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Abstract: Bioaerosol emissions surrounding waste water treatment plants, polluted lakes and rivers are a health risk concern in 
humans. Dumping of human and animal wastes in the lake and river is the main reason for the bioaerosols emitted into the ambient air. 
The microorganisms in the air studied using an Anderson microbial air sampler. Microorganisms like E. coli and Fecal streptococci in 
water samples collected from Byramangala reservoir was estimated to be an average of 1,685 CFU/100ml and 1,648 CFU/100ml. 
Enterobacter allergens were estimated around 1,292 CFU/100ml and Staphylococcus aureus was 892CFU/100ml. Bioaerosols from 
outlet weir were enumerated and compared with upwind and downwind. The bioaerosols number was varied with distance of downwind. 
Intestinal pathogens like Fecal coliform aerosolized at outlet weir and population were ranged from 348 CFU/m3 to 1372 CFU/m3. 
Similarly, fecal streptococcus number ranged from 45 CFU/m3 to 275 CFU/m3. Salmonella sp., ranged from 95 CFU/m3 to 322 CFU/m3. 
Bacteriological analysis of a water samples reveals that Byramangala lake is polluted with E.coli and other coliform bacteria which has 
crossed the permissible limit prescribed by WHO, 1989 for wastewater irrigation and reuse. Microbial contamination beyond the 
permissible limit which is health risk for farmers who are irrigating the lake water for their farm. Bioaerosol studies around the lake 
indicates that the presence of bacterial pollution in the ambient air driven by Enterobacteriacae members such as E-coli, fecal 
streptococcus and salmonella sp in lake water which has got aerosolized with the influence of foam and gets transported by ground level 
turbulence. The formation of stable foams at outlet weir and irrigation canal proves that the water body receives phosphate and oil based 
pollutants from domestic sewage and industrial effluent. The continuous flow of raw sewage and industrial effluent worsening the lake 
water quality and deteriorate the air quality of settlements around the Byramangala reservoir. 
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1. Introduction 
 
The measurement of airborne microorganisms has gained 
importance as found in indoor and outdoor environments 
cause adverse health effects on humans. Bioaerosols can be 
formed from any process that involves biological materials 
and generates enough energy to separate small particles from 
the larger substance, such as wind, water, air, or mechanical 
movement [1]. Contamination of the air by microorganisms, 
including pathogenic ones, is generated from various 
sources, both natural, such as water, soil or rotting plants and 
animal remains, and anthropogenic, including municipal 
landfills and sewage treatment plants [2]. Pathogens, mainly 
found in excreta, and secretions of patients are transferred in 
general by sewage and municipal waste from households and 
hospitals, creating an unspecified health hazard in the 
surroundings of waste water treatment plant (WWTPs). The 
generation, treatment, and disposal of the human and animal 
waste contribute to the increase in the production of 
bioaerosols containing a wide variety of microbial pathogens 
and related pollutants [3].  
 
Enterobacteriaceae bacteria, which are natural microbiota of 
the human gastrointestinal tract, represent a large part of the 
bacterial community of sewage[4][5]. These bacteria, 
including Escherichia coli, are important indicator organisms 
for evaluating the bacteriological safety of drinking water, 
recreational area, or food. The transfer of these 
microorganisms from waste water to the environment takes 
place primarily through the outflow of wastewater directly 

into surface water reservoirs which are the receivers of this 
sewage. They are emitted to the air mainly during the 
mechanical force of moving of waste water through outflow 
[6][7]. As bioaerosols might be a vehicle for the 
dissemination of human and animal pathogens from 
wastewater and inhabitants of their surroundings may be 
exposed to harmful influences of microorganisms from the 
air [8]. The aim of this study was to determine the effect of 
Vrishabhavathi Lake on the microbiological pollution of the 
surrounding environment with particular importance on the 
air in the overflow area and the lake water, which was the 
receiver of the industrial and sewage pollution. The present 
study gives the baseline information of water and air 
pollution of Byramangala reservoir to frame policy to 
mitigate environmental degradation.  
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simultaneously bacterial samples in air were collected at 
different downwind distance from the source. The obtained 
result indicates that bacterial densities are varied at different 
downwind distance (Figure: 2). Maximum number of 
intestinal pathogens Fecal coliform bacteria was ranged from 
348 CFU/m3 to 1,372 CFU/m3 in air. Fecal streptococcus 
ranged from 45 CFU/m3 to 275 CFU/m3. Salmonella sp., 
ranged from 95 CFU/m3 to 322 CFU/m3 and Bacillus sp., 
ranged from 246 CFU/m3 to 748 CFU/m3. A considerable 
number of Staphylococcus aureus was ranged from 150 
CFU/m3 to 372 CFU/m3. The common microbial flora 
Aeromonas sp., was found to be around 72 CFU/m3 to 
75CFU/m3. Maximum number of bioaerosols at outlet weir 
attributed by air moving over ground may create turbulence 
near the weir produce the potentially uncontrollable 
bioaerosols emission. Relative air movements near the weir 
enhanced the rapid dispersion of bioaerosols with wind 
velocity (Figure 4). The ground level air turbulence with a 
change of wind velocity precedes the mechanical force for 
generation aerosol emission. According to many studies, the 
bioaerosols emission from waste water treatment plant 
containing moving mechanical equipments for water 
aeration, are the steps with the highest emission of 
bioaerosols[6][7]. Maximum number of Fecal coliform and 
Fecal streptococcus bacteria in the air near the outlet 
indicates that the direct discharge of raw sewage into the 
Byramangala lake. Korzeniewska et al [5] and Filipkowska 
et al. [10] observed the highest numbers of 
Enterobacteriaceae bacteria reaching values up to 5.0×102 
CFU/m3 near grit/grate chambers and 2.2×103 CFU/m3 near 
aeration chambers, respectively. Similar results were found 
by Heinonen-Tanski et al[7], who observed the highest 
microbiological air contamination in pretreatment and 
aerated grit separation stages of wastewater treatment. High 
density of foam generation at the outlet which is played as 
dispersion media for bioaerosols emission and transportation 
(Figure: 3).  
 

 
Figure 3: Represents the ground level air turbulence 

generates the rapid bioaerosols emission from outlet weir 
 

3.3 Comparitive study of Upwind and downwind 
airborne microorganisms 
 
Bioaerosol concentration at upwind and downwind provides 
baseline information of bioaerosol emission contributed by 
the outlet weir. Concentrations of aerobic bacteria at upwind 
and downwind are plotted for comparison (Figure 2). The 
upwind concentration was measured at 100 meter and 
aerosol concentration in downwind were measured at 

50m,100m,150m and 200m and its 95% confidence interval 
along with the downwind concentrations are plotted against 
downwind distance for comparison. The reason behind this 
plotting is that, based on air dispersion theory, the maximum 
downwind concentration decreases as the downwind distance 
increases. The concentration was elevated at outlet weir and 
rapidly decreased to the environment level at a distance 
between 150 m and 200 m. Salmonella sp., is closely related 
to the Escherichia genus were populated at downwind 
distance of 50m and 100m.whereas this pathogenic 
organisms were not isolated at upwind distance of 100m. 
These data directly prove that disease causing Salmonella sp 
emitted from out let weir.  
 

 
Figure 2: Bioaerosols distribution around the Byramangala 

Lake 
 

4. Influence of Meteorological Parameters  
 
The meteorological parameters like wind speed and direction 
data were collected from Bangalore University and used to 
predict the level of bioaerosols dispersion from the 
Byramangala Lake at different season (Table:2). The data are 
justified with the Indian meteorological center, Bangalore. 
The meteorological parameters of wind speed and wind 
direction provides the sign of the distribution pattern of 
bioaerosols at different seasons. Wind direction data during 
July to September reveal that the wind velocity from the 
west: west: north (WWN) direction carries the pathogenic 
aerosol from the Byramangala lake and dispersed to the East: 
East: North (EEN) direction. Bangalore urban city is located 
in East direction from point source which receives the 
maximum bioaerosols during the month of July to September 
with an average wind speed of 5.6km/hrs (Figure: 5). 
Similarly, the wind direction from the west: west: south 
(WWS) carries the bioaerosols and transported to 
Ramanagaram town during the month of October to 
December (Figure: 6). Wind direction from North East 
transport the bioaerosols to the neighboring town Kanakpura, 
Sathnur and Harohalli during the month of January to March 
(Figure: 5). Viable wastewater microorganisms can be 
aerosolized from flood irrigation sites during high-wind 
events. Gram-negative enteric microorganism concentrations 
increased markedly from the low- to the high-wind-speed 
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regimen [11]. The ratio of heterotrophic plate counts of total 
cells was also higher in the high-wind-speed regimen and 
Aerosol concentrations varied by wind direction [12].  
 
Table 2: Meteorological data by obtaining from Bangalore 

University 
Seasons Temperature 

(0C) 
Relative 

Humidity (%) 
Wind speed 

(Km/hrs) 
Wind 

direction
January to 

March 
28 – 32 63 3.2 EES 

April - June 32-36 70 4.5 WWS 
July – 

September 
34 - 28 75 5.6 WWN 

October- 
December 

27 - 25 72 3.8 NEE 

 

 
Figure 4: Foam formation at outlet enhance the bioaerosols 

formation and transport by wind velocity 
 

 
Figure 5: Wind speed and wind direction distribution 

between January to March (EES) 
 

 
Figure 6: Wind speed and wind direction distribution 

between July to September (WWS) 

5. Conclusion 
  
Bacteriological analysis of a water sample reveals that 
Byramangala reservoir polluted by the Enterobacteriaceae 
family which indicates that the water bodies receives raw 
sewage from different sources. The lake water is not suitable 
for agricultural irrigation purpose for the reason that the 
presence of coliform bacterial number was crossed the 
permissible limit prescribed by WHO, 1989 for waste water 
irrigation and reuse. Bioaerosols studies around the lake 
indicates that the ambient air polluted by pathogenic 
bacteria. The majority of them are from Enterobacteriaceae 
family such as E-coli, fecal streptococcus and salmonella Sp 
aerosolized with influence of foam formation and transported 
by ground level turbulence. The formation of stable foams at 
outlet weir and irrigation canal proves that the water body 
receives phosphate and oil based pollutants from domestic 
sewage and industrial effluent. The continuous flow of raw 
sewage and industrial effluent worsening the lake water 
quality and deteriorate the air quality of settlements around 
the Byramangala reservoir.  
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