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ABSTRACT

Influence of air pollution on activities of honeybee colonies was studied through recording the different detrimental effects on both queens and workers of these colonies sited in the range of this pollution .Also, the contamination level of the produced honey was measured . The results showed that the number of foraging bees (go off or landing on the hive entrance) was affected greatly where the honeybee colonies located near the highway road or the sugar factory . The mean number of the workers left the hive entrance was 3.36 bees / minute for those colonies sited downwind (south-east) of the pollution sources (at 0.60km of the factory and 0.30km of the high way) . The corresponding figure for the colonies located away and upwind of the pollution source (6.50km of the factory and 7.50km of the highway) was 10.05 bees / minute . The landing rate of the bees of the former colonies was 1.81 bees / minute, while for the later ones was 8.33 bees / minute .

Determination the mean life span of the experimental bees indicated that the bees of the colonies located away from the pollution source lived double period (48.40 days) of those bees of the colonies located close to that pollution (23.42 day) .

On the other hand, recording the daily rate of egg laying of the tested bees revealed that closeness of the honeybee colonies to the pollution source reduced egg laying capacity of their queens (415.14 eggs / queen), while that capacity the queens of those colonies located away from pollution was 976.33 eggs / queen . Also supersedure of the queens of the nearest colonies of the pollution source occurred within 11.20 months, however those placed away from that source their queens worked properly for more than 24 month . The population of the experimental colonies varied from 5.50 comb/ colony for those located near the pollution source and 8.12 comb / colony for those sited away from that source . Determination of the toxic metal residues of the honeys produced by the different colonies revealed that the highest level of lead (810.00 ppb) was found with the honey extracted from those colonies located close to the pollution source (0.60km), while the lowest one (210.0ppb) was recorded with that honey produced by the colonies sited at distance of 6.50km from that source . The same variation was recorded for cadmium, where the honey produced by the colonies sited in the downwind at distance of 0.60km from the factory and 0.30km from the highway have the high amount (229.10ppb) of this metal, in comparison to 0.36ppb for the honey produced by the colonies located far away from these pollution sources (6.50 and 7.50km, respectively) .
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INTRODUCTION

On the last decades, sources of pollution became numerous. The main constitutes of the environment  (air, water and soil) contaminated by a various levels Air got pollution through automobile exhaust, mining operations and power generation (Gilbert and Lisk, 1978; Morse et al 1980; Bromenshenk, et al., 1991). While water and soil were contaminated by the industrial wastes and the intensive use of pesticides (Anderson and Wojtas, 1986). As well as contaminants belong to nuclear energy programs which release liquid and gaseous effluents (Wallwork-Barber et al, 1982). 

Pollutants from these sources involved into biological pathways and transferred by various mechanisms to reach humans through food chains (Handa et al. 1997). Honey bee is a mobile living part of those mechanisms, where bee workers forage in an area having almost 6 km, in radius, for collection water, pollen, nectar and propolis Visscher and Seeley (1982). They often cover a total area up to 100 km2 (Leita, et al., 1996), and then come back to their hives carrying some contaminants, available on the surface they contacted, Therefore, bees consider an excellent bioindicator of these pollutants. Focusing on activities of some honey bee colonies sited in a particular area and analysis of the honey they produced can provide a plethora of information concerning the level of contamination in that area. That was the idea of the present work which aimed to study the effects of certain pollution sources at a particular area of Minia region on life of honey bee colonies and purity of their produced honey. 

MATERIAL AND METHODS

On July 2000, eight old established apiaries sited at different directions of the high way and sugar factory were selected at Abo-korkas district, Minia governorate, Minia, Egypt. Location of the selected apiaries around the sources of pollution were as follows: apiary A at 1.20 km north and 100 m west, B at 400 m south and 250 m west, C at 600 m south-east and 300 m east, D at 1.20 km south-east and 900 m east, E at 1.30 km south-west and 1.50 km west, F at 8.00 km south and 400 m west, G at 7.20 km south-west and 550 m east, and H at 6.5 km north-west and 7.50 km west of the sugar factory and the high way, respectively. Another virgin queens reared from one source substituted the queens of seven colonies of each experimental apiary. Two weeks latter, the experimental colonies were inspected to mark the successful mated queens. At the last week of December 2000, four colonies out of those having the marked queens were chose for the study. The selected colonies were in almost conditions (stored food, brood, and population). With commence of the seasonal work of the sugar factory (1 January to 8 March and 13 May to 16 June) and for two consecutive years, the experimental colonies were examined to record the following measurements:

1- Foraging activity 

Counting the number of bees going out and those landing per minute was done once a week (three times per day at 10.00 am, 1.00 p.m. and 4.00 p.m.) over the study period, and the mean number of each activity was calculated (Gary, 1967; Gary et al; 1978). 

2- Worker longevity 

Seventeen days after commence of the work of the sugar factory, the half comb cages were used to cage a compact area (4×6 inch for each experimental colony) of a sealed brood area (about emergence).

Two days later, the caged areas were inspected and the fifty individuals of emerged bees were marked on their thorax with quick-drying paint having a particular color. All marked bees along with their combs were subsequently reintroduced to their respective colony by the swarm introduction method (Grout, 1960). The experimental colonies were examined periodically in the dusk to count the marked bees until disappearance all of them. The longevity was calculated as the last day the bee was observed and the next observation date (Terada et al; 1975, Winston et al; 1983). The mean life span of the worker of each colonies group was determined by using modified probit-analysis (Milne, 1980). This procedure repeated six times (once every four moths) over the period of the study. 

3- Egg laying rate of the queens 

The combs of the experimental colonies were inspected for successive two days period for counting the deposited eggs according to method reported by Kefuss (1978). The daily egg-laying rate was calculated by subtracting the total number of eggs of the first day out of the total number of eggs of consequent day.

Counting the daily rate of egg laying was done once every 15 day over the study period, and the means of the daily egg laying rate for each group of the queens of the experimental colonies were determined.  

4- Supersedur time of the queens 

The experimental colonies were inspected weekly to record presence of their marked queens and existence of supersedes queen cells or absence of the queen was considered supersedure case (Tompkins and Griffith, 1983).

The mean time of supersedure of the queens of the experimental colonies was estimated and then the general mean of supesedure timing of each colonies group was calculated.     

5- Colony population 

Number of combs covered with bees of each experimental colony was weekly recorded and the mean numbers of those combs over the study period were determined. 

6- The metal content of the honey 

At the end of the main honey flow in region of the study (July, 2001 and 2002), honey samples were collected from the hives of the experimental colonies by cutting out an area of a sealed honey comb of each hive and squeezing the honey in the glass containers (Krunic et al; 1989). The containers of the collected honey samples were kept in deep-freezer till the chemical analysis.   

The metals; copper, zinc; lead and cadmium were determined after ashing using a Unicom atomic absorption spectrophotometer model (929). The conditions of analysis were typical described by Farag et al; (1990), and A.O.A.C. (1990). 

The collected data of different measurements of the present study were subjected to one way analysis of variance according to method of Mead et al (1993) and comparison among means of different treatments were achieved using the least significant range (Duncan range).

RESULTS AND DISCUSSION

Results of Table 1 showed that foraging activity of the colonies sited in the exposure area of the pollution sources was significantly affected, where the lowest rates of foraging (3.36 and 1.81 bees/minute go off and landing, respectively) were recorded for those colonies of apiary C while, the highest rates of activity (10.05 and 8.33 bees/minute go off and landing, respectively) were observed for the colonies of apiary H. These results indicat two points, the first one is the number of forager bees com back to the hive, in general ,less than those going out, and particularly for those colonies located near the center of the pollution source, which may confirm existence of toxic elements of that field . The second one is that closeness to the pollution source not the main factor responsible for the harmful effect on the bee foraging activity, but location of bee colonies in downwind carrying the elements of that pollution seem to be the most effective cause. 

2- Worker longevity     

Estimation the mean life-span of the workers of the colonies sited in different directions and distances of the pollution sources (Table 1) revealed that the workers of those colonies sited far from the pollution sources (6.50 km north-west of the factory and 7.50 west of the high way) lived more than double period (48.40 day) of the workers of those colonies of apiary C (23.42 days) which placed near the pollution sources. The workers of the other colonies located in other sites lived period ranged between 25.67 to 41.87 days in an average. These results may support the results of Krunic et al; (1989) who reported that poisoning and killing of honeybees occur periodically in the area surrounding a copper smelting plant. They added that death of bees in that area due to the contamination of air with exhaust smoke which was more detrimental in certain direction and distance from the plant where mass killing and extermination of a large number of honeybee colonies often occur especially during the period of intensive nectar flow.

3- Egg laying rate of the queens 

Determination of the daily rate of egg laying of the queens of the experimental colonies showed that the minimum rate (415.14 eggs/day) was recorded for the queens of apiary C which situated near the pollution sources, while the maximum rate (976.33 egg/day) was observed with the queens of apiary H which outside the range of potential air contamination. The mean egg-laying rate of the queens of other experimental colonies came in between (Table 2). Lowering the oviposion rate of the queens of the colonies sited in the exposure area may have reflected the indirect toxic effects of pollution which may be affected on the quantity and quality of the food supplied to the queens either through illness of the workers health responsible for provision of the queens food, or changing the nature of that food. This explanation may agree with opinion of Southwick (1985) who stated that long-term exposure to oxidation gaseous in the air such as co2 causing premature aging of the bee and poor or incomplete development of glands. 

4- Supersedur time of the queens 

Results of Table2 showed that the queens of the colonies of apiary C lived the shortest period (11.20 months), while those queens of apiaries B, D and E lived on an average, 13.64, 14.93 and 15.71 months, respectively, in comparison to more than 24 months for their corresponding queens of those colonies located away from pollution sources (apiary H). Speed supersedure of the queens of the colonies placed on the field of pollution may confirm the negative effects of the pollution on their performance and consequently their survival. Johansen (1978) and Stoner, et al (1985) noticed also superseder of the queen of those colonies exposed to air pollution with pesticides.  

5- Colony population 

A significant difference was noticed between the population of the colonies situated in the area of pollution (apiaries, B, C, D, and E) and those located slightly away from that pollution (apiaries A, F and G), however the colonies sited far from the pollution sources were almost having a largest population (Table 2). Weakness of the bee population of those colonies placed closeness of the pollution sources seem to be a logical state, as result of short-lived of their workers and decline of egg laying rate of their queens.  

6- The metal content of the honey 

The chemical analysis of the honey sample collected from different experimental hives showed great variation among their contents of metals (Table 3). Copper content of the analyzed honeys ranged between 0.06 to 0.25 ppm with no significant differences among each other. Concerning zinc level of the tested honeys, the chemical analysis revealed that the highest content of this metal (21.70 ppm) was associated with those samples collected from colonies of apiary C, followed by the honey of apiary E (18.50 ppm) with no significant difference between them. However, a significant decrease of this content was noticed with the honeys produced by the colonies of the other experimental apiaries, which ranged between 0.37 and 5.50-ppm.

Similar trend was obtained for the lead content, where the analyzed honeys were statistically classified into four categories differed significantly among each other, the first one comprised of honeys of apiaries C, E and D which having 810.00, 766.50 and 755.90 ppb, respectively. The second one was for the honey of apiary A (509.10 ppb). The third one was refer to the honeys of apiaries G, B and F which contained, 346.30, 345.30 and 316.40 ppb, respectively. However the fourth category was indicate the honey of apiary H which have included the lowest content of that metal (201.20 ppb).

On the other hand, much variations were showed among the cadmium content of the tested honeys, where the content of that toxicant in the honey of apiary C (229.10 ppb) was more than double quantity of that level found in apiary D (105.90 ppb), or apiary A (110.30 ppb) and more than triple amount detected in the honey of apiary B (74.50 ppb), in comparison to negligible quantity (0.36 ppb) in the honey of apiary H. These findings may coincid with those findings of Vinas et al; (1997) in Spain, who found that the content ranges of copper, zinc, lead and cadmium of the tested honeys were, 0.06 to 1.32 ppm, 1.28 to 3.20 ppm, 30.00 to 270.00 ppb and 1.20 to 5.40 ppb, respectively . 

The metal content of the analyzed honeys from the nutritional and toxicological viewpoints (Table 4) may discuss as follows: copper is an essential component of various enzymes and most of the antibodies. Also, it is of importance for the adrenaline metabolism, the preservation of the body’s immune system, and the formation of the red blood corpuscles. According to the Maximum Daily Intake (MDI) of the honey by the normal consumer (100 gr., Thrasyvoulou and Pappas, 1988), the quantity of copper in different tested honeys (0.006 to 0.025 ppm) are far from being toxic (30.00 ppm, the dangerous level decided by the World Health Organization (WHO, 1982). Respecting, zinc metal, it is well known that zinc has significance for the muscular growth. It stimulates the immune system and the protein and carbohydrate metabolism, as well as, helping in wounds healing and controlling the production of insulin. Levels of zinc in MDI of the tested honeys ranged from 0.037 to 2.170 ppm which are very low levels, in comparison to that hazard limit (60.00 ppm) established by WHO (1982). 

On the contrary, lead is toxic metal, its slight absorption and storage in the bone; teeth, internal organ and the brain may lead to weariness, loss of appetite and loss of weight. The estimated levels in the MDI of the tested honeys (20.12 to 81.00 ppb) were relatively safe according to that harmful level (214.20 ppb) approved by WHO (1993) and Health Protection of the Consumer (1994).

With concerning, cadmium, it is absorbed quickly in the organism and may released again but at very slow pace. Accumulation of that toxic in the body, poisoning symptom such as, fatigue, loss of smell, inflammation in the mucous membranes will appear. Determination the amounts of cadmium according to the MDI of the analyzed honeys indicated that the levels of this metal (0.036 to 22.91 ppb) still below the dangerous limit (60.00 ppb) reported by WHO (1989,1992 and 1993).

The outstanding aspect of the obtained data can be summarized in the following points: -

1- Individuals of the honey bee colonies were greatly affected with this level of pollution than the honey they produced. This variation may attributed to the direct and long exposure of the bees to elements of the pollution, while the produced honey was made from a nectar which usually exposed to that pollution for a short period and have been passed through long process including enzymatic reaction to be honey. Also, during this process the bees retain some of the particle pollutants in their intestinal tract (Krunic et al., 1989), thus reducing the concentration of pollution elements in the honey. That means honey not a real indicator for environmental contamination, while another bee products such as pollen or propolis may be suitable for this purpose.

2- Variation of the levels of the harmful effects on the bee colonies according to their distance from the pollution sources may be useful for determination the effective extent of any contaminator i.e. the injurious range of the studied pollution sources are considered a narrow range. It extended to less than 7.20 south and 6.50 northwestward. Also, it can be concluded that honeybee is suitable bioindicator which may greatly help for drawing a chemical contamination map for a particular region.

3- Although, the content of the tested honeys from the toxic metal are within the safe limits, but the tendency of these metals to accumulate in consumer tissues and in both of their liver and kidneys may constitute a health risk, therefor the demand for a clean environment became more importunity. 
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Table (1) : Effect of the distance from air pollution sources on foraging activity and survival of honeybee workers .

Apiary symbol
Distance from (km)
Direction from factory
Foraging activity (bees/minute)
Survival (day)




go off
Landing



Factory
High way

R 1
R 2
R 3
R 4
Total
Mean
R 1
R 2
R 3
R 4
Total
Mean
R 1
R 2
R 3
R 4
Total
Mean

A 
1.20
0.10
North
9.33
8.50
6.40
8.00
32.23
8.06
7.00
8.50
7.00
7.00
29.50
7.37
36.2
34.40
36.00
28.50
135.10
33.77

B 
0.40
0.25
South
4.15
5.00
4.00
3.00
16.15
4.04
3.00
2.62
1.00
2.00
8.62
2.15
25.2
26.00
31.30
20.20
102.70
25.67

C 
0.60
0.30
South-east
3.00
4.00
3.46
3.00
13.46
3.36
2.00
1.27
2.00
2.00
7.27
1.81
22.1
24.00
26.00
21.60
93.70
23.42

D 
1.20
0.90
South-east
4.00
5.27
6.00
5.00
20.27
5.06
3.46
4.00
7.00
4.00
18.46
4.61
23.5
36.40
32.00
37.20
129.10
32.27

E 
1.30
1.50
South
6.25
8.00
3.00
4.00
21.25
5.31
2.00
4.00
3.00
6.00
15.00
5.00
27.00
38.00
34.00
36.6
135.60
33.90

F 
8.00
0.40
South
10.40
12.50
8.50
7.00
38.40
9.60
9.15
10.00
7.25
4.00
30.40
7.60
38.00
37.30
40.20
47.50
163.00
40.75

G 
7.20
0.55
South-east
8.00
10.00
6.25
9.15
33.40
8.35
7.25
8.00
6.00
9.15
30.40
7.60
37.00
38.60
43.70
48.20
167.50
41.87

H
6.50
7.50
North-west
9.00
13.23
7.00
11.00
40.23
10.05
6.00
10.00
6.00
11.33
33.33
8.33
45.20
48.60
52.50
47.30
193.60
48.40

L. s. r at 5%





5.08





2.89





6.90

Table (2) : Effect of distance from air pollution sources on the daily egg laying rate, supersedure time of the honeybee queens and population of their colonies .

Apiary symbol
Distance from (km)
Direction from factory
Egg laying rate (egg/day)


Super dur time (month)
Colony’s population (comb)


Factory
High way

R 1
R 2
R 3
R 4
Total
Mean
R 1
R 2
R 3
R 4
Total
Mean
R 1
R 2
R 3
R 4
Total
Mean

A 
1.20
0.10
North
1150.57
870.19
715.15
640.00
3375.91
843.97
22.98
20.30
15.86
19.48
78.62
19.65
7.50
8.00
8.50
6.00
30.00
7.50

B 
0.40
0.25
South
512.46
613.00
420.23
250.15
1795.84
448.96
14.58
11.31
14.23
14.46
54.58
13.64
4.00
5.00
6.00
7.00
22.00
5.50

C 
0.60
0.30
South-east
413.30
512.61
314.65
420.00
1660.56
415.14
10.15
11.08
11.67
11.90
44.80
11.20
4.00
5.00
8.00
7.50
24.50
6.12

D 
1.20
0.90
South-east
680.34
750.23
690.11
713.00
2833.68
708.42
17.38
14.58
11.78
15.98
59.72
14.93
5.00
6.50
8.00
7.50
27.00
6.75

E 
1.30
1.50
South
540.23
630.00
712.34
680.23
2562.80
640.70
14.81
14.58
17.03
16.45
62.87
15.71
7.50
6.50
7.50
5.50
27.00
6.75

F 
8.00
0.40
South
712.00
850.07
1110.00
1109.23
3781.30
945.32
20.18
22.51
18.08
19.36
80.13
20.03
7.50
8.00
8.00
7.00
30.50
7.62

G 
7.20
0.55
South-east
614.19
940.00
1150.00
1110.01
3814.20
953.52
19.71
17.96
18.78
15.98
72.43
18.10
6.00
9.00
8.50
8.00
31.50
7.87

H
6.50
7.50
North-west
827.00
910.00
1018.15
1150.19
3905.34
976.33
>24
22.16
>24
>24
>94.16
>24
8.00
7.50
8.00
9.00
32.50
8.12

L. s. r at 5%






112.63





7.52





1.79

Table (3) : Resedues of toxic metals of the honeys produced by the honey bee colonies located at different distances from air pollution sources .

Apiary symbol
Distance from (km)
Direction from factory
Metal content


Factory
High way

Copper (ppm)
Zinc (ppm)
Lead (ppb)
Cad mium (ppb)

A 
1.20
0.10
North
0.06
0.79
509.10
110.30

B 
0.40
0.25
South
0.25
5.50
345.30
74.50

C 
0.60
0.30
South-east
0.13
21.70
810.00
229.10

D 
1.20
0.90
South-east
0.22
2.30
755.90
105.90

E 
1.30
1.50
South
0.11
18.50
766.50
68.00

F 
8.00
0.40
South
0.23
0.68
316.40
50.30

G 
7.20
0.55
South-east
0.22
0.76
346.30
65.00

H 
6.50
7.50
North-west
0.08
0.37
201.20
0.36

L. s. r at 5%
NS
7.68
68.32
38.28

*each figure represented mean of three replicates .

Ns : non significant at 0.05P .

Table (4) : The content of the Maximum Daily Intake(100gr.) of the honeys produced by different experimental colonies, in comparison to the Provisional Tolerable Daily Intake (PTDI) according to Food and Agriculture Organization (FAO)and World Heath Organization (WHO)

Apiary symbol
Distance from (km)
Direction from factory
Metal content of 100gr. honey (MDI)


Factory
High way

Copper (ppm)
Zinc (ppm)
Lead (ppb)
Cadmium (ppb)

11.03
50.91
0.079
0.006
North
0.10
 1.20
A 

7.45
34.53
0.550
0.025
South
0.25
0.40
B 

22.91
81.00
2.170
0.013
South-east
0.30
 0.60
C

10.59
75.59
0.230
0.022
South-east
0.90
1.20
D 

6.80
76.65
1.850
0.011
South
  1.50
1.30
E 

5.30
31.64
0.068
0.023
South
0.40
8.00
F 

6.50
34.63
0.076
0.022
South-east
0.55
7.20
G 

0.036
20.12
0.037
0.008
North-west
7.50
6.50
H 

60.00
214.20
60.00
30.00
PTDI according to FAO and WHO

