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Abstract

The honeybee (Apis mellifera) moves over a wide area, of up to several km radius, from the hive, visiting plants and sources of water. The bees are exposed to numerous sources of pollution that imply the risk of toxicity. The sources of air, water, and soil-pollution may be found in, e.g., industrial emissions, exhaust-fumes from traffic, coal-fired power stations, and the use of chemicals. Contamination of the individual honeybee is possible when it flies in polluted air, it's also been stated that bees occasionally confuse polluting substances in powder form with pollen, and therefore, by mistake, brings it back to the hive. Atmospheric contamination of the flower-nectar results in the same degree of pollution as if the bee colony had been directly contaminated. Many plants can absorb and concentrate specific elements from the soil, as pesticides, and heavy metals. Bees visiting these plants will thus become transmitters of polluting agents. The degree of contamination of an individual bee depends both on the electrical charge of the bee-body and absorption, but also on the general health status of the bee-colony. The possibility to develop multie-dimensional sampling methods of environmental agents effecting the ecosystem, using bees offer opportunities for exceptional biological environmental monitoring. A so-called bee-counter in combination with a Geiger-Muller-counter is one possibility for monitoring different radioactive, polluting agent's i.e. Cesium 137. The preliminary monitoring system, currently in use in Sweden, has already produced interesting results about polluting sources allowing preliminary ecotoxicological risk assessments. The monitoring-system has been discussed in order to establish a network of monitoring apiaries in several European countries, to follow every day changes in the radioactivity pattern. This will, in combination with laboratory based ecotoxicity tests, provide new possibilities to follow long-term environmental changes and predict effects caused by pollution of agents like pesticides, heavy metals, and radioactive downfall.
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INTRODUCTION

The honeybees ( Apis mellifera) are exposed to numerous sources of pollution that imply the risk of toxicity. As the honey-bees are known for moving over a wide range area, of up to several km radius, from the localisation of the beehive and apiary visiting flora and different sources of water. Bees are in many ways useful for monitoring different environmental effects. Monitoring of bees and other social insects may provide possibility to determine the cause of both short and longterm environmental changes (Stark J.A, 1993, Mansour SA, 1987).

The sources of air, water, and, soil-pollution may be found in, e.g., industrial emissions, exhaust-fumes from traffic, coal-fired power stations, nuclear power stations, and the use of chemicals in industry and agriculture. Environmental monitoring using honeybees as bioindicators offers several possibilities, as bees can be used as both primary and secondary transmitters of pollution. Contamination can both be traced in the bee-body (i.e. head, abdomen, and thorax), in products from the hive, for example honey, wax, or propolis, or in the pollen-samples brought back to the hive (Stark J.A, 1983). Contamination of the individual honeybee is possible when it flies in polluted air. It has also been stated that bees occasionally confuse polluting substances in powder form with pollen, and therefore, by mistake, brings it back to the hive (Tong et al. 1975). Atmospheric contamination of the flower and nectar results in the same degree of pollution as if the beecolony had been directly contaminated (Stark J.A, 2001).

Many plants can absorb and concentrate specific elements from the soil, as heavy metals or pesticides (Glinski et al, 2003). Several studies of trace amount of heavy metals have been reported, for example Mercury levels in different parts of the bee body from industrially contaminated areas have been compared to levels in uncontaminated areas. The Mercury levels measured in the bee body increased between 4-8 times. In honey samples the Mercury levels from contaminated areas were over 50-100 fold increased (Toporcak J, et al 1992). Recent studies from Italian researchers also indicate that honeybees and some honey-related products like pollen and wax can be used as biological indicators of pollutants. (Conti PE and Botre F, 2001) 
High radioactive Cesium 137  (Cs137) levels in the environment, is mainly the effect of the Chernobyl nuclear accident in spring of 1986 when the nuclear power station in Chernobyl, former Soviet Union, experienced a melt down. One major health problem with the increased amount of Cs137 in the environment is the short- and long-term effects on humans. Cesium, similar to Potassium, is rapidly distributed in the human body and ionizating radiation possesses harmful effects on humans, increasing the risk of cancer (Jankowski J, 1995). Due to the weather conditions the week after the Chernobyl accident the fallout of Cs137 was seen both in northern and western parts of Europe and the major sites in Ukraine. As the half-life of Cs137 is slightly over 25 years, the cumulation in flora and wildlife still provides us with an important source of information about the long-term effects of the 1986 downfall. A number of reports have focused on the cumulation of Cs137 in different food used in daily diet such as wild fruits and berries, mushrooms, meat, and honey (Borawska M.H et al, 2000). Using several sampling methodologies to collect pollen, honey, nectar, and dead bees and connecting the bee-counter to a Geiger-Muller counter (Stark J.A., 2001), honeybees could prove an ideal biological marker for monitoring early environmental changes. Biomarkers or bioindicators as they are also termed, can both be individual organisms like a specific specimen of an endangered specie, or a population of organisms like a bee colony monitored long term, giving early warnings to changes in the environment (Gray JS and Lam PKS, 2003).

Environmental changes due to foreign chemical or radioactive agents can often both be detected by measuring various chemical and physical variables, today  biological measurements of, for example, marine species, some endangered vertebrates, or social insects are more often used to get early reports of changes in the biotops surrounding the area.

The first objective of this study was to test the possibility to develop multi-dimensional sampling methods for detecting environmental agents like pesticides and radioactive downfall, effecting the ecosystem.

The second aim was to work out a strategy for adapting this system in order to establish a network of monitoring apiaries in several European countries, to follow every-day changes in the radioactivity- and chemical downfall patterns.
MATERIALS AND METHODS

The experimental sites were situated in five different locations around Sweden. Two experimental fields in the south (Halland and Värmland), two in middle (Jämtland and Uppland) and one in the northern parts of  Sweden (Tornedalen). The area of monitoring around each of the participating apiaries was calculated to be approx. 3 km in diameter. Main activity around these places is agriculture land, airport and highway-area. Experiments were carried out in five geographical replicates. In each place, three replicates on each different sampling-methods (pollen, dead-traps, bee counter, live bees, and developing of brood) were used.  Collection of pollen was carried out by using pollentraps. Collection of dead bees was made by using dead-traps and bee-activity in the hive was recorded by using an electronic bee-counter.
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Fig .1 Bee-counter in field apiary (Josef Stark ®)

Each experimental place was represented by another bee race. Biological test of collected bees and pollen was made Drosophyla and Aedes Egypty. Chemical analysis was performed by gas-and liquid chromatography.

RESULTS

Antioxidant downfall

Daily variation in the number of dead bees was found between the different experimental places. The difference depending on bee race, geographical position, beekeeper, and the variation in the environmental area at the specific apiary. The major difference was found in colonies infested by Varroa destructor mites. The apiary located nearest to an airport showed the most significant amount of antioxidants and the peak of antioxidants was correlated to the highest number of dead bees collected in the dead-traps. 
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