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Abstract Honey samples collected during 2007–2010 from
serpentine and non-serpentine localities in the Eastern Rhodopes
Mt. (Bulgaria) were characterized on the basis of their pollen
content by qualitative melissopalynological analysis and physi-
cochemical composition. Water content, pH, electrical conduc-
tivity, macroelements—K, Ca, Mg, P, and microelements—As,
Cd, Co, Cr, Cu, Fe, Mn, Na, Ni, Pb, and Zn were determined
after the Harmonised Methods of the International Honey Com-
mission and ICP-AESmethod. The results from serpentine hon-
ey samples were compared with data from bee pollen collected
from the same serpentine area. Different elements have different
concentrations in honey from the same botanical type even col-
lected from the same geographical region, same locality, and
same beehive but in different vegetation season. The elements
Mg, Mn, Ni, and P contribute mostly for separation of the ser-
pentine honey samples based on measured elemental concentra-
tions and performed principal component analysis. The element
concentrations were higher in bee pollen and above the permis-
sible limits for the toxic metals Cd and Pb. No specific indicator
plant species was found for identification of the geographical
origin of serpentine honey in relation to the forage of bees.
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Introduction

Honeybees visit flowers of diverse plant species collecting
nectar and pollen grains producing honey. Pollen is the bee’s
major source of protein, minerals, and vitamins, while nectar
is the major source of carbohydrates from which honeybees
obtain their energy. Honey contains several other compounds
in traces like proteins and enzymes, amino acids, pigments,
substances responsible for its flavor and aroma [1]. Also,
some essential elements (P, Fe, Al, Mg, Cu, Mn, Si, Ca, K,
and Na) naturally distributed in the soil are included in the
nectar transported via plant’s root system [2]. A lot of data
demonstrated the localization of metals in pollen grains as
well [3–6].

Being a local product, the quality of honey (physical and
chemical characteristics) is strongly influenced by its botani-
cal and geographical origin and many environmental factors
[7]. Different criteria are accepted for the standardization of
honey and bee products at international and national levels
[8–10]. An important aspect of the quality of honey is the
presence of metals which is directly related to the chemical
composition of the soils in areas where bees forage [1]. Honey
and bee pollen may be useful as an environmental indicator
for assessing the presence of environmental pollution with
toxic metals [7, 11]. Metal contamination of honey could be
a result of different human activities such as agricultural prac-
tice, industries, waste dump, and traffic [1, 12]. Metal contam-
ination of honey could be also a result of dust coming from
naturally metalliferous soils like serpentine. Serpentines and
their soils are characterized by toxic quantities of metals (par-
ticularly Ni and Cr), low Ca/Mg ratio, drought, and wide tem-
perature fluctuations [13]. Such soils could be environmental
pollutant for honey and bee products even when they are pro-
duced far from urbanized territories. Some plants restricted to
the serpentines have a remarkable ability to accumulate or
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hyperaccumulate inorganic components from the environ-
ment and transport them to all plant parts. This phenomenon
is known in approximately 400 species worldwide in a range
of different plant families [14] and in the Balkan peninsula
they are mainly representatives of Brassicaceae family [15].
Some elements such as Cu, Fe, Zn, and Ni are mineral nutri-
ents for plants [13] but in concentrations above tolerance
limits they become environmental pollutants and phytotoxic.
Even at low concentrations the trace elements As, Pb, and Cd
are considered as toxic [16, 17] and can damage the quality of
human life [18].

Recently, the interest in the concentrations of metals in
different honeys arose and their presence has been determined
in several countries such as Turkey [19–21], Italy [1], Poland
[22], Bosnia and Hercegovina [23], Serbia [24], Greece [25,
26], Romania [27], and Iran [28]. However, little attention was
paid on serpentine soils as a source of contamination of honey
[29]. In addition, still little is known about metals in bee pollen
[30, 31] although the concentrations ofmetals there are always
higher than in honey [32]. Apart from this fact, the monitoring
on honey safety is very important. There are no global stan-
dards for permissible levels of chemical elements in honey
and bee products. The maximal permissible levels only for
Cd and Pb (0.1 and 1.0, mg kg−1, respectively) are fixed but
not for honey [8, 9, 33, 34]. Actually no specific legislation
exists on maximal residual levels of metals in honey in Bul-
garia [10]. The levels of metals accepted for other food prod-
ucts are recommended for honey as well [32]. The accepted
standards for honey quality in Bulgaria are regulated by BDS
3050–80 BBee honey. Rules for sample collection and
methods of treatment^, BDS 2673–89 BBee honey^ [35].

The aims of this study were the following: (1) evaluate the
effect of soil on the quality of honey produced from serpentine
area in the Eastern Rhodopes Mt.; (2) compare element con-
centrations in honey samples from serpentine and non-
serpentine areas; (3) compare the differences between the el-
emental concentrations in honey and bee pollen samples from
serpentines; and (4) discuss the possibilities for identification
of the botanical origin of serpentine honey on the basis of
pollen spectra.

Material and Methods

Area of Investigation

Ten honey samples were obtained directly from beekeepers
from two sites in the Eastern Rhodope Mt.: serpentine area
near Fetler village (41°21′53.19″N, 25°18′50.42″ Е) and non-
serpentine area southeastward from Gruevo village, Kardzali
region, Dambala locality (41°33′53.06″N, 25°27′23.88″E).
The beehives were localized at altitudes 455 and 763 m, re-
spectively. Two bee pollen samples collected from the same

serpentine area were also analyzed and compared with the
data from honey samples. The climate in the Eastern Rhodope
Mt. is characterized by comparatively mild winters with a
characteristic southern wind and relatively cool summers [36].

The natural vegetation at both sites is of southern-European
and anatolian character represented mainly by Quercus
frainetto Ten., Q. pubescens Willd., and Q. cerris L. These
species form forests on slopes with south-southeastern expo-
sure not far from the placement of the beehives. The most
common accompanying plant species in these oak forests are
Prunus mahaleb L., Viburnum lantana L., Pistacia
terebinthus L., Acer monspessulanum L., and Euonymus
verrucosus Scop. On some north-facing slopes and in the hu-
mid ravines are developed plant communities of Carpinus
betulus L. and Carpinus orientalis Mill. Presently, the open
serpentine areas are protected partly from erosion by artificial
plantations of Pinus nigra Arn. and Robinia pseudoacacia L.
For the restoration of the plant cover after deforestation in the
past, the pioneer role of Rubus, Crataegus, Rosa, Prunus,
Pyrus, Cistus, and Pistacia species is of great importance to-
gether with grasses from Festuca, Dichantium, Koeleria,
Chrysopogon, and Poa genera that form a dense herb cover
and favor the growth of other plants like Trifolium, Lotus,
Dorycnium, Coronilla, etc.

All samples studied were examined for their botanical ori-
gin, physicochemical, and elemental properties. The origin,
organoleptic characteristics, physicochemical parameters,
number of honey and bee pollen samples, and date of collec-
tion are presented in Table 1.

Melissopalynolgical Analysis

In order to obtain more detailed analysis about pollen grains
used from bees as forage, honey samples were collected dur-
ing the years 2007–2010. The method described by Louveaux
et al. [37] was followed in the laboratory preparations and
qualitative melissopalynological analysis of honey samples.
The number of pollen grains from nectar-producing plants
counted in each honey sample was 500. Pollen identification
was carried out with a light microscope at ×400. For compar-
ison, the reference collection and the book of Beug [38] were
used. All honeydew elements (HDE) such as mold hyphae
and spores, and unicellular algae were also counted in each
honey sample.

The frequency of the pollen types in honey was expressed
as percentage of the pollen sum which included pollen grains
only from nectar-producing plants (Pn). The pollen grains of
wind-pollinated and nectarless plants (Pa) were calculated
separately. The honeydew index was calculated as a ratio of
HDE to Pn [37].

Two mixed bee pollen samples each weighing 0.05 g were
analyzed. All pollen grains were included in the pollen sum
for calculation of the percentage values.
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Physicochemical Analysis

The routine physicochemical analysis included water content
(honey refractometer Atago HHR-2 N 12–30 %; Atago Co.,
Ltd., Tokyo, Japan), EC (mS/cm, ±1 %) in 20 % solution at
20 °C (MultiLine P3; WTW, Weilheim, Germany), and pH
(20 % solution, ± 0.01, Jenway pH-meter; Bibby Scientific
Ltd., Staffordshire, UK). The Harmonised Methods of the
International Honey Commission [39] do not require any
method for identification of chemical elements in honey.
About 10 g of material was treated with 15 ml nitric acid
(9.67 M) overnight. The wet-ashing was continued with
heating in a water bath followed by the addition of 2 ml hy-
drogen peroxide. This treatment was repeated until reaching
full digestion. The filtrate (through filter paper Filpap KA 2;
Filpap, Štětí, Czech Republic) was diluted with double-
distilled water (0.06 μS/cm) up to 25 ml. All solutions were
stored in plastic flasks. The macroelements K, Ca, Mg, and P
and the microelements As, Cd, Co, Cr, Cu, Fe, Mn, Na, Ni,
Pb, and Zn were determined by atomic emission spectrometry
with the inductively coupled plasma system (ICP-AES) of
VARIAN VISTA-PRO. The analytical precision was checked
by three replications and blanks and by stock standard solu-
tions (1000 μg/l Merck) for the preparation of working aque-
ous solutions.

Data Analysis

Basic descriptive statistics, Tukey’s test for independence of
groups, and one-way ANOVA, were used to determine the
differences between the serpentine and non-serpentine honey

samples on the basis of element concentrations measured. The
results were considered significant at P<0.05. Principal com-
ponent analysis (PCA) was used to show the loadings for each
chemical element and which of them contributed most for
differences between two groups of samples (serpentine and
non-serpentine). Eigenvalues were extracted from the correla-
tion matrix. All statistics were performed using software pro-
gram StatSoft (StatSoft. Inc. Tulsa, OK, USA)—Statistica 7.

Results

Melissopalynological Data

According to the palynological results, all honey samples
were classified as multifloral blossom honeys [35, 37]. The
honeydew index was very low in all samples studied (0.1–0.6)
wide below the limit of 3 for honeydew honey [37]. The
highest percentage values for Onosma (28.9 %), Potentilla/
Fragaria-type (27.7 %), and Cynoglossum (26.5 %) (samples
6, 7, and 5, respectively) for the serpentine honey samples
were found. A total of 64 pollen taxa were identified in the
analyzed honey samples, 50 of them from nectar-producing
plants. The results of the qualitative pollen analysis indicated
the diversity of plant resources utilized by honeybees in the
region of investigation. The basic botanical sources for honey
production were species from the families Boraginaceae
(Onosma, Cynoglossum, Lithospermum), Fabaceae (Trifoli-
um, Dorycnium, Medicago, Robinia, Genista, etc.), Rosaceae
(Prunus-type, Rubus-type, Potentilla/Fragaria type), Brassi-
caceae, etc. (Table 2).

Table 1 Honey and bee pollen samples studied: origin, date of collection, organoleptic characteristics, and physicochemical parameters

Sample no. Site locality Color Physical state Water content
(%)

pH Electrical conductivity
(mS/cm)

Date of collection

Honey from serpentine site (S)

1 Fetler village Light yellow Liquid 19.0 3.29 0.237 10 May 2008

2 Light yellow Liquid 19.0 3.29 0.257 26 May 2008

3 Amber Liquid 16.0 3.90 0.760 30 June 2008

4 Creamy white Fine crystallized 18.5 3.33 0.199 26 May 2009

5 Yellow Liquid 17.5 3.71 0.359 05 June 2009

6 Light yellow Liquid 17.2 3.47 0.186 26 May 2010

7 Light yellow Liquid 17.5 3.41 0.179 05 June 2010

Honey from non-serpentine site (NS)

8 Gruevo village Kardzali–Dambala Amber Liquid 18 4.19 0.933 20 May 2007

9 Light amber Liquid 15 4.12 0.822 05 June 2007

10 Light yellow Liquid 16.1 3.61 0.606 30 June 2007

Bee pollen from serpentine site (S)

1p Fetler village Golden rod 26 May 2009

2p Yellow 05 June 2010
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For the honey from the non-serpentine area, the highest
percentage values for Potentilla/Fragaria-type (11.2 %),
Trifolium (27.7 %), and Vicia (16.5 %) were found. Important
for honey production were also species from Lotus, Genista,
Tilia, Prunus, Paliurus, Brassicaceae, etc. (Table 2).

The botanical origin of bee pollen from the serpentine area
was also identified. The basic pollen sources for the bees were
nectar and pollen producers such as Rubus, Potentilla,
Fragaria, Prunus, Paliurus, Brassicaceae and nectarless
plants as Plantago, Sambucus, and Cistus.

Organoleptic and Physicochemical Characteristics
of the Samples

The main organoleptic and physicochemical characteristics of
the honey samples studied are presented in Table 1. The water
content in all honey samples was within the range of 16.0 to
19.0 % which is below 20 %, a value considered as limit for
good quality of honey according to the Bulgarian State Stan-
dards [10]. The values for pH and the electrical conductivity
were also in range considered as normal according to the Bul-
garian legislation [10]. The pH values measured in the sam-
ples were within the range of 3.29–4.19. The electrical con-
ductivity varied in the range from 0.179 to 0.933 mS/cm.

Element Concentrations of the Samples

The elements analyzed in honeys and bee pollen are listed in
Table 3 and the comparison between serpentine and non-
serpentine honeys is presented in Table 4. The relative con-
centrations of the studied elements tested in the serpentine and
non-serpentine honey samples varied considerably. Variation
of the element concentrations was found even in honey sam-
ples collected from the same locality but in different periods of
the year. The mean concentrations of evaluated elements de-
creased in the following order:

K > P > Ca > Mg > Na > Fe > Mn > Zn > Ni > Pb

> Cu > As > Cr ¼ Co ¼ Cd for serpentineand

K > Ca > P > Na > Mg > Fe > Zn > Mn > Cu > Pb

> Ni ¼ Cr ¼ Co ¼ Cd > As for non‐serpentinesamples:

Normally the elements K, Ca, Mg, Na, and P in honeys have
higher concentrations. The highest values were measured for
K in all analyzed samples while most concentrations of P were
higher in serpentine honeys. Differences were found between
both groups of samples in relation to Ca andMg. ThemeanCa
concentrations in serpentine and non-serpentine honey sam-
ples were 41.71 mg kg−1 and 76.33 mg kg−1 respectively,
while those for Mg were 20.71 mg kg−1 and 15.31 mg kg−1.

The highest concentration of Mg (48 mg kg−1) was measured
in serpentine honey sample No. 3 in which the highest con-
centrations for K, P, and Mn were also found.

The concentrations of Fe in the analyzed honeys vary con-
siderably. The mean Fe concentrations for non-serpentine
samples were higher compared to serpentine honeys. The
highest measured concentration was 19.25 mg kg−1. The con-
centrations for Ni and Mn, elements with higher values in
serpentine soils [13], were higher in most samples collected
from the serpentine area—1.2 mg kg−1 and 4.7 mg kg−1,
respectively.

Very low concentrations were measured for Cr, Co, Cd, and
As in both types of honey samples. The concentrations of Cu,
Cr, Co, and Cd were more or less equal in the serpentine and
non-serpentine samples while those for As in the serpentine
samples were more variable reaching a maximal value of
0.63 mg kg−1.

The metals Zn and Pb demonstrated different levels in both
groups of honey samples. The mean concentration of Zn in the
non-serpentine honeys was twice higher compared to the ser-
pentine honeys. Although serpentine soils are not rich in Pb,
the concentrations found in the serpentine honey samples are
higher compared to the non-serpentine samples with mean
values of 0.21 and 0.08 mg kg−1, respectively.

In addition, the elemental concentrations for two bee pollen
samples collected from the serpentine area (Table 3) were
analyzed and compared with the serpentine honey samples.
The results showed higher concentration for all elements in
bee pollen. The order of mean element concentrations of bee
pollen is:

K > P > Ca > Mg > Na > Fe > Zn > Mn > Cu > Pb

> Ni > As > Cr > Co > Cd:

Principal Component Analysis

The relations between the two groups of honey samples
(serpentine and non-serpentine) based on measured ele-
mental concentrations were performed using the principal
component analysis (PCA). The ordination of the dataset
accounts for 78.5 % of the total variance with the first three
principal component (PC) factors; F1, F2, and F3 account
for 35.33, 25.17, and 18 %, respectively. Eigenvalues were
extracted from the correlation matrix. Percentage eigen-
values and factor loadings on the axes are reported in
Table 5. The elements Mg, Mn, Ni, and P are separated
from other elements because of their positive correlations
with both principal components and mostly contribute for
separation of the serpentine honey samples (Fig. 1). These
honeys are generally characterized by higher concentra-
tions of Mg, Mn, Ni, and P. The same elements have clear
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Table 2 Percentage of each pollen taxa in honey and bee pollen samples

Pollen taxa Sample no.

1 2 3 4 5 6 7 8 9 10 1p 2p

Nectar producing (Pn)

Prunus type 12.4 7.4 7.7 1.6 12.2 1.8 5.1 1.1 5.5 11.5

Rubus type 0.5 1.3 0.5 20.8 3.4 31.7

Potentilla/Fragaria type 15.5 13.1 6.4 1.6 2.0 27.7 11.2 1.1 5.4 20.7 1.4

Rosaceae 7.6 12.0 5.7 4.5 4.2 10.7

Brassicaceae 5.5 2.0 3.7 10.6 6.2 4.3 5.9 7.5 4.2 11.3 6.8 12.1

Trifolium repens type 16.0 23.0 13.8 25.5 5.1 10.5 1.6

Trifolium type 11.7 13.7 6.7 5.0 8.4 5.3 10.9 27.7 10.9

Dorycnium 5.3 19.6 9.9 12.3 13.4 1.0

Medicago 4.1 8.9 4.0 6.1

Robinia 1.2 5.0 4.2

Melilotus 3.0 1.9

Vicia 9.2 4.5 16.5

Lotus 1.5 1.7 1.3 7.8 6.3 9.1

Genista 5.8 3.5 2.2 12.3 7.1 4.8

Onobrychis 2.0

Crepis/Taraxacum type 2.4 1.6 1.2 3.5

Matricaria/Achillea type 1.1 3.7 1.0

Centaurea jacea type 1.5 0.5

Cirsium type 1.3

Cynoglossum 3.9 26.5

Onosma 28.9

Echium 6.3 1.9 2.2 4.5 1.9

Myosotis 0.4 2.0

Lithospermum 10.2 1.1

Symphytum 0.5 2.4

Apiaceae 3.6 1.0 4.0 2.7 1.6 3.0 7.4

Heracleum 2.0

Stachys type 4.5 1.9 1.1 3.7 7.6 4.0

Mentha type 3.8 1.0 0.5 1.2 2.3 8.4 3.1

Salvia 0.7 2.0 1.3 0.6 3.5 3.1

Viburnum 0.4 0.3

Tilia 2.6 0.6 8.9 9.5 6.7

Acer 0.5 0.3 0.7 0.5 0.9 3.6

Syringa/Ligustrum 1.0 1.7

Paliurus type 5.1 1.3 15.3 7.7 7.0 38.5

Campanula 4.9 1.0

Caryophyllaceae 0.2 0.5 2.7 3.0

Silene 0.9

Cerastium 2.8

Geranium 0.8 0.4

Hyosciamus 1.0

Ranunculaceae 0.5 2.0 2.1 1.6 0.5 0.5 2.3 0.5

Helleborus 0.2

Ranunculus typе 2.3

Scrophulariaceae 1.5 2.2 1.5 2.1

Veronica 0.5 1.2 1.2 3.4
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negative correlations with Fe, Co, Ca, Cr, and Zn. The
result demonstrates that K, Na, and Cr have positive coor-
dinates and correlations with factor 2 and negative correla-
tions with Cd, As, Cu, and Pb. Higher concentrations of K
and Na characterize the non-serpentine honey samples.

The relationships between samples on the basis of their
elemental concentrations were presented when cases
(samples) were projected on the factor-plane (Fig. 2). Most
of the serpentine samples show positive coordinates and cor-
relations with factor 1 which contribute to their separation.
The group of serpentine samples is more dispersed in the
factor-plane because of different correlations to both factors.
The non-serpentine samples have negative coordinates with
F1 and F2 and form a group on the plot area clearly separated
from the serpentine one.

Discussion

Melissopalynological Data and Physicochemical
Characteristics

The palynological data showed quite similar botanical origin
of the honey from serpentine and non-serpentine areas. Some
differences in the pollen spectra of the analyzed samples from
the same locality were found (Table 2) reflecting the climatic
conditions of the study territory during the years. The repre-
sentatives of Fabaceae, Rosaceae, and Brassicaceae families
were important for honey production at both sites. The higher
percentage values of Boraginaceae pollen characterized the
composition of honey from the serpentine area (Table 2).
The highest percentage value (28.9 %) was calculated for

Table 2 (continued)

Pollen taxa Sample no.

1 2 3 4 5 6 7 8 9 10 1p 2p

Linaria 6.4 9.1

Linum 0.1

Primulaceae 0.1 1.2

Liliaceae 0.1 0.1 0.2

Convolvulus 0.1 2.9 1.1 5.1

Evonymus 0.5

Cornus 8.5 5.1

Loranthus 0.5 0.2 0.2

Saxifraga 0.4

Sedum 0.1

Cistus 7.5

Salix 4.4 1.7

Nectarless (Pa)

Quercus 0.1 0.7 0.6

Carpinus betulus 0.6 0.5 1.3

Betula 0.2 0.2

Fagus 0.2 0.5 0.1

Picea 0.2 0.7

Pinus 1

Vitis 0.2

Sambucus 0.2 19.1

Papaveraceae 0.4

Hypericum 0.2

Poaceae 1.4 2.9 2.7 1.8 1.7 3 4.0 1.6

Plantago 0.5 8.8 1.4 6.6 0.8 5.2 4.3 28.6

Rumex 0.4 4.0 2.4 2.7 1.9

Chenopodiaceae 2.1 0.4

Sanguisorba minor 1.2 4.9

Artemisia 1.8

Sample number as in Table 1
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Onosma pollen in sample No. 6. Bearing inmind thatOnosma
pavlovae Petrova & Kit Tan is the only representative of the
genus in the studied area, we can conclude that it is a good
meliferous plant. Surprisingly low are the pollen percentages
of Caryophyllaceae, Silene, and Cerastium in the serpentine
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Table 4 Comparison between serpentine (n = 7) and non-serpentine
honeys (n= 3)

Serpentine honeys Non-serpentine honeys

Ca 41.71 ± 10.75a 76.33 ± 28.04b

Mg 20.71 ± 13.66a 15.23 ± 6.19a

K 336.57± 244.95a 1335.0 ± 504.65b

Na 10.70 ± 3.05a 15.43 ± 5.58a

P 80.71 ± 36.12a 58.80 ± 28.14a

Fe 3.10± 2.32a 8.50± 9.38a

Ni 0.43 ± 0.39a 0.02± 0.00a

Mn 1.14± 1.59a 0.56± 0.14a

Cr 0.01± 0.05a 0.02± 0.00b

Co 0.01± 0.00a 0.02± 0.00a

Cd 0.02± 0.01a 0.02± 0.00a

As 0.12± 0.23a 0.01± 0.00a

Cu 0.20± 0.15a 0.18± 0.1a

Zn 0.59± 0.16a 1.37± 0.57b

Pb 0.21± 0.15a 0.08± 0.00a

Data are means ± SDs. Significant value based on one-way ANOVA are
in italics. Values within rows followed by the different letters are signif-
icantly different according to Tukey’s test (P< 0.05)

Table 5 Percentage eigenvalues, variance explained by first three
components, and factor loadings of the variables

Factor 1 Factor 2 Factor 3

Eigenvalues % 35.33 25.17 18.00

Cumulative % 35.33 60.50 78.50

Variables

Ca −0.819 −0.132 0.507

Mg 0.139 0.603 0.775

K −0.817 0.045 0.147

Na −0.789 0.005 0.147

P 0.139 0.608 0.690

Fe −0.427 −0.396 0.366

Ni 0.394 0.351 0.116

Mn 0.185 0.612 0.629

Cr −0.794 −0.001 −0.268
Co −0.902 −0.218 0.021

Cd 0.031 −0.929 0.318

As 0.474 −0.808 0.923

Cu 0.274 −0.680 0.293

Zn −0.897 −0.109 0.362

Pb 0.614 −0.571 0.218
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honey samples, although representatives of this family are
very well presented on serpentines in the Balkans [40]. Pollen
grains from rare and endemic plants growing at the serpentine
site like Silene fetlerii D. Pavlova, Convolvulus boissieri
Stend. subsp. parnassicus (Boiss. et Orph.) Kuzm., Anthemis
rumelica (DC) Ferdinand, Micromeria dalmatica Benth.
subsp. bulgarica (Velen.) Guinea, Genista rumelica Velen.,
and Potentilla regis-borisii Stoj. were difficult for identifica-
tion at species and subspecies level and were included in an
appropriate pollen type.

Special attention was paid on the quantity of pollen grains
from plants known as Ni-hyperaccumularors [15] such as
Alyssum murale Waldst. & Kit. subsp. murale, Thlaspi
ochroleucum Boiss. & Heldr., and Th. praecox Wulfen in
Jacq. It is known that the botanical origin of nectar affects to
a certain extent the chemical composition of honey [41]. The
pollen morphological differences between these species are
very weak and the pollen grains calculated are placed in one
pollen group (Brassicaceae). The highest percentage of Bras-
sicaceae pollen was found in honey sample No. 4 (10.6 %)
and in bee pollen sample No. 2 (12.1 %). Brassicaceae species
are important but not essential sources for nectar and pollen. It
is quite possible that these plants are avoided by bees because
of the elevated Ni concentrations in their organs. Although the
chemical composition of bee pollen can be correlated with the
plant species from which pollen was collected [30], it is diffi-
cult to confirm this with our data for Brassicaceae pollen be-
cause of the insufficient material analyzed.

The nectarless plants in this region resemble 28.06 % of all
plants found in the studied area but their pollen is also includ-
ed in honey. All honey samples contained a low percentage of
pollen grains from nectarless plants such as Poaceae,
Plantago , Rumex , Sanguisorba minor Scop . , and
Chenopodiaceae (Table 2). The quantity of pollen grains from
Plantago and Rumex in honey samples is greater compared to
the one from Poaceae species which are the best presented in
the serpentine flora. Plantago carinata Scop. and Rumex
acetosella L. are the characteristic species of the serpentine
terrains not only in Bulgaria but in other Balkan countries
[40].

Despite that the identification of pollen in honey was per-
formed to the lowest possible taxonomic level (mainly genus
level), it does not allow the use of specific indicator species for

Fig. 1 Principal-component-analyses plot variables (vectors). Length of
the vectors is proportional to the strength of the correlations between
variables and one of the PCs (factors)

Fig. 2 Principal-component-
analyses plot cases (honey
samples). The origin of honey
samples and their numbers are
given in Table 1. Serpentine
samples—open circle; non-
serpentine samples—closed circle
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identification of the geographical origin in relation to the for-
age of bees. Pollen grains of Vicia, Artemisia, Centaurea
jacea-type, Cirsium-type, Matricaria/Achillea-type, Linaria,
Hyosciamus, etc., were related to non-serpentine pollen sam-
ples and obviously reflected the meadow type of vegetation
around the beehives at this site. The variation in the pollen
spectra of honey collected from the same locality and even the
same beehive were also a result of the differences in the sea-
sons during the years of collection which influenced not only
the pollen composition but also the nectar production [42].

The physicochemical characteristics of our honeys
(Table 1) are close to the results reported for different honeys
in Europe [43] and fall in the ranges accepted for honey qual-
ity and international regulatory standards [44]. Although one
of the honey samples has a value higher than 0.8 mS/cm
which is typical for honeydew honeys, we consider it as a
blossom honey because many exceptions to this rule were also
established [45, 46].

Elemental Concentrations

Metalliferous soils with abnormally high concentrations of
some of the elements that are normally present as minor con-
stituents (200–2000 mg kg−1, e.g., Mn) or trace constituents
(0.01–200 mg kg−1, e.g., Zn, Cu, Ni, Cr, Pb, As, Co, Se, Cd),
vary widely in their effects on plants [47] and pollinators [5].

The element concentrations vary between honey samples
and clear separation of serpentine from non-serpentine honeys
were found on the basis of the higher concentrations of Ni,
Mg, and Mn. Higher concentrations of Ni, Mg, Mn, and P in
serpentine honey samples in comparison to non-serpentine
(Tables 3 and 4) could be accepted as a result of the effect of
the soil and confirmed by performed PCA (Fig. 1). The de-
tected concentrations of Ni in honeys from Bulgarian serpen-
tine area are similar to the data of Ramalhosa et al. [29] mea-
sured for multifloral honey originating fromMorais serpentine
site in Portugal. Higher Ni concentrations in Czech honeys
reported by Lachman et al. [48] and in Slovakia honeys re-
ported by Kováčik et al. [49] are related to honeydew honeys
while nectar honeys have Ni in concentrations similar to our
non-serpentine samples. Although the concentration range of
Ni in Bulgarian serpentine honey vary between 0.06 and
1.2 mg kg−1, in most samples they are higher compared to
data provided for non-serpentine multifloral honeys from Bul-
garia [50], Morocco [51], Turkey [19, 21], and Poland [22].
High variation of Ni values was established also for unifloral
Bulgarian honeys [46]. The most pronounced differences of
accumulated elements in honey types, especially for trace el-
ements, were found between honeydew and blossom type of
honey [7, 48, 50]. The following Ni levels were reported for
multifloral honeys from different countries: 0.0–0.3 [19];
0.078–0.42 [51]; 0.1–0.8 [22]; 0.28–0.88 mg kg−1 [21] from

non-serpentine areas and 0.06–1.1 mg kg−1 [29] from serpen-
tine areas.

The variation in trace element content in different honey
types is considered primarily due to botanical origin rather
than geographical and environmental exposition of nectar
sources [7]. Our data demonstrate variation of metal concen-
trations in honeys even collected from the same locality and
the same beehive but from different vegetation seasons and
could be considered primarily a result of environmental influ-
ence or contamination. Even low, there is a possibility Ni to
fall in honey by pollen from Ni hyperaccumulator plant spe-
cies. Such assumption needs more precise analyses and future
experiments. Also Kováčik et al. [49] suspect the occurrence
of Ni-accumulating plant species in the locality where elevat-
ed Ni concentration in forest honey were found.

Worldwide there are no accepted maximum limits for Ni in
honey. The allowable amount in Bulgaria for Ni varies in
different foods from 0.1 mg kg−1 (milk) to 8.0 mg kg−1 (tea,
cacao powder) [10]. Although bee pollen has higher metal
concentrations than honey [7], the measured Ni both in bee
pollen and honey is in range considered as normal.

The mean Mg concentrations from serpentine honey sam-
ples were higher not only from the mean concentrations of
non-serpentine samples but also from previous data for
multifloral honeys from Bulgaria [50]. Magnesium concentra-
tions from serpentine honey samples were lower than the data
for serpentine honeys from Portugal [29]. The relations be-
tweenMg and Ca concentrations in serpentine soils and plants
are quite important characteristics and part of the serpentine
syndrome [13]. Also, lower Ca and higher Mg concentrations
found in serpentine honey samples in comparison to the non-
serpentine could be related to the available concentrations of
Ca and Mg in the serpentine soil (Ca:Mg<1). We suggest that
elevated Mg concentrations in serpentine honeys are charac-
teristic for honeys originating from such areas. Similar results
for Ca and Mg in serpentine honey samples were reported for
Portugal [29]. Our findings for Ca concentrations are in the
range suggested for honey by Szefer and Grembecka [17].
Calcium, potassium, and phosphorus were the most abundant
elements in both studied groups and synchronized with previ-
ous reported data [49, 52].

The results of PCA demonstrate that Mn is the third ele-
ment important for the separation of both groups of honey
samples. This element has elevated concentrations in serpen-
tine soils [13, 53]. Similar results were also reported for Slo-
vakian honeys [49]. Manganese is important for biological
processes and toxic only at much higher levels than those
encountered in honey [7]. Kováčik et al. [49] consider Ni
and Mn among the most discriminating variables which can
be used to distinguish between different honey types. Their
results are in accordance with our data.

Although the concentrations of Fe, Co, and Cr from ser-
pentine soils are normally elevated, they have low
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concentrations in serpentine honeys (Table 3). These metals
show similar values to the ones found by Bogdanov et al. [7],
Chakir et al. [51], Deribaşı et al. [20], Grembecka and Szefer
[22], Tuzen et al. [19], and Yurukova et al. [50] and could not
be considered important for separation of serpentine honey
samples. The maximal level of 19.25 mg kg−1 Fe determined
in this study was higher compared to previous reports from
Bulgaria [50], Turkey [19, 20], Poland [22], Bosnia and Her-
cegovina [23] and summarized data presented by Bogdanov et
al. [7]. The detected concentrations of Cr and Co were very
low (<0.01–0.02 mg kg−1) in both group of samples. The
concentration of Cr depends on the climatic conditions [7].
Small quantities of the element in serpentine samples and
the lack of significant variation between concentrations found
in our study do not confirm this.

Usually serpentine soils are not rich in Cu, Zn, and Pb and
their effect on serpentine honeys is expected to be low. These
metals do not contribute to separation of the groups of samples
which is confirmed by the PCA analysis. The concentrations
of Zn in non-serpentine honeys were twice higher compared
to the serpentine honeys. This fact could be a result of envi-
ronmental contamination related to the Zn mineralization and
Zn smelting operation in the region of the town of Kardzali,
10 km from the place where beehives are localized. Despite
that Zn concentrations in non-serpentine honeys were higher
than serpentine honeys, our values were lower than the max-
imal concentrations provided for Turkey [19], Poland, [22]
and Iran [28]. Honey contamination with Zn up to
41.25 mg kg−1 was reported by Vincevica-Gaile et al. [54]
when honey storage is in galvanized containers.

The metals Pb, Cd, and As do not contribute for separation
of serpentine and non-serpentine honeys. They are considered
as indicators for honey contamination [32]. These elements
could reflect the presence of contaminants due to environmen-
tal contamination or pharmacological (antiparasitical or acar-
icidal) treatment of honey or by incorrect procedures during
honey processing and conservation phases [50]. Lead is pres-
ent in most soils and rocks at concentrations below
50 mg kg−1 and generally shows relatively little mobility in
the soils and into vegetation. Significant translocation of this
metal to the upper parts of the plant is uncommon [47]. Lead
contamination of honey is usually related to air pollution by
motor traffic or industry and for good quality of honeys is
recommended beehives to be placed far from the roads [55].
No significant differences were found between Pb contamina-
tion of honey in polluted and non-polluted areas due to the
considerable natural variation of the data but the highest
values were often found in polluted areas [32]. Cadmium is
usually transported from soil to plant and contaminates nectar
and honeydew. Elevated soil Cd concentrations can be found
in soils containing waste from mining Zn sulfides and other
Zn ores, but may also occur in soils treated with industrial
wastes or with certain Cd-rich phosphatic fertilizers, or soils

subjected to irrigationwith Cd-enriched waters [47]. This met-
al originates from metal industry and might reach honey also
by air. The limits of 0.1 mg kg−1 for Cd and 1 mg kg−1 for Pb
[8, 9, 33] are not exceeded in all studied honey samples while
in bee pollen they are over the proposed limits. The mean As
concentration for all serpentine honey samples was
0.12 mg kg−1 which was below the maximal allowable level
(0.01–0.5 mg kg−1) [33, 34]. The mean concentrations for this
metal from non-serpentine honeys were similar to the results
reported for Iran [28], Bulgaria [50], and Bosnia and Herce-
govina [23]. Contamination of honey with As can be caused
by non-ferrous metallurgy, factories, and agrochemicals such
as fertilizers and arsenic-based pesticides [31].

Therefore, it was concluded that there was no health hazard
associated with consumption of honeys collected from serpen-
tines. We recommend a strict control on the origin of bee
pollen before its direct use as food additive or medication.

Conclusions

The results suggest possible negative effect of the elevated
metal concentrations of serpentine soils on the quality of
bee pollen and honey. Different elements have different
concentrations in honey from the same botanical type even
collected from the same geographical region, same locality,
same beehive, but in different vegetation season which
means that environmental factors and contamination are
of great importance for the elemental concentrations. For
more precise analysis of trace element content in honey,
special attention should be paid on the environmental char-
acteristics of the locality, altogether with the geographical
region and the botanical spectrum. The slight differences in
pollen composition found between serpentine and non-
serpentine honey samples do not allow the use of specific
indicator plant species for identification of the geographical
origin in relation to the forage of bees.

The beekeepers should be informed about possible neg-
ative effect of naturally metalliferous soils on the quality of
honey and bee pollen and should pay attention to the en-
vironmental characteristics of the locality where they place
beehives. A strict control on bee pollen used for medica-
tion is recommended in spite of further investigations in
this aspect.
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