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In this study, Differential Pulse Polarography (DPP) method was preferred of Cd (II) and Pb (II) levels, 

which have toxic effects. This method was applied to determine Cd and Pb levels in cold-pressed olive 

oil brought from 5 different provinces of Turkey. The samples were dissolved in microwave digestion 

using concentrated HNO3 and H2O2. Analyses were carried out in acetate buffer (pH 4) to which EDTA 

was added. The LOD for Cd and Pb was found as 0.74, 0.52 µg L-1 and the LOQ was 0.96, 0.82 µg L-1. 

Additions were made from standard Cd and Pb solutions and the % recovery values were measured as 

98 and 99. The relative standard deviation (RSD, %) was found < 5. This method was found to be 

sensitive to the analyses of two toxic elements in cold pressed olive oil. 
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1. INTRODUCTION 

Fats play an important role among the essential nutrients necessary for people to carry out their life activities. 

People meet about 25-30% of their daily energy needs from fats. Vegetable oils are obtained from many plant 

species (Nash et al., 1983). In Turkey, it is produced from olives, sunflowers and hazelnuts. Recently, the 

tendency of people to consume oil has been increasing. Cold pressed oils are preferred more because of their 

unique smell, aroma and not using chemicals.  

As a result of direct or indirect pollution of air, water and soil, heavy metal contents increase. Excess amounts 

of heavy metals cause many vital problems and poisonings in living things. Pb, Hg and Cd determinations 

were made in hair samples taken from various age groups and their effects on child health were investigated 

(Orun et al., 2011). Therefore, the determination of heavy metals becomes extremely important. 

Spectroscopic, chromatographic and electroanalytical methods are used in heavy metal analyses. Metals were 

determined by using the EAAS method with some organic solvents and appropriate test conditions were 

investigated (Karadjova et al., 1998; Schiavo et al., 2008). The elements in oils were measured using the GF-

AAS method with a THFA atomizer (Canário & Kaskov, 2005). The copper in the samples was enriched with 

the micro-extraction method. In the naturel sample was carried out with the FAAS method (Menghwar et al., 

2019). Other spectroscopic methods (Jiménez et al., 2003; Frazolli et al., 2007) were used for metal analyses 

in oil. In addition, ion chromatography method of heavy metal determinations in oils was also used (Ramos et 

al., 2020). 
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It has been used in electroanalytical methods in metal analyses (Kalayci & Somer, 2020; Kalayci, 2021; 

Kalayci & Muhammet, 2021). It is preferred in the determination of metal levels due to its high sensitivity, 

absence of interference effects and pre-concentration processes (Somer et al., 2019). The amounts of some 

metals in oils were determined at the ng level. Toxic elements in various oils were analyzed after the samples 

were dissolved with a microwave digestion (Kucukkolbasi et al., 2014). Recently, electroanalytical methods 

with a modified electrode have also been used (Devnani & Satsangee, 2015; Wang & Yue, 2017; Silah et al., 

2021). 

In this study, some cold-pressed olive oils were dissolved in Pb and Cd by microwave digestion method. 

Samples were analyzed using DPP with a dripping mercury electrode with high reproducibility and sensitivity. 

Our method determined for the analyses in this study is summarized in Figure 1 below. 

 

Figure 1. Summary of method used for Pb and Cd determination in oil 

2. MATERIALS 

2.1. Instruments 

These measurements (Figure 2) were made with the Entek brand polarography analyzer with a dripping 

mercury electrode, Ag/AgCl with Pt electrode and C4 cell. In addition, pure nitrogen gas was used to eliminate 

the effect of dissolved oxygen in the solution. Milestone microwave digestion device was used to dissolve the 

oil samples. 

2.2. Reagents 

Deionized water system was used as solvent in solutions and samples (Heal Force, Smart RO30, Chinese), the 

resistivity measured after this treatment was not less than 10 MΩ cm. Certain volumes of nitric acid (63%, 

w/w) and hydrogen peroxide (35%, w/w) were used for sample dissolution. For element determination, 1 mol 

L-1 solution was prepared from acetic acid (100%, w/w) and ammonia (17%, w/w) as electrolytes. As the 

working electrode, metallic mercury and the salts of the elements to be used in the analyses (Merck) have 

analytical purity. 
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2.3. Solubilization of Oil Samples 

Cold pressed oil samples brought from 5 different parts of Turkey were named O1 (Bursa), O2 (Manisa), O3 

(Muğla), O4 (Denizli) and O5 (Kilis), respectively. The samples weighed about 0.500 g. In the process of 

solubilization of the samples, it was carried out with a microwave digestion device by applying high heat and 

pressure. The solubilization of oils was done with a microwave digestion device. The samples were placed in 

Teflon containers and to them, a mixture of acid was added according to the procedure. These were resolved 

by applying the parameters for 15 minutes at 200 psi and 10 minutes at 170 °C. This oil samples were cooled 

at 25°Cm, filtered and diluted to 25 ml in volume. 

 

Figure 2. A) Polarography and B) microwave digestion device used during analyses 

3. RESULTS AND DISCUSSION 

3.1. Polarographic Behavior of Elements 

Qualitative analyses of elements are carried out according to their potential. The potentials of the elements 

differ according to the electrolytes. (Locatelli & Melucci, 2013). Electrolyte medium with high sensitivity 

should be chosen in elemental analyses. The polarograms of Pb and Cd in olive oils were examined in various 

electrolytes. These peak potentials are given in Table 1. From this, electrolytes suitable for the quantitation of 

each element were determined. EDTA added acetate buffer was used for the measurements of the elements. 

Table 1. Peak potentials of elements in oil samples 

Analyte 
pH 4 

(1M AcOH + 0.1 M EDTA) 

pH 7 

(1M AcOH + 0.1 M EDTA) 

pH 10 

(1M NH3) 

Pb -0.20 -0.30 -0.40 

Cd -0.40 -0.41 -0.55 
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3.2. Method Evaluation 

The analytical parameters of the applied method were examined. For this, the sensitivity, linear range, LOD 

and LOQ of the method were measured (Kalayci, 2022). These parameters are shown in Table 2. 

Table 2. Performance values of the applied method 

Analyte LOD, µgL-1 LOQ, µgL-1 R2 Linear range, µgL-1 

Pb 0.52 1.82 0.9975 5-50 

Cd 0.74 2.36 0.9956 5-50 

3.3. Samples Analyses 

Olive oil is produced from olives in the early harvest period. Olive oil is a healthy oil on its own. However, 

especially cold-pressed olive oil is a very healthy type of oil. Olive oils are produced by cold press method in 

two-phase systems under 22°C. With this production method, the values of vitamin E, phenolic components 

and antioxidant substances that are beneficial for health are at high levels (Matthäus & Brühl, 2003). 

Differential pulse polarography method, which can determine high and low concentrations with sensitivity, 

reproducibility, has been used in metal analyses in many samples. Standard addition method was preferred for 

content of Cd and Pb in olive oils. This type of calibration was chosen to minimize the error rate in metal 

analyses in oil types. The polarograms of the samples are given in Figure 3 and calibration graphics obtained 

by adding standard solutions are given in Figure 4. Analyses of Pb and Cd levels in 5 olive oils are shown in 

Table 3.  

 

Figure 3. Polarograms obtained from analytical curves of standard solutions Pb and Cd. 
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Figure 4. Analytical signals versus Pb and Cu concentrations 
 

Table 3. Pb and Cd amounts in 5 different cold pressed oil samples (CL 95%, N=4) 

Sample 
Concentration, µg L-1 (x ± 

𝒕𝒙𝑺

√𝑵
) 

Pb Cd 

O1 18.23 ± 2.74 4.52 ± 0.27 

O2 16.85 ± 1.95 3.23 ± 0.22 

O3 14.46 ± 1.37 2.89 ± 0.18 

O4 17.23 ± 2.22 4.05 ± 0.24 

O5 19.23 ± 3.12 4.86 ± 0.33 

In addition, the amount and recovery values found against the amount of analyte added to the cell were 

examined and these parameters are given in Table 4.  

Table 4. The recovery versus standard additions in O1(Bursa) sample 

Sample Analyte 
Added 

µg L-1 

Found 

µg L-1 
Recovery, % 

O1 

Pb 0 ULQ --- 

 1.50 1.48 ± 0.15 99 

 3.25 3.23 ± 0.26 99 

Cd 0 ULQ --- 

 1.00 0.97 ± 0.04 97 

 2.00 1.96 ± 0.13 98 

ULQ: Under the limit of quantification 
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3.4. Comparation of Electroanalytical and Other Methods 

The comparison of Pb and Cd values in oil samples with electroanalytical methods given in the literature is 

shown in Table 5. The name of each method was given the detection limit. In Pb and Cd analyses, it was 

determined that the most suitable method among the compared methods was electroanalytical methods. 

Table 5. The comparation of methods for Pb and Cd contents in oils samples in literature 

Analytes Sample Methods Detection limits Reference 

Cd, Pb Edible oil ASV Cd:0.3; Pb:0.5 ng g-1 Kucukkolbasi et al., 2014 

Cd, Pb Vegetable oil SWASV Cd:0.006; Pb: 0.01 µg kg-1 Shishov et al., 2022 

Cd, Pb Olive oil DPP Cd: 0.96; Pb:0.82 µg L-1 This work 

The O1 (Bursa) oil sample was analyzed by atomic absorption spectroscopy and ICP-OES, respectively, and 

the results were compared with the results obtained by differential pulse polarography. The t-test was applied 

to the obtained results. These values are given in Table 6. The results were found to be compatible with each 

other. 

Table 6. Comparison of Pb and Cd amounts of AAS, ICP-OES and Differential pulse polarography, 

(CL 95%, N=4) 

Methods Pb (II): µg L-1 Cd (II): µg L-1 

AAS 20.11 ± 3.54 4.79 ± 0.315 

ICP-OES 18.41 ± 2.89 4.55 ± 0.285 

Differential pulse polarography 18.23 ± 2.74 4.52 ± 0.268 

t-test (t Critical=3.18) 2.03 2.61 

4. CONCLUSION 

For Cd and Pb analyses in cold pressed olive oil brought from 5 different regions of Turkey, measurements 

were made by differential pulse polarography method. The detection limits were between 0.82-0.92 µg L-1 and 

allowed the determination of two toxic metal levels in 5 samples. The recovery values obtained against the 

added Pb and Cd amounts show that this method is suitable for analyses in the samples. Differential pulse 

polarography method was found to be suitable because of its high reproducibility, no need for pre-

concentration processes, no interference effects, and low detection limit. It was also determined that the 

measured Pb and Cd values were not in the range to cause toxic effects. 
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