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ABSTRACT

The environment pollution can affect the safety and quality of food and its relevance in honey has never been elucidated. Heavy metals are detected in honey since they originate from polluted nectar and honeydew. A study was carried out to set up a screening method for the detection and quantification of lead and cadmium in honey. The anodic stripping voltametry (ASV) with a mercury film electrode was applied by a simple dissolution of honey in HCl 4%. Furthermore, the performance of some analytical parameters such as pH, electrolyte composition, deposition time and potential, was optimised to obtain a higher reproducibility and sensitivity.

At pH 1-2, the most efficient analytical conditions were established. Unexpectedly, the deposition potential showed that the sensitivity was greatly improved by a highly negative potential (-1.2 V). Furthermore, the best scan mode was the square-wave with a frequency of 125 Hz. The limit of detection was 1 ng/g for cadmium and 5 ng/g for lead using a deposition time of 2 min, respectively. This method was successfully applied to routine honey samples analysis. Cadmium concentration was found below 1 ng/g in the 65% of analysed honeys, whereas Lead was detected in all samples (> 5 ng/g). According to the preliminary results, the quality of honey does not seem to be affected by the concentration of these heavy metals. However, it is recommended to avoid any at risk area that is easily recognized by a higher heavy metals concentration in honey.
Introduction 

Heavy metals determination in honey is of interest not only for the control of the quality of the product, but also for a possible environmental monitoring. Honey is a good well known biological indicator and the concentration of heavy metals is indicative of the environmental conditions for this type of pollutants.

Among the different analytical techniques that allows the determination of cadmium and lead, the Anodic Stripping Voltammetry (ASV)  is particularly advantageous, in terms of time, costs and quality of the results. Particularly, this technique can easily replace the most diffused spectroscopic techniques (AAS) for the determination of heavy metals at very low concentrations (traces). 

In the present paper the use of the ASV technique is directly considered for the lead and cadmium determination in honey, without digestion and pretreatment of the sample (Li Y. et al., 1995; Sanna G. et al., 2000).

The use of a mercury film electrode and particularly the use of the Square Wave scan potential allowed to set up a method of analysis characterized by good limits of detection and short times of analysis (Wang J. et al., 2001).

Experimental 

Reagents 

All the reagents were of analytical grade and ultrapure water was used (MilliQ System Waters, Milford, Massachusetts–USA). Hydrochloric acid 37% and nitric acid 65% for traces analysis (Fluka, Buch–CH); Cd standard solution 1 g/l, Pb standard solution 1 g/l and Hg standard solution 1 g/l (Ultra Scientific, N. Kingstown–UK) were used.

The electrolytic solution were prepared diluting 5 ml of HCl 37% to 500 ml with ultrapure water. 

The analysis solution was degassed by a moderate nitrogen flow to avoid oxygen interference. 

Equipment 

All the measurements have been performed with a 757 VA Computrace with a Dosimat 665 attached (Metrohm, Herisau–CH). The system was controlled by computer with Metrodata software. A three electrodes cell with a glassy carbon rotating disk electrode (RDE), on which the mercury film was deposited, a Ag/AgCl (KCl 3M) reference electrode and a glassy carbon auxiliary electrode was used. 

Procedure 

Pretreatment of the electrode 

After cleaning with alumine powder and with ultrapure water, the RDE was pre-treated in an electrolytic cell containing 200 µl of Hg 1 g/l standard solution and 10 ml of electrolytic solution. After degassing with nitrogen flow for 120 sec, a deposition potential of –1.4 V was applied for 240 sec. Subsequently, a cleaning step was performed applying a potential of -0.1 V for 30 sec. The new mercury film electrode was washed with ultrapure water. 

Procedure 

In a 10 ml volumetric flask 1 g of honey, 1 ml of 37 % HCl  and 5 ml of ultrapure water was added. After honey dissolution, the volumetric flask was placed in a water bath for 30 min to 60°C. Once cooled, the volume solution was adjusted to 10 ml and filtered on a paper filters. 

1 ml of the sample solution was transferred in the measurement cell with 10 ml of electrolytic solution. The instrumental parameters used for Pb and Cd analysis are presented in the table below: 


Square-Wave (SqW)
Differential Pulse (DP)

Purge time
60 s
60 s

Deposition potential
-1.3 V
-1.3 V

Deposition time
120 sec
120 sec

Equilibration time
15 sec
15 sec

Start potential (SP)
-0.8 V
-0.8 V

End Potential (EP)
-0.3 V
-0.3 V

Voltage Step
0.003 V
0.06 V

Pulse Amplitude
0.05 V
0.05 V

Pulse Time
-
0.04  sec

Voltage step time
-
0.1 sec

Frequency
125 Hz
-

Sweep Rate
0.375 V/s
0.06 V/s

The quantification of the two metals was performed by the standard addition method (Pb 200 ng/ml and Cd 40 ng/ml solution). 

Results and discussion 

The analysis of standard solutions and fortified samples were permitted the determination of the performance criteria parameters. 

Scan potential type 

In figure 1 and 2 voltammograms of a standard solution (Pb 100 ng/ml and Cd 20 ng/ml) and honey sample, respectively, are shown. Both the voltammograms are obtained using the SqW scanning conditions described above: the peak of Pb is at –0.46 V while Cd at –0.64 V. In figures 3 and 4  voltamogram of the same solutions, obtained  with a DP scanning mode are shown.

From the visual comparison it is clear that the SqW scanning mode determined a great intensity of the signal for both the metals in comparison to the other conditions. 
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Fig. 1. Voltammogram of a standard solution of Pb (100 ng/l) and Cd (20 ng/l) determined with SqW conditions
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Fig. 2. Voltamogram of a honey sample determined with SqW conditions. Analysis results: Pb 190 ng/g and Cd 14 ng/g. 
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Fig. 3. Voltammogram of a standard solution of Pb (100 ng/l) and Cd (20 ng/l) determined with DP scanning mode. 
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Fig. 4. Voltamogram of the same commercial sample of fig. 2 determined with DP scanning mode. In these conditions only the Pb peak is present. 

Recovery 

Considering that honey without metal contamination is not available, the recoveries are calculated comparing samples with a natural level of contamination and the same samples fortified with different quantities of Pb and Cd. 

Three different honeys (3H) have been chosen and they have been added with three contamination levels (3L): 80, 100 and 120 ng/g of Pb and 15, 20 and 25 ng/g of Cd. 

Each level of fortification has been analysed three times (3T). By evaluation of the 27 (3H x 3L x 3T) results the overall recovery of 100 ± 11 % for Pb and 100 ± 18 % for Cd were calculated. 

Repeatability and intralaboratory reproducibility 

Considering the validation protocol with nine measure for single level and different analysis days and different operators, the evaluation of repeatability and intralaboratory reproducibility was possible.

Repeatability was found 2.1 % and 5.4 % for Pb and Cd respectively, while intralaboratory reproducibility was higher (6.3 % for Pb and 7.1% for Cd). 

Limits of quantification

Through the construction of a calibration curve (5 fortified levels including zero) was possible to determine the limits of quantification of the method according to Hubaux and Vos (1975). 

The limit of quantification for Pb is 2 ng/g while for Cd is 1 ng/g. 

Analysis of samples 

During the beginning of 2003, 30 honey samples have been analysed with the described method. These sample originating from different local honey producers (Veneto region) and different botanical origin (7 Acacia, 10 Chestnut, 3 Tilia, 1 Cherry, 1 Sunflower and 8 Multifloral). 

The range of values vary from 60 to 250 ng/g for the Pb and from not detected (below 1 ng/g) to 37 ng/g for the Cd. The mean value of samples is 125 ng/g for the Pb and of 6 ng/g for the Cd. 

Conclusions 

The paper describes the development and validation of a screening method  for the determination of cadmium and lead in routine honey samples. Our results have proved that this method has a very good repeatability and reproducibility.

The described analytical procedure is quick, simple and effective to screen a large number of sample with a relative low cost, and could be consider a good tool in the frame of the official food control. 
The results (Pb mean value 125 ng/g) of the samples collected in 2003 and analysed by the new method were in agreement with our previous studies (Pb =110 ng/g; n=138) performed by classical analytical methodology (AAS), and other bibliographic references.
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