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Abstract

Toxic element pollution is an ecological concern in the regions where
mining, industry and agriculture are developing. Anthropogenic impact on
the environment results in the reduction of the population of honey bees
worldwide with varying degrees of morbidity and mortality. Bees exposed
to contaminants produce polluted products through various sources, in-
cluding foraging activities on contaminated plants. Therefore, monitoring
of honey bee products in terms of toxic elements is very important for food
safety and for preventing potential future ecological problems. The data
presented in this review are useful for bee health protection and improving
the quality and safety of honey production chain.
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TOKSICNI ELEMENTI - FAKTOR RIZIKA ZA
PREZIVLJAVANJE MEDONOSNIH PCELA (Apis mellifera L.)

Milica Zivkov Balo§!, Zeljko Mihaljev', Sandra Jaksi¢!
"Nau¢ni institut za veterinarstvo ,,Novi Sad®, Novi Sad, Republika Srbija
Kratak sadrzaj

Kontaminacija Zivotne sredine toksi¢nim elementima je ekoloski prob-
lem u regijama sa razvijenim rudarstvom, industrijom i poljoprivredom.
Antropogeni uticaj na Zivotnu sredinu uti¢e na smanjenje populacije me-
donosnih péela u svetu, sa razli¢itim stepenom morbiditeta i mortaliteta.
Péele izlozene toksi¢nim elementima, iz razlic¢itih izvora, ukljuc¢ujuéi ak-
tivnosti prikupljanja nektara i polena sa kontaminarinih biljaka, proiz-
vode kontaminirane proizvode. Stoga je monitoring toksi¢nih elemenata u
péelinjim proizvodima vazan za bezbednost péelinjih proizvoda kao hrane,
a takode i za sprecavanje buducih ekoloskih problema. Informacije u ovom
radu mogu biti korisne za unapredenje i zastitu zdravlja pcela i pobolj$anje
kvaliteta i bezbednosti meda.

Kljucne reci: pcela, med, toksi¢ni elementi

INTRODUCTION

Honey bee (Apis mellifera L.) is an extremely important insect not only
for humans, but also for the entire ecosystem to function. Honey bee is com-
pletely dependent on flowering plants (Roman et al., 2011). They forage over
very large areas and bring plant materials (nectar, pollen, propolis and hon-
eydew) to their hives. Toxicological conditions of the environment in which
honey bees live directly affect them, since their existence is directly related to
the natural environment. For these reasons, honey bees and their products are
considered as good bioindicators of environmental pollution (Aljedani, 2020;
Costa et al., 2019; Chicas-Mosier et al., 2017).

Environmental and food contamination with toxic elements has pro-
nounced carcinogenic and mutagenic effects, causing poisoning and metabo-
lism disruption (Murashova et al., 2020). Although trace elements (micronu-
trients) play an important role in the metabolism, they have potentially harm-
ful effects. The micronutrient metals (zinc, Cu, iron, selenium, chromium, etc.)
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can contribute to neurodegeneration, if they are outside their biologic range

(Chicas-Mosier et al., 2017). In addition, combined effects of co-exposure to

different metals can also occur (Monchanin et al., 2021). The non-essential

elements (lead, cadmium, mercury) can be toxic even in a trace amount. Re-

garding their level of hazard, chemical elements are divided into three groups:

1. highly hazardous substances (arsenic (As), cadmium (Cd), mercury (Hg),
lead (Pb), zinc (Zn));

2. moderately hazardous substances (copper (Cu), molybdenum (Mo), chro-
mium (Cr), tin (Sn));

3. low hazard substances (tungsten (W), barium (Ba), strontium (Sr), man-
ganese (Mn)) (Murashova et al., 2020).

This review is aimed at reporting the information about the impact of some
toxic and potentially toxic elements on honey bee health and survival. Since
honey bee products are widely used in human nutrition, and may be contami-
nated with toxic elements, the present review addresses the first of all apicul-
tural and food scientists. This information should be passed on to beekeepers
so that they can protect bee communities from the effects of environmental
contamination and produce safe bee products.

TOXIC ELEMENTS - EXPOSURE AND TOXICITY
FOR HONEY BEE

Pb is one of most widespread environmental contaminants, and its con-
tent is a subject of numerous environmental studies (Bilandzi¢ et al., 2011).
This toxic element is a natural component of the biogeosphere, and it enters
the environment from metal smelters, coal-fired power plants, from sewage
sludge or waste oil, or as a result of solid waste combustion. The amount of Pb
from natural sources in the biosphere is small compared to anthropogenic Pb
sources. However, the dominant anthropogenic emission of Pb into the envi-
ronment was the result of the use of organo-Pb compounds - additives in the
oil industry. Pb use in automobile fuels was forbidden a few years ago, but air
and water contamination is still quite high (Lambert et al., 2012). The primary
sources of Pb exposure for animals are contaminated soil, Pb paint on decrepit
buildings, Pb contaminated water, and Pb based products like batteries (Wald-
ner et al., 2002). The bioavailability of Pb in soil to plants depends on soil acid-
ity and the content of organic matter. Higher soil acidity and lower organic
matter content will cause higher Pb bioavailability. Translocation of Pb ions in
plants is limited. The largest amounts of Pb are found in cell walls of root cells.
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Pb is accumulated mainly inside the organs of bees feeding in industrial areas.
Low levels of Pb exposure cause unspecified cardiovascular, haematological,
and neurodevelopmental changes (NRC, 2005). In natural feeding areas, most
of Pb is found on the surface of bee bodies (Sadowska et al., 2019). Pb nega-
tively affects bees’ immune system - it slows down appetitive learning and re-
duces long-term memory specificity (Monchanin et al., 2021).

Most industrially produced As originates from agricultural products
such as insecticides, herbicides, fungicides, algicides, wood preservatives, and
growth stimulators for plants and animals (Eisler, 1988). The use of pesti-
cides containing As as well as other chemical products in agriculture results
in As accumulation in soil and plants and consequent finding of As as a trace
element in the environment and food (Roy and Saha, 2002; Mandal, 2017).
As causes poisoning that is associated with stomach pain. It is a protoplasmic
poison. When consumed by insects, arsenicals are absorbed through the mid-
gut or ventriculus wall. The toxicity of As is attributed to tissue and epithe-
lium disintegration and protein precipitation. Poisoned honey bees display the
symptoms such as inability to fly, distended abdomens, and diarrhoea. Honey
bees often die of poisoning during foraging. The As source for nonforaging
adult bees is contaminated pollen, nectar, and water brought by foragers. The
majority of bees that die in the hive are nurse bees (Fujii, 1980).

The concentration of Cd in the environment increases significantly
due to natural sources (volcanic activity, weathering and erosion) and anthro-
pogenic activities (mining, smelting, industrial production of plastics, dry bat-
teries, paints, and also through phosphate fertilizers that contain significant
amounts of Cd) (Polykretis et al., 2016; Satarug et al., 2003). Cd is actively
absorbed by plant roots, it is transferred into nectar and pollen, and it sub-
sequently accumulates in pollinators and their products (Bogdanov, 2006).
Polykretis et al. (2016) showed in their study that Cd causes a reduction in
immunocompetence in 3 days following the exposure to Cd in honey bees.

The impact of the elements like Hg, aluminium (Al), Cr, nickel (Ni) and
other potentially toxic elements on bees has been studied much less. Al is pre-
sent in the soil in variable concentrations. Bioavailability of Al to organisms
is increasing through mining activity, soil acidification, and carbon emission.
In acidic environments, it can be a major limiting factor to many plants and
aquatic organisms. Al exposure may be detrimental to foraging bee behav-
iours and to other ecologically relevant behaviours. Chicas-Moiser et al. (2017)
showed that Al affects floral decision making of bees potentially by altering
sucrose perception, increasing the activity level and reducing the likelihood
of foraging on uncontaminated resources. Selenium (Se) is a micronutrient
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and an essential mineral to plants and animals. This element is naturally found
in alkaline lands, but agricultural water dissolves it, leading to a build-up of
selenates, the bioavailable form of Se. Hladun et al. (2012) concluded that the
bees fed selenate were less responsive to sucrose. It is possible that this will lead
to a reduction in incoming food resources in the hive. Besides, if honey bees
forage on nectar containing Se, reduction in population numbers may occur,
due to direct toxicity. The same authors stated that it is possible that honey bees
cannot detect detrimental concentrations of Se.

During foraging activities bees are exposed to pollutants. Their hairy bod-
ies can keep different particles from the atmosphere, soil and water, and there-
fore, the toxic element levels in honey may reflect the actual amount in the
environment (Costa et al., 2019; Islam et al., 2014; Lambert et al., 2012; Por-
rini et al., 2003; Przybylowski and Wilczynska, 2001). In some cases, ultra-fine
particles of metal are inhaled by honey bees when they fly (Borg and Attard,
2020). However, bees can be exposed to contaminants through ingestion of
contaminated pollen and nectar (Di et al., 2016).

Honey bees may be exposed to metal pollution found in an area of around
7 km? surrounding the hives (Pogo Mracevi¢ et al., 2020). Contamination of
honey bees and their products by toxic elements may be a result of the in-
dustrial development, urbanization and transport (Hamad et al., 2020; Tutun
et al.,, 2019; Lambert et al., 2012; Bilandzi¢ et al., 2011). In addition to the
above-mentioned sources, contamination of honey may be caused by the use
of wrong procedures during harvesting, fumigation, extraction and process-
ing, storage and conservation phases (Bartha et al., 2020).

Toxic elements from the soil accumulate in plants and migrate to the body
of bees and reach the consumers through honey products and food chain. It is
known that plants accumulate toxic elements not only from the soil but from
the air as well. The type of plant, the mobility and bioavailability of toxic ele-
ments affect transfer from soil to flowers or other parts of the plants visited
by foraging bees. Herbaceous plants of natural biocenoses have a greater po-
tential to accumulate toxic elements compared to agrocenoses (Murashova et
al., 2020). It is important to point out that the literature clearly shows that
sunflower can accumulate toxic elements (As, Pb, Cu, Cd, Ni, Cr, Co), mainly
in shoots and roots (Dhiman et al., 2017; Stoikou et al., 2017; Angelova et al.,
2016; Garcia et al., 2006). Since growing sunflower plants has a high poten-
tial to collect metal contaminants, they are considered “hyperaccumulators” of
metals (Dhiman et al., 2017).

In addition to affecting plant health, survival and productivity, environ-
mental contamination exposes pollinators that depend on these plants to po-
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tentially toxic levels of toxic elements. The sublethal accumulation of some
metals and metalloids in the pollen and nectar of flowering plants can have a
significant effect on pollinator health and survival (Burden et al., 2019). Some
studies confirm that bees have the ability to detect some contaminants through
receptors on antennae and proboscis (Burden et al., 2019; de Brito Sanchez,
2011). Foraging bees do not detect some toxic elements, like Cd and Se, they
may readily consume them and therefore have a major effect on the health and
survival of the colony (Hladun et al., 2012; Burden et al., 2019). Still, honey
bees can reject contaminated food, the toxic levels of metals and metalloids in
the environment are still a significant risk to pollinators.

During foraging activities, worker bees partially purify raw material for
honey production from contaminants. That is why there is a lower level of
toxic elements in products than in raw material for honey production (Roman
et al., 2011). According to the research conducted in different countries, the
concentrations of toxic elements in honey and honey bee products decreases
in following order: bee > pollen > wax > propolis and nectar > honey (Roman
et al., 2011; Lambert et al., 2012; Formicki et al., 2013; Aljedani, 2020; Gutié-
rrez et al., 2020). The metals accumulate over time in the bees’ organs and
the nest, leading to toxic effects on the larvae and older bees (Aljedani, 2020;
Burden et al., 2019; Sadowska et al., 2019). Contaminants also accumulate in
the hive. Di et al., 2016, Formicki et al. (2013) showed in their study that Cd
accumulates the most in beeswax, while Pb content was high in both wax and
honey. Exposure of honey bees to As, Cu or Pb reduces learning and memory
performances (Monchanin et al., 2021). Larvae are much more sensitive to the
sublethal and lethal concentrations of metals than adult bees, and they exhibit
significantly increased mortality (Burden et al., 2019).

TOXIC ELEMENTS IN HONEY BEE PRODUCTS

Honey bee products are regarded as natural, healthy and clean (Bogdanov,
2006), but the public is generally not informed about the fact that honey may
also contain substances that could be toxic. Honey is a natural food with
nutritional, sensory and potentially therapeutic properties consumed without
any processing and is characterized by complex composition (Sergalio et al.,
2019). Honey has been recognized as a source of energy in human nutrition
(Boussaid et al., 2018) because its sugars are easily digestible (El Sohaimy et al.,
2015) and it is widely used as a sweetener in food industry and in a large num-
ber of food products (Amiry et al., 2017; Kek et al., 2017). These properties
are related to the chemical composition of honey. The possible health benefits
of consuming honey and bee products have been documented in early Greek,

10
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Roman, Vedic, and Islamic texts and the healing qualities of honey were ad-
dressed by philosophers and scientists all the way back to ancient times (Prica
etal., 2015).

The major component of honey is sugar, although other minor compo-
nents, such as enzymes, proteins, organic acids, vitamins, minerals, pollen
grains, waxes and phytochemicals, are also present (Buba et al., 2013; Sousa et
al., 2016; Kek et al., 2017; Zivkov Balos et al., 2019).

The properties and composition of honey depend on the region, bee spe-
cies, production season, floral source, soil characteristics, the period when it
is stored in the honeycomb, method of harvesting and postharvest storage
(Zivkov Balos et al., 2020). Mineral concentrations in honey depend on bo-
tanical origin, climate conditions, and significantly on geographical origin
and type of soil in which the plants grow (Zivkov Balos et al., 2018; Lazarevi¢
et al., 2017; Ursulin-Trstenjak et al., 2015; Formicki et al.,, 2013). The min-
erals mainly originate from the soil and nectar-producing plants, but they
may also come from anthropogenic sources, such as environmental pollution
(Solayman et al., 2016). Solayman et al. (2016) listed 54 minerals reported to
be found in honey in the literature on honey published in the past 15 years,
from all over the world. The mineral content of honey contributes to the col-
our of the honey. Darker honey types are richer in minerals. Black locust and
sunflower honey are characterised by low concentrations of ash and minerals,
compared to meadow, chestnut and honeydew honey (Lasi¢ et al., 2018; Dha-
hir and Hemed, 2015; Ursulin-Trstenjak et al., 2015). Electrical conductivity
(EC) is closely related to the concentration of minerals. Lighter honey types
are characterized by a lower EC than the darker ones (Zivkov Balo$ et al., 2018;
Zivkov Balos$ et al., 2019a).

Honey and other bee products can be a useful indicator for assessing envi-
ronmental pollution (Zivkov Balo§ et al., 2021; Dogo Mracevic et al., 2020; Ser-
galio et al., 2019; Lazarevic et al., 2017; Moniruzzaman et al., 2014; Bilandzi¢
et al., 2011). Traffic-related pollution and chemical intensive agriculture con-
taminate the air, water, and soil, which also leads to the increasing levels of
some toxic elements in honey bee products. The increased levels of some toxic
elements were found in close proximity to industrial areas (Bartha et al., 2020;
Hamad et al., 2020; Sadowska et al., 2019; Formicki et al., 2013; BilandZi¢ et al,
2011). Pb is metal whose maximum content in honey is limited by regulations.
The maximum permissible value of Pb is prescribed by national regulation on
maximum concentrations of certain contaminants in food and it is set at 0.10
mg of Pb/kg for honey (Official Gazette, 81/2019). This regulation is harmo-
nized with the European regulation (Commission Regulation, 1005/2015).

11
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In our previous study, Pb concentrations ranged from 0.002 to 0.096 mg/
mg with a mean value of 0.051 mg/kg in fifteen sunflower honey samples from
all the examined locations in Serbia (Zivkov Balos et al., 2021). The following
Pb levels have been found in the honey from different countries: Croatia (65.2
ug/kg; reported by Bilandzi¢ et al., (2011) and 0.02 - 0.11 mg/kg; reported by
Ursulin-Trstenjak et al., (2015)), Romania (51.674 pg/kg; Oroian et al., 2016),
Poland (0.048 mg/kg; Przybylowski and Wilczynska, 2001), Turkey (0.80
mg/kg; Tutun et al.,, 2019), Iran (507.58 pg/kg; Aghamirlou et al., 2015), Iraq
(0.108 - 0.820 mg/kg; Dhahir and Hemed, 2015), and Malaysia (0.36 mg/kg;
Moniruzzaman et al., 2014). The authors of the cited articles have concluded
that higher concentrations of Pb in the examined honey samples may be a
result of the location of hives in the areas, as they were near roads, industrial
or building sites.

CONCLUSION

The danger of honey bee extinction is a significant issue not only from the
aspect of ecology, but also from the economic point of view. The accumula-
tion of toxic metals in the pollen and nectar of flowering plants can have a
detrimental effect on honey bee health and survival. Honey and honey bees
are good indicators used for monitoring of environmental pollution. Mineral
composition of honey bee products is strongly affected by both natural and
anthropogenic factors. The data presented in this paper are useful for improv-
ing the quality of honey production chain. Beekeepers should pick the loca-
tion of their hives with caution. The procedures applied during the production
and processing of honey should be in accordance with hygiene standards, in
order to prevent the contamination of bee products from beekeeping source.
Besides, it is important to monitor the levels of toxic elements in the honey and
honey bees in terms of their toxicity and for the prevention of future ecological
issues.
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