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 ARTICLE INFO   ABSTRACT 
 

 

Groundwater is normally considered a “safe-source” of drinking water as it is usually having a low 
microbial load that could be consumed without treatment. However, groundwater sources are often 
vulnerable to contamination, thus lowering their quality. This study was conducted to determine the 
groundwater quality in Chelekere, Karnataka State. The study was designed using standard methods to 
obtain the physical properties [Temperature, pH, Total Dissolved Solids, Total Solid and Total 
Suspended Solid] and biological properties [Biochemical Characterization Tests, Biological Oxygen 
Demand, Chemical Oxygen Demand, Dissolved Oxygen, Gram Staining, Most Probable Number and 
Motility] of the water. All the physical properties were within acceptable limits conversely the 
biological properties were higher than the WHO, BIS and CPCB Guidelines and Standards for Water. 
The detection of Enterobacter spp., Escherichia spp., Klebsiella spp., Proteus spp., Pseudomonas spp., 
Shigella spp. and Yersinia spp. from water suggests that these sources could pose severe health hazards 
to consumers and is inappropriate for direct human ingestion without treatment. The research 
recommends the utilization of on-site treatment interventions to safeguard the households from further 
possible consequences of using the water. 
 

Copyright © 2018, Muhammad Muhsin Fathuddin, Rafeedah Fathuddin, and Dr. Vimala S. Gandhi. This is an open access article distributed under the 
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

INTRODUCTION 
 
The quality of drinking water is closely associated with human 
health, ordinarily providing of drinking water is one of the 
important public health priorities. The impact of water on 
health derives principally from the consumption of water, 
containing pathogenic organisms or toxic chemicals (Sarker et 
al., 2016). In rural areas, many people collect water of 
doubtful quality from unprotected wells or surface water 
sources, often at a great distance from their homes, 
discouraging them from collecting sufficient quantities 
(Ibrahim, 2016). Generally, groundwater quality varies from 
place to place, sometimes depending on seasonal changes, the 
types of soils, rocks, and surfaces through which it moves 
(Palamuleni and Akoth, 2015). As the population, pollution 
and environmental degradation increases, the drinking water 
sources face increasing threats from contamination of both 
chemical and microbiological origins (Malhotra et al., 2015). 
The majority of the populations in developing countries are 
inadequately supplied with potable water and are thus bound to 
consume water from sources like shallow wells and boreholes 
that have a high potential for contamination and provide the 
unsafe water for domestic and drinking purposes (Sudhakar 
and Hemalatha, 2015). The World Health Organization 
Guidelines for Drinking-Water Quality recommends that 
Faecal Indicator Bacteria (FIB), preferably E. coli or 
alternatively Thermo-Tolerant Coliform (TTC), 
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should not be detectable in any 100-ml drinking water sample 
(World Health Organization [WHO], 2004); the Bureau of 
Indian Standards [BIS] (2012) follows the similar guideline to 
WHO. However, the Central Pollution Control Board [CPCB] 
(2008) uses a different guideline: The present study was aimed 
to investigate the Physical and Biological water quality from 
the various sources in the Chelekere district. 
 

MATERIALS AND METHODS 
 

Chelekere is the surrounding areas near the Chelekere Lake; 
often, considered part of Kalyan Nagar which it is located in 
the Hebbal Valley, near to the Hennur, Kammanahalli, 
Babusapalya, and Meganahalli. Samples of groundwater water 
were collected at different locations in Chelekere, Karnataka 
State India. Total of 20 water sample points was used; water 
was collected in three different sterile one-liter containers and 
was taken to the laboratory. Water samples were analyzed for 
Physical (Temperature, pH, Total Suspended Solid [TSS], 
Total Dissolved Solid [TDS], and Total Solid [TS]) and 
Biological (Most Probable Number [MPN], Gram Staining, 
Motility, Biochemical characteristics, Dissolved Oxygen 
[DO], Biological Oxygen Demand [BOD], and Chemical 
Oxygen Demand [COD]) qualities using standard methods 
from 'Standard Methods for the Examination of Water and 
Wastewater' (Clesceri et al., 1998). The media used for the 
bacteriological analysis include; for isolation [Brilliant Green 
Lactose Broth (BGLB) and Eosin  Methylene  Blue  Agar 
EMB)] and confirmatory [Lactose broth (LB) and MacConkey 
Agar (MAC)]. 
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All the media used were weighed out and prepared according 
to the manufacturer's specification, with respect to the given 
instructions and directions.  
 
Data Analysis: Data for physiochemical and biological 
components in water samples were analyzed and documented. 
Mean and standard deviations were calculated from the 
analysis of the three samples per sampling point for the 
physical parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MPN result was compared with FDA’s Bacterial 
Analytical Manual (Blodgett, 2006). The pure bacterial 
isolates cultures were identified by subjecting to numerous 
morphological and biochemical classification tests 
recommended by the Bergey’s Manual of Determinative 
Bacteriology (Holt et al., 1994). Analysis of water quality was 
compared with the accepted standards provided by WHO 
(2011), BIS (2012) and CPCB (2008). 
 

 
 

 
Figure 1. Map of Chelekere 
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RESULTS 
 
Physical properties: Table 1 shows the recorded values 
obtain for The Temperature, pH, TSS, TDS, and TS. The 
Temperature of the sample at study area varied between 27.57 
± 0.12 - 29.60 ± 0.52 OC. The pH value of the sample varied 
ranged 6.53 ± 0.06 - 8.33 ± 0.06. The values of TSS in the 
studied area ranged between 059.33 ± 1.15 - 262.33 ± 4.04 
mg/L, The TDS values in the studied area stretched between 
238.67 ± 1.52 - 497.67 ± 3.22 mg/L, while the Total Solid 
values ranged from 341.67 – 666.66 mg/L.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biological properties: The positive results of MPN (Table 2) 
revealed by samples that produced gas bubbles and which 
significantly varied in their MPN values. The water in the 
studied area was found to be in the range of 0 (<1.8) – 43 
MPN per 100 ml. The cultural characteristics on the EMB and 
MAC are shown in Table 3. The Biochemical Characterization 
identified is shown in Table 4 and shows the seven (7) 
bacterial strains were isolated; Gram-staining showed Gram-
negative with rod-shaped and Motility was seen in 4 isolates 
while rest were non-motile. Table 5 shows DO, BOD and 
COD values of the water sample used.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Physical Parameters 
 

Sample No. Temperature (0C) pH Total Suspended Solids (TSS) (mg/L) Total Dissolve Solids (TDS) (mg/L) Total Solids (TS) (mg/L) 

S01 27.27± 0.15 7.87 ±0.06 181.00 ± 1.83 382.00 ± 3.46 563.00 
S02 29.43 ± 0.21 6.77 ±0.06 059.33 ± 1.15 331.33 ± 2.31 390.66 
S03 27.57 ± 0.25 7.63 ±0.06 262.33 ± 4.04 258.67 ± 2.30 521.00 
S04 26.37 ± 0.45 6.87 ±0.06 116.67 ± 5.77 318.00 ± 2.65 434.67 
S05 27.50 ± 0.27 7.63 ±0.06 081.67 ± 2.89 477.33 ± 2.52 559.00 
S06 28.63 ± 0.25 6.97 ±0.06 142.00 ± 3.46 317.00 ± 2.64 459.00 
S07 27.03 ± 0.30 6.63 ±0.06 161.33 ± 2.31 401.00 ± 3.60 562.00 
S08 26.27± 0.45 7.77±0.06 202.33 ± 2.31 448.67 ± 3.21 651.00 
S09 27.57 ± 0.12 6.53 ±0.06 101.67 ± 2.89 240.00 ± 2.00 341.67 
S10 27.40 ± 0.36 6.77 ±0.06 060.33 ± 1.15 389.33 ± 2.08 449.66 
S11 28.87 ± 0.32 7.83 ±0.06 121.00 ± 1.73 238.67 ± 1.52 359.67 
S12 28.60 ± 0.36 6.73 ±0.06 217.33 ± 4.62 397.67 ± 3.00 615.00 
S13 27.43 ± 0.40 7.83 ±0.06 120.67 ± 1.15 360.33 ± 4.51 481.00 
S14 26.67 ± 0.25 8.17 ±0.06 083.67 ± 6.35 344.00 ± 5.29 427.67 
S15 28.23 ± 0.23 6.67 ±0.06 202.00 ± 3.46 497.67 ± 3.22 620.67 
S16 26.90 ± 0.26 7.17 ±0.06 198.33 ± 2.08 368.33 ± 1.15 566.66 
S17 27.63 ± 0.35 6.57 ±0.06 239.67 ± 1.15 468.33 ± 2.88 559.00 
S18 27.93 ± 0.32 7.63 ±0.06 198.33 ± 2.08 283.33 ± 5.77 666.66 
S19 29.60 ± 0.52 7.93 ± 0.06 150.33 ± 2.51 283.33 ± 5.77 433.66 
S20 28.83 ± 0.29 8.33 ± 0.06 220.67 ± 1.52 432.00 ± 3.46 652.67 

WHO 30.0 6.5-8.5  <500  
BIS  6.5-8.5  500-2000  

CPCB  6.5-8.5  500-2000  

           WHO (World Health Organisation);     BIS (Bureau of Indian Standards) – (IS: 10500: 2012); CPCB (Central Pollution Control Board) 
 

Table 2. Most Probable Number (MPN) 
 

Sample No. MPN Index (Per 100 ml) * 95% Confidence Range* 

Low High 
S01 03.6 00.70 010.0 
S02 06.1 01.80 015.0 
S03 0 (<01.8) - 006.8 
S04 21.0 06.80 040.0 
S05 01.8 00.09 006.9 
S06 06.8 01.80 017.0 
S07 04.0 00.70 012.0 
S08 03.7 00.70 010.0 
S09 07.8 02.10 022.0 
S10 0 (<01.8) - 006.8 
S11 17.0 05.90 036.0 
S12 02.0 00.10 010.0 
S13 0 (<01.8) - 006.8 
S14 43.0 14.00 100.0 
S15 06.1 01.80 015.0 
S16 03.6 00.70 010.0 
S17 0 (<01.8) - 006.8 
S18 04.5 00.79 015.0 
S19 0 (<01.8) - 006.8 
S20 27.0 09.90 070.0 

Total 158   
Mean 7.9   

Median 3.85   
Mode 0   

Standard Deviation 11.0606   
Variance 122.33684   

Confidence Interval (95%) ± 04.85 03.05 012.75 
WHO 0   
BIS 0   

CPCB <50   

                        Number of tubes giving a positive reaction out of five (5) tubes,  * FDA’s Bacterial Analytical Manual 
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The DO values varied between 4.77 ± 0.25 - 8.60 ± 0.17 mg/L. 
BOD readings ranged between 1.87 ± 0.23 - 5.27 ± 0.200 
mg/L. COD values ranged between 9.00 ± 0.20 - 42.37 ± 0.55 
mg/L. 
 

DISCUSSION 
 

Physical properties 
 
The temperature of the sample was lower than the prescribed 
limit by WHO. Pianetti et al. (2005) conducted a study in Italy 
and showed that the survival curves of Aeromonas spp. decline 
rapidly at low temperature (5OC), whereas survival at 
temperatures greater than 20OC increases. The pH value in the 
studied area was within the prescribed limit by WHO, BIS and 
CPCB.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Byamukama et al. (2000) observed that some open springs and 
dug wells had low pH values which might be due to saturated 
with carbon dioxide. The pH of water is a very important 
property because it will decide whether the water is suitable 
for drinking purpose. The pH of the water samples also 
signifies that it can be used as drinking water. Although pH 
usually has no direct impact on water consumers, it is one of 
the most important operational water-quality parameters. 
Careful attention to pH control is necessary at all stages of 
water treatment to ensure satisfactory water clarification and 
disinfection. For effective disinfection with chlorine, the pH 
should preferably be less than 8 (Krishnan et al., 2007). S02, 
S05, S10, S14 contain had the lowest amount of TSS below 
100 mg/L; 059.33 ± 1.15, 081.67 ± 2.89, 060.33 ± 1.15 and 
083.67 ± 6.35 [mg/L] respectively. S03, S08, S12, S15, S17, 

Table 3. The Cultural Characteristics 
 

Media Eosin Methylene Blue Agar [EMB] MacConkey Agar [MAC] 

Organism Colour Remarks Colour Remarks 
Enterococcus spp. Red Minute, round Pink Acid Precipitated Bile 
Escherichia spp. Red/pink Non-Mucoid Pink Acid Precipitated Bile 
Klebsiella spp. Red/pink Mucoid, round Pink Acid Precipitated Bile 
Proteus spp. Colourless Mucoid Colourless No Precipitated Zone 

Pseudomonas spp. Green-brown Fluorescent growth Colourless No Precipitated Zone 
Shigella spp. Colourless Mucoid Colourless No Precipitated Zone 
Yersinia spp. Red Minute, round Colourless No Precipitated Zone 

 

Table 4. Gram Staining and Biochemical Reaction 
 

Isolate 01 02 03 04 05 06 07 

Gram-Stain Rod (-) Rod (-) Rod (-) Rod (-) Rod (-) Rod (-) Rod (-) 
Motility + + + - + - - 

Indole Test (+) - - + + + - 
Methyl Red Test + - - + + + - 
Voges Proskauer (+) - + - - - + 

Catalase Test + + + + + + + 
Citrate Test + + + - - - + 

Gelatinase Test - + - - - - + 
Oxidase Test - + + - - - - 
Urease Test + - + - - + + 

TSI K/KH2S K/K K/AG A/A A/AG K/K A/KG 
Inference Proteus spp. Pseudomonas spp. Enterobacter spp. Shigella spp. Escherichia spp. Yersinia spp. Klebsiella spp. 

Key: + = Organism was Positive for the Test, - = Organism was Negative for the Test, (+) = Organism was Weakly Positive for the Test, A = Acidic,  
K = Alkaline,  G = Gas Production,  H2S = H2S Production. 
 

Table 5. BOD, COD and DO 
 

Sample No. Dissolved Oxygen (DO) (mg/L) Biological Oxygen Demand (BOD) (mg/L) Chemical Oxygen Demand (COD) (mg/L) 

S01 5.10 ± 0.10 3.13 ± 0.12 33.50 ± 0.20 
S02 6.53 ± 0.15 4.13 ± 0.12 33..77 ± 0.21 
S03 6.03 ± 0.15 3.50 ± 0.17 12.27 ± 0.37 
S04 7.23 ± 0.15 3.13 ± 0.12 12.57 ± 0.42 
S05 7.47 ± 0.12 3.90 ± 0.17 34.00 ± 0.61 
S06 5.03 ± 0.15 2.53 ± 0.12 17.37 ± 0.29 
S07 8.40 ± 0.35 5.13 ± 0.12 19.677 ± 0.21 
S08 7.60 ± 0.20 5.27 ± 0.23 10.00 ± 0.12 
S09 6.63 ± 0.15 3.13 ± 0.12 42.37 ± 0.55 
S10 4.77 ± 0.25 1.93 ± 0.12 10.07 ± 0.12 
S11 8.60 ± 0.17 4.70 ± 0.17 24.17 ± 0.29 
S12 6.67 ± 0.11 2.27 ± 0.23 25.00 ± 0.20 
S13 7.00 ± 0.17 1.87 ± 0.23 27.50 ± 0.26 
S14 5.83 ± 0.15 2.27 ± 0.23 17.77 ± 0.21 
S15 7.73 ± 0.12 5.13 ± 0.12 27.87 ± 0.15 
S16 5.63 ± 0.25 4.13 ± 0.12 28.13 ± 0.23 
S17 7.43 ± 0.25 2.70 ± 0.17 10.07 ± 0.21 
S18 7.80 ± 0.20 3.13 ± 0.12 09.00 ± 0.20 
S19 6.70 ± 0.10 4.27 ± 0.23 12.97 ± 0.06 
S20 7.07 ± 0.15 2.13 ±0.12 14.17 ± 0.21 

WHO 5.0 6.0  
BIS 6.0 3.0  

CPCB 6.0 2.0  

               WHO (World Health Organisation), BIS (Bureau of Indian Standards) – (IS: 10500: 2012), CPCB (Central Pollution Control Board) 
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S20, contained high amount of TSS above 100 mg/L; 262.33 ± 
4.04, 202.33 ± 2.31, 217.33 ± 4.62, 202.00 ± 3.46, 239.67 ± 
1.15, and 220.67 ± 1.52 [mg/L] respectively. None of the 
samples exceeded the prescribed TDS limit required by WHO 
(2011), but they are lower than the permissible limit according 
to BIS (2012) & CPCB (2008). High values of TDS in 
groundwater are generally not harmful to human beings but a 
high concentration of these may affect persons who are 
suffering from kidney and heart diseases. A high content of 
dissolved solids elevates the density of water, influences 
osmoregulation of freshwater organism, reduces the solubility 
of gases [like oxygen] and reduces the suitability of water for 
drinking, irrigation, and industrial purposes (Trivedi and 
Vediya, 2011). 
 

Biological properties 
 

The statistical estimate of the MPN of the study area was 
calculated, an MPN Mean Value of 7.9 and Confidence 
Interval of 4.85 was obtained which indicates an overall low 
MPN value in the study area. However, according to WHO 
(2011) and BIS (2012) standards, only five (5) water sample 
(S03, S10, S13, S17, and S19) can be deemed as safe to be 
used as drinking water (i.e. <1.8 or 0). The rest cannot be used 
as drinking water as the MPN value ranged from 1.8 – 43 
MPN per 100 ml, but according to CPCB (2008), they can be 
considered for use as drinking water with proper treatment 
such as chlorination and these samples belong to Class A. The 
finding of microbes of fecal source in the current study 
revealed that the water was not secure and might serve up as a 
latent basis for the conduct of these microbes to persons who 
drink this water and the sanitation around the water sources 
were not maintained adequately or properly these conditions 
may pose potential health problems to those using the water 
from such unhygienic surroundings (Sudhakar and Hemalatha, 
2015). All 20-sampling point showed higher DO values than 
the prescribed limit by WHO (2011). While the CPCB (2008) 
states: Drinking Water Source without conventional treatment 
but after disinfection should have DO of 6mg/L or more; or 
Drinking water source after conventional treatment and 
disinfection should have DO of 4mg/L or more. The 
concentration of dissolved oxygen indicates the distribution of 
flora and fauna (Naveen et al., 2017).  
 
The high concentration of DO imparts good taste to water. In 
the study conducted by Krishnan et al. (2007) around Sivakasi 
found that dissolved oxygen of their water samples to be 
8.33mg/ml and 7.41mg/ml. Similarly, suggested the reason for 
the low dissolved oxygen content was due to decomposition of 
organic matter, which can indicate a pollution load in the 
water. Accordingly, the deficiency of the oxygen in the water 
is a shelter for bacteria and other pathogens, which are 
anaerobic. All sampling point showed that the BOD values 
within the prescribed limit by WHO (2011). While according 
to the CPCB (2008) also stated, Drinking Water Source after 
conventional treatment and disinfection should have 
Biochemical Oxygen Demand 5 days (BOD5) at 20°C, 2mg/L 
or less, or drinking water source without conventional 
treatment but after disinfection should have BOD5 days, 20°C, 
3mg/L or less. BOD indicates the organic load in water 
samples. Nevertheless, the higher BOD values are found in the 
polluted water (Naveen et al., 2017). Water with high COD 
values indicates that there is inadequate oxygen available in 
the water sample (Narasimha et al., 2010). Correspondingly, 
the high chemical oxygen demand levels indicate that there is 

inadequate oxygen available in the water samples. The 
depletion of oxygen in the water samples is due greatly to 
microbial activities related to the dumpsites (Akudo et al., 
2010). 
 
Conclusion 
  
As Ramachandra and Aithal (2015) reported that the loss of 
ecologically sensitive wetlands is due to the uncoordinated 
pattern of urban growth; urbanization and the consequent loss 
of lakes have led to a decrease in catchment yield, water 
storage capacity, wetland area, the number of migratory birds, 
flora and fauna diversity, and the groundwater table. In 
addition Palamuleni and Akoth (2015), states that human 
activities can alter the natural composition of groundwater 
through the disposal or dissemination of chemicals and 
microbial matter on the land surface and into soils; or can 
accumulate and migrate to the water tables thus affecting both 
the physical, chemical and microbial quality of water. 
Consequently, groundwater is a precious natural resource 
which forms an important part of the hydrologic cycle. In 
comparison with the surface water pollution, the groundwater 
contamination is difficult to control (Prakash and Somashekar, 
2006). According to Ramachandra et al. (2016), in the Hebbal 
Valley, 72% of lakes belong to class E and 28% belongs to 
class D and E of CPCB (2008). Furthermore, the present 
investigation on the Physical and Biological quality of water 
around Chelekere showed that some of the water sources are 
not suitable for domestic purposes as specified by the WHO 
(2011) and BIS (2012) guidelines and standards. About 75% 
of water samples were found beyond the acceptable limits of 
WHO (2011) and BIS (2012) with at least one of the 
parameters is more than the acceptable limit of WHO (2011) 
and BIS (2012). The MPN value ranged between 1.8 – 43 
MPN per 100 ml but based on the MPN Mean Value (7.9) and 
Confidence Interval (4.85) which indicates an overall low 
MPN value in the study area. Conversely, the CPCB (2008) 
limit for MPN index of <50 can be acceptable if the further 
treatment like Shock Chlorination Treatment is applied to 
these sources. From the present study, it is evident that 
groundwater quality is progressively getting deteriorated and it 
may worsen further with time. So, the public should be made 
aware of the water quality importance and hygienic conditions 
before use. Also, it is necessary to implement certain remedial 
measures such as Shock Chlorination Treatment, commercially 
available filtration setups, etc. Just like Malhotra, Sidhu and 
Devi (2015) stated the bacteriological assessment of all 
sources of drinking should be planned and conducted on 
regular basis to prevent waterborne dissemination of diseases; 
as a matter of public health importance. 
 

Acknowledgements 
 
The authors' wishes to recognize the students and staffs of the 
Department of Microbiology and the Department of 
Biotechnology, Bangalore City College, Bangalore, India for 
their support during the research. We also like to express 
gratitude Mrs. Muktamala Kalita, Mrs. Devika M.S. and Mr. 
Rupesh Sharma for their stimulating discussions, assistance, 
teamwork, and solidarity during this investigation. The authors 
show appreciation to the Benevolence of Dr. B. Lakshma 
Reddy, (Former Principal), Dr. Somali Ghosh (Current 
Principal) and T. Prasad Rao, Director of Bangalore City 
College, Bangalore, India for their kind assistance and 

8004                 Asian Journal of Science and Technology, Vol. 09, Issue, 04, pp.8000-8006, April, 2018 
 



cooperation throughout the study. The authors' wish to 
acknowledge the help provided by Dr. Habiba I. Atta, 
Department of Microbiology, Ahmadu Bello University, Zaria, 
Nigeria during the preparation of this manuscript. 
 

REFERENCES 
 

Akudo, E.O., Ozulu, G.U. and Osogbue, L.C. 2010. Quality 
Assessment of Ground Water in Selected Waste Dumpsites 
Areas in Warri, Nigeria. Environmental Research Journal, 
Vol. 4, No. 4, pp. 281-285. Available from: 
http://docsdrive.com/pdfs/medwelljournals/erj/2010/281-
285.pdf  

Blodgett, R., 2006. Bacteriological Analytical Manual Online 
[Internet], Appendix 2, Most Probable Number from Serial 
Dilutions. Food and Drug Administration (FDA). 
Bacteriological Analytical Manual online. [cited 2014 Dec 
20], Available from http://www.fda.gov/Food/Food 
ScienceResearch/LaboratoryMethods/ucm109656.htm#tab
1 . 

Bureau of Indian Standards [BIS] (2012). New Delhi, India: 
Publication Unit, BIS; 2012. Indian Standard Drinking 
Water - Specification (IS 10500: 2012). 3.0 Edition [cited 
2014 Jan 20]. Available from: http://cgwb.gov.in/ 
Documents/WQ-standards.pdf  

Byamukama, D., Kansiime, F., Mach, R.L. and Farnleitner, 
A.H. 2000. Determination of Escherichia Coli 
Contamination with Chromocult Coliform Agar Showed A 
High Level of Discrimination Efficiency for Differing 
Fecal Pollution Levels in Tropical Waters of Kampala, 
Uganda. Applied and Environmental Microbiology, Vol. 
66, No. 2, pp. 864-868. Available from: 
http://aem.asm.org/content/66/2/864.full.pdf+html DOI: 
10.1128/AEM.66.2.864-868.2000 

Central Pollution Control Board [CPCB] (2008). Water Quality 
Criteria [Internet]. New Delhi, India: Central Pollution 
Control Board, Ministry of Environment and Forests [cited 
2014 Jan 20] Available from: http://www.cpcb.nic.in/ 
Water_Quality_Criteria.php  

Clesceri, L.S., Greenberg, A.E. and Eaton, A.D., [Editors]. 
1998. Standard Methods for the Examination of Water and 
Wastewater. 20th Edition. Washington, D.C.: American 
Public Health Association. 

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley J.T. and 
Williams, S.T. 1994. Bergey's Manual of Determinative 
Bacteriology. Baltimore: Williams and Wilkins. 

Ibrahim A.M.M. (2016) Assessment of Bacteriological Quality 
of Drinking Water Transport by Water Vendors (Donkey 
Carts) In Kusti Town, Sudan. European Journal of 
Pharmaceutical and Medical Research, Vol. 3, No. 4, pp. 
18-23. Available from: http://www.ejpmr.com/admin/ 
assets/article_issue/1459422935.pdf  

Krishnan, R.R., Dharmaraj, K. and Kumari, B.R. 2007. A 
Comparative Study on The Physicochemical and Bacterial 
Analysis of Drinking, Bore Well and Sewage Water in The 
Three Different Places of Sivakasi. Journal of 
Environmental Biology, Vol. 28 No. 1, pp. 105-108. 
Available from: http://www.jeb.co.in/journal_issues/2007 
01_jan07/paper_18.pdf. 

Malhotra, S., Sidhu, S.K. and Devi, P. 2015. Assessment of 
Bacteriological Quality of Drinking Water from Various 
Sources in Amritsar District of Northern India. The Journal 
of Infection in Developing Countries. Vol. 9, No. 08, pp. 

844-848. Available from: http://www.jidc.org/index.php/ 
journal/article/viewFile/26322876/1359.  

Narasimha, R.C., Dorairaju, S.V., Bujagendra, R.M. and 
Chalapathi, P.V. 2011. Statistical Analysis of Drinking 
Water Quality and Its Impact on Human Health In 
Chandragiri, Near Tirupati, India. Biosciences 
Biotechnology Research Asia, Vol. 10, No. 1, pp. 379-381. 
Available from http://www.eco-web.com/edi/111219.html  

Naveen, B.P., Mahapatra, D.M., Sitharam, T.G., Sivapullaiah, 
P.V. and Ramachandra, T.V. 2017. Physico-Chemical and 
Biological Characterization of Urban Municipal Landfill 
Leachate. Environmental Pollution. Vol. 220 Part A, pp. 1-
12. Available from: http://www.sciencedirect.com/ 
science/article/pii/S0269749116311150/pdfft?md5=7753dc
dc29483b69e22aa21250678710&pid=1-s2.0-S026974911 
6311150-main.pdf DOI: 10.1016/j.envpol.2016.09.002. 

Palamuleni, L. and Akoth, M. 2015. Physico-Chemical and 
Microbial Analysis of Selected Borehole Water in 
Mahikeng, South Africa. International Journal of 
Environmental Research and Public Health, Vol. 12, No. 8 
pp. 8619-8630. Available from: http://www.mdpi.com/ 
1660-4601/12/8/8619/pdf DOI:10.3390/ijerph120808619 

Pianetti, A., Falcioni, T., Bruscolini, F., Sabatini, L., Sisti, E. 
and Papa, S. 2005. Determination of The Viability of 
Aeromonas Hydrophila in Different Types of Water by 
Flow Cytometry, and Comparison with Classical Methods. 
Applied and Environmental Microbiology, Vol. 71, No. 12, 
pp. 7948-7954. Available from: http://aem.asm.org/ 
content/71/12/7948.full.pdf+html DOI: 10.1128/AEM.71 
.12.7948–7954.2005 

Prakash, K.L. and Somashekar, R.K. 2006. Groundwater 
Quality- Assessment on Anekal Taluk, Bangalore Urban 
District, India. Journal of Environmental Biology. Vol. 27, 
No. 4, pp. 633-637. Available from: http://www.jeb.co.in/ 
journal_issues/200610_oct06/paper_05.pdf  

Ramachandra, T.V. and Aithal, B.H. 2015. Wetlands: Kidneys 
of Bangalore’s Landscape. National Wetlands Newsletter, 
Vol. 37, No. 1, pp. 12-16. 

Ramachandra, T.V., Asulabha, K.S., Sincy, V., Bhat, S. and 
Aithal, B.H. 2016. Wetlands: Treasure of Bangalore. 
Bangalore, India: Energy & Wetlands Research Group, 
CES, IISc. ENVIS Technical Report, 101: Available from: 
http://www.indiawaterportal.org/sites/indiawaterportal.org/
files/wetlands_treasures_of_bangalore_ces_iisc_2016.pdf  

Sarker, A., Dash, S., Hoque, M.M., Ahmed, S. and Shaheb, 
M.R. 2016. Assessment of Microbial Quality of Water in 
Popular Restaurants in Sylhet City of Bangladesh. 
Bangladesh Journal of Agricultural Research. Vol. 41, No. 
1, pp. 115-25. Available from: http://www.banglajol.info/ 
index.php/BJAR/article/download/27677/18442  

Sudhakar, C.S. and Hemalatha, K.P.J. 2015. Assessment of 
Bacteriological Quality of Drinking Water in Srikakulam 
District. International Journal of Science and Research. 
Vol. 4, No. 4, pp. 1092-1094. Available from: https://www. 
ijsr.net/archive/v4i4/SUB153076.pdf  

Trivedi, H.B., and Vediya, S.D. 2011. Assessment of 
Groundwater Quality of Several Villages of Bhiloda 
Taluka (North Gujarat) India. International Journal of 
Pharmacy and Life Sciences, Vol. 2, No. 12, pp. 1276-
1279. 

World Health Organization [Internet]. (2004) Guidelines for 
Drinking-Water Quality, Volume 1 Recommendations, 
Third Edition. World Health Organization Chronicle: 
Geneva [cited 2014 Dec 13]; [pp. 107] Available from 

8005                 Asian Journal of Science and Technology, Vol. 09, Issue, 04, pp.8000-8006, April, 2018 
 



http://cdrwww.who.int/water_sanitation_health/dwq/GDW
Q2004web.pdf  

World Health Organization [Internet]. (2011) Geneva, 
Switzerland: World Health Organization Chronicle; 2011.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Guidelines for Drinking-Water Quality, Fourth Edition; 
[cited 2014 Dec 13]. Available from http://apps. 
who.int/iris/bitstream/10665/44584/1/9789241548151_eng.
pdf . 

 

8006                 Asian Journal of Science and Technology, Vol. 09, Issue, 04, pp.8000-8006, April, 2018 
 

******* 


