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Abstract
Studies have been conducted into the content of toxic elements in sprouted and unsprouted lentils, juniper fruits and thyme 

herb, manufactured samples of semi-smoked sausages whose formulation contained the specified ingredients. The samples were pre-
pared for conducting the study. Measuring the mass fraction of heavy metals is based on the selective absorption of electromagnetic 
radiation of a certain frequency by atoms of substance in a free state. Metal mass fraction in the mineralizate of a sample of food 
products was calculated by the calibration dependence of absorption magnitude on mass concentration of the metal. Measurement of 
copper and zinc mass fractions involved an atomization technique in the air-acetylene flame, with a burner heated to a temperature 
of around 3000 °C; their content was determined by the magnitude of radiation resonance absorption at analytical wavelength corre-
sponding to the examined metal. It was determined that the investigated vegetable raw materials and semi-smoked sausages did not 
contain toxic elements that exceeded the standard.
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1. Introduction
One of the main sources of contamination of food products is the starting raw materials that 

do not meet the requirements on the content of chemical elements in them. The elevated content of 
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harmful elements in plants and animal organisms can lead to their penetration into the composition 
of food products [1].

Toxic elements, in particular certain heavy metals, make up a large, and very dangerous in 
terms of toxicology, group of substances. Elements with paired proton numbers are distributed in 
nature much better than those unpaired. It was established that the quantitative content of elements 
in the living matter is inversely proportional to the magnitude of their relative atomic mass. At the 
same time, increasing a proton number relative to atomic mass and radius of the atom (in groups 
and subgroups of the periodic system) leads to an increase in the toxicity elements in compounds. 
The toxicity of metals increases significantly if food contains nitrates [2, 3].

The toxic substances that negatively affect the human organism include cadmium, lead, 
copper, aluminum, arsenic, mercury [3‒6]. 

In different countries of the world, control over sausages that are sold is executed, for exam-
ple, in Portugal [7], in the Kingdom of Saudi Arabia [8, 9], in Ukraine [10].  

Determining the content of toxic elements in food products is important since it affects the 
safety of products. 

The purpose of present research is to develop a procedure for determining the content of 
lead, cadmium, copper, zinc, mercury using the method of atomic-absorption spectrometry with 
atomization  in flame and determining the content of toxic elements in lentils, thyme and juniper, 
and sausage products.

The main task of the study is to prepare the samples of the examined prototypes  for under-
taking the research using the microwave mineralizer Milestone ETHOS D and to examine toxic 
elements by means of the atomic-absorbtion spectrophotometer AA240FS Varian and AAS-6300 
Shimadzu.

2. Method of atomic-absorption spectrometry with atomization in flame for determining the 
content of lead, cadmium, copper, zinc, mercury

Physical basis of the atomic-absorption method of measurement of heavy metals is the se-
lective absorption of electromagnetic radiation at specified frequency by atoms of substance in a 
free state. The procedure employs atomization technique in the air-acetylene flame. The magnitude 
of radiation resonant absorption is registered at the analytical wavelength that matches that of the 
examined metal. Mass fraction of metal in the mineralized sample is calculated by the granulated 
dependence of absorbtion magnitude on mass concentration of the metal.  

The calculation of mass fraction of the element in the examined sample is carried out auto-
matically. 

Formula for the calculation of metal mass fraction (1):

( )a a k kK C V C V
X ,

m
⋅ ⋅ - ⋅

=
                                                     

(1)

where K is the dilution coefficient; Ca is the mass concentration of metal in the solution of ana-
lytical sample, mkg/dm3; Va is the total volume of solution of the analytical sample, cm3; Сk is the 
mass concentration of metal in the control solution from reagents, mk/dm3; Vk is the volume of 
the control solution from reagents, cm3; m is the mass of analytical sample of food products, raw 
materials, feed, g.

Result of measuring the mass fraction of a metal is represented after rounding to two signif-
icant digits after the decimal point. 

We used for the preparation of samples the microwave mineralizer Milestone DETHOS 
(Milestone srl, Italy) shown in Fig. 1, 2.

The chosen batch was placed in a weighed empty cup from the microwave mineralizer. We 
added 6 ml of concentrated nitric acid to each cup as shown in Fig. 3.

Prepared samples were placed in specialized containers and carried over to the microwave 
mineralizer shown in Fig. 4, 5.
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Fig. 1. Mineralizer Milestone ETHOS D

 

Fig. 2. Mineralizer Milestone ETHOS D

 

Fig. 3. Adding concentrated nitric acid 
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Fig. 4. Container with samples

 
Fig. 5. Placing containers in the mineralizer 

We turned on the mineralizer in accordance with the programme of work. Upon completion 
of operation of the microwave mineralizer, the containers were taken out. The obtained solutions 
of the samples were poured into measuring flasks of 25 ml with the volume brought to the tag with 
bidistilled water.  

Under the mode established, we measured absorption of the background solution and set the 
device’s readings to zero. 

Each solution was measured not less than three times. We accepted result of the measure-
ment as the arithmetic mean of three measurements.
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In order to measure absorption of the solution of analytical sample, we performed control 
measurement of one of the calibration solutions. Optical absorption was determined of the control 
solution from reagents and the absorption of analytical samples; after each measurement, the sys-
tem for the introduction of sample was washed with bidistilled water. Determining a concentration 
of the examined metal was conducted automatically in line with the calibration chart. 

Determining toxic elements of lead and cadmium in sausages was performed using the 
microwave mineralization, in order to further determine them by the method of atomic-absorption 
spectrometry with electric thermal atomization.

In the course of research, we employed the atomic absorption spectrophotometer AA240FS 
Varian (Agilent Technologies, USA) and the atomic absorption spectrophotometer AAS-6300 Shi-
madzu (Shimadzu, Japan), shown in Fig. 6, 7.

 

Fig. 6. Atomic absorption spectrophotometer AA240FS Varian

Physical basis of the atomic absorption method for measuring the mass fraction of heavy 
metals is the selective absorption of electromagnetic radiation at a certain frequency by atoms of 
substance in a free state. For this purpose, we used a technique of electric thermal atomization, 
with heating a graphite cuvette to a temperature of about 3000 °C. Mass fraction of metal in the 
mineralized sample of food products was computed by the calibration dependence of absorption 
magnitude on mass concentration of the metal. During the research, we weighed the batches in 
containers form the microwave mineralizer, added 7 cm3 of concentrated nitric acid and 2 cm3 
of deionized water, according to the devised procedure [10], to each container, and placed in the 
mineralizer, which is turned on according to the program, and, upon completion of its operation, 
we took them out of it. The obtained solutions of the samples were poured into measuring flasks of 
25 cm3, with the volume brought up to the tag with deionized water.

When preparing a control solution from reagents, we added 7 cm3 of concentrated nitric acid 
and 2 cm3 of deionized water into one cup. The samples were next carried over to the device and 
then investigated. 

When measuring a mass share of copper and zinc, we employed atomization technique in 
the air-acetylene flame, with a burner heated to a temperature of about 3000 °C. The magnitude of 
radiation resonant absorption was registered at analytical wavelength that matches the examined 
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metal. Mass fraction of metal in the mineralized samples was calculated by the calibration depen-
dence of absorption magnitude on mass concentration of the metal. Mineralization of samples was 
carried out in a muffle furnace.

 
Fig. 7. Atomic absorption spectrophotometer AAS-6300 Shimadzu

3. Results 
We studied the content of toxic elements in sprouted and unsprouted lentils, juniper fruits 

and thyme herb, manufactured samples of semi-smoked sausages; the results are given in Table 1.

Table 1
Content of toxic elements and radionuclides in lentils, juniper and thyme, and semi-smoked sausages, mg/kg

Unsprouted lentils Sprouted lentils Juniper fruits Thyme herb Control Sample 1 Sample 2

Lead 0.09 0.15 0.09 0.23 0.06 0.05 0.05

Cadmium 0.09 0.9 0.17 0.2 0.04 0.04 0.03

Mercury 0.01 0.01 0.002 0.001 0.005 0.005 0.005

Arsenic 0.009 0.009 0.011 0.39 0.03 0.02 0.04

Maximally permissible levels of toxic elements, mg/kg, in lentils are not higher than: cad-
mium ‒ 0.1, copper – 10.0, zinc – 50.0 lead – 0.5, arsenic ‒ 0.2‒0.3, mercury – 0.02; in the aromatic 
plants, mg/kg, not higher than: lead – 6.0, cadmium ‒ 1.0, mercury ‒ 0.1, arsenic ‒ 0.5. 

The research results reveal a growth of the content of all elements, except mercury, in the 
sprouted lentils. The content of cadmium increased from 0.09 mg/kg to 0.9 mg/kg, which is 8 times 
larger. The content of lead increased by 0.06 times, arsenic ‒ by 0.003 times. The mercury content 
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after germination has not changed. Juniper fruits contain copper in the amount of 6.10 mg/kg, 
zinc ‒ 11.42 mg/kg. Thyme herb contains copper in the amount of 9.48 mg/kg, which is 3.38 times 
larger than in juniper fruits. Zinc content is 20.86 mg/kg, which is 9.44 times larger.

The content of lead in thyme herb is 0.14 times greater than that of juniper fruits. There is 
also an increase in the content of cadmium from 0.17 mg/kg to 0.2 mg/kg, and a slight increase in 
the mercury content ‒ by 0.001 times, which does not exceed the maximally permissible levels for 
the content of toxic elements in the given plants. We received the results of research that indicate 
the ecological-safe level of raw materials and its safety for At consumers.

At the Department of Technology of Meat, Meat and Oil-fat Products of LNUVM and BT 
named after S. Z. Gzhytsky we produced samples of semi-smoked sausages using flour from the 
sprouted and unsprouted lentils, thyme herb, and juniper fruits. We used as a control the semi-
smoked sausage, manufactured without the use of vegetable raw materials. The content of sprouted 
and unsprouted lentils flour was 10 % by weight of the basic meat raw materials. The content of 
crushed juniper fruits and thyme herb – 3.5 % by weight of the spices. Produced samples of the 
semi-smoked sausages were investigated for the content of toxic elements standardized in line with 
DSTU 4435:2005 “Semi-smoked sausages. General technical specifications”. The content of toxic 
elements in semi-smoked sausages should not exceed, mg/kg: lead ‒ 0.50, cadmium ‒ 0.05, mercu-
ry – 0.03, copper – 5.00, zinc – 70.00, arsenic – 0.10.

4. Conclusions
1. We prepared trial prototypes of the samples of lentil flour, thyme and juniper, samples 

of semi-smoked sausages for conducting the research using the microwave-mineralizera Mile-
stone ETHOS D.

2. We studied the toxic elements in them by means of the atomic-absorbtion spectropho-
tometer AA240FS Varian and AAS-6300 Shimadzu. The examined vegetable raw materials 
and semi-smoked sausages did not reveal the content of toxic elements that would exceed the 
standard.

The benefits of the given method for examining toxic elements is the application of modern 
equipment, the speed of research and processing of the results. Disadvantages include expensive 
maintenance of the equipment. 

The results obtained are useful to other scientists, since the study of the content of toxic elements 
in the flour of lentil, juniper and thyme, using the given method, was conducted for the first time. 
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