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Abstract 
Pollen contains nutritional elements – carbohydrates, proteins, lipids, vitamins, minerals, trace elements. 

The pollen contains also important amount of polyphenolic compounds, primarily antioxidants. Because 

the pollen is rich in nutrients, honeybee-collected pollen is recommended as a dietary supplement. The 

product can be used as dietary supplements to enrich food with valuable nutrients performing important 

functions in the human body. Pollen is a bee product affected by contaminants of various origins. In addition 

to important nutrients, it may also contain heavy metals that are harmful to human health. May be 

contaminated from air and soil by heavy metals and pesticides.  
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1. Introduction 
  
The pollen gathered by honey bees (Apis mellifera) is considered 
like a potential source of energy for human nutrition. Pollen 
contains nutritional elements like carbohydrates, proteins, 
amino acids, lipids, vitamins, minerals and trace elements (Serra 
Bonvehí and Escolá Jordá, 1997). Apart from this the pollen 
contains also important amount of polyphenolic compounds, 
primarily antioxidants (Almeida-Muradian et al., 2005). 
Bee-collected pollen is nutritionally valuable special food, having 
different health enhancing effects, and is also used in apitherapy 
(Bogdanov, 2004). This bee product has several 
pharmaceutical effects, like antibiotic, antineoplastic, 
antidiarrheic and also as antioxidative agent (Campos et al., 
1997). 
This review aims to present significant knowledge about pollen 
and analyze selected nutritional and toxicological aspects of bee 
pollen. 
 
2. Pollen, types of pollen 
 
It is important to distinguish between three types of pollen: 

a) natural, flower pollen, which releases from anthers and 
it is not process at all.  

b) fermented, named also “bee bread”, which was 
hydrolysed by non-reducing sugars and fermented by 
lactic acid in combs. This pollen is the most valuable in 
human nutrition. 

c) corbicular pollen (bee pollen), which is collected by 
worker-bees from flowers and then is processed by 
bee’s gland and honey sac secretions. 

Pollen grains were characterized the first time in 1682 by 
Nohamiah Grew. The size of pollen grains is ranged from 2.5 to 
250 µm, which have reproduction function and also other 
physiological functions. Bees form them into loads (size 1.5-2.5 
mm) by glands secretions (bee pollen) and carry them on the 
corbiculas (pollen baskets) to a hive.  
In human nutrition are used bee and fermented pollen. 
Fermented pollen is obtained from honey combs, but this is very 
laborious. For this reason is mostly used bee pollen. On other 
hand bee pollen missed some important elements e.g. enzymes, 
in comparison with fermented pollen, but its nutritional value is 
still very high. This deficiency can be complete by its 
consumption in honey (Žitňanský, 1996). 
Bee workers form pollen loads on the third pair of legs 
(corbiculas). They form them from thousand pollen grains which 
are put together with nectar and glands secretions. The bee 
pollen in comparison with flower pollen is sweeter and acquire 
other valuable features (Chlebo and Čermáková, 2001). 
 
Table 1. Elementary chemical composition of bee pollen (%) 
(Schmidt and Buchmann, 1992) 

Compound Average Range 
Proteins 23.7 7.5 - 35 
Lipids 4.8 1 - 15 
Sugars 27 15 - 45 
Ash 3.12 1 - 5 
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Table 2. Differences between bee and fermented pollen in % (Dobrovoda, 1986) 

Type of pollen Proteins Lipids Carbohydrates Ash Lactic acid Active acidity 

Bee pollen 24.06 3.33 18.5 2.55 0.56 6.3 

Fermented pollen 20.3-21.7 0.67-1.58 24.4-34.8 2.4-2.6 3.06-3.20 4.3 

3. Chemical composition and selected nutritional aspects 
 
Chemical composition of bee pollen depends from plant species 
origin, from composition, moisture and fertility of soil, and also 
from climatic conditions during production and maturation of 
pollen grains in anthers. This explains differences in results 
pollen samples mentioned by different authors (Dobrovoda, 
1986). Contrary of other foods, bee pollen is not uniform 
product. Chemical composition of bee pollen varies widely. It 
differs on the cause of geographical origin, but also from one 
locality to other, or during the year. The bee pollen composition 
documented by tables 1 and 2.  
Fresh, bee collected pollen contains about 20-30 g water per 100 
g (Bogdanov, 2004). The bee-collected product - pollen can be 
a good complement to daily diet due to the interesting 
proportions of proteins, fats and carbohydrates (Orzáes 
Villanueva et al., 2002). 
Pollen (hand-collected or harvested by bees as pollen loads) has 
been a subject of study for many years because of its importance 
in bee nutrition and also because it provides a rich source of 
easily digestible protein and essential amino acids for humans 
(Naumkin, 1984, Čeksterite, 1988, 1991; Campos et al., 
1996).  
Protein content in pollen depends on the plant origin. Because of 
high protein content and rich amino acid composition, pollen has 
been the subject of numerous studies. The crude protein content 
has been determined to be close to 25 %. Many papers have 
reported these values that vary between a large range from 3.8 
to 40.8% (Naumkin, 1991; Serra Bonvehí et al., 1991; 
Čeksterite, 1991; Serra Bonvehí and Escolá Jordá, 1997; 
Somerville, 1997). Pollen protein content has been the subject 
of studies conducted in Poland by Syrocka and Zalewski 
(1985), Zalewski and Kosson (1985), and Szczęsna (2006a, 
2006b, 2006c, 2007a, 2007b). Their results were higher than 
the findings of Spanish scientists (by Polish authors Szczęsna et 
al., 1995a about 30%, according to Spanish studies by 
Somerville, 1997 the crude protein level as low as 16 %) (Serra 
Bonvehí et al., 1986; Muniategui et al., 1990; Serra Bonvehí 
et al., 1991; Serra Bonvehí and Escolá Jordá, 1997). The crude 
protein content in the samples of bee-collected pollen by 
Szczęsna (2006b) ranged from 15.80 % DM (dry matter) for the 
pollen from Poland to 26.13 % DM for the pollen from China. 
Essential amino acids index EAAI reached value in the range 
from 97 % for pollen from Korea to 116 % for pollen from China 
(110 % on average). In all the pollen samples, methionine and 
cysteine have proven to be the limiting amino acids (Szczęsna, 
2006b), which was also found in earlier studies by other authors 
(Naumkin 1991; Rogala and Szymaoe 2004). High value of 
essential amino acids index (EAAI=110 %) confirmed high 
nutritional value of pollen samples collected in Poland, Korea 
and China (Szczęsna, 2006a). The similar results for CS and 
EAAI values was received by Szczęsna (2006b) for pollen from 
selected botanical origins. Szczęsna (2006b) investigated the 
protein and amino acid composition of honeybee-collected 
pollen from selected botanical origins. The crude protein content 
in the examined samples ranged from 13.06 % DM for Artemisia 
pollen to 24.54 % DM for that of Sinapis alba; the mean value was 
20.55 % DM. The protein content found in the rapeseed pollen 
(Brassica napus subsp. napus L.) was on average 251.13 ± 33.06 
g.kg-1 (Fatrcová-Šramková et al., 2008a, 2008b). 
Carbohydrate fraction constitutes an essential part of honeybee-
collected pollen dry matter. The first investigations on the 

subject were concerned with total sugar content, the distinction 
being made between reducing and non-reducing sugars 
(Szczęsna et al., 1995a). The study also showed that the basic 
sugar composition changes as the product is further processed, 
during its preservation (drying) and storage (Szczęsna et al., 
1995b). Szczęsna (2007b) investigated the sugar composition 
in bee pollen collected in different countries (Poland, South 
Korea and China). The study showed that sugar content of pollen 
loads dry matter averages 40 %. As compared to pollen loads 
samples from South Korea and China those collected in Poland 
had a significantly higher fructose to glucose ratio. Of all the 
assayed sugars fructose was found to occur in the highest 
concentration. It accounted for 46 % of the total sugar content in 
the tested pollen samples. Glucose was the second highest 
accounting for 37 %. Monosaccharides expressed as the 
combined concentration of fructose and glucose accounted for 
83 % of the carbohydrate fraction of pollen. When comparing the 
results from the study by Szczęsna (2007b) with those from 
earlier investigations (Szczęsna et al., 2002) it can be seen that 
the data on the contents of individual sugars in the pollen 
samples differ considerably. The reason behind those 
differences is that the study by Szczęsna (2007b) was 
performed on pollen samples that came from different forage 
plants (different beekeeping seasons, different dates, different 
countries). The investigations of sugars in pollen loads showed 
that their minimum content was ca. 30 % DM, monosaccharides 
expressed as the sum of fructose and glucose accounting for at 
least 20 % DM. 
It was estimated content of sugars in bee-collected pollen 
samples from Papaver somniferum L. Content of sugars was 
340.7 g.kg-1. Fructose content was 188.5 g.kg-1, glucose content 
152.2 g.kg-1 and glucose/fructose ratio 0.81 (Fatrcová-
Šramková et al., 2008c). 
The content of the lipid fraction (the so-called “crude fat” or 
“ether extract”) determined by different authors was within a 
very wide range, depending on the species of plant the pollen 
originated from, i.e. from 1.5 % (Standifer, 1966) to 22.4 % 
(Szczęsna et al., 1995b). The content of the lipid fraction in the 
samples of honeybee-collected pollen originating from Poland 
ranged from 6.74 % DM to 10.99 % DM, i.e. 8.7 % DM on average, 
and was higher as compared with that reported for Korean (5.5 
% DM) and Chinese (6.2 % DM) samples. The mean content of 
the lipid fraction in the samples from Korea was not statistically 
different from that of pollen samples from China. The study by 
Szczęsna (2006c) contributes to a precise determination of the 
composition and content of fatty acids of main pollen species 
obtained by beekeepers under Polish climatic and soil 
conditions.  
According to different authors ash content of pollen varies from 
1.55 % to 6.05 % (Nation and Robinson, 1971, McLellan, 
1977, Youssef et al., 1978, Zalewski and Szymaniuk, 1985, 
Serra Bonvehí et al., 1986, Szczęsna et al., 1995a, Serra 
Bonvehí and Escolá Jordá, 1997). Polish authors (Zalewski 
and Szymaniuk, 1985, Szczęsna et al., 1995a) found higher 
values for that constituent with an average of more than 3 % 
whereas Spanish authors reported values less than 2 % (Serra 
Bonvehí and Escolá Jordá, 1997). Potassium, magnesium, 
calcium and sodium were found at the highest concentrations. 
Iron, manganese, zinc and copper were also relatively high. The 
investigators emphasize the dependence of the content of 
individual elements in pollen on its botanical origin.  
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Szczęsna (2007a) investigated the macro- and micro-elements 
composition (total ash and selected elements) of the multifloral 
honeybee-collected pollen harvested in different countries 
(Poland, South Korea and China). Ash content of the tested 
samples ranged from 2.08 to 3.19 % of DM for the samples from 
Poland, from 2.17 to 3.66 % DM for the samples from Korea and 
from 2.78 to 3.33 % DM for the samples from China. The 
following elements were assayed in the tested pollen samples: 
sodium, potassium, calcium, magnesium, manganese, zinc, iron 
and copper. Regardless of origin, potassium occurred at the 
highest concentrations in all tested pollen samples (59 % of the 
total content of minerals). The second largest with respect to 
content level was magnesium (18 %) followed by sodium (12 %) 
and calcium (8 %) and the remaining elements accounted jointly 
about 3 %. The contents of elements in the samples can be put in 
the following decreasing order: K > Mg > Na > Ca > Fe > Mn > Zn 
> Cu. It was found that contents of ash and of the minerals varied 
substantially from sample-to-sample which could be related to 
different botanical origin. 
Melissopalynological analysis of the tested bee pollen samples 
allowed the placement of the samples within three groups: 
group I – samples with the predominance of pollen from 
Brassicaceae family (over 65 %), group II – samples with the 
predominance of pollen from the genus Artemisia (over 64 %), 
group III – samples of multifloral pollen originated from other 
ruderal plants (Rumex, Coryphyllaceae, Ranunculus, Centaurea 
cyanus, Majorana type) and from agricultural and horticultural 
plants (Rubus type, Fragaria, Trifolium type), trees and shrubs 
(Syringa, Cornus, Robinia, Salix) (Szczęsna, 2006b). 
The pollen samples containing substantial percentage of pollen 
of Artemisia when compared to samples with a large percentage 
of Brassicaceae pollen and with samples of multifloral pollen 
were found to contain less ash and to be lower in all tested 
elements except calcium. The ash content of samples with 
substantial percentage of Artemisia pollen was 2.14 % DM 
whereas it was 2.71 % and 2.91 % in the two remaining groups, 
respectively. The ash content of 3% as determined in the study 
by Szczęsna (2007a) for multifloral pollen samples is in 
agreement with earlier studies both by the author (Szczęsna et 
al., 1995a) and by other Polish investigators (Zalewski and 
Szymaniuk, 1985). Spanish investigators obtained ash contents 
of pollen that were much lower being as low as ca. 2 % (Serra 
Bonvehí et al., 1986, Serra Bonvehí and Escolá Jordá, 1997).   
The important part of bee pollen is water soluble vitamins from 
the group B: vitamin B1, vitamin B2, vitamin B6, pantothenic 
acid, folic acid, vitamin C. From vitamins soluble in fats are 
mostly represented by vitamin E and vitamin D (Neuschlová, 
1995). 
 
4. Antioxidants, antioxidant and antiradical activity 
 
Antioxidants, inclusive of flavonoids, beta-carotene, vitamin C 
and E, and selenium are also the part of bee pollen (Schmidt and 
Buchmann, 1992). Antioxidants are considered as protective 
substances to free radicals which damage the human organism; 
and moderate a development of chronic diseases (Gulcin et al., 
2003). Studies by Campos (2000) and Campos et al. (2002) 
are oriented to antioxidant properties of bee pollen, and they 
confirmed the high antiradical activity of bee pollen. It seems 
that antiradical activity is caused by phenolic components. In 
floral pollen mostly flavonoids, their glycosides and derivatives 
of cinnamic acid are present (Markham and Campos, 1996). 
The antioxidant activity of bee pollen has been recognized as a 
free radical scavenger and as a lipid peroxidation inhibitor 
(Campos et al., 1997, Campos et al., 1994).  
The free radicals damage membranes of different organs cells, 
including the liver cells, what is considered as primary reason of 
organism aging. Rats, aged 23 months, were one time a day orally 

fed by bee pollen (250 mg.kg-1) during one month. This 
treatment led to improving lipids peroxidation, antioxidant 
protective system and liver functions, which can relate to natural 
antioxidants (flavonoids) contained in bee pollen (Uzbekova et 
al., 2003). Capcarová et al. (2013, 2019) also dealt with bee 
pollen and consumption in rats in research.  
Bee-collected pollen is an apicultural product which contains 
considerable amounts polyphenol substances (8,2  0,3 mg.g-1) 
which may act as potent antioxidants. Bee-collected pollen 
extracts show considerable antiradical activity which is 
significantly increased in the pollen extracts. The highest degree 
of radical scavenging activity is found in the ethanol extract, 
which also has highest concentration of polyphenol substances. 
For this reason, it can be assumed that there is a general 
correlation between the content of total polyphenols and the 
antioxidant and radical scavenging activity of the pollen 
preparations. Thus, the prepared extracts of bee-collected 
flower pollen may be regarded as effective natural and 
functional dietary food supplement due to their remarkable 
content of polyphenol substances and significant radical 
scavenging capacity with special regard to their nutritional-
physiological implications and their health promoting effect 
(Kroyer and Hegedus, 2001). The antioxidants, antiradical, 
and antioxidant activity of bee pollen have been studied 
(Fatrcová-Šramková et al., 2008a-d, Kačániová et al., 2010). 
 
5. Selected toxicological aspects 
 
Pollen is a bee product affected by contaminants of various 
origins. May be contaminated from air and soil by heavy metals 
and pesticides. For optimal pollen quality, it is recommended to 
collect pollen in areas at least 3 km away from the source of 
contamination, such as intensive traffic, industrial centers and 
pesticide-treated agricultural areas (Bogdanov, 2004). 
While being a natural source of bio-elements pollen can also 
contain elements harmful to human health: cadmium, lead, 
mercury and arsenic (Free et al., 1983, Lipińska and Zalewski, 
1989, Migula, 1990, Konopacka et al., 1993, Szczęsna et al., 
1993). Pollen loads are assayed for heavy metal contents mainly 
because of the contamination of environment with those metals. 
The authors of those studies report on ever more frequent cases 
of admissible contents of those health-compromising metals 
being exceeded and point to the need for their level in honeybee-
collected pollen to be constantly monitored. Pollen production-
oriented apiaries should not be located in heavily industrialized 
areas, in a close proximity of heavy traffic roads or close to large 
urban agglomerations. 
Heavy metals concentrations were analysed in bee gathered (in 
case of three treatment: dried, frozen, freeze-dried bee pollen) 
and flower pollen samples. From the heavy metals, in flower and 
bee pollen, the lead level was 0.64 mg.kg-1 and less than 0.1 
mg.kg-1, respectively. The contents of mercury were 0.019 mg.kg-

1 in the flower pollen and ranging from 0.004 to 0.005 mg.kg-1 in 
the frozen, freeze-dried and dried bee pollen. The cadmium 
concentration in the flower pollen was 0.12 mg.kg-1, and in the 
bee pollen ranged from 0.22 to 0.26 mg.kg-1 (Kačániová et al., 
2008a, b). 
Various physical, chemical and biological methods can be used 
to determine environmental contamination, the most popular 
being the latest (Madras-Majewska and Jasiński, 2005). 
Several researchers recommend using adult bee bodies and bee 
products to monitor environmental cleanliness (Crane, 1984; 
Jędruszczuk, 1987; Roman, 1997, 1998, 2000; Muszyńska, 
1995; Szczęsna et al., 1993; Jabłoński et al., 1995). The honey 
bee is one of the major carriers of environmental information. In 
its way and character of life, it is very closely related to natural 
conditions and immediately responds to their change. For some 
properties (easy manipulation, relocation, precise detection 
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circuit, full-area monitoring in the field) it is a suitable object for 
testing (Čermáková, 1997). In many countries, bees and bee 
products have been used to assess the degree of environmental 
pollution (Loper et al., 1980; Roman, 2000). Of bee products, 
bee pollen and bee bread are very often used as experimental 
material. Bee bread is a good indicator of contamination because 
it is exposed to direct contamination of the environment 
(Madras-Majewska and Jasiński, 2005). 
Bees, but especially the pollen and propolis, are a very good and 
sensitive bioindicator of the state of the environment. They can 
be used to monitor environmental pollution, especially toxic 
elements. They are used to monitor the occurrence of some 
chemical elements that pose a potential risk to humans. Such risk 
elements include aluminum, arsenic, antimony, beryllium, 
chromium, cadmium, nickel, lead, mercury, selenium. These 
elements may, at a certain concentration, endanger human 
health, and children are very sensitive. These elements inhibit 
the enzymatic activity in the body, do not disintegrate, do not 
undergo metabolic breakdown and accumulate in the body. They 
penetrate the body by inhalation, penetration (through the skin) 
and through the food chain (Čermáková, 1997). 
The contamination of bee products (nectar, pollen, honeydew, 
etc.) occurs through air, water, plants, soil, and also by transport 
to the beehive by bees. Bees and their products can contaminate 
air and soil containing heavy metals, mostly from industry and 
transport (Bogdanov, 2005). 
Monitoring and analysis of heavy metals in pollen have a long 
history. Bogdanov (2005) summarized a number of findings 
from published studies on pollen, beeswax and propolis 
contamination with heavy metals (Altmann, 1983; Cesco et al., 
1994; MAFF, 1995; Leita et al., 1996; Conti and Botre, 2001; 
Madras-Majewska and Jasiński, 2003). Values vary and range 
widely: 
Lead: in honey 0,01 - 1,80 mg.kg-1, in pollen 0,02 - 3,90 mg.kg-1, 
in beeswax 0,06 - 6,20 mg.kg-1, in propolis 0.003 - 461.0 mg.kg-1. 
Cadmium: in beeswax 0,01 - 0,10 mg.kg-1, in honey 0,03 - 2,10 
mg.kg-1, in pollen 0.05 - 2.30 mg.kg-1, in propolis 0.006 - 3.8 
mg.kg-1. 
Bees can also serve with their products as bio-indicators of 
heavy metal contamination, especially lead (Altmann, 1983; 
Cesco et al., 1994). Lead and cadmium are considered to be the 
major toxic heavy metals and are thus the most studied subject 
(Bogdanov, 2005). 
The heavy metal content in the pollen was analyzed to assess the 
state of environmental contamination by these metals. 
Kačániová et al. (2008a, 2010) analyzed the presence of heavy 
metals (cadmium, mercury, lead) in bee pollen samples (after 
three treatments - after drying, freezing and lyophilizing pollen) 
and in flower pollen samples. The results of the experiments are 
presented in Table 3. 
 
Table 3. Heavy metal content in flower and bee pollen (mg.kg-1) 
(Kačániová et al., 2008a, 2010) 

Heavy metals 
Flower 
pollen * 

Bee pollen * 

Cadmium 0.120 

dried 0.25 

frozen 0.22 

lyophilized 0.26 

Mercury 0.019 

dried 0.005 

frozen 0.004 

lyophilized 0.004 

Lead 
 

0.640 

dried  0.1 
frozen  0.1 
lyophilized  0.1 

* year 2007 
 

Cadmium does not disintegrate in the soil, it remains in the soil, 
resulting in contamination of the plant mainly by simple 
diffusion through the root system. Cadmium is very mobile in 
plants. It binds to part of the protein molecule. Although pollen 
grains are male sex cells and are protected in flower buds, they 
may be contaminated. Research has shown that pollen is very 
suitable for the indication of cadmium because it contains many 
protein substances with cadmium-bound groups (with 
sulfhydryl groups SH-). There is currently a trend of increasing 
cadmium content in the environment. The sources of cadmium 
that have a negative impact on the human organism are, for 
example, waste water, industrial fumes, transport (Šalgovičová 
and Zmetáková, 2006). 
Kačániová et al. (2008a, 2010) report cadmium 
concentrations in flower pollen of 0.12 mg.kg-1 and bee pollen of 
0.22 - 0.26 mg.kg-1 (Table 3). The cadmium content was lower in 
the flower pollen than in the bee pollen, but other heavy metals 
(lead and mercury) reached a higher content in the flower 
pollen. Čermáková (1997) found that in selected monitored 
areas (Bardejov, Spišská Nová Ves, Gelnica, Ružomberok and 
Bratislava) the maximum cadmium value in the pollen was 
measured in 1989 at 0.172 mg.kg-1, while in 1995 the maximum 
value was 0.720 mg.kg -1. Higher values were found in samples 
from agricultural production areas. Patruica et al. (2008) 
report the cadmium content of the fermented (mixed and 
sunflower) pollen presented in Table 4. 
Mercury enters the atmosphere by evaporation from decaying 
minerals containing mercury, from volcanic gases and 
evaporation from the oceans. The most dangerous forms for the 
organism are mercury vapors and alkyl mercury compounds 
(methyl mercury) (Čermáková, 1997). Exposure to mercury, 
which may be represented by an inorganic form and an organic 
form that is more toxic, may cause central nervous system 
disorders (Šalgovičová and Zmetáková, 2006). High 
concentrations of mercury are harmful to humans or bees. 
Mercury contamination was found in pollen, nectar, honeydew, 
bee-collected products. The significant development of heavy 
industry and automobile transport has caused a high content of 
mercury in the environment (Madras-Majewska and Jasiński, 
2005). According to Kačániová et al. (2008a, 2010) the 
mercury content in the flower pollen was 0.019 mg.kg-1. The 
range of 0.004 - 0.005 mg.kg-1 in bee pollen (Table 3) does not 
indicate differences between dried, frozen and lyophilized 
pollen. Madras-Majewska and Jasiński (2005) evaluated the 
mercury content of bee bread (in fermented pollen) from 
different regions of Poland. They state that if mercury 
contamination in selected areas is high, bee-bread 
contamination with this element is also high. Overall, it was 
observed that the mercury content in bee pollen was low and did 
not exceed the standards, while the reported limit for children 
and infants was according to the Ministry of Health in Poland 
(Rozporządzenie Minister Zdrowia, 2003) 0.01 mg.kg-1. All 
samples of bee bread examined contained mercury. The content 
was 18.10-5 - 795.10-5 mg.kg-1, the average content was 92.10-5 
mg.kg-1. A similar average mercury content in bee bread was 
observed by Żarski et al. (1996), namely 91.10-5 mg.kg-1. 
The concentration of lead in the environment is influenced by 
the amount of emissions from leaded gasoline engines, which 
represent 85 % of the total lead volume in the atmosphere. The 
decrease in lead content in the environment is not yet significant, 
although the positive impact of ecological petrol production is 
visible (Čermáková, 1997). Adverse effects of lead on humans 
have been proven (Šalgovičová and Zmetáková, 2006). 
According to Kačániová et al. (2008a, 2010) a lead content of 
0.64 mg.kg-1 and bee pollen of less than 0.1 mg.kg-1 was found in 
the flower pollen (Table 3). Patruica et al. (2008) report the 
lead content of the fermented (mixed and sunflower) pollen, 
presented in Table 4. 
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Table 4. Heavy metal content (ppm) in different types of pollen (Patruica et al., 2008) 

Element 
 

Mixed flower 
polen  

Rapeseed 
pollen 

Sunflower 
pollen 
 

Mixed fermented 
pollen 

Sunflower 
fermented 
pollen 

Cadmium 0.011 0.015 0.006 0.006 0.002 
Lead 
 

0.010 0.008 0.006 0.003 0.003 

Arsenic is found primarily in the form of silver, lead and copper 
sulfides. In the metallurgical industry, especially in the melting 
of copper, the concentrations of arsenic in the atmosphere and 
in the soil are significantly higher. It is similar in the combustion 
of younger coal. Toxicity of arsenic depends on its chemical form, 
mainly on arsenic ions (As3 +), which are more toxic than 
methylated. Prolonged exposure to arsenic can cause various 
diseases, for example, it can cause damage to the central nervous 
system. The arsenic content fluctuates during the season, it is 
higher in the spring months, then there is a decrease. This is 
probably due to the immission gradient after the winter heating 
season and the long-term transmission of immissions 
(Čermáková, 1997). 
Other authors also note that pollen is not only a natural source 
of minerals, but may also contain elements harmful to human 
health: cadmium, lead, mercury and arsenic (Free et al., 1983; 
Lipińska and Zalewski, 1989; Migula, 1990; Konopacka et 
al., 1993; Szczęsna et al., 1993). The authors draw attention to 
the frequent causes of exceeding the acceptable contents of these 
health-damaging elements and to the need for constant 
monitoring of their levels in the bee pollen. Pollen production 
hives should not be located in industrial areas, in close proximity 
to busy roads or large urban agglomerations (Szczęsna, 2007a). 
The long half-life of metals, their accumulation in the body can 
cause long-term stress on the body and toxic effects. The toxicity 
of various metals can be varied by the interaction of metals and 
other substances. Selenium can reduce the toxicity of 
methylortute and zinc in turn the toxic effect of cadmium. At 
present, levels of toxic metal concentrations in the environment 
are relatively low, with the exception of areas with intensive 
industrial activity, so that direct damage to health may not occur 
during human life. 
Systematic monitoring of the concentration of toxic metals in the 
atmosphere, soil, water and sanitary and technological-
preventive measures is the primary method for reducing metals 
in the environment and thus in the food chain. The timely 
capture of increased amounts of contaminants in the 
environment is very important. Therefore, it is important to use 
pollen collected by bees as one of the sensitive bioindicators of 
environmental pollution (Čermáková, 1997). 
 
Table 5. Heavy metal content in pollen samples (mg.kg-1) 
(Chlebo and Čermáková, 2001) 
 

Heavy 
metals 

Cadmium Mercury Lead Arsenic Chromium 

1st 
analysis  

0.180 0.018 1.700 0.605 0.650 

2nd 
analysis 

0.043 0.003 0.380 0.182 0.120 

Limit 0.100 0.050 1.000 1.000 0.500 

1st analysis: year 1990, 2nd analysis: year 1999 
 
According to Chlebo and Čermáková (2001), pollen 
contamination is threatened mainly by industrial pollutants and 
the application of plant protection products. In 1990 and 1999 
the authors investigated the presence of selected chemical 
elements (Table 5) in sixteen pollen samples from four regions 

of Slovakia with high ecological load (Stredny Spis, Ruzomberok, 
Horna Nitra and Bratislava). In the given situation, the air quality 
in Slovakia was generally satisfactory. This was not only a 
reduction in production but also a greening of production for 
large exhaled producers. The risk of contamination by pesticide 
residues comes to the forefront when pollen sources are 
important crop plants such as rapeseed, sunflower and others.  
 
6. Conclusion 
 
In the world marked the bee pollen is mostly used as food 
supplement in the form of capsules, granules, tinctures, tonics, 
cereal bars, sweets etc. Partly it is used for animal feeding, above 
all bumblebees, honey bees and race-horses. Pollen has been 
shown to be an excellent dietary component in diets for specialty 
or valuable animals. Nowadays the possibilities of bee pollen 
utilization are underrated whereby manufacture potential 
exists. It would also be advisable to continue and extend 
investigations into the composition and contents of honeybee-
collected pollen. Following studies are needed to enable the 
species-oriented production of bee pollen characterized by a 
high content of valuable nutrients. 
 
Acknowledgments  
 
This work has been supported by the project implemented 
under the Operational Programme Research and Development 
financed by European Fund for Regional Development (ITMS 
26220220115) and by AgroBioTech Research Centre built in 
accordance  with  the project Building „AgroBioTech" Research 
Centre (ITMS 26220220180). 
 
Declaration of interest  
The authors report no conflicts of interest. The authors alone are 
responsible for the content and writing of the paper. 
 
References 
 
1. Almeida-Muradian, L.B., Pamplona, L.C., Coimbra, S., Barth, O.M. 

2005. Chemical composition and botanical evaluation of dried bee 
pollen pellets. J. Food Compos. Anal., 18(1): 105-111. 
https://doi.org/10.1016/j.jfca.2003.10.008  

2. Altmann, G.A.  1983. Untersuchung von Honig aus dem Raum 
Stolberg auf Schwermetalle : Diplomarbeit. Aachen : Aachen 
Fachhochschule.  

3. Bogdanov, S. 2004. Quality and standards of pollen and beeswax. 
Apiacta, 38: 334-341. 

4. Bogdanov, S. 2005. Contaminants of bee products. Apidologie, 37: 1-
18. https://doi.org/10.1051/apido:2005043  

5. Campos, M. 2000. Free-radical scavenging properties of beepollens 
– the non-involvement of flavonoids. Polyphenols Communications 
2000 : XX th International Conference on Polyphenols, 11-15 
september 2000, Germany : Freising-Weihenstephan, 2000, 345.  

6. Campos, M. G., Cunha, A., Markham, K. R. 1996. Bee-pollen. 
Composition, properties, and applications. Proceedings of an 
International Conference on Bee Products Properties, Applications, 
and Apitherapy. May 26-30, 1996, Tel Aviv, Israel, 93-100. 

7. Campos, M. G., Cunha, P. A., Navarro, M. C., Utrilla, M. P. 1994. Free 
radical scavenger activity of bee pollen. Polyphenols, 94: 415-426. 

8. Campos, M., Markham, K.R., Mitchell, K.A., Proenca da Cunha, A. 
1997. An approach to the characterization of bee pollen via their 

https://doi.org/10.1016/j.jfca.2003.10.008
https://doi.org/10.1051/apido:2005043


Fatrcová-Šramková and Nôžková/Archives of Ecotoxicology (2019) 41-47 

46 

flavonoid/phenolic profiles. Phytochemical Analysis, 8(3): 181-185. 
https://doi.org/10.1002/(sici)1099-1565(199707)8:4<181::aid-
pca359>3.3.co;2-1  

9. Capcarova, M., Kalafova, A., Schwarzova, M., Schneidgenova, M., 
Soltesova Prnova, M., Svik, K., Slovak, L., Kisska, P., Kovacik, A., 
Brindza, J. 2019. Consumption of bee bread influences glycaemia and 
development of diabetes in obese spontaneous diabetic rats. 
Biologia, 1-7. https://doi.org/10.2478/s11756-019-00337-5 

10. Capcarova, M., Kolesarova, A., Kalafova, A., Galik, B., Simko, M., 
Juracek, M., Toman, R. 2013. The role of dietary bee pollen in 
antioxidant potential in rats. Eurasian Journal of Veterinary 
Sciences, 29(3): 139-143.  

11. Cesco, S., Barbattini, R., Agabiti, M. F. 1994. Honey bees and bee 
products as possible indicators of cadmium and lead environmental 
pollution: an experience of biological monitoring in Portogruaro city 
(Venice, Italy). Apicoltura, 9: 103-118.  

12. Conti, M. E., Botre, F. 2001. Honeybees and their products as 
potential bioindicators of heavy metals contamination. Environ. 
Monit. Assess., 69: 267-282. 
https://doi.org/10.1023/a:1010719107006  

13. Crane, E. 1984. Bees, honey and pollen as indicators of metals in the 
environment. Bee World, 65(1): 47-49. 
https://doi.org/10.1080/0005772x.1984.11098770  

14. Čeksterite, V. V. 1988. Aminokislotnyj sostav cvetočnoj pyľcy. 
Apiterapija. Biologija i technologija produktov pčelovodstva. Časť II. 
Dnepropetrovsk, 1988, 10-14. 

15. Čeksterite, V. V. 1991. Opredelenije pitateľnoj cennosti pyľcy po 
aminokislotam, soderžaščimsja v syrom belke. Apiterapija i  
pčelovodstvo. Gadjač, 210-217. ISSN 0131-5773. 

16. Čermáková, T. 1997. Peľ ako indikátor kvality životného prostredia. 
Včelár, 71(11): 170-171. 

17. Dobrovoda, I. 1986. Včelie produkty a zdravie. Príroda : Bratislava, 
70 s. 

18. Echigo, T., Takenaka, T., Yatsunami, K. 1986. Comparative studies on 
chemical composition of honey, royal jelly and pollen loads. Bull. Fac. 
Agr. Tamagawa Univ., 26: 1-8. 

19. Fatrcová-Šramková, K., Nôžková, J. 2008e. Antiradical activity and 
content of polyphenols of bee pollen. Acta Biochimica Polonica, 
55(4) (Supplement): 109.  

20. Fatrcová-Šramková, K., Nôžková, J., Kačániová, M. 2008c. Sugers in 
bee pollen of Papaver somniferum L. Dovkilia i zdorovja ľudyny : 
Materialy mižnarodnoji naukovo-praktyčnoji konferencii, 17-19 
kvitnia 2008. Užhorod : UžNU „Hoverla“. 217-219. 

21. Fatrcová-Šramková, K., Nôžková, J., Kačániová, M., Máriássyová, M., 
Kropková, z. 2008a. Microbial properties, nutritional composition 
and antioxidant activity of Brassica napus subsp. napus L. bee pollen 
used in human nutrition. Slovak Journal of Animal Science, 41(4): 
198-199.  

22. Fatrcová-Šramková, K., Nôžková, J., Kačániová, M., Máriássyová, M., 
Kropková, z. 2008b. Microbial properties, nutritional composition 
and antioxidant activity of Brassica napus subsp. napus L. bee pollen 
used in human nutrition. Risk Factors of Food Chain VIII. 2008. 
September 17-th, 2008, Krakow. Nitra : Slovak University of 
Agriculture, 11-12.  

23. Fatrcová-Šramková, K., Nôžková, J., Máriássyová, M., Kačániová, M., 
Dudriková, E. 2008d. Content of polyphenols and antiradical activity 
of bee pollen. Chemické listy, 102(15): 626-627. 

24. Free, J. B., Williams, I. H., Pinsent, R. J. F. H., Townsend, A., Basi, M. S., 
Graham, C. L. 1983. Using foraging honeybees to sample an area for 
trace metals. Environment International, 9: 9-12. 
https://doi.org/10.1016/0160-4120(83)90108-3  

25. Gulcin, I., Büyükokuroglu, M. E., Oktay, M., Küfrevioglu, Öl. 2003. 
Antioxidant and analgesic activities of turpentine of Pinus nigra Arn. 
subsp. pallsiana (Lamb.) Holmboe. J. Ethnopharmacol., 86(1): 51-58. 
https://doi.org/10.1016/s0378-8741(03)00036-9  

26. Chlebo, R., Čermáková, T. 2001. Potravinárske využitie peľu. Výživa 
a potraviny pre tretie tisícročie : zborník z vedeckej konferencie. 
Nitra : SPU, 171-173. ISBN 80-7137-847-X. 

27. Jabłoński, B., Kołtowski, Z., Marcinkowski, J., Rybak-Chmielewska, H., 
Szczęsna, T., Warakomska, Z. 1995. Zawartość metali ciężkich (Pb, 
Cd i Cu) w nektarze, miodzie i pyłku pochodzącym z roślin rosnących 
przy szlakach komunikacyjnych. Pszczeln. Zesz. Nauk., 39(2): 129-
144. 

28. Jędruszczuk, A. 1987. Pszczoły i produkty pszczele jako wskaźnik 
zanieczyszczenia śerodowiska naturalnego. Med. Wet., 43(6): 352-
356. 

29. Kačániová, M., Nôžková, J., Fatrcová K., Gróf, J. 2008b. Qualitative 
parameters for bee pollen as potential food supplement. In: Dovkillja 
i zdorovja ljudini : materiali mižnarodnoj naukovo-praktičnoj 
konferencii, (17-19 kvitnja 2008), Užgorod : Vidavnictvo UžNU 
(Goverla), 199-203. 

30. Kačániová, m., Nôžková, j., Fatrcová -Šramková, K., Kropková, z., 
Kubincová, j. 2008a. Antioxidant, antimicrobial activity and heavy 
metals content in pollen of Papaver somniferum L. Abstracts from 
the 8th International Conference on Risk Factors of Food Chain, 
Kraków, Poland, September 17. Slovak Journal of Animal Science, 
41(4): 204.  

31. Kačániová, M., Nôžková, J., Fatrcová -Šramková, K., Kropková, Z., 
Kubincová, J. 2010. Antioxidant, antimicrobial activity and heavy 
metals content in pollen of Papaver somniferum L. Ecological 
Chemistry and Egineering (A), 17(1): 97-105.  

32. Konopacka, Z., Pohorecka, K., Syrocka, K., Chaber, J., 1993. Zawartość 
kadmu, ołowiu, azotanów i azotynów w obnóżach pyłkowych 
pochodzących z różnych miejsc w okolicach Puław. Pszczeln. Zesz. 
Nauk., 37: 181-187. 

33. Kroyer, G., Hegedus, N. 2001. Evaluation of bioactive properties of 
pollen extracts as functional dietary food supplement. Innovative 
Food Science & Emerging Technologies, 2(3): 171-174. 
https://doi.org/10.1016/s1466-8564(01)00039-x  

34. Leita, L., Muhlbachova, G., Cesco, S., Barbattini, R., Mondini, C. 1996. 
Investigation of the use of honey bees and honey bee products to 
assess heavy metals contamination. Environ. Monit. Assess., 43: 1-9. 
https://doi.org/10.1007/bf00399566  

35. Lipińska, J., Zalewski, W. 1989. Zawartość w produktach pszczelich 
mikroelementów oraz pierwiastków szkodliwych dla zdrowia 
człowieka. Pszczeln. Zesz. Nauk., 33: 113-120. 

36. Loper, G. M., Standifer, L. N., Thompson, M. J., Gilliam, M. 1980. 
Biochemistry and microbiology of bee-collected almond (Prunus 
dulcis) pollen and bee bread. I. Fatty acids, sterols, vitamins and 
minerals. Apidologie, 11(1): 63-73. 
https://doi.org/10.1051/apido:19800108  

37. Madras-Majewska, B., Jasiński, Z. 2003. Lead content of bees, brood 
and bee products from different regions of Poland. J. Apic. Sci., 47: 
47-55.  

38. Madras-Majewska, B., Jasiński, Z. 2005. The content of mercury in 
bee bread originating from different region of Poland. J. Apic. Sci., 
49(2): 69-73. 

39. Maff, 1995. Analysis of bee products for heavy metals, Food 
Surveillance Information Sheet Nr. 53, 
http://www.archive.food.gov.uk/maff/archive/food/infsheet/199
5/no53/53bee.htm (accessed on 7 July 2005). 

40. Markham, K. R., Campos, M. G. 1996. 7- and 8-O-methylherbacetin-
3-O-sophorosides from bee pollens and some structure/activity 
observations. Phytochemistry, 43(4): 763-767. 
https://doi.org/10.1016/0031-9422(96)00286-5  

41. McLellan, A. R. 1977. Minerals, carbohydrates and amino acids of 
pollens from some woody and herbaceous plants. Ann. Bot., 41: 
1225-1232. 

42. Migula, P. 1990. Wskazania dla hodowli pszczół w warunkach 
zanieczyszczonego środowiska : Praca zbiorowa. Katowice : 
Uniwersytet śląski, Katedra Fizjologii Człowieka i Zwierząt. 

43. Muniategui, S., Sancho, M. T., Huidobro, J. F., Simal, J. 1990. Nota. 
Estudio del contenido de proteina y prolina libre en muestras de 
polen apicola manufacturado. Rev. Agroquim. Tecnol. Alimenti., 
30(4): 545-550. 

44. Muszyńska, J. 1995. Produkty pszczele jako wskaźniki skażeń 
oerodowiska. Med. Wet., 51(8): 457-458. 

45. Nation, J. L., Robinson, F. A.  1971. Concentration of some major and 
trace elements in honeybees, royal jelly and pollens, determined by 
atomic absorption spectrophotometry. J. Apic. Res., 10(1): 35-43. 

46. Naumkin, E. P. 1984.  Aminokislotnyj sostav pyľcy. Pčelovodstvo, 10: 
23-24. 

47. Naumkin, V.P. 1991. Biochimičeskaja ocenka obnožki i pyl'cy 
grečichi. Apiterapija i pčelovodstvo. Gadjač, 217-224. ISSN 0131-
5773.  

48. Neuschlová, J. 1995. Peľ ako potravina i liek. Výživa a zdravie, 
40(10): 220. 

49. Orzáes Villanueva, M. T., Díaz Marquina, A., Bravo Serrano, R., 
Blázquez Abellán, G. 2002. The importance of bee-collected pollen in 
the diet: a study of its composition. Int. J. Sci. Nutr., 53(3): 217-224. 
https://doi.org/10.1080/09637480220132832  

50. Patruica, S., Jivan, A., Harmanescu, M. 2008. Researches regarding 
the mineral content of pollen and bee bread samples rise from 

https://doi.org/10.1002/(sici)1099-1565(199707)8:4%3C181::aid-pca359%3E3.3.co;2-1
https://doi.org/10.1002/(sici)1099-1565(199707)8:4%3C181::aid-pca359%3E3.3.co;2-1
https://doi.org/10.2478/s11756-019-00337-5
https://doi.org/10.1023/a:1010719107006
https://doi.org/10.1080/0005772x.1984.11098770
https://doi.org/10.1016/0160-4120(83)90108-3
https://doi.org/10.1016/s0378-8741(03)00036-9
https://doi.org/10.1016/s1466-8564(01)00039-x
https://doi.org/10.1007/bf00399566
https://doi.org/10.1051/apido:19800108
https://doi.org/10.1016/0031-9422(96)00286-5
https://doi.org/10.1080/09637480220132832


Fatrcová-Šramková and Nôžková/Archives of Ecotoxicology (2019) 41-47 

47 

Banats area. Bulletin of University of Agricultural Sciences and 
Veterinary Medicine Cluj-Napoca : Animal Science and 
Biotechnologies, 65(1-2): 447. 

51. Rogala, R., Szymaoe, B. 2004. Nutritional value for bees of pollen 
substitute enriched with synthetic amino acids. Part I. Chemical 
methods. J. Apc. Sci., 48(1): 19-27. 

52. Roman, A. 1997. Pszczoły i produkty pszczele jako bioindykatory 
skażenia oerodowiska w rejonie oddziaływania przemysłu 
miedziowego (LGOM) i cementowo-wapienniczego (Opole). Zesz. 
Nauk. AR we Wrocławiu. Zootechnika 43(323): 176-192. 

53. Roman, A. 1998. Wpływ chronicznej intoksykacji ołowiem na 
kumulację tego metalu w organizmie pszczoły miodnej. XXXV Nauk. 
Konf. Pszczel. Puławy, 59-60. 

54. Roman, A. 2000. Badania porównawcze zawartooeci Cd, Pb i Zn w 
miodzie, propolisie i wosku pochodzących z rejonów wałbrzyskiego 
i głogowskiego XXXVII Nauk. Konf. Pszczel. Puławy, 76-77. 

55. Rozporządzenie ministra zdrowia z dnia 13 stycznia 2003 r. w 
sprawie maksymalnych poziomów zanieczyszczeń chemicznych i 
biologicznych, które mogą znajdować się w żywnoości, składnikach 
żywnoości, dozwolonych substancjach dodatkowych, substancjach 
pomagających w przetwarzaniu albo na powierzchni żywności. Dz.U. 
2003, nr. 37, poz. 326. 

56. Serra Bonvehí, J., Escolá Jordá R. 1997. Nutrient composition and 
microbiological quality of honeybee-collected pollen in Spain. J. 
Agric. Food Chem., 45: 725-732. 
https://doi.org/10.1021/jf960265q  

57. Serra Bonvehí, J., Escura Pesudo, F., Giner Pallares, J. 1991. La 
détermination quantitative des acides aminés libres dans les pollens 
apicoles a l,aide de la chromatographie en phase gazeuse, 
chromatographie liquide haute performance et spectrophotometrie. 
Ann. Fals. Chim., 897(84) : 153-166. 

58. Serra Bonvehí, J., Gonello Galindo, J., Gomez Pajuelo, A. 1986. Estudio 
de la composition y caracteristicas fisico-quimicas del pollen de 
abejas. Alimentaria, 23(176): 63-67. 

59. Schmidt, J. O., Buchmann, S. L. 1992. Other products of the hive. In: 
Graham. J.M.: The Hive and the Honey Bee. Hamilton, IL : Dadant & 
Sons, 927-988. 

60. Somerville, D.C. 1997. Value of Pollens Collected from Agricultural 
Crops. Proceedings Crop Pollination Association Conference. Tatura, 
Vic, 14 – 15 August, 1997. 

61. Standifer, L.N. 1966. Some lipid constituents of pollens collected by 
honeybees. J. apic. Res., 5(2): 93-98. 

62. Syrocka, K., Zalewski, W. 1985. Zawartość azotu ogólnego oraz 
niektórych frakcji białek w obnóżach i pierzdze. V Międzynarodowe 
Sympozjum Apiterapii. Zagadnienia Wybrane, Kraków, Polska, 152-
156. 

63. Szczęsna T., Rybak-Chmielewska H., Chmielewski W. 2002. Sugar 
composition of pollen loads harvested at different periods of the 
beekeeping season. J. Apic. Sci., 46(2):107-115. 

64. Szczęsna T., Rybak-Chmielewska H., Skowronek W. 1995b. Zmiany 
w składzie chemicznym obnóży pyłkowych zachodzące podczas ich 
przechowywania w różnych warunkach. I. Cukry, tłuszcze, popiół. 
Pszczeln. Zesz. Nauk., 39(2): 145-156. 

65. Szczęsna, T. 2006a. Protein content and amino acids composition of 
bee-collected pollen originating from Poland, South Korea and 
China. J. Apic. Sci., 50(2): 91-99. 

66. Szczęsna, T. 2006b. Protein content and amino acids composition of 
bee-collected pollen from selected botanical origins. J. Apic. Sci., 
50(2): 81-90. 

67. Szczęsna, T. 2006c. Long-chain fatty acids composition of honeybee-
collected pollen. J. apic. Sci., 50(2): 65-79. 

68. Szczęsna, T. 2007a. Concentration of selected elements in honeybee-
collected pollen. J. Apic. Sci., 51(1): 5-13. 

69. Szczęsna, T. 2007b. Study on the sugar composition of honeybee-
collected pollen. J. Apic. Sci., 51(1): 15-22. 

70. Szczęsna, T., Rybak-Chmielewska, H., Arciuch, H. 1993. 
Zastosowanie anodowej woltamperometrii inwersyjnej do 
oznaczania Cd, Pb, Cu w obnóżach pyłkowych. Pszczeln. Zesz. Nauk., 
37: 171-179. 

71. Szczęsna, T., Rybak-Chmielewska, H., Skowronek, W. 1995a. Wpływ 
utrwalania na wartość biologiczną obnóży pyłkowych. Pszczeln. 
Zesz. Nauk. 39(2): 177-187. 

72. Šalgovičová, D., Zmetáková, Z. 2006. Monitoring spotrebného koša. 
Enviromagazín, 11(2, mim. č.): 20-21. 

73. Uzbekova, D. G., Makarova, V. G., Khvoynitskaya, L. G., Slepnev, A. A. 
2003. Evaluation of bee–collected pollen influence on lipid 
peroxidation, antioxidant system and liver function in old animals. 

Journal of Hepatology, 38(2, Supplement): 203. 
https://doi.org/10.1016/s0168-8278(03)80078-8  

74. Youssef, A. M., Farag, R. S., Ewies, M. A., El-Shakaa, S. M. A. 1978. 
Chemical studies on pollen collected by honeybees in Giza region, 
Egypt. J. apic. Res., 17(3): 110-113. 

75. Zalewski, W., Kosson, R. 1985. Zawartość aminokwasów oraz białka 
w pierzdze i w obnóżach zebranych w kilku miejscowooeciach w 
Polsce. V Międzynarodowe Sympozjum Apiterapii. Zagadnienia 
wybrane, Kraków, Polska, 167-170. 

76. Zalewski, W., Szymaniuk, J. 1985. Pierwiastki oeladowe w obnóżach 
i w pierzdze zebranej w Polsce. V Międzynarodowe Sympozjum 
Apiterapii. Zagadnienia Wybrane, Kraków, Polska, 171-174. 

77. Żarski, T., Jasiński, Z., Żarska, H., Fliszkiewicz, C. 1996. Rtęć w 
produktach pszczelarskich jako wskaźnik zanieczyszczenia 
środowiska naturalnego. In Biuletyn X Zjazdu PTNW (III), 540. 

78. Žitňanský, B. 1996. Peľ. Slovenský včelár, 31(1): 6. 
 
 
 
 
 
 
 
 

 
 
 
 
 

https://doi.org/10.1021/jf960265q
https://doi.org/10.1016/s0168-8278(03)80078-8

