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Abstract

Several successful approaches have been already carried out to perform the monitoring of various harmful substances, using the honey bees and their products. The aim of our investigation was to develop a monitoring system for determination of the impact of exhaust gases from the coal-fired power plant and similar combustion facilities on the surrounding area, using the honey bees.
Taking into account that the SO2 is the dominant part of the exhaust gases from this type of facilities, we were looking for the indicator most suitable for the sulphur detection. According to our findings the honey samples turned out to be the most sensitive indicators in this case, regarding the fact, that the natural content of the sulphur in the honey is very low. 
For practical assessment of this type of monitoring system, the net of 33 already existing apiaries was built. The honey samples were collected from each honey extraction during the whole pasture period, and the content of the sulphur was determined. On the basis of the measured SO42- concentrations for each of the 33 apiary location, the construction of a map presentation of the impact on the surrounding area was possible.
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Introduction
The Šoštanj coal-fired power plant with its 745 MW installed electrical power is the largest power plant in the Slovenia and eight years ago it has been also the largest source for the air pollution before the purifying facilities have been built. The whole power plant consists of three units as follows: B1-3  with 135 MW, B4 with 275 MW and B5 with 335 MW installed electrical power. During the first years of the operation of the power plant the surrounding pine forest has been remarkable handicapped.
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Figure 1  The power plant Šoštanj 

 
Under those circumstances the power plant improvement program has been established which anticipated: building up of the air pollution monitoring system as well as the construction of the purifying facilities for the exhaust gases. The implemented imission monitoring system consists of seven stationary imission measuring stations which continuously measure the SO2 and NOx concentrations and the meteorological data. The measured concentrations of the harmful gases give us the fast response information how much the air, travelling over the location of the imission station is polluted. Such information is very useful for the control of the purifying facilities but does not give us the realistic information about the impact of the harmful gases on the whole influenced area around the power plant. The very useful information about the impact could be achieved using the honey bees, because of their unique capability of sampling (1).

Materials and methods
In the first two years of our investigation starting in 1992 the emphasis was given on finding the most suitable indicator for the sulphur detection since SO2 is the dominant component of the exhaust gases. For this purpose we used two groups of six honey bee colonies, one located on the coal-fired power plant polluted area and another one on the location without local SO2 pollution.
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Figure 2  The six-colony apiary at the location of one of the imission measuring station.

 
The three different samples from both apiaries have been investigated, the honey, the pollen and the bee tissue. The investigation was carried out during the two years. Every year the 18 samples of honey, pollen and forage bee tissue have been collected from the polluted and non-polluted locations. The initial results have shown that the honey samples are the most sensitive for the estimating the environmental pollution with SO2.  After that a more detailed testing of different analytical methods has been carried out.

Sampling

For practical assessment of this type of monitoring system the net of 32 already existing apiaries was configured and in the 1994 the monitoring has been put in regular operation. The honey samples are collected from each honey extraction during the pasture period and then the final sample for analysis was prepared from equal parts from single extraction. On the basis of the SO42- concentrations determined in honey obtained for all apiary locations, the map was constructed which clearly show the impact of the harmful gases on the surrounding area.

Sample preparation

Approximately 200 ml samples of honey were collected in polyethylene bottles from different locations in the surrounding of the power plant. The honey samples were collected during the pasture seasons from May to August. Before analysing, the samples were homogenised by heating on 40°C and subsequent stirring.

Determination of sulphate concentrations

The numerous classical and instrumental analytical techniques are available for determination of sulphur and its species. Honey represents a unique sample because of its distinctive properties. Different analytical methods with different sensitivities were developed in our analytical laboratory for the purpose of determination of the content of the sulphate in honey (2). The commonly employed procedure for the determination of the sulphate in honey was the precipitation titration. In this procedure 15 g of sample was weighed, dissolved in distilled water and transferred into the 100 ml flask. The content of sulphate was subsequently determined by precipitation titration in a corresponding aliquot of the sample in the presence of the organic solvent. The end point of titration was determined photometricaly.

Results

 

The results of sulphate concentration testing in various samples from polluted and non-polluted location are shown in the Table 1.

Table 1  The mean value SO42- concentrations in honey, pollen and bee tissue from the non-polluted and polluted location. 

The results from the Table 1 evidently show that the honey is the most suitable indicator for the monitoring of SO2 pollution impact. This fact is also very welcome because the collection of honey samples is a simple procedure compared to the collection of pollen and forage bee tissue. Since the collected honey samples are from different origins, partly from nectar and partly from honeydew, the obtained 70 ppm concentration on non-polluted location represents the natural sulphate content in the honey (3).

On the Figure 3, 4, 5 the monitoring results of the impact of the SO2 pollution on the surrounding, for the three characteristic years are shown.
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Figure 3  The power plant pollution impact on the contaminated area in 1994
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Figure 4  The power plant pollution impact on the contaminated area in 1998  
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Figure 5  The power plant pollution impact on the contaminated area in 2001

 
In the case of the power plant Šoštanj the year 1994 was the last year without operation of any exhaust gases purifying facility. The calculated average SO42- concentration for the total observed area was in this year 396 ppm while the maximal concentration exceeds the value of 800 ppm what is ten times higher as the natural concentration in the non-polluted honey. In the year 1995 the first purifying facility on the B4 unit was already in operation. Comparison of Fig. 3 and Fig. 4 evidently show the remarkable improvement concerning the impact as a consequence of the purifying facilities work. For interpretation of impact in the period 1995 – 2000, the map obtained in 1998 was selected since this year impact corresponds to the mean value impact for this period. The average sulphate concentration for this year was 215 ppm and the maximal obtained concentration 510 ppm.

The second purifying facility (on the B5) was put in operation in the beginning of the year 2001 and the effect of this additional purifying was promptly detected by the bee monitoring net as shown in Figure 5. The calculated average sulphate concentration (for all 32 locations) for this year is 113 ppm. This concentration is already in the range of natural content of sulphate in the honey.

The mean value of sulphate concentrations for 32 apiary locations are calculated for all years of investigation and are presented in Figure 6.
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Figure 6  The mean value sulphate concentration in observed area per year

 
The Figure 6 shows the effects of putting IN the exhaust-gases purifying facilities at coal-fired power plant Šoštanj. It is remarkable how promptly follow the concentration of SO42- in honey samples, the change of SO2 emission concentration as a consequence of the operation of the exhaust gases purifying system. It was luck that we had a unique opportunity to test bee monitoring in such field experiment and were able to demonstrate the quality of the bee monitoring system. It shows that the SO2 pollution appears in honey from the air. The variation of the impact that we can observe in Figure 6 for years 1995 to 2000, are do to the meteorological situations as well as of the operational activity of the power plant. 

Discussion  

Among the pollution monitoring systems, the bee monitoring system expresses several specific properties but the sampling is the unique one. The honey sample for analyses, from only one hive per day, is composed by many millions of sub samples and comprises the very good mean value impact information for the several square kilometres large area. And what is the price for collecting such a sample? It depends if there are already existing apiaries or not. In our case we could build up the monitoring net using the existing apiaries. As shown in the Figures 3, 4 and 5 denser sampling locations are selected in the directions of the main pollution transport and in denser inhabited regions. The main directions of pollutant transport are the most evident in the Figure 6. The main transport is directed N and swings in between the NW and NE directions. The other significant direction of transport is SW.

The reason that the locations in the main pollution transport directions are still polluted in 2001 (yellow and red spots) is the remaining SO2 emission from the power plant unit B1-3 which is still not connected to the purification system. When this happens, all locations could be painted green and for sure no impact of the pollution from the power plant will be present. 

Measuring the impact of SO2 on the surrounding of the power plant give us the possibility to estimate the impact of other harmful exhaust gasses as well.
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