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ABSTRACT 
Heavy metals Pb, Zn, Cd and Ni were found in samples of eggplant collected in the Municipality of 
Plovdiv. Sample preparation was carried by microwave system Mileston 1200 MEGA. In determining 
the amount of heavy metals in plant samples ICP - OES were used. To check the accuracy of the method, 
a reference material CTA-VTL-2 (Virginia tobacco leaves) was used. It was found that the 
concentrations of the heavy metals determined in the tested eggplant samples were lower than the 
admissible ones regulated by the World Health Organization.   
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INTRODUCTION 
One of the basic reasons for monitoring the 
levels of toxic metals in vegetables was the 
dramatically increased environmental pollution 
in recent years. The pollution sources are 
various and range from industrial to 
agricultural. The heavy metals poison the 
vegetables, thus causing serious human health 
risks, such as renal insufficiency, symptoms of 
chronic toxicity, liver damage, etc.. It is known 
that vegetable products require strict regulatory 
control regarding heavy metals content (1-4). 
Hence, the emphasis is concentrated towards 
accuracy and precision. However, the general 
problem of the laboratory quality control is the 
analyses cost price, i.e. to analyze a maximum 
number of components at a minimal cost 
maintaining the high accuracy. A number of 
techniques were applied for elemental analysis  
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of a wide spectrum of matrices, including 
colorimetry, polarmetry, voltmetry, X-ray 
fluorescence analyses, neutron analyses, capillary 
electrophoresis, complexometry, electrothermal 
atomic absorption spectrometry   (ETAAS), 
inductively coupled plasma - optical emission 
spectrometry (ICP-OES). Recently, however, the 
establishment of (ICP-OES) including charge-
transfer device with a detector, ensures the 
possibility for the development of flexibility 
development, consumers programmability, joint 
multielement capability, increasing spectral 
information and sample analyses. The low 
detection limit, high quantum yield and wide 
linear dynamic range made ICP-OES a viable 
alternative of the above stated techniques (5). At 
present the sample preparation remained the 
basic step in analytical practice, restricting the 
multielement capabilities of the modern ICP-
OES technique.   
 
The aim of the present study was to analyze the 
heavy metal content in eggplant (Solanum 
melongena L.) by applying microwave 
mineralization for sample preparation and to 
guarantee the quality of these products in the 
trade network. 
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МATERIAL AND METHODS 
Facilities 
Measurements of heavy metals in plant 
samples were made at the Central Science 
Laboratory of Sofia University of Mining and 

Geology by means of an ICP-OES atomic 
emission spectrometer (model: VISTA-MPX, 
CCD simultaneous ICP-OES, VARIAN) with 
operating parameters presented in table 1. 

 

Table 1. ICP-OES parameters used 
ICP-OES parameter Value 

Wavelength                           Pb 220.353 nm 

Wavelength                           Cd 226.502 and 228.802 nm 

Wavelength                           Ni 231.604 nm 

Wavelength                           Zn 213.856 nm 

Pwr 1 kW 

PlasFlow 15 L/min 

AuxFlow 1.5 L/min 

NebPres 140.00 kPa 

Replicate Time 5 s 

Stab Time 10 s 

ViewHeight 5 mm 

Sample Uptake 22 s 

Rinse Time 10 s 

Pump Rate 25 rpm 

Fast Pump On 

 
Reagents  
Reagents are qualified "AR" (pa Merck & 
Fluka). The starting standard solutions for ICP 
determination of Ni, Zn, Pb, Cd  at 
concentrations of 1000 mg / l  were supplied 
by Merck, Darmstadt Germany. In all 
procedures doubly distilled water was used.  
 
Samples  
In order to check the accuracy of the method a 
reference material CTA-VTL-2 (Virginia 
tobacco leaves) was used. To assess the 
accuracy of assignment in conducting the 
experiment and the accuracy of the results 
obtained by different methods, three generally 
accepted criteria were used, as follows:  
1. D = X – XCRM, where X is the measured 

value and XCRM is the certified value.  
When D is within the borders of ± 2σ, 
where σ is the standard deviation from the 
certified value, the result is considered to 
be good; when it is -3σ ≤ D ≤ 3σ   -  

 
 

satisfactory, and beyond these limits the 
result is unsatisfactory (6). 

2. D % = D/ XCRM .100 – percentage 
difference. When the values of D % are in 
the limits ± 200σ / ХCRM  the result is 
considered to be good, when the value is in 
the limits ± 200σ/ ХCRM and ± 300σ/ ХCRM 
- satisfactory, and when it is out of the 
limits ± 300σ/ХCRM  the result is 
unsatisfactory. 

3. Z = X – XCRM / σ . When Z ≤ 2 the result is 
considered to be good, when 2 ≤ Z ≤ 3 - 
satisfactory, when Z > 3 - unsatisfactory.  

4. Results in the tables are presented as 
follows: the good results are marked with 2 
stars (**),  and satisfactory results  with 1 
star (*) . 

 
For easier evaluation of the effectiveness of the 
different methods for sample preparation we 
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have used R criterion showing the extent of 
extraction of the element in percents from the 
certified value.  
 
Eggplant (Solanum melongena L.)  samples 
were collected near Nonferrous metal 
processing plant – Plovdiv, Bulgaria. 
 
The samples were prepared for the experiment 
in a standard way; they were dried at 650 C in a 
fan oven and stored in dark polyethylene 
bottles.  
 
Sample mineralization  
0.5 g. of dried and well homogenized sample 
material was weighed, moved into Teflon pots 
and 10 ml of nitric acid was added. Program 
mineralization included 3 stages: (I) 5 min 
nonpulse  irradiation - 250 W; (II) 5 min pulse 
irradiation - 400 W and (III) 5 min pulse 
irradiation- 600 W. After ventilation for one 
minute the sample was cooled, transferred 
quantitatively and some water was added  to a 
final volume of 50 ml. The samples were 
stored at 4 °C until analysis. The process was 
carried out in duplicate for each sample. 
 
RESULTS AND DISCUSSION 
The values of heavy metal contents in the 
certified referent material - Virginia tobacco 
CTA- VTA-2 are presented in Table 2. The 
results for the efficiency of microwave 
mineralization for Pb, Zn, Cd and Ni 
determination in the certified referent material 
- Virginia tobacco CTA- VTA-2 are displayed 
in Table 3.     
 
It was established that the concentrations of the 
heavy metals determined in the tested eggplant 
samples were lower than the admissible ones 
regulated by the World Health Organization.    
 
In a number of studies have been reported that 
environmental pollution with heavy metals 
during the recent years and the growing 

techniques could influence on eggplant phenol 
contents and mineral composition(7-9). 
Eggplants (Solanum melongena L.) 
characterize with high phenols contents with 
antioxidant activity, as well some minerals 
such as P, K, Ca and Mg. Vegetables are a 
significant source of antioxidants and minerals 
taken up by human diet. Diets with low percent 
vegetable content are commonly related to a 
higher death frequency due to cancer or cardio-
vascular diseases that could be prevented by 
antioxidants (10-12).    
 
It was established, on the basis of the results in 
Table 3, that the extent of elements uptake 
toward the certified value was satisfactory. The 
analyses of the results obtained by the 
laboratories participated in FAPAS (Food 
Analysis Performance Assessment Scheme) 
during the period 1991 - 2000 Rose et al. (13), 
showed 30 -100 % satisfactory results, 
depending on the material, the mineralization 
method, and the measuring technique. The 
comparison between 5 methods for samples 
digestion displayed that the application of 
sealed pressure vessels gave good analytical 
results.      
 
Poykio et al. (14) have made similar 
conclusions based on a comparison between a 
few methods for dissolving of some certified 
plant materials for multielemental analysis. 
However, according to the author microwave 
digestion combined with ICP-OES or ICP-MS 
was the most rapid method for agricultural 
production analyses. It is obvious, that samples 
mineralization for analytical purposes is the 
critical stage for obtaining correct data in 
respect of the heavy metals quantity. The latter 
is especially essential as in most of the cases 
agriculture production samples analyzed are 
not sufficiently homogeneous and usually 
contain unstable matrices.    

 

         Table 2. Heavy metal content in Virginia Tobacco-CTA-VTA-2 certified reference material   

 
Element, mg / kg 

 

Pb 

 

Cd 

 

Ni 

 

Zn 

 
Certifying marerial 

Tobacco-CTA-

VTA-2 

 

22.1 ± 1.2 

 

1.52 ± 0.17 

 

198 ± 0.21 

 

43.3 ± 2.1 
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      Table 3.  Effectiveness of microwave mineralization in the determination of Pb, Zn, Cd and Ni in     
     Virginia Tobacco-CTA-VTA-2 certified reference material  

Element, mg / kg X , mg/kg σx , mg/kg D D, % Z R 

Ni  

192.3 

 

11.2 

 

-5.7 

 

-2.87 

 

-0.51** 

 

97.1 

Zn 

 

 

42.4 

 

1.8 

 

- 0.9 

 

-2.1 

 

-0.43** 

 

97.2 

Pb 

 

 

23.0 

 

0.8 

 

0.9 

 

4.1 

 

0.75** 

 

104 

Cd 

 

 

1.55 

 

0.07 

 

0.03 

 

2.0 

 

0.18** 
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                  Fig. 1. The content of heavy metals Pb, Zn, Cd and Ni in samples of eggplant 

 

CONCLUSIONS 
The pollution of soils and agricultural 
production with heavy metals is a problem of 
national scale. In Bulgaria the agricultural land 
with a soil concentration of heavy metals and 
metalloids surpassing the allowable limit are 
above 250 000 da. They are located in Sofia, 
Vratsa, Montana, Pazardzhik, Haskovo 
Municipalities and the Rhodopes mining and 
metallurgical basin. Most of them are 
contaminated with Pb and Cd. The extent of 
soil pollution with heavy metals 
unconditionally impacts seriously the 
agricultural products grown on them. 
Therein lays the inevitable risk to human 
health as a real consumer. It is well known that 
the pollution from the large industrial 

enterprises is one of the main threats to human 
health. Heavy metals are involved in the 
biological cycle in very low concentrations. So 
even at minimal increases, they could cause 
severe damages to human and other living 
organisms, thus systematic investigations and 
control are required. 
 
On the basis of the results obtained, it could be 
concluded that microwave digestion combined 
with ICP-OES or ICP-MS, is the most rapid 
method for agricultural production analyses 
applied by the food industry.   . 
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