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Abstract. Sample taking was carried out in the active bee season of 2010 (June – July) in order to make a comparative analysis of the content of some heavy 
metals and metalloids (copper Cu, zinc Zn, lead Pb, cadmium Cd, nickel Ni, cobalt Co, manganese Mn, iron Fe) in the body of bees (Apis mellifera L.), fecal 
mass, bee products (honey, pollen, wax) and sunflower flowers in areas with different degree of anthropogenic impact. The study includes two settlements in 
Stara Zagora region: the town of Gurkovo – an area with low level of anthropogenic impact; the village of Bratya Kunchevi – an area with established 
anthropogenic impact (working stone quarry on the territory of the village). Accumulation of the studied heavy metals and metalloids in the bee fecal mess is 
observed and high level of accumulation in excrements is exhibited by lead (1:2,3 - 1:4,0), cadmium (1:1,6 - 1:1,9), nickel (1:4,2 - 1:4,3), cobalt (1:1,6 -1:2,0). 
The biobarrier function of the bee organism is proved as a result of which heavy and toxic metals such as lead and cadmium are efficiently excreted by the 
organism through the fecal mass. It is established that Fe content is of higher values in the bee body, pollen and wax in the station village of Bratya Kunchevi 
(compared to the samples in the town of Gurkovo). A possible reason for the reported high quantity of iron in the analysed samples of the village of Bratya 
Kunchevi could be the working stone quarry on the territory of the village operating a deposition of andesite tuffs (calcium-magnesium-iron silicates). 
Unsatisfactory indicator characteristics of bee honey for environmental quality have been established in areas with different degree of anthropogenic 
impact compared to bee organism and pollen.

Keywords: honey bees, bee products, bioindicators, environment, anthropogenic impact
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mortality rate (in case of pollution with pesticides, heavy metals, Introduction
etc.); through deposition of pollutants in their organism or in bee 
products (pesticides and other pollutants such as heavy metals and Air and soil pollution with heavy metals results mainly from 
radionuclides) – Celli and Maccagnani (2003). In relation to that for industrial production and car traffic. The biggest amount of dust is 
the monitoring objectives one can, on one hand, trace the discharged in the production of electrical and heat energy. Other 
development of bee colonies, changes in the behaviour of bees and sources of dust are industry and industry and the household sector, 
regularly to report mortality rate, and on the other, to apply as well as the availability of numerous uncontrolled sources – badly 
comparative analysis by indicator characteristics of bees, reared in maintained roads, town dunghills, open quarries, etc. The element 
areas with various degree of anthropogenic impact. In our country lead is the main air pollutant and it is characterized by a very low level 
Zhelyazkova et al. (2008, 2009a, 2009b) and Zhelyazkova (2009) of transportation from soils through plants compared to cadmium, 
establish one-way relationship between the higher values of some where soil pollution can be established along the root – stem – 
heavy metals and metalloids (copper, manganese, iron) in the body leaves of plants chain (Bogdanov, 2006).
of bees, the fecal mass and bee products (honey, pollen) from Pollution sources in bee keeping are calsified in two main 
villages situated near “Maritsa east” power complex and the higher groups – environment and bee keeping practice (Bogdanov et al., 
level of these elements in soil samples from the territories of the 2002; Porrini et al., 2003; Bogdanov, 2006; Wallner, 2010). 
studied villages. These results may be commented as an indication Environmental pollutants may enter bee colonies via various routes:
for anthropogenic interference of environment.- through air and water they come to the hairs on the bee body 

The objective of the present paper is to make a comparative or in the bee organism and are thus transferred into the hive;
analysis of the content of some heavy metals and metalloids in the - through air, water and soil pollutants are accumulated in 
body of bees (Apis mellifera L.) and in bee products from areas with plants and on their surfaces (leaves, flowers) and enter the nectar, 
various degree of anthropogenic impact.  mildew, flower pollen and plant resins. Bees collect and process the 

above products and available pollutants are accumulated in honey, 
pollen and propolis.

Honeybees are considered a good biological indicator for the Material and methods
environmental condition (Billalov et al., 1992; Fakhimzadeh et al., 
2005). They send their signals of pollution in two ways: through high The study comprises two settlements from two areas of Stara 
* e-mail: izhel@uni-sz.bg
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Zagora region with various degree of anthropogenic impact: collected. The study includes analysis of pollen carried by bees and 
- the town of Gurkovo, Gurkovo municipality – an area with stored in bee combs – the so-called “Bee bread”. Table 1 specifies 

low level of anthropogenic impact; the type and number of analysis samples.
- the village of Bratya Kunchevi, Stara Zagora municipality – For the study period about 11 – 12 thousand bees have been 

an area with established anthropogenic impact (working stone processed and analysed. Each bee sample (whole bodies) 
quarry on the territory of the village). comprises an average of 150 worker bees. Fecal mass samples 

The settlements have been determined on the basis of have been formed after removing the bee large intestine (incl. the 
preliminary investigations in which according to soil classification in excrements found in it), and each sample has been obtained from an 
the region of the two sample taking stations, the prevailing soil type average of 200 bees. Honey samples have been prepared from the 
has been established – alluvial-meadow (town of Gurkovo) and honeycombs (by opening parts of the honey comb and draining the 
deluvial-meadow (village of Bratya Kunchevi). Sample taking was honey), from pollen (taking the pollen out the combs by means of a 
carried out in the active bee season of 2010. Bee colonies have been spatula) and from wax – cutting out a piece of the honeycomb. 
determined in each settlement and two times (beginning of June and During the second period of sample taking sunflower samples have 
middle of July) bees, honeycombs and nectariferous plants were been taken (basic nectariferous plant for July) and only the flowers of 

the plant have been prepared for analysis. according to ISO 11047. Samples taken during both periods, have 
Object of study have been the levels of heavy metals and been analyzed separately. The results have been statistically 

metalloids in samples of bees, fecal mass, bee honey, pollen, wax processed on computer (Excel application).
and sunflower flowers - copper (Cu), zinc (Zn), lead (Pb), cadmium 
(Cd), nickel (Ni), cobalt (Co), manganese (Mn) and iron (Fe). 
Samples of bees, bee products and plant samples have been 

Results and discussionprepared for analysis at the Bee-keeping section of the Department 
of Animal Husbandry – Non-ruminants and other animals. The 

The analysis by main components (comprising 88% of the analysis of the above samples and determinig the content of the 
variations) shows clear distinction of samples taken by type. The elements Cu, Zn, Pb, Cd, Ni, Co, Mn, Fe has been carried out in the 
reason about that are differences in values about content of Scientific laboratory of the Faculty of Agriculture at Trakia 
elements studied in the body of bees, fecal mass, beecomb pollen, University,Stara zagora through atomic absorption spectrometry 
beehoney, wax and plant samples (Figure 1).

Figure 1. Distribution of studied heavy metals and metalloids of main components
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Factor2

Factor3

Factor2

Kind of samples

1. Honey bees (whole bodies)
2. Fecal mass 
3. Honey
4. Pollen
5. Wax
6. Sunflawer (blossom)

Period of sample taken and number of samples

Bratya Kunchevi, numberGurkovo,number

6
6
6
5
5
-

June July

6
6
6
4
6
5

Total

12
12
12
9

11
5

June

5
5
5
4
5
-

July

6
6
6
4
5
5

Total

11
11
12
8

10
5

Table 1. Kind and number of analysed samples



138

Comparative analysis concerning content of studied heavy studied elements in the bee body and in the fecal mass shows high 
metals and metalloids in samples of bees and fecal mass for the 2 level of accumulation in excrements for lead (1:2,3 -1:4,0), cadmium 
sample taking stations shows the following – Table 2, Figure 2, 3, 4, (1:1,6-1:1,9), nickel (1:4,2-1:4,3), cobalt (1:1,6-1:2,0). The biobarrier 
5, 6, 7, 8 and 9. function of the bee organism is confirmed as a result of which heavy 

Higher values are recorded for the content of the elements and toxic metals such as lead and cadmium are efficiently excreted 
copper (Cu), zinc (Zn), cobalt (Co), manganese (Mn) and iron (Fe) in from the organism through the fecal mass. 
the body of bees from the samples in the village of Bratya Kunchevi The results from the cluster analysis of bee product samples are 
compared to the ones in the town of Gurkovo. The amount of lead shown in Figure 10. In honey samples there is a zone that indicates 
(Pb), cadmium (Cd) and nickel (Ni) is higher in the body of bees from low degree of variation of the values obtained regardless of the 
the town of Gurkovo compared to bee samples from the village of settlements and period of sample taking. The analysis of pollen 
Bratya Kunchevi. Accumulation of the studied heavy metals and samples shows clearly defined 2 zones corresponding to the two 
metalloids is observed in the bee fecal mass except for the element periods of sample taking. The differences in the values of heavy 
zinc. The information from the specialized literature shows that zinc metals included in the study relate to various nectariferous plants 
is deposited in the parts of the bee body (except for the digestive blossoming in the relevant period and providing pollen for the bees. 
system), mainly in muscles, and is not efficiently excreted by the bee The defined three zones for the wax samples can be related to the 
organism via excrements. The ratio between the content of the “age” of honeycombs, respectively their degree of nigrescence, 
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es Trace elements and metalloids; mg/kg 

96.03 4.93 ± 
130.97 6.38 ± 

2.63 0.04 ± 
51.83 0.85 ± 
66.07 2.39 ± 

49.74 1.85 ± 

117.12 5.26 ± 
188.07 15.51 ± 

2.60 0.21 ± 
56.17 3.47 ± 
69.28 1.31 ± 

47.07 1.27 ± 

Fe

45.52 2.77 ± 
79.66 10.90 ± 
  0.44 0.01 ± 
8.52 0.36 ± 
9.15 0.45 ± 

24.29 0.57 ± 

52.62 ± 8.41
61.06±10.01
0.39 0.02 ± 
7.28 0.51 ± 
8.91 0.67 ± 

24.44  0.33 ± 

Mn

15.23 ± 0.88
28.70 ± 1.44
0.36 0.01 ± 

11.54 0.76 ± 
2.03 0.14 ± 

10.64 0.13 ± 

22.50 0.89 ± 
31.14 4.91 ± 
0.33 0.003 ± 

10.50 0.96 ± 
1.97 0.10 ± 

12.03 0.08 ± 

Cu

113.41 6.04 ± 

84.08 ± 8.41
98.01±15.93
1.96 ± 0.04

10.00 ± 0.21
12.24 ± 0.73

6.32 ± 0.32

72.14 10.99 ± 
1.56 0.02 ± 

11.13 ± 0.76
15.56 ± 1.10

6.80 ± 0.13

Zn

2.42 ± 0.32
9.59 ± 2.04
0.05±0.001
0.92 ± 0.04
0.28 ± 0.01

1.78 ± 0.09

2.11 ± 0.11
4.95 ± 0.41
0.06±0.001
0.88 ± 0.04
0.26 ± 0.01

1.79 ± 0.04

Pb

0.11 ± 0.01
0.17 ± 0.02
0.03±0.001
0.16 ± 0.03
0.27 ± 0.01

0.31 ± 0.04

0.06 ± 0.01
0.12 ± 0.01
0.03±0.001
0.15 ± 0.03
0.18 ± 0.02

0.31 ± 0.02

Cd

1. Whole bees
2. Fecal mass
3. Bee honey
4. Pollen
5. Wax
6. Sunflower 
    (blossom)

1. Whole bees
2. Fecal mass
3. Bee honey
4. Pollen
5. Wax
6. Sunflower 
    (blossom)

Parameters

1.21±0.11
5.19±0.32
0.17±0.01
0.69±0.05
0.57±0.10

0.25±0.01

0.96±0.11
4.02±0.09
0.20±0.01
0.66±0.06
0.84±0.05

0.29±0.01

Ni

1.29 ± 0.17
2.05 ± 0.19
0.09±0.004
0.80 ± 0.04
0.25 ± 0.02

1.84 ± 0.04

1.89 ± 0.29
3.81 ± 0.32
0.10±0.005
0.76 ± 0.02
0.22 ± 0.01

1.87 ± 0.02

Co

Table 2. Content of trace elements and metalloids in bee body, bee products and plant samples  
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 Figure 2. Content of iron (Fe) in bee body and bee products (mg/kg) 
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 Figure 4. Content of copper (Cu) in bee body and bee products (mg/kg) 
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 Figure 3. Content of manganese (Mn) in bee body and bee products (mg/kg) 
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Figure 5. Content of zinc (Zn) in bee body and bee products (mg/kg) 
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Figure 7. Content of cadmium (Cd) in bee body and bee products (mg/kg) 
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Figure 8. Content of nickel (Ni) in bee body and bee products (mg/kg) 
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which in its part identifies the different content of studied elements in operating a deposition of andesite tuffs (calcium-magnesium-iron 
wax. silicates). As a result of the work process in the quarry high amount of 

Based on the analysis of the results about the amount of heavy dust is observed in the air. On the other hand, pollutants are 
metals and metalloids in bee products and in samples of a accumulated in the soil in the course of years. The high lead content 
nectariferous plant flowers (sunflower) the following can be in bee samples from the town of Gurkovo compared to Bratya 
commented ( Table 2, Figure 2 - 9). Kunchevi is probably due to surface pollution resulting from the 

Higher is the content of the elements iron, zinc and nickel in the intensive car traffic through the town – air pollutants stick to the hairs 
plant samples and bee product samples from the station in the on the bee body. 
village of Bratya Kunchevi compared to the ones in the town of The reported lowest values of the elements iron, manganese, 
Gurkovo. The level of manganese and copper is higher in analysed copper, zinc, lead, cadmium, nickel, cobalt in the analysed honey 
bee products from the town of Gurkovo compared to samples from samples and the determined insignificant differences for their 
the village of Bratya Kunchevi. Insignificant differences have been content in honey from the two sample taking stations suggest 
defined for lead, cadmium and cobalt content in plant samples and unsatisfactory indicator characteristics of bee honey about 
bee product samples between the two stations of sample taking. environmental quality. The results obtained specify better indicator 
Zinc and nickel content is higher in wax samples from the village of characteristics for the bee organism and pollen compared to bee 
Bratya Kunchevi and of cadmium in the samples from the town of honey.
Gurkovo. For the other analysed elements insignificant differences Regulatory documents determining the requirements to 
have been determined concerning their amount in wax in the tow composition and characteristics of bee honey intended for human 
settlements. The lowest values are reported for content of Cu, Zn, consumption do not include rates for heavy metal content. In regard 
Pb, Cd, Ni, Co, Mn, Fe in bee honey compared to bee body, to that the requirements for other food products have to be complied 
honeycomb pollen and wax. The obtained results show that the with. The European committee on honey quality gives only 
content of the studied heavy metals and metalloids decreases in the recommendable rates for the content of the elements lead and 
following order: bees  pollen/wax honey. cadmium in bee honey: for Pb 1 mg/kg and for Cd  0,1 mg/kg (Byrne, → → 

On the basis of the data in Table 2 and Figure 2 – 9 it has 2000 according to Bogdanov et al., 2007). The present study has 
been established that the amount of Fe has higher values in the bee recorded values that are many times lower for content of the 
body, pollen and wax in the station in the village of Bratya Kunchevi elements lead and cadmium in honey samples compared to the 
(compared to the samples from the town of Gurkovo), i.e. the recommendable rates, namely: Pb – 0,05 mg/kg (town of Gurkovo) 
observed content of that element is uni-directional. A possible and - 0,06 mg/kg (village of Bratya Kunchevi); Cd – 0,03 mg/kg for 
reason for the reported high amount of iron in the analysed samples both settlements. In relation to that we can comment that bee honey 
from the village of Bratya Kunchevi could be the working stone remains a natural, healthy and ecological food product.
quarry on the territory of the village on the territory of the village 

1.0 0.8 0.6 0.4 0.2 0.0

honey  

pollen  
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Figure 10. Cluster analysis of samples of bee products
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.
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