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Abstract: A selective and sensitive method for determination of copper in blood by adsorptive differential pulse 

cathodic stripping voltammetry is presented.  The method is based on adsorptive accumulation of the complexes 

of Cu (II) ions with benzenesulfonyl hydrazide onto hanging mercury drop electrode (HMDE), followed by the 

reduction of the adsorbed species by differential pulse cathodic stripping voltammetry.  The effect of various 

parameters such as supporting electrolyte, concentration of benzenesulfonyl hydrazide, accumulation potential, 

accumulation time and stirring rate on the selectivity and sensitivity were studied.  The optimum conditions for 

determination of copper include perchloric acid 0.03 M, concentration of benzenesulfonyl hydrazide 7.5×10-5 M, 

the accumulation potential of -350 mV (vs. Ag/AgCl), the accumulation time of 50 s, and the scan rate of  

50 mV s-1.  Under optimized conditions, linear calibration curves were established for the concentration of Cu 

(II) in the range of 0.62-275 ng mL-1, with detection limit of 0.186 ng mL-1 for Cu (II).  The procedure was 

successfully applied to the determination of copper ion in whole blood samples. 
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Introduction   

 

Copper is one of several essential trace metals that are important in supporting biological 

functions for the human organism, forming part of many copper dependent enzymes and 

proteins joined to copper 1,2.  Early reports of an essential role for copper in supporting 

normal levels of hemoglobin in blood and to prevent anemia came out in the middle of the 

19th century 3,5.  Since then, evidence has accumulated that supports a requirement for dietary 

copper in humans for optimal function of all biological systems 6,7.  Copper is an element with 

biological significance to the cardiovascular disease patient 8,10.  

Electroanalytical techniques have important advantages that include speed, high 

selectivity and sensitivity, low detection limit, relative simplicity, and low equipment cost 

compared to other techniques 11,15.  Of these electroanalytical methods, stripping voltammetry 

is the most sensitivity one because it has a preconcentration step on the electrode surface prior 

to recording the voltammogram 16,18.  Responding to the need to apply this sensitive method 

to those substances that cannot be preconcentrated by electrolysis at the electrode surface, an 

alternative principles have been proposed for the accumulation of the analyte via the 
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utilization of the adsorption phenomena. In the adsorptive stripping voltammetry (AdSV) 

accumulation of the analyte occurs by physical adsorption rather than by electrolytic 

deposition.  

However, depending on the oxidation–reduction properties of the accumulated analyte, it 

is determined by scanning the potential in appropriate negative or positive direction.  Many 

organic molecules have a strong tendency to be adsorbed from aqueous solution onto a 

mercury surface.  Additionally, many inorganic cations have been determined by AdSV 

technique after their complexation with surface-active complex agents.  

The technique is based upon adsorptive accumulation of the metal ion complexed with a 

suitable ligand at the electrode (HMDE) and then scanning the potential of the electrode in the 

negative direction 19.  The advantage of a hanging mercury drop electrode (HMDE) is its 

reliability. With the formation of each new drop, a new electrode surface is produced, which 

is important for unattended trace metal monitoring activities 20,21.  The drops generated by 

modern Hg drop electrodes are very small, and safe storage and recycling of the used Hg will 

ensure minimal environmental risks 22.  

These techniques are advantageous due to their possibility to be utilized in analysis of 

trace elements, their complexes, various inorganic and organic compounds in aqueous as well 

as non aqueous solution systems 23,26.  Numerous electrochemical stripping procedures 

including anodic stripping voltammetry (ASV) and adsorptive cathodic stripping voltammetry 

(AdCSV) have been described for the determination of copper 27,32. 

 The present study attempts to describe a new adsorptive cathodic stripping procedure for 

determination of trace amounts of copper by using benzenesulfonyl hydrazide (BSH) 

(Scheme 1) as a complexing agent.  The method is based on the effective accumulation of the 

Cu (II) complex with BSH onto the hanging mercury drop electrode (HMDE) followed by the 

stripping voltammetric measurements at the reduction current of the adsorbed complex at –

0.35 V vs. Ag/AgCl.  This method has low detection limit and is able to determine copper in 

different real samples. 

                                                     
 

Scheme 1:  Benzenesulfonyl hydrazide (BSH) 

 

Experimental Section  

 

Equipment and Materials 

 Adsorptive cathodic stripping voltammetry (AdCSV) was carried out on Radiometer 

Polarograph MDE 150 recorded to the analyser POL 150.  The three-electrode classical cell 

consisted of an HMDE, an auxiliary platinum electrode, and an Ag/AgCl/KCl (3 M KCl) 

reference electrode, a mechanical mini stirrer, and a capillary to supply an inert gas.  A 

magnetic stirrer and stirring bar provided the convective transport during accumulation.  

 The whole procedure was automated and controlled through the programming capacity of 

the apparatus with Trace- Master 5 PC software.  The solutions were de-aerated using high-

purity argon. 
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Procedure 

 Ten milliliters of the supporting electrolyte solution were pipetted into the cell and 

deoxygenated with argon for 5 min.  The accumulation potential (usually -350 mV) was 

applied to a fresh mercury drop while the solution was stirred.  The stirring was then stopped, 

and after 20 s under rest the voltammogram was recorded by applying a negative-going 

potential scan.  After background stripping voltammograms were obtained, the entire cycle 

was repeated in the presence of the analyte, using a new mercury drop.  The influence of the 

surface area of the working mercury electrode on the peak was also studied.  

 As expected, an increase of the electrode surface area generated a higher peak current so a 

mercury drop of a large area (Dropping times of 1 s) was considered in the present study.  The 

influence of the rest time was also considered and a time period of 20 s was chosen.  

 Following the accumulation period, the stirring was stopped and after 5 s the 

voltammogram was recorded by applying a negative-biased scan. All data were obtained at 

room temperature. 

 

Reagents 

 All chemicals used were of analytical-reagent grade or the highest purity available. 

Aqueous solutions were prepared by dissolving a certain amount of chemicals into high-purity 

deionized water (MilliQ water system).  Acids used for the analysis, the nitric acid (69.5%, 

Fluka) and the perchloric acid (70-72%, Merck). Stock solution of copper (1000 ppm, atomic 

adsorption standard, Aldrich) was prepared in deionized water and a 5×10-3 M 

benzenesulfonyl hydrazide (Aldrich 98%). 

 

Blood sample preparation 

 Approximately 1 mL blood samples were taken from 31 healthy human with special care, 

by vein puncture using disposable syringes and needles.  The samples (1 mL) were then 

digested with nitric acid and perchloric acid (3:1). Digested samples were made up to 5 mL 

using 0.25% nitric acid. Special care was taken to avoid all contaminations. Only reagents 

with low background impurities were used. 

 

Results and Discussion  

 

 Preliminary experiments were performed to identify the general features which 

characterise the behaviour of Cu and benzenesulfonyl hydrazide systems on mercury drop 

electrode.  Figure 1 shows cathodic stripping differential pulse voltammograms of the Cu-

BSH systems in 0.03 M perchloric acid (HClO4), after accumulation at -350 mv for 50 s on a 

HMDE.The blank solution (the ligand without metal ions) in 0.03 M HClO4 (curve a) does 

not show any peak in the studied potential range.  Curve b shows the voltammogram of a 

solution containing 75 ng mL-1 of copper in the absence of ligand under similar conditions.  

 The two curves are identical.  The voltammogram (curve c) of the sample solution 

containing the metal ions with the ligand shows peak at -475 mV.  This obtained 

polarographic wave is probably due to the electrochemical reduction of Cu (II) complexe with 

benzenesulfonyl hydrazide in 0.03 M HClO4.  A proposed mechanism for the electrochemical 

reduction of this electroactive group is as follows:  

-The metal ion Cu2+ reacts with a ligand BSH to form the complex in solution. The complex  

 is then adsorbed onto the electrode surface.  
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Cu2+ + nBSH(sol)  Cu(BSH)n
2+

(sol)                      (1) 

 

Cu(BSH)n
2+

(sol)        Cu(BSH)n
2+

(ads)                  (2) 

 

-These steps are followed by the reduction of ion complex during the negative scan direction. 

 

Cu(BSH)n
2+

(ads) + 2e-   Cu(Hg) + nBSH(ads)       (3) 
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Figure 1. Adsorptive stripping voltammograms of a) Blank solution (ligand without metal 

copper); b) Copper (75 ng mL-1) ions without the ligand; c) Copper (75 ng mL-1) complex 

with ligand (BSH); Conditions: 0.03 M HClO4, BSH : 7.5×10-5 M; accumulation time, 50 sec; 

accumulation potential, -350 mV; scan rate, 50 mV s-1 (modulation time, 20 ms; modulation 

amplitude, −50 mV) 

 

Effects of the variables 

For the best sensitivity in determination of copper, the influence of different parameters 

such as supporting electrolytes, ligand concentration, deposition time and potential, stirring 

and scan rate were investigated. The experimental variables were optimised as below. 

 

Effect of supporting electrolyte 

 The sensitivity of the differential pulse-adsorptive stripping procedure for a particular 

analyte is usually significantly influenced by the composition of the supporting electrolyte. 

  Consequently, several supporting electrolytes such as potassium nitrate, sodium 

hydroxide, citrate and sodium acetate-acetic acid buffer, perchloric acid, nitric acid and 

hydrochloric acid  were evaluated after 50 s accumulation time at -0.35 V accumulation 

potential.  Among these supporting electrolytes the best electroanalytical signal in terms of 

DP-AdCSV peak current intensity and shape was obtained with perchloric acid, which was 

selected as optimal for further works.  Thus, the influence of the concentration of supporting 

electrolyte on the cathodic stripping peak currents of copper was studied in the concentrations 

range of 0.01 to 0.1 M.  The results show that with increasing the concentrations of 

supporting electrolyte to about 0.03 M the peak currents for copper increase.  This 

phenomenon is due to the enhanced complexing ability of BSH in large concentration values.  

 However, when concentrations greater than 0.03M were employed, the peak current 

decreased considerably. The influence of concentration on the observed voltammetric signal 
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is illustrated in Fig. 2, which indicates that a concentration of 0.03 M would be an adequate 

optimum for succeeding investigations.  
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Figure 2.  Effect of  concentration of supporting electrolyte on the peak current, conditions: 

Copper (75 ng mL-1); BSH : 7.5×10-5 M; accumulation time, 50 sec; accumulation potential, -

350 mV; scan rate, 50 mV s-1(modulation time, 20 ms; modulation amplitude, −50 mV). 

 

 

Effect of accumulation potential 

 The adsorption takes place at fixed potential which depends on the charge of the adsorbed 

species and the value of zero potential charge of the mercury electrode in the electrolyte in 

question. For the neutral species, the application of a potential close to the zero potential 

charge is more favourable for the accumulation.  Thus, accumulation potential is an important 

parameter for stripping techniques that influences the sensitivity of the determination.  The 

effect of accumulation potential on the stripping peak current of the complex was examined 

over the potential range of -250 to -450 mV.  As shown in Figure 3 the peak current increased 

with changing potential from -250 to -350 V.  

 However, the cathodic stripping peak current decreased when potentials greater than from -

350 mV were used.  This current decrease is due to complex reduction during adsorption step. 

Thus, an accumulation potential of -350 mV was used for the optimized analytical procedure. 
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Figure 3. Effect of deposition potential on the peak current, conditions same as in Fig. 2 
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Effect of variation of accumulation time 

The effect of accumulation time on the efficiency of the collection of copper complex with 

BSH (7.5×10-5 M) onto the working electrode surface was evaluated by raising the 

accumulation time over the range of 0–70 s.  

The resulting peak current-accumulation time (ip -tacc) profile is exhibited in Fig. 4 and as 

can be seen from this plot, a steady enhancement in the peak current was observed over the 

range 0–50 s and thereafter the peak intensity nearly decreased probably due to the saturation 

of the HMDE surface. Hence, 50 s accumulation time was selected for all the future 

experiments.  
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Figure 4. Influence of accumulation time on the peak current, conditions same as in Fig. 2 

 

 

Effect of stirring rate 

Agitation of the sample solution facilitated the mass transfer process. In present work, the 

samples were agitated at various stirring rates (150, 225, 300, 400, 525 and 650 rpm).  The 

result showed that the current intensity efficiency was first improved with increased agitation 

rate before 400 rpm and then remained nearly constant after that value (Fig. 5). Hence, a 

stirring rate of 400 rpm was chosen for further studies. 
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Figure 5. Influence of stirring rate on the peak current, conditions same as in Fig. 2 
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Effect of the scan rate 

The observed stripping voltammetric signal (peak current) can be further maximized by 

adjusting the way the applied potential was scanned.  The effect of scan rate on the peak 

current of benzenesulfonyl hydrazide was studied over the range of 5–100 mV s-1.  When the 

scan rate was increased from 5 to 50 mV s-1, the peak current increased (Fig. 6).  However, at 

scan rates higher than 50 mV s-1 the peak current decreases slightly. In this work, a potential 

scan rate  of 50 mV s-1 was chosen and used in all the experiments. 
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Figure 6. Influence of scan rate on the peak current, conditions same as in Fig. 2 

 

Influence of Benzenesulfonyl hydrazide concentration 

The influence of benzenesulfonyl hydrazide concentration on the sensitivity of proposed 

method was studied for the range 2.5×10-5 - 10-4 M.  The obtained results (Fig. 7) show that 

with increasing the benzenesulfonyl hydrazide concentration up to about 7.5×10-5 M, the 

cathodic stripping peak currents of Cu-BSH increased and then that was levelling off at higher 

concentrations.  This is probably due to the competition of benzenesulfonyl hydrazide with 

copper complex for adsorption on the HMDE.  So, an optimum benzenesulfonyl hydrazide 

concentration of 7.5×10-5 M was selected for subsequent investigations. 
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Figure 7. Effect of ligand concentration. Accumulation for 50 s at -350 mV in 0.03 M 

perchloric acid containing 75 ng mL-1 Cu(II). 
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Effect of wave pulse amplitude 

The impact of varying the excitation wave pulse amplitude on the current intensity was 

also evaluated.  It was observed that the current was increased by increasing of pulse 

amplitude and the best shop of peak was observed at 50 mV pulse amplitude.  Thus, 50 mV 

pulse amplitude was the ideal choice for this operational parameter. 

 

Interference studies 

Possible interference by other metals in the adsorptive stripping voltammetric 

determination of copper was investigated by the addition of the interfering ion to a solution 

containing 75 ng mL-1 of copper using the optimized conditions.  The results of this study are 

proved that most of the foreign ions such as K+, Na+, Ba2+, Mg2+, Co2+, Ni2+, Mn2+, Cr3+, Al3+, 

Ca2+,  Zn2+, Pb2+,and Cd2+did not interfere for determination of copper. 

 

Calibration data 

Table 1 illustrates the percentage recovery, standard deviation, accuracy and precision. It 

is observed that the precision for two levels is 3.19 and 5.48%.  This is strong evidence that 

this method is precise and reproducible.  Furthermore, the percentage recovery of the copper 

determination was tested by measurement of a standard reference material, and by comparison 

of results obtained by AdSV with those obtained by inductively coupled plasma sector field 

mass spectrometer (ICP-SFMS) for the same set of samples, two levels seronorm were used 

as the standard whole blood certified reference materials with the recommended concentration 

of copper are ranging between 97.37 to 103.11% which is an indication that this method is 

accurate for copper.  The accuracy is ranging between 96.92 to 104.18 %.  The results agreed 

within 5.5% with certified values. 

The linear range for copper was evaluated at 50 s deposition time.  The peak current 

increased linearly with copper concentration over the range 0.62-275 ng mL-1, with 

correlation coefficient of 0.9999.  The detection limit of the investigated metal, defined as the 

metal concentration yielding an analytical peak equal to the minimum detectable one, can be 

calculated as the concentration that gives signal to background noise (blank) ratio equal to  

333.  Note that the noise is a random fluctuations in the signal usually quantified using the 

standard deviation σ of multiple measurements (10 measurements in this work) of a blank. 

Thus, the detection limit of the method with 3σ criteria is 0.186 ng mL-1.  

 

Table 1. Accuracy, precision and recovery of the method against a standard reference    

              material 

Material         Mean ± SD (µg L-1)                                               

Certified        Measured 

Acceptable 

range1(µg L-1) 

Accuracy

% 

Precision

% 

Recovery

% 

 (level 1,MR4206) 564±5.4 581.37±5.56 531-597 96.92 3.19 97.37 

 (level 3,O512627) 1740±151 1812±157.31 1438-2042 104.18 5.48 103.11 

1Seronorm™ Trace Elements Whole Blood, SERO AS, Billingstad, Norway 

 

Application to blood samples 

The developed method has been applied to blood samples for copper determination. 

Because the amount of copper found in blood samples was quite high, so the dilution of the 

blood samples was performed accordingly.   Reagent blanks were taken along with each set of 

the sample; the metal concentrations observed in these blank samples were negligible. 
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 The mean and standard deviation of the individual copper levels in the studied population 

was 912.92±240.33 µg L-1.  The range for all samples was 451.89-1382.48 µg L-1.  Table 2 

summarizes the measured copper concentrations of thirty three healthy human in the western 

Algerian population. No significant differences were observed P < 0.001 in blood copper 

concentrations after applying to them the Student’s t-test. 

 

Table 2. Results of means copper concentrations, S.D.s, range, and 95% confidence intervals   

              for the mean present at blood samples of thirty three healthy human. 

n Mean±SD (µg L-1) 95% Confidence  Range (µg L-1) 

31 912.92± 240.33 823.32-1001.60 451.89 - 1382.48 

 

  The level concentration of copper in this study (mean 912.92±240.33 µg L-1) is very much 

in line with the values for a Brazilian adolescent population (920±176 µg L-1) 34, Swedish 

population (950±100 µg L-1) 35, Germany population (1020 µg L-1) [36], population Spanish 

(1070 µg L-1) 37 and for an adult population Italy (1036 µg L-1) 38. 

 

Conclusion 

  

 The present study demonstrates that stripping voltammetry of copper based on 

accumulation of copper - BSH complex can be used to determine trace amounts of copper in 

real samples.  The detection limit of this technique is 0.186 ng mL-1 copper (II) at a collection 

period of 50 s.  This method offers a practical potential for trace determination of copper with 

high selectivity, sensitivity, simplicity and speed that have not been present together in the 

previously reported systems.  In conclusion, this technique can be used for the on-site 

monitoring of biological samples. 
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