  

Water is an important component of life. The quality of drinking water is related to human 

health, and the availability of clean drinking water is one of the important things to maintain 

public health. One-third of deaths in developing countries are estimated to cause contaminated 
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water [1]. Drinking water must be of sufficiently high quality and can be consumed or used and 

has a hazard risk in the short term or long term. Water is an important component of human 

life as well as all organisms about 70% of the human body is made up of water. Therefore water 

is an important component of the metabolism process and serves as a solvent in the body. Water 

is involved in a number of biological processes in the body, therefore it is necessary to consume 

clean water [2]. 

Copper (Cu) and zinc (Zn) are important elements for most of life on earth, including 

humans and animals. But if the amount accumulated in the body exceeds the threshold it can 

lead to cancer, heart disease, diabetes and liver disease. Metals is essential for living organisms. 

Some microorganisms need metals for metabolism and growth, but if accumulated in numbers 

that cross the threshold can harm digestion and harmful to human health. The toxic effects of 

metals cause some adverse health effects such as asthma, vomiting and vision problems [3-4]. 

The maximum limit of metallic metals consumption in WHO Drinking Water is 2 mg/L for Cu 

and 3 mg/L for Zn [5]. 

Determination of metals mostly done by conventional spectrophotometry, such as FAAS, 

AES, ICP-AES, NAA [6-9]. But these methods has drawbacks, such as complicated sample 

preparation, high detection limits, high operational costs, and the need for preconcentration to 

measure the analyte in the number of traces [10-12]. Therefore a more convenient and sensitive 

alternative method for the determination of metals is required. 

adsorptive stripping differential pulse  cathodic voltammetry (AdSDPCV) method is a 

complex formation between metal ions metals with AZ. The metals accumulates with ligands 

on the electrode surface (e.g. HMDE) followed by stripping of metal-ligand complex from the 

electrode surface using scanning the potential cathodically. The AdSDPCV method using 

various ligands has been done in recent years (cupferron, minoxidil, morin, clioquinol, α-lipoic 

acid, calcon, calcein) [13-20]. AdSDPCV is a method with high sensitivity and selectivity and 

can detect up at scale ng/L. The simple sample preparation, relatively cheap operating costs, 

and ability to analysis of samples with high salinity are some advantages of this method  

[10-12]. 

The present work report determination of Cu and Zn metals using AZ as a ligand. The 

metals-AZ was accumulated (preconcentrated) on HMDE, then was stripped using cathodic 

potential. The obtained peak current was proportional to the metals (Cu and Zn) concentration. 

 

2. EXPERIMENTAL DETAIL 

2.1. Instrumentation and operating conditions 

AdSDPCV were performed by Metrohm 797 VA Computerize (Herisau, Switzerland) with 

a three-electrode system including HMDE as working electrode (WE), a platinum as auxiliary 

electrode (AE) and Ag/AgCl (KCl 3 M) as reference electrode (RE). 
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The operating parameters for determination of Cu and Zn by AdSDPCV-AZ method: 

WE=HMDE; Calibration=Standard addition method; Number of replication=4; Drop size=8; 

Stirrer speed=2000 rpm; Mode= Differential pulse (DP); Initial purge time=300 s; Scan 

rate=800 mV/s; Addition purge time=10 s; Potential for adsorptive accumulation (Eads)=-0.1 

V; The time for adsorptive accumulation (tads)=70 s; Equalibration time= 10 s; Pulse 

amplitude=0.05 V; Start potential=0 V; End potential=-1.2 V; Voltage step=0.006 V; Voltage 

step time=0.1 s; Sweep rate=0.06 V/s; Peak current (Cu)=-0.05 V; Peak current (Zn)=-0.98 V.     

After the operating parameters were set, the analyte in the voltammetric vessel was purged with 

N2 (300 s). The metals ions accumulated at potential -0.1 V on the working electrode surface. 

Then, the accumulated metal was oxidized by sweeping the potential 0 to -1.2 V using DP 

mode. Metrohm 744 pH meters were used to measure pH analyte 25 to 30 oC. 

The standard Solution of Cu and Zn ions Also, indicate the salt kind of metal ions of 10 

ng/L for the voltammetric investigations was prepared from the stock solution of 1000 mg/L. 

Acetate buffers pH 2-6 and phosphate buffers pH 7-8 were used as supporting electrolyte, AZ 

stock solution of 100 mmol/L were used as ligands, all reagents using the analytical grade 

Merck product. Ultrapure-deionize water was used for dilution of dilute reagents, oxygen was 

expelled by purging the solutions with N2 gas 300 s. The Whatman filter paper was used to 

filter samples, the sample used is drinking water refillable originating from the city of Padang, 

Indonesia. 

 

3. RESULT AND DISCUSSION 

3.1. Voltammetric Behavior of metals-AZ System  

The study was conducted to see the ability of AZ as a ligand so that Cu and Zn ions can be 

well complexed on the HMDE. This is influenced by several parameters, such as pH, 

supporting electrolyte concentration, ligand concentration, tads, Eads, scan rate, and drop size of 

mercury. Further investigation of sensitivity voltammogram DP. 

 

 
Fig. 1. Mechanism of the electrochemical reduction process for metals-AZ 

 

The AZ can form complexes of several metal ions through the carbonyl (C=O) and 

hydroxyl (OH-) groups. The π-electron system in AZ can increase tendency adsorption. Figure 

2 shows AdSDPCV methods determination of 0.6 mmol/L AZ (curve a); metals ions 10 ng/L 
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(curve b); and 10 ng/L metals+0.6 mmol/L AZ (curve c). The Voltammogram (curve a) denotes 

no peak current in the scan potential range metals, therefore the AZ current does not interfere 

with the measurement analyte. The voltammogram (curve b) shows the absence of peak current 

of Cu and Zn, and (curve c) denotes peak current of metals-AZ complex. This show that AZ 

enhances the sensitivity of AdSDPCV methods for determination of metals. 

 

 
Fig. 2. Voltammetric determination of AZ (a); metals ions (b); and metals-AZ complex (c); 

Conditions: pH of solution 6, AZ concentration 0.04 mmol/L, acetate concentration 0.5 mol/L, 

Eads -0.1 V, tads 70 s, scan rate 800 mV/s, drop size of mercury 8 

 

3.2. Effect of Parameters on the AdSDPCV 

3.2.1. Effect of pH 

pH is an important parameter in the formation of complex compounds and increases the 

stability of the complex (AZ with Cu and Zn metals). Optimization of pH determination was 

carried out at pH (3-9) (Figure 3). 

 

. 

Fig. 3. The effect of pH on voltammetric determination of metals-AZ 
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pH can also increase the selectivity of the method [10]. At pH (3-6) there is an increase in 

peak currents, because the metals-AZ complex is not yet fully formed and the presence of too 

many H+ ions in solution can disrupt Cu and Zn ions to form a complex with AZ. Furthermore 

at pH 7 to 9, the peak current decreases. This condition is caused by a disturbance by too many 

OH- ions in the solution, so that competition occurs with AZ to bind to Cu and Zn metal ions. 

In addition, an increase in pH causes a shift in the peak potential of Cu and Zn metals. This is 

due to changes in complex stability with changes in the pH of the solution. The highest peak 

current occurs at pH 6, and then at this pH, it will be used for parameter determination.  

 

3.2.2. Effect of acetate buffer concentration 

Acetate buffer functions as a supporting electrolyte solution, control the potential during 

measurement, eliminates the effects of electro-migration, and maintains ionic strength so that 

the resulting current does not change [21]. In addition, these supporting electrolyte solutions 

also play a role in increasing the selectivity of analyte deposition analyzed. Figure 4 shows the 

peak current increase at concentrations 0.1 to 0.5 mol/L acetate buffer and peak current 

decreases after addition concentration above 0.5 mol/L, and at a concentration of 0.5 mol/L 

acetate buffer is the optimum concentration, and then used for determination parameter. 

 
Fig. 4. The effect of acetate buffer concentration on voltammetric determination of metals-AZ 

 

3.2.3. Influence of AZ concentration 

The concentration of AZ has a major influence to improve the sensitivity determination of 

metals. Figure 5 shows the variation of AZ concentration for determination of metals in the DP 

peak height occurring between 0.005 to 0.05 mmol/L. 
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Fig. 5. The effect of AZ concentration on voltammetric determination of metals 

 

Figure 5 shows the higher the concentration the higher the metal peak current metals. 

However, at 0.045 mmol/L AZ peak current begins to decreasing, this may be due to the 

competition of ligands to be adsorbed on the electrode surface (HMDE).Therefore, optimum 

AZ concentration is 0.04 mmol/L was selected for further parameter determination. 

 

3.2.4. Effect of Potential (Eads) and time (tads) for adsorptive accumulation 

The potential for Eads was varied 0 to -0.8 V using constant deposition time 70 s. The 

cathodic voltammetric scan was performed after a quiet time 10 s without stirring.  

 

 
Fig. 6. The effect of Potential for adsorptive accumulation on voltammetric determination of 

metals-AZ 
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It aims to achieve electrode balance before taking measurements. Peak current increases 

from potential 0 to -0.1 V (Figure 6). This was due to the lack of maximum metals-AZ complex 

that was reduced to the working electrode [21]. Potential higher than -0.1 V shows peak current 

decreases, this was due to the reduction of complex adsorption on the surface of the working 

electrode and more ligands were adsorbed on the working electrode surface. The accumulated 

reduction of the complex causes the peak current to decrease. Generally, -0.1 V vs Ag/AgCl 

was selected as potential for adsorptive accumulation. 

 

 
Fig. 7. The effect of the time for adsorptive accumulation on voltammetric determination of 

metals-AZ 

 

Figure 7 shows the effect of tads on peak currents in the presence of AZ as a complexor. 

Peak currents increase at intervals 10 to 70 s. The longer the tads, the more analytes are deposited 

on the surface of the HMDE so that when the stripping is generated a large current. At the time 

of accumulation 80 s peak flows began to decline [11]. This is due to saturation on the electrode 

surface, so that during stripping, not all analytes are released from the electrode surface which 

results in a small current being generated [21]. Furthermore, the optimum accumulation time 

obtained by 70 s is used for parameter determination. 

 

3.2.5. Effect of Differential Pulse parameters (Scan rate and drop size of mercury) 

In the stripping stage, the scan rate has an effect on the height of peak and wide currents. 

The higher the scan rate, the higher the peak current produced. But if the scan rate is too high 

it causes the voltammogram to widen so that the Cu and Zn metal voltammograms overlap and 

the peak current drops [21]. In this study used a scan rate 100 to 1000 mV/s (Figure 8), the 

highest peak current on the scan rate was 800 mV/s and then used for parameter determination.  
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Fig. 8. The effect of scan rate on voltammetric determination of metals-AZ 

 

The droplet size of HMDE increases the sensitivity of AdSDPCV methods. Large mercury 

droplets can increase peak currents, the more space for metals-AZ to accumulate on the 

electrode surface. But if the size of the mercury droplet is too large it will cause HMDE droplets 

to fall before the analyte current measurement stage occurs and the analyte peak current will 

not be formed [21]. Figure 9 shows the effect of the drop size of mercury on HMDE on the 

peak current generated 3 to 9. The size of mercury droplets 1 to 8 produces peak currents 

increasing. But the size of the mercury drop of electrode 9 causes the peak current to be 

unreadable because the drop of mercury HMDE falls before the measurement phase of flow 

metals-AZ occurs, so that droplet size 8 is used for the determination of the next parameter. 

 

 
Fig. 9. The effect of drop size of mercury on voltammetric determination of metals-AZ 
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3.3. Performance Characteristics of the Method  

The optimum conditions of AdCDPSV methods for determination of metals were pH 6, 

acetate buffer 0.5 mol/L, AZ concentration 0.04 mmol/L, tads 70 s, Eads -0.1 V, scan rate 

potential 800 mV/s, and drop size of mercury 8, respectively.  

 
Fig. 10. Calibration graph on voltammetric determination of metals-AZ 

 

Table 1. Comparison of LOD, RSD and recovery of AdSDPCV- AZ method with various 

methods already used for measurement of Cu and Zn in water 

 
Method RSD 

(%) 
Recovery 

(%) 
LOD 

(µg/L) 
Ref. 

Cu Zn Cu Zn Cu Zn 

SPE-Flame AAS 6.6 6.8 94 106 2.0 3.3 [23] 
Flame AAS (2,6-
dichlorophenyl-3,3-
bis(indolyl)methane) 

2.1 2.3 72 83 1.9 1.5 [24] 

ICP-OES 1.8 5.2 90.5 105 0.29 0.17 [25] 
FAAS (Ni2+/2-
Nitroso-1-naphthol-4-
sulfonic acid) 

3.8 7.5 96 98 1.8 1.6 [26] 

AdSV-Calcon 4.2 0.8 97 99 5.7 1.9 [27] 
AdSV-Calcein 0.25 0.54 97 101 0.8 1.0 [28] 

AdSV-Dopamine - - 96 102 0.06 0.04 [29] 
Anodic stripping 
voltammetry 

3.8 3.7 98 98 0.3 0.4 [30] 

FAAS-Alizarin  - - 92 96 13 13 [31] 
AdSDPCV-AZ 0.5 0.7 98 99 0.0001 0.00005 This 

work 

 

The determination of linearity is by increasing the concentration of metal metals from 5 to 

220 ng/L. The calibration plot thus is 5 to160 ng/L for Cu and 5 to 200 ng/L for Zn. a correlation 

coefficient Cu=0.991 and Zn=0.967. The limit of detection (LOD) was determined using the 
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3xSD formula from the result of the measurement of blank samples (SD = standard deviation) 

that were Cu 0.1ng/L and Zn 0.05 ng/L. 

AdSDPCV methods accuracy was determined by measuring the analyte with 10 replicates 

in the standard solution metals using the optimum conditions. The relative standard deviation 

(RSD) for Cu 0.5% and for Zn 0.7%. This method has good accuracy because it meets the 

standard of AOAC that was>15% [23]. Table 1 shows LOD, RSD and recovery of several 

methods for determination of metals in water. 

 

3.4. Interfence of ions 

Interference of ions to metallic measurements metals with AdDPCSV methods was also 

investigated.  

 

Table 2. Determination of metals in drinking water by AdSDPCV method 

 
Drinking 

water Sample 
Added (µg/L) Found (µg/L) Recovery (%) 

Cu Zn Cu Zn Cu Zn 
I 0 0 412.61±0.12 562.54±0.32 - - 
 5 5 419.32±0.32 574.65±0.25 100.4 101.2 
 10 10 424.43±0.56 578.43±0.47 100.4 101.02 

 
II 0 0 475.14±0.52 718.18±0.68 - - 
 5 5 479.55±0.18 722.76±0.14 99.88 99.94 
 10 10 482.56±0.12 726.32±0.33 99.47 99.74 

 
III 0 0 631.21±0.44 711.33±0.34 - - 

 5 5 634.55±0.31 711.98±0.13 99.73 99.39 
 10 10 637.43±0.29 711.88±0.42 99.41 98.68 

 

 

 

 

 

 

 

 

 

Fig. 11. Differential pulse voltammogram of Pb, Cd and Zn in drinking water Conditions: pH 

of solution 6, AZ concentration 0.04 mmol/L, acetate concentration 0.5 mol/L, Eads -0.1 V, 

tads 70 s, scan rate 800 mV/s, drop size of mercury 8 

 

This is accomplished by the addition of soluble ions containing 10 ng/L metals using the 
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optimum conditions. Shows no disturbance of cationic (Na+, Al3+, Ca2+, Li+, K+, Ba2+, 

Cr+3,Co2+, Ni2+, Pb2+, Cd2+, Fe3+) and anionic (Cl- , F- , Br-, SO4
2-, I-) addition to concentrations 

of 10 mg/L. This indicates AdDPCSV methods have good selectivity to metals. 

 

3.5. Application to a Real Sample  

Application to a real sample of AdDPCSV methods is necessary to indicate the selectivity 

and sensitivity of metals. The samples were taken from refill drinking water originating from 

four places in Kalawi Padang city, Indonesia. The sample was measured using standard 

addition method with 4 replicates and the results are shown in Table 2. 

 

4. CONCLUSION 

The results showed that the optimum conditions of metals measurements with AdDPCSV 

methods were pH of solution 6, AZ concentration 0.04 mmol/L, acetate concentration 0.5 

mol/L, Eads -0.1 V, tads 70 s, scan rate 800 mV/s, drop size of mercury 8, respectively. 

Measurements on the optimum conditions obtained RSD (n=10) for Cu 0.5% and for Zn 0.7%. 

Recovery obtained at the measurement of standard solution 10 ng/L metals was 98 to 101%, 

LOD for Cu 0.1 ng/L and for Zn 0.05 ng/L, linearity for Cu 5 to160 ng/L and for Zn 5 to 200 

ng/L, coefficient correlation for Cu 0.991 and for Zn 0.987. The addition of cationic and anionic 

to concentration 10 mg/L does not interfere with metals measurements using AdSCDPV 

methods. It indicates that AdSCDPV methods have good selectivity and sensitivity. This 

method is applied to refill drinking water samples for the determination of metals. The 

concentration of metals in drinking water samples were 400 to 700 µg/L, respectively. 
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