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Abstract

Analyzing the content of bioelements and toxic metals in honeys of various botanical
origin is important for the consumers’ health. In addition, many authors notice that re-
sults of such analyses can help to identify the botanical and geographical origin of honey
and to use the product as a bioindicator of the overall contamination of the environment.

The content of As, Cd, Pb, Zn, Cu, Mn, Ni, Mg, Fe, Cr was determined in samples
of nectar honey (acacia, linden, goldenrod, multifloral, buckwheat, oilseed rape) originating
from some areas in the Province of Lower Silesia unexposed to industrial and traffic emis-
sions. In order to demonstrate differences in concentrations of the metals in particular
honey samples, one-factor analysis of variance or the Kruskal-Wallis test was applied, and
the correlation between levels of individual metals in the honeys was investigated. Simila-
rities between the honeys with regard to the metal content were determined using Ward's
method of cluster analysis.

Among the analyzed nectar honeys from Lower Silesia, the content of zinc was the
highest in linden flower honey (13.41 mg kg1), copper and manganese — in buckwheat
(1.50 mg kgt and 9.40 mg kg1, respectively), nickel — in multifloral (1.03 mg kg™!) and
buckwheat (1.25 mg kg™1), magnesium — in goldenrod (29.6 mg kg™1) and iron — in linden
flower (2.11 mg kg1) and goldenrod (2.00 mg kg™1) honeys. The content of arsenic, cad-
mium and lead did not exceed the permissible values, i.e. 0.20, 0.03 and 0.30 mg kg™1. The
correlation analysis performed on the concentrations of the metals in the honeys demon-
strated that manganese was positively correlated with copper and nickel, while iron corre-
lated with zinc.

prof. dr hab. Lech Nowak, Institute of Landscape Architecture, Wrocdaw University
of Environmental and Life Science, pl. Grunwaldzki 24A, 50-363 Wroc3aw, e-mail: lech.no-
wak@up.wroc.pl



438

Oilseed rape and acacia, as well as multifloral and goldenrod honeys were most simi-
lar to each other in the accumulation of the metals. Using the accumulation of metals in
honey as a bioindicator of environmental pollution should be verified on material origina-
ting from areas where there are differences in the content of especially dangerous metals,
cadmium and lead in particular.

Key words: honey, honey variety, bioelements, metals, bioindicator.

ZAWARTOEE BIOPIERWIASTKOW | METALI TOKSYCZNYCH W MIODACH
O RO"NYM POCHODZENIU BOTANICZNYM Z DOLNEGO EL¥SKA

Abstrakt

Badanie zawartoeci biopierwiastkéw i metali toksycznych w miodach o ré;nym pocho-
dzeniu botanicznym ma przede wszystkim znaczenie z uwagi na zdrowie konsumentow.
Wielu autoréw zauwaia te; mo¢liwoez kategoryzacji na tej podstawie pochodzenia bota-
nicznego i geograficznego miodu, a takie stosowania tego produktu jako bioindykatora 31cz-
nego skagenia erodowiska.

W prébkach miodéw nektarowych: akacjowego, lipowego, naws3ociowego, wielokwiato-
wego, gryczanego i rzepakowego pochodzlcych z terendw wojewddztwa dolnoeltskiego
w niewielkim stopniu narajonych na oddzia’ywanie emisji przemys®owych i komunikacyj-
nych okreglono zawartoez: As, Cd, Pb, Zn, Cu, Mn, Ni, Mg, Fe, Cr. Do wykazania ré;nic
w zawartoeci metali w poszczegélnych odmianach miodu zastosowano test jednoczynniko-
wej analizy wariancji lub test Kruskala-Wallisa. Zbadano korelacje miédzy zawartoecit po-
szczeg6lnych metali w miodach. Do okreelenia podobiefistwa odmian miodéw pod wzglé-
dem gromadzenia metali zastosowano analizé skupief, uiywajic metody Warda.

Spoeréd miodéw nektarowych pochodzicych z Dolnego Eliska najwiécej cynku zawie-
ra3 miéd lipowy (13,41 mg kg1), miedzi i manganu — gryczany (odpowiednio 1,50 mg kg1
9,40 mg kg™1), niklu — wielokwiatowy (1,03 mg kg™) i gryczany (1,25 mg kg1), magnezu —
nawdociowy (29,6 mg kg™), a celaza — lipowy (2,11 mg kg™) i nawsociowy (2,00 mg kg™).
Zawartoez arsenu, kadmu i o%wiu nie przekroczyla dopuszczalnych wartoeci, tj. odpowied-
nio 0,20, 0,03 i 0,30 mg kg1. Analiza korelacji zawartoeci poszczegélnych metali w miodach
pozwolida stwierdziz, ¢e zawartoez manganu by3a dodatnio skorelowana z zawartoecil mie-
dzi i niklu, a ¢elaza z cynkiem.

Najwiéksze podobiefistwo, jeeli chodzi o kumulacjé metali, wykazaly miody rzepakowy
i akacjowy oraz wielokwiatowy i naw3ociowy. Wykorzystujic ten fakt do bioindykacji ska;e-
nia erodowiska, naleia’by zweryfikowaz go na materiale pochodzlcym z obszaréw, gdzie wy-
st1pidyby ré;nice w zawartoeci metali szczegdlnie niebezpiecznych, zwiaszcza kadmu i olowiu.

S3owak kluczowe: miéd, odmiana miodu, biopierwiastki, metale, bioindykator.

INTRODUCTION

In recent years, there has been an increasing interest in analyzing me-
tallic elements in bee honey, reflected by a growing body of the relevant
literature (PoHL 2009). The research is stimulated by the importance of hon-
ey in human diet. Honey is a source of many vital elements (KoT, ZAREBA
2008). However, when present in excessive amounts, some of these elements
may become a health hazard.
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The content of mineral components in honey is affected by the soil in
the area where the nectar is collected and by the plant speciation. Studying
the content of elements in honeys may therefore be useful for classification
of honeys with respect to their geographical and botanical origin, and for
verification of the information given by the producers (Boepanov et al. 2007,
Mabeiczyk, BARALKIEWICZ 2008, PoHL 2009).

The metals in honey are also of anthropogenic origin (mines, smelters,
industrial and urbanized areas, transportation routes). Hence, the product
may serve as a bioindicator of the overall contamination of soil, plants, wa-
ter and air of the area where bees collect the nectar (PoHL 2009, Yazcan et
al. 2006, SpobNiEwska, Romaniuk 2007). Cadmium and lead are among the
most toxic elements in honey that have an anthropogenic origin (Bocbanov
et al. 2007). However, these authors indicate difficulties in using honey for
bioindication due to differences in its botanical origin.

In view of the above, it seemed recommendable to determine whether
honeys of various botanical origin produced in Lower Silesia were safe for
consumers, and to compare their content of bioelements, thus finding the
varieties which accumulate metals to a similar extent.

MATERIAL AND METHODS

Tests have been performed on honeys made in 2007 at movable apiaries
set in areas very slightly exposed to industrial and traffic emissions and
situated in Lower Silesia. The content of arsenic, zinc, copper, manganese,
nickel, magnesium, iron, chromium, cadmium and lead was determined in
samples of acacia, linden, goldenrod, multifloral, buckwheat and oilseed rape
honeys.

Honey samples were mineralized in concentrated nitric acid under pres-
sure, in a CEM Mars 5 mineralizer. The content of the metals was assayed
with the plasma spectrometry method (emission) ICP-AES and the results
were expressed as mg kg~ of dry mass.

In order to determine the differences in the content of the metals be-
tween the honey types, one-way analysis of variance (Fisher’s test) was ap-
plied. The means were compared using Tukey’s test. When the data did not
meet the criteria of the classical variance analysis (a negative result of the
variance homogeneity test), the non-parametric Kruskal-Wallis test was used
(Statistica 7).

Correlation between the levels of individual metals in the honeys was
investigated, i.e. correlation coefficients were found at the corresponding
probability levels.
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Similarities between the honey types in the accumulation of the metal-
lic elements were determined by the cluster analysis of standardized data,
using Ward's method and the Euclidean distance.

RESULTS AND DISCUSSION

None of the honey samples contained arsenic, cadmium and lead in ex-
cess of the allowable levels of contamination, i.e. 0.20, 0.03 and 0.30 mg kg1,
respectively (Regulation of the Minister for Health 2003) — Table 1. Hence,
in this respect, they can be deemed as safe for the health.

The highest mean content of zinc (13.41 mg kg™1) was found in linden
flower honey. The content of Zn in the other honey types ranged from 1.54
to 2.87 mg kg~1. Significantly less zinc than in linden honey appeared in
buckwheat and oilseed rape honeys (Table 1). Linden honey was found to
contain more zinc than acacia or oilseed rape honey in a study conducted in
Switzerland by Bocbpanov et al. (2007). In unpolluted areas of Romania, the
zinc content was the highest in linden honey and the smallest in oilseed
rape honey (BraTu, GeEorcEscu 2005), analogously to our tests completed in
Lower Silesia. In honey samples collected in various regions of Poland, the
Zn content was the largest in oilseed rape and linden honeys (Ko, ZArREBa
2008). The zinc content in linden, buckwheat and oilseed rape honeys col-
lected in Pomerania was on average: 4.33, 6.66 and 4.17 mg kg1, respec-
tively (PrzyByeowskl, WiLczyRiska 2001).

Significantly the highest amounts of copper (on average 1.40 mg kg™2)
were in buckwheat honey, compared to all the other varieties. Less copper
in honeys was found by Bocepanov et al. (2007): 0.180 mg kg1 in acacia,
0.382 mg kg1 in linden and 0.265 mg kg1 in oilseed rape honey. The ex-
periment conducted in Poland by Kot and Zarésa (2008) showed that buck-
wheat honey accumulated the largest amounts of copper (0.30 mg kg™1),
with linden, oilseed rape and acacia honeys to follow. A high content of
copper in buckwheat honey may be due to buckwheat's ability to absorb
from the soil some hardly available elements, including copper, which in
soil occurs in its hardly mobile forms.

The highest content of manganese (9.40 mg kg™1) was characteristic for
buckwheat honey, being significantly lower in acacia (0.27 mg kg1) and
oilseed rape honeys (0.45 mg kg™1). Similarly to our experiment in the Low-
er Silesia, Bogpanov et al. (2007) found a higher content of manganese in
linden than in acacia and oilseed rape honeys, whereas Kot and Zaresa (2008)
reported the highest manganese content in acacia and buckwheat honeys.

The content of nickel in multifloral (1.03 mg kg™1) and buckwheat hon-
ey (1.25 mg kg™1) was significantly higher than in oilseed rape honey (0.54 mg
kg™1). The study in Switzerland (Bocpanov et al. 2007) showed less nickel
(on average 0.152 mg kg~1) in nectar honeys than in those of Lower Silesia.
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The highest content of magnesium was characteristic for goldenrod
(29.6 mg kg™1), multifloral (25.4 mg kg™1) and oilseed rape (17.4 mg kg™)
honeys. More detailed information on the differences in the Ni content be-
tween honeys of different botanical origin can be found in Table 1. Higher
magnesium content in nectar honeys (38.1 mg kg~! on average) was found
in the Czech Republic (LacHmAN et al. 2007).

Significantly more iron was determined in linden and goldenrod honeys
(2.11 and 2.00 mg kg1, respectively) than in the other varieties. Kot and
ZareBa (2008) found the highest Fe content in linden honey and the lowest -
in acacia one. The Swiss experiment (Bocbanov et al. 2007) demonstrated
that acacia honey was the poorest in iron.

The content of chromium exceeded 0.005 mg kg1 only in acacia honey.
Bocbanov et al. (2007) obtained values lower than 0.005 mg kg1 for all the
honey varieties they studied.

Differences in the content of metals between particular honey types from
areas only slightly exposed to pollution are a result of the differentiated accu-
mulation of metals in nectars of the respective varieties, which depends on
the species-specific physiology of plants and the environmental conditions, es-
pecially the properties of the soil on which the nectar-bearing plants grow.

Our analysis of the correlations between the concentrations of the metals
in the honeys demonstrated that manganese was positively correlated with
the content of copper and nickel, while iron correlated with zinc (Table 2).

Table 2
Correlation between the analyzed elements
Element Zn Cu Mn Ni Mg Fe
Zn X -0.29 -0.22 -0.03 -0.33 0.67
Cu X X 0.75 0.21 -0.10 -0.18
Mn X X X 0.63 -0.05 -0.23
Ni X X X X 0.03 -0.12
Mg X X X X X 0.34
Fe X X X X X X

Explanation: in bold — significant at 0.05

The cluster analysis showed that oilseed rape and acacia honeys were
the most similar varieties in terms of the content of the analyzed metals,
followed by multifloral and goldenrod honeys. In this respect, buckwheat
honey differed the most (Figure 1). This fact may be taken into account
when verifying the botanical origin of honey and when using honey as an
environmental bioindicator.
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Fig. 1. Dendrogram of cluster analysis for types of honey

CONCLUSIONS

1. Among the analyzed nectar honeys made in Lower Silesia, the con-
tent of zinc was the highest in linden honey, copper and manganese — in
buckwheat, nickel — in multifloral and buckwheat, magnesium — in golden-
rod, and iron — in linden and goldenrod honey. The content of arsenic, cad-
mium and lead did not exceed the permissible values.

2. With respect to the accumulation of metals, oilseed rape and acacia
honeys were most similar to each other, followed by multifloral and golden-
rod honey types. Using the accumulation of metals in honey as a bioindica-
tor of environmental pollution should be verified on material originating
from areas where there are differences in the content of especially danger-
ous metals, cadmium and lead in particular.
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