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ABSTRACT
Pollen load (dandelion and apple tree pollen) was collected from three beehives in three apiaries located in the
mountain, foothill and forest steppe areas of the Carpathian region. Heavy metals (iron, zinc, copper, chromium,
nickel, lead and cadmium) in the studied biological material were determined by atomic absorption spectrophoto-
meter (S-115 PK). It was found that the dandelion and apple tree pollen, taken from the beehives located in the
forest steppe area and the foothills of the Carpathian region, contained more iron, zinc, copper, chromium, nickel,
lead and cadmium. A high level of these heavy metals in the dandelion and apple tree pollen taken from the beehi-
ves located in the forest steppe and foothill areas of the Carpathian region results from intensive urbanization and
industrialization.
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INTRODUCTION

The sources of emissions of heavy metals and their re-
lease into the environment differ, but they mostly have
a technological origin as a consequence of urbanization
and industrialization. The development of industry, ag-
riculture, energetics, transport and intensive mining has
led to the situation, in which air, water, soil, and plants
contain toxic mineral elements [Bohdanov et al. 2005,
Butsiak and Pechar 2007, Bodnarchuk and Musialkovska
2008].

The migration of heavy metals in the environment
resulted in their accumulation in soils, plants, tissues
of honey bees and bee products [Bohdanov et al. 2005,
Bodnarchuk and Musialkovska 2008]. Consequently, the
character (altered flowering time) and allocation of vege-
tation (replacement of some honey plant species) chan-
ged, which led to reduced honey flow [Bodnarchuk and
Musialkovska 2008, Eskov et al. 2008].

Heavy metals are involved in the metabolic processes
in the body of honey bees [Bohdanov et al. 2005, Butsiak
and Pechar 2007]. In particular, they affect the intensity

of metabolism of proteins, lipids and carbohydrates in the
bodies of the bees [Bohdanov et al. 2005]. Consequently,
the provision of bees with energy, structural and biologi-
cally active material changes. All this affects the life of
honeybees and productivity of bee families [Eskov et al.
2008]. Therefore, there is scientific and practical interest
in the study of heavy metals in the pollen load depending
on the environmental and ecological factors.

In recent years, an increased pollution of various
areas (not only urbanised but also potentially ecological
ones) with some elements has been observed. Therefore,
it seems justified to continuously monitor the level of en-
vironmental pollution. The so-called phytoindicators are
used for this purpose [Roman 2003].

Dandelion (Taraxacum officinale) is a geographically
widespread plant species that commonly occurs in diffe-
rent habitats. Therefore, it is a very valuable phytoindica-
tor used for the assessment of heavy metals content in the
environment [Kabata-Pendias and Dudka 1991].

According to Czarnowska and Milewska [2000], dan-
delion is characterised by the high capability of chemical
pollutant accumulation in comparison with other herba-
ceous plants.
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Bee pollen is a pollen collected and processed by
bees. According to Kędzia [2008], it contains more than
250 different substances (proteins, carbohydrates, lipids,
fatty acids, phenolic compounds, enzymes, vitamins and
elements, among others). The composition differs de-
pending on the plant species, the period and place of
collection [Nogueira et al. 2012, Paradowska et al. 2014].
The pooled samples of bee honey originate from a large
area. Therefore, bee pollen may constitute a valuable in-
dicator material for the monitoring of the level of envi-
ronmental pollution [Madras-Majewska et al. 2014].

Taking the above into account, the aim of this study
was to analyse the intensity of heavy metal accumulation
in the dandelion and apple tree pollen, taken from the be-
ehives located in the mountain, foothill and forest steppe
areas of the Carpathian region.

MATERIAL AND METHODS

Pollen load (dandelion pollen – Taraxacum officinale
Wigg. and apple tree pollen – Malus domestica Borkh.)
was collected from three beehives in three apiaries lo-
cated in the different areas of the Carpathian region. In
particular, the material was taken from the private apia-
ries of the mountain (Slavske village in the Skole dist-
rict), foothill (Stynava village in the Stryi district) and fo-
rest steppe (Myklashiv village in the Pustomyty district)
areas of the Carpathian region. To determine the species
of the selected dandelion and apple tree pollen, identi-
fication studies were conducted using computer-assisted
programs such as “LUCIA” (Laboratory Colour Image
Analysis) and “Pollen Data Bank”. These programs give
an opportunity to determine the main parameters of the
pollen grain, which was captured with a video camera
and a microscope, by overlaying the images and compa-
ring them with the samples.

Heavy metals (iron, zinc, copper, chromium, nickel,
lead and cadmium) in the selected samples of pollen load
were determined by atomic absorption spectrophotome-
ter (S-115 PK). The samples of the pollen load in the form
of the solutions were tested in the atomic absorption ana-
lyzer. These solutions were obtained by dry ashing. To
perform this experiment, the sample of the studied mate-
rial was taken into the calcined crucible and dried in the
oven at a temperature of 100–105°C. Then, these sam-
ples were burnt in a muffle furnace at a temperature of
450–500°C to the state of complete ashing.

The crucible cooled down when the ashing was com-
pleted and the ash was dissolved in 10 mL of 10%
HCl. The acidic solutions of ash were tested according
to the strictly defined wavelength on the atomic absorp-
tion spectrophotometer (S-115 PK) using a computer pro-
gram, which provided information on the concentration
of the studied heavy metals, taking into account the de-
gree of dilution.

The data were analysed statistically using Student’s t-
test. Moreover, an arithmetic mean (M) and the standard
error of the mean (±m) were calculated. The differences
in the mean values were considered statistically signifi-
cant at P ≤ 0.05. The Origin 6.0 (OriginLab Corporation,
Northampton, MA, USA) and Excel (Microsoft Inc.,
Redmond, WA, USA) programs were used for the sta-
tistical analysis.

RESULTS AND DISCUSSION

According to Altman [1985], the study of pollen accu-
mulated by bees and the bee bread produced from it, is
of great significance to the monitoring of environmental
pollution. Bee pollen may contain different amounts of
metals. Cadmium (like lead and arsenic) is undesired in
apian products.

The contents of selected elements in the bee pollen
from dandelion and apple tree are presented in Tables
1 and 2, respectively. In the present study, quite a clear
regionalization of elements occurrence was found in the
studied bee pollen samples. It was found that the dande-
lion pollen taken from the beehives located in the foothill
and forest steppe areas of the Carpathian region proba-
bly contains more iron, zinc, copper, chromium, nickel,
lead and cadmium in comparison with the pollen taken
from the beehives located in the mountain area (Table 1).
As can be seen from Table 1, the dandelion pollen taken
from the beehives located in the forest steppe areas of
the Carpathian region contained more above-mentioned
heavy metals. The obtained data characterize the level of
anthropogenic pollution of the territories in the studied
terrestrial ecosystem.

It was found that the apple tree pollen taken from the
beehives located in the forest steppe and foothill areas
of the Carpathian region contained more iron, zinc, cop-
per, chromium, nickel, lead and cadmium (Table 2) in
comparison with the pollen taken from the beehives lo-
cated in the mountain area. As can be seen from Table
2, the dandelion pollen from the forest steppe area of the
Carpathian region also contained the greatest amounts of
the above-mentioned metals.

The lead (Pb) content in the dandelion pollen ob-
tained in the present study ranged from 1.05 to 2.53
mg · kg–1 dry matter (Table 1), whereas its content
in the apple tree pollen ranged between 0.43 and 1.01
mg · kg–1 dry matter (Table 2). According to Jabłoński
et al. [1995], pollen contains 30–100% more pollutants
than honey. Mature honey contains 20% less heavy me-
tals than the freshly collected nectar. The cited authors
found that the farther the distance between the honey
plant and the routs, the lower the content of heavy metals
in the nectar, pollen and honey produced from them. On
the other hand, Roman [2003] reported the lowest lead
contents in the pollen compared with the honey in the
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Table 1. Heavy metals in the dandelion pollen, mg ∙ kg–1 of air-dry weight (М ±m, n = 3)

Tabela 1. Metale ciężkie w pyłku mniszka lekarskiego, mg ∙ kg–1 suchej masy (М ±m, n = 3)

Specification of metals
Wyszczególnienie metali

Terrestrial ecosystems of the Carpathian region – Ekosystemy lądowe regionu karpackiego

Mountain – Góry Foothill – Pogórze Forest steppe – Step leśny

Iron, Fe – Żelazo, Fe 32.04 ±1.101 40.27 ±1.010*** 49.95 ±1.144***

Zinc, Zn – Cynk, Zn 43.54 ±0.773 52.70 ±1.169*** 62.51 ±0.803***

Copper, Cu – Miedź, Cu 3.34 ±0.181 4.80 ±0.307*** 6.57 ±0.338***

Chromium, Cr – Chrom, Cr 2.99 ±0.124 5.20 ±0.171*** 7.81 ±0.146***

Nickel, Ni – Nikiel, Ni 0.46 ±0.029 0.62 ±0.029*** 0.90 ±0.043***

Lead, Pb – Ołów, Pb 1.05 ±0.083 1.87 ±0.047*** 2.53 ±0.104***

Cadmium, Cd – Kadm, Cd 0.04 ±0.006 0.08 ±0.008*** 0.13 ±0.008***

*P ≤ 0.05–0.02, **P ≤ 0.01, ***P ≤ 0.001

Table 2. Heavy metals in the apple tree pollen, mg ∙ kg–1 of air-dry weight (М ±m, n = 3)

Tabela 2. Metale ciężkie w pyłku jabłoni, mg ∙ kg–1 suchej masy (М ±m, n = 3)

Specification of metals
Wyszczególnienie metali

Terrestrial ecosystems of the Carpathian region – Ekosystemy lądowe regionu karpackiego

Mountain – Góry Foothill – Pogórze Forest steppe – Step leśny

Iron, Fe – Żelazo, Fe 14.24 ±0.511 18.58 ±0.751*** 24.00 ±0.513***

Zinc, Zn – Cynk, Zn 16.51 ±0.527 22.94 ±0.595*** 28.70 ±0.638***

Copper, Cu – Miedź, Cu 1.23 ±0.049 1.91 ±0.060*** 2.83 ±0.077***

Chromium, Cr – Chrom, Cr 1.21 ±0.072 2.09 ±0.081*** 3.00 ±0.113***

Nickel, Ni – Nikiel, Ni 0.12 ±0.011 0.19 ±0.014*** 0.30 ±0.020***

Lead, Pb – Ołów, Pb 0.43 ±0.024 0.62 ±0.032*** 1.01 ±0.052***

Cadmium, Cd – Kadm, Cd 0.01 ±0.003 0.03 ±0.003*** 0.07 ±0.005***

*P ≤ 0.05–0.02, **P ≤ 0.01, ***P ≤ 0.001

Lower Silesia area. Irrespective of the region of its origin,
the average concentrations of this element did not exceed
0.35 mg · kg–1 dry matter. Several times higher lead con-
centrations in the bee pollen from the Pulawy area were
found by Szczęsna et al. [1993]. These values ranged
from 0.45 to 0.98 mg · kg–1 dry matter. Also Konopacka
et al. [1993] determined the lead content in the bee pollen
at the level of 0.66–1.69 mg · kg–1 dry matter.

In the present study, the cadmium (Cd) content in
the dandelion pollen ranged from 0.04 to 0.13 mg · kg–1

(Table 1), whereas its content in the apple tree pollen ran-
ged between 0.01 and 0.07 mg · kg–1 dry matter (Table
2). The considerably lower contents of this element in
the Lower Silesia area were reported by Roman [2003].
The average Cd concentration in the pollen was generally
low and did not exceed the maximum permissible con-
centration (MPC). The region with the greatest cadmium
accumulation level in the pollen was the Walbrzych area,
where the content of this element was 0.035 mg · kg–1 dry
matter. Lipińska and Zalewski [1989] reported the cad-
mium concentration in the bee pollen at the level of 0.053
to 0.191 mg · kg–1 dry matter, similarly as Szczęsna et
al. [1993], who found the values ranging between 0.032
and 0.154 mg · kg–1 dry matter. Considerably higher cad-
mium contents (0.101 to 0.263 mg · kg–1 dry matter)
were found by Jabłoński et al. [1995] near Pulawy.

All metals were characterized by a clear regionali-
zation of their occurrence. Concentrations were higher in
the foothill and forest steppe areas. The high level of iron,
zinc, copper, chromium, nickel, lead and cadmium in the
dandelion and apple tree pollen, taken from the beehi-
ves located in the forest steppe and foothill areas of the
Carpathian region results from intensive urbanization and
industrialization.

It should be stated that the studied heavy metals in
the dandelion and apple tree pollen, taken from the be-
ehives located in the forest steppe and foothill areas of
the Carpathian region, are within the maximum allowa-
ble limits set by the state standards of Ukraine (SSTU).

CONCLUSIONS

The dandelion and apple tree pollen, taken from the be-
ehives located in the forest steppe and foothills of the
Carpathian region, contains more iron, zinc, copper, chro-
mium, nickel, lead and cadmium.

The high level of iron, zinc, copper, chromium, nic-
kel, lead and cadmium in the dandelion and apple tree
pollen, taken from the beehives located in forest steppe
area of the Carpathian region, results from intensive ur-
banization and industrialization.
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routs [Zawartość metali ciężkich (Pb, Cd i Cu) w nektarze,
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POZIOM METALI CIĘŻKICH W PYŁKU MNISZKA LEKARSKIEGO I JABŁONI W RÓŻNYCH
EKOSYSTEMACH TERYTORIALNYCH REGIONU KARPACKIEGO

STRESZCZENIE
Pyłek mniszka lekarskiego i jabłoni było wzięto z trzech uli w trzech pasiekach położonych na obszarach górskich,
podgórskich i leśnych strefach stepowych w rejonie karpackim. Metale ciężkie (żelazo, cynk, miedź, chrom, nikiel,
ołów i kadm) w badanym materiale biologicznym wyznaczono za pomocą spektrofotometru absorpcji atomowej
S-115 PK. Stwierdzono, że pyłek mniszka lekarskiego i jabłoni, pozyskiwany z uli znajdujących się w stepie leśnym
i w przedgórzu regionu karpackiego, zawiera więcej żelaza, cynku, miedzi, chromu, niklu, ołowiu i kadmu. Wysoki
poziom tych metali ciężkich w pyłku mniszka lekarskiego i jabłoni, pozyskiwany z uli znajdujących się w leśnej
strefie stepowej i podgórskim obszarze Karpat jest wynikiem większej urbanizacji i industrializacji.

Słowa kluczowe: metale ciężkie, pyłek, jabłoń, mniszek lekarski.
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