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Abstract
Access to safe drinking water is the key to promoting good health. At Karwar, the primary source of 
drinking water is well, but heavy rain, and deficiencies in underground drainage systems result in 
well water contamination. However, water handling practices followed at the point of consumption 
act as a better predictor of water contamination. To assess and compare the bacteriological quality 
of household water at the source and point of consumption. A prospective cross-sectional study was 
conducted at Karwar. Households owning private wells were selected by Simple Random Sampling. 
Semi-structured questionnaires were used to interview the households regarding socioeconomic status 
(SES), chlorination of well, purification method, and water handling practices. Presumptive coliform 
count and the differential coliform count were determined. Data thus obtained were analyzed using a 
Microsoft Excel. χ2-test was used to see the association between variables. The present study included 
30 households. All the samples taken from the well revealed contamination with E. coli. 80% of samples 
from the point of consumption revealed coliforms, among which 47% were confirmed with E. coli. 
RO/RO+UV were found to be relatively better performing than the filtration and boiling methods. 
Contamination of water at the point of consumption had a significant association with both purification 
and water retrieval methods. The samples taken from the point of consumption reflect better quality of 
water sampling than source water. The present study revealed post-collection contamination as major 
reason for compromising water quality despite improved water cleaning and purification techniques.
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INTRODUCTION
 Sustainable Development Goals-6 
targets to provide universal access to safe and 
drinking water to all by 2030 and to improve the 
sustainability of water resources.1 Clean water 
plays a vital role in determining the health, food 
securities, and livelihoods of families. Globally, 
785 million people lack even a basic drinking-
water service.2 Transmission of many diseases like 
diarrhea, dysentery, hepatitis-A, polio, typhoid, 
and cholera are attributed to contaminated 
water and unsafe sanitation. Diarrhea is the most 
common disease linked with contaminated water. 
Globally, 829,000 annual deaths are estimated 
from diarrhea due to unsafe drinking water and 
improper sanitation.1 In India, 6.75 million diarrhea 
disability-adjusted life year (DALYs) was estimated, 
of which 140,000 deaths were reported in 2016.3

 The first step towards curbing avoidable 
diarrheal deaths is providing safe-drinking water.4 
Fecal contamination of drinking water can be 
detected by identifying fecal indicator organisms 
in water.5 These indicator organisms include 
Escherichia coli, fecal coliforms, fecal streptococci, 
and Clostridium perfringens.5,6 Several studies 
have been undertaken in India and neighbouring 
countries to assess the microbiological quality of 
water at its sources and point of consumption. A 
study conducted at Amritsar from various water 
sources showed 42.9% water unfit for human 
consumption.7 At Kathmandu valley, Nepal 92.4% 
of water from source was unfit for drinking, with 
238 enteric bacterial isolates and E. coli (26.4%) 
was the most common organism.8 Another study 
conducted at Udupi taluk also revealed 92.5% 
contamination of well water with coliforms.9 
Another study conducted at west Tripura among 
households revealed heavy and moderate 
contamination of water sources in 8% and 11% of 
the households, respectively.10 The reduction in 
fecal contamination of drinking water cannot be 
achieved by simply finding bacteria. In addition, 
other household hygiene and water handling 
practices will have to be complemented. These 
methods include chlorination of well, purification 
of drinking water at the point of consumption, 
and appropriate storage and handling practices 
of purified potable water. 

 The different methods of  water 
purification widely followed includes reverse 
osmosis (RO), reverse osmosis with ultraviolet 
radiation (RO+UV), candle filters, and boiling. 
RO and RO+UV operates on the difference 
in pressure across a permeable membrane, 
that can remove many types of dissolved and 
suspended chemical and biological species by 
using nanofilters. However, the system is expensive 
and the maintenance of these systems also play 
crucial role in its effectiveness. The use of ceramic 
materials for filtration of drinking water is one of 
the oldest water treatment method. Nowadays, 
ceramic candle filter and colloidal silver filter are 
most widely used. They are simple, cost-effective, 
easy to clean and maintain. However, it does 
not remove all pathogens and are not effective 
against highly turbid or iron-containing water. 
This may result in plugging of the candle pores. 
Boiling of water is known to be effective against 
enteric bacteria, protozoa, and viruses.11 However, 
boiling involves high cost use of energy and does 
not provide any residual protection.
 Post filtration and/boiling, the drinking 
water will have to be appropriately stored in clean 
storage vessels before consumption. In addition, 
improper handling, or cleaning practices may 
negate the effectiveness of purification methods. 
Hence, the point of consumption (POC) also plays a 
major role in determining water quality. The results 
from various studies also show that samples 
taken from drinking water storage vessels better 
reflect the quality of water consumed than source 
samples.12 As per the 2011 Census, the coastal 
district of Uttara Kannada has 14,37,169 total 
population (sex ratio 979), among which 1,50, 115 
are children (sex ratio of 955).13 Among the Karwar 
City Municipal Council population, where the 
present study was conducted, 71.3% of people use 
water from wells for drinking purposes.14 Potential 
sources of well water contamination at Karwar 
include repeated floods, heavy rains, seepage from 
septic tanks, and improper underground drainage 
system.15,16 An extensive review of the literature 
revealed no studies were undertaken at Karwar to 
assess the microbiological quality of potable water. 
Hence, the present study was conducted to assess 
the microbiological quality of water collected 
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from the source and point of consumption in 
the households of Karwar. The improvement of 
water quality control strategies with hygiene and 
sanitation practices can positively impact the 
health of the community.

METHODS
 A prospective cross-sectional study 
was conducted at Karwar for two months after 
obtaining approval from the Institutional Ethical 
Committee of Karwar Institute of Medical Sciences, 
Karwar. Karwar is the district headquarters of 
Uttara Kannada district in the state of Karnataka, 
India having an area of 685.41 km2 and a total 
population of 91,458. The urban area has a 
population of 17,787 with a geopgraphical area 
of 10.18 km2.17 Karwar has a total households of 
23,961 of which 4,564 households fall under the 
Karwar city municipal council limits that had 441 
covered wells. 
 The total number of samples for this study 
is estimated as 30 using Cochran’s formula at a 
95% confidence level with a 92.5% prevalence of 
contaminated well by coliforms.9 These samples 
were distributed among the five major residential 
areas of Karwar city that included Kajubag, KHB 
colony, Kodibag, Nandangadda, and Sankriwada. 
From these areas, a survey was carried out to find 
out the houses having private wells. Among these 
households, 30 wells were randomly chosen. Two 
samples were collected from each household, 
one from a well and another from the point 
of consumption. Any private well from which 

water was not consumed, households unwilling 
to participate & houses which were found to be 
locked during the visits were excluded from the 
study. 
 Samples were collected in sterilized 200 
ml glass bottles. For the well water sampling, the 
sample bottle was tied with weights at the bottom 
and released into the well using a wheel pulley 
attachmed to the well. The sample bottle was 
carefully immersed in the well water such that 
there was no contact with the walls of the well and 
also made sure that the bottle did not disturb the 
sediment settled at the bottom of the well. The 
bottle was completely immersed in water and was 
retrieved back and stoppered.
 At the households, the well water was 
subjected to different purification methods before 
consumption for drinking/cooking and the purified 
water was stored in vessels. The water from the 
storage vessels was mainly retrieved by using a 
tap, tilting the drinking water storage vessel, or 
by dipping a glass in to the drinking water storage 
vessel. These points act as POC and the samples 
were taken by mimicking these methods as 
followed by their respective households.
 These bottles contained 0.1ml of 1.8% 
sodium thiosulfate solution to neutralize the 
bactericidal effect of chlorine present in water. At 
least 100ml of water was collected in each bottle. 
The bottles were stoppered, labeled with full 
details of their source, time, and date of collection, 
and was delivered by the principal investigator 
to the department of Microbiology at Karwar 

Fig. 1. Uninoculated media for the presumptive coliform count and differential coliform count.
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Institute of Medical Sciences, Karwar within 6 
hours.6 The principal investigator administered 
survey questions to the head of the house 
using a semi-structured questionnaire regarding 
socio-demographic details of the households, 
chlorination of well water, purification of water 
before consumption, storage of purified water, 
and retrieval of water for consumption. 
 Various methods are available for water 
analysis in the literature, but the multiple tube 
fermentation (MTF) method expressed in terms 
of most probable number (MPN) was followed as 
the sensitivity was higher than other methods.5,18 
Moreover, MTF method is useful even when water 
samples are very turbid,5 which is commonly seen 
at Karwar. In the present study, detection and 

enumeration of coliforms were done by the MTF 
method. Further, confirmation of E. coli was done 
by differential coliform test and biochemical tests.
The collected water samples were added to 
MacConkey broth in volumes of 10ml, 1ml, and 
0.1ml, as seen in Fig. 1. The inoculated bottles 
were incubated at 37°C and examined after 24-48 
hours. If there was any turbidity, color change, or 
gas production, it was taken as coliforms (Fig. 2). 
The MPN of coliforms per 100 ml was recorded 
from probability tables of McCrady. Samples with 
<10 MPN/100mL were reported as satisfactory and 
>10 MPN/100mL as unsatisfactory.6

 Fol lowing the presumptive test , 
subcultures were made from bottles showing 
turbidity, color change or gas, into fresh tubes of 
single strength MacConkey Broth. These tubes 
were incubated at 44°C and examined after 24-48 
hours. Production of gas indicated the presence 
of E. coli (Fig. 3) which was further confirmed 
by testing for indole production and citrate 
utilization.6

 The data obtained were analyzed using 
a Microsoft Excel spreadsheet, and results were 
summarized in frequencies and proportions. χ2 test 
was used to see the association among variables 
including socioeconomic status, community, 
chlorination of wells, purification method, well-
water contamination, contamination at POC, 
and frequency of cleaning drinking water storage 
containers. The association was considered 
significant if the p-value was less than 0.05 at 95% 
confidence level.Fig. 2. Positive for presumptive coliforms – Tubes 

showing turbidity, colour change, or gas formation in 
Durham’s tube after incubating for 24-48 hours at 37°C.

Fig. 3. Positive for the differential coliform count – Test tubes showing gas formation in Durham’s tube after 24-48 
hours of incubation at 44°C.
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Results
 Samples from 30 households were 
collected from wells and points of consumption. 
The samples were taken from various areas of 
Karwar, including Nandangadda (n=7; 23.3%), 
Kajubagh (n=6; 20%), KHB colony (n=6; 20%), 
Kodibagh (n=6; 20%), and Sankriwada (n=5; 
16.7%). These households were classified into 
four groups based on their socioeconomic status; 
Class-I, Class-II, Class-III, and Class-IV comprised 
of 60%, 23.3%, 3.3%, and 13.3% of the samples 
respectively. The different socioeconomic classes 
were determined based on the B. G. Prasad SES 
scale 2021 which takes into account per capita 
income of a family.19 The data regarding the 
socioeconomic status, chlorination of well, and 
practices regarding water storage and handling 
were recorded.

Well water sampling
 Samples were col lected from 30 
household wells and the contamination with 
total coliforms showed values ranging from 15 
to 200 MPN index/100ml at 95% confidence. All 
the 30 samples had more than 10 MPN/100ml, 
hence unsatisfactory and unfit for drinking 20 as 
seen in Table 1. Further analysis with differential 
count and biochemical reaction revealed all the 
well water samples were contaminated with E. 
coli. All the well water samples taken from 30 
households belonging to different communities 
revealed contamination with coliforms and E. coli 
irrespective of their socioeconomic status as seen 
in Table 1. All the households chlorinated their 
wells, but the frequency of chlorination differed. 
The well water contamination was seen in all the 
households irrespective of the community and SES. 

table 1. Contamination of water samples taken at source and point of consumption among different communities 
belonging to various SES

Community SES     Well-water       Contamination at the 
       contamination      point of Consumption

  Yes No Yes No

 Class-I 2 0 0 2
Kajubag Class-II 0 0 0 0
(n = 6) Class-III 0 0 0 0
 Class-IV 4 0 4 0
 Total 6 0 4 2
 Class-I 5 0 2 3
KHB Colony Class-II 1 0 1 0
(n = 6) Class-III 0 0 0 0
 Class-IV 0 0 0 0
 Total 6 0 3 3
 Class-I 3 0 1 2
Kodibag Class-II 1 0 1 0
(n = 6) Class-III 1 0 1 0
 Class-IV 1 0 1 0
 Total 6 0 4 2
 Class-I 4 0 1 3
Nandangadda Class-II 3 0 2 1
(n = 7) Class-III 0 0 0 0
 Class-IV 0 0 0 0
 Total 7 0 3 4

 Class-I 4 0 0 4
Sankriwada Class-II 1 0 0 1
(n = 5) Class-III 0 0 0 0
 Class-IV 0 0 0 0
 Total 5 0 0 5
Grand Total  30 0 14 16
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Among the 18 households belonging to class-I, 4 
households (22.2%) chlorinated their wells every 
6 months and 14 households (77.8%) chlorinated 
their wells once in a year. Of the 6 households 
belonging to class-II, 4 of them (66.7%) chlorinated 
their wells once in a year and the remaining 2 
households chlorinated their wells once in 2-5 
years. 4 of the 5 households (80%) belonging 
to class-IV and the one household belonging to 
class-III chlorinated their wells once in 2-5 years. 
Among the various communities, households of 
Sankriwada and KHB colony frequently chlorinated 
their wells followed by Nandangadda; and the 
least frequency of chlorination was seen in the 
households of Kajubag and Kodibag.
Sampling from the point of consumption (POC)
 Three methods were followed by the 30 
households to retrieve water for drinking from 
POC – (i) by using a tap, (ii) by tilting the drinking 

water storage vessel, and (iii) by dipping a glass in 
to the drinking water storage vessel. The samples 
were taken from POC by mimicking these methods 
as followed by their respective households. 
These samples were tested for presumptive and 
differential counts. The contamination of total 
coliforms showed a value that varied from 6 to 150 
MPN index/100ml at 95% confidence. A total of 24 
samples had more than 10 MPN/ 100ml suggesting 
80% of samples from POC were unsatisfactory 
and unfit for drinking (Table 1). Further analysis 
with differential count and biochemical reaction 
revealed 47% of samples were contaminated with 
E. coli. 
 The rate of contamination was also 
assessed among different classes of socioeconomic 
status. All the households belonging to Class-III 
and Class-IV showed contamination at POC with 
coliforms and E. coli. Households of Class-I showed 

table 2. Frequency of chlorination of well followed by various communities belonging to different SES

Community Socio-  Frequency of chlorination  Contaminated
 economic    wells
 status Once in Once in Once in
  6 months a year  2-5 years
 
 Class-I  - 2 -  2
Kajubag Class-II  - - - -
(n = 6) Class-III  - -   - -
 Class-IV  - 1 3 4
 Total 0 3 3 6
 Class-I 1 4  - 5
KHB Colony Class-II - 1  - 1
(n = 6) Class-III - -  - -
 Class-IV - -  - -
 Total 1 5 0 6
 Class-I - 3 - 3
Kodibag Class-II - - 1 1
(n = 6) Class-III - - 1 1
 Class-IV - - 1 1
 Total 0 3 3 6
 Class-I 1 3 - 4
Nandangadda Class-II - 2 1 3
(n = 7) Class-III - - - -
 Class-IV - - - -
 Total 1 5 1 7
 Class-I 2 2 - 4
Sankriwada Class-II - 1 - 1
(n = 5) Class-III - - - -
 Class-IV - - - -
 Total 2 3 0 5
Grand Total  4 19 7 30
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the least contamination at POC (72.2% coliforms, 
among which 22.2% confirmed with E. coli). 
Among various communities, no contamination at 
POC was seen among the households belonging 
to Sankriwada; and the highest contamination 
(66.7%) was seen among the households of both 
Kajubag and Kodibag.
 Out of 30 households, 29 of them 
practiced at least one method of water purification 
for drinking. The one household that did not 
practice any purification method belonged to 
class-IV. The different treatment methods followed 
by the 29 households include boiling, filtration, 
Reverse Osmosis (RO), and Reverse Osmosis with 
Ultraviolet radiation (RO+UV). The majority of the 
households had an RO system installed (53.3%), 
and boiling was the least practiced method (6.7%). 
Among the 18 households belonging to Class-I, 10 
households (55.5%) treated their water before 

consumption by RO+UV and the remaining 8 
households used RO (44.5%). All the 6 households 
belonging to class-II treated the drinking water 
with RO. Among 5 households belonging to Class-
IV, none of them had either RO or RO+UV systems 
installed. 2 households followed boiling method, 
2 households used filtration method, and one of 
the household did not practice any drinking water 
purification method. The households belonging 
to KHB colony, Nandangadda, and Sankriwada 
had either installed RO or RO+UV for drinking 
water purification. However, the majority (3 out 
of 6 households) of Kajubag followed boiling and 
filtration as their water purification method. All 
the households that followed filtration and boiling 
methods showed contamination with coliforms 
and E. coli. The least contamination was seen 
with the RO+UV method (coliforms in 75%, among 
which E. coli is 37.5%). 

table 3. Drinking water purification methods followed by various communities belonging to different SES

Community Socio-    Drinking water purification method          Method of water retrieval
 economic   
 status RO RO + UV Boiling Filtration None Tap Tilting Dipping
  
 Class-I 2 - - - - 2 - -
Kajubag Class-II - - - - - - - -
(n = 6) Class-III - - - - - - - -
 Class-IV - - 2 1 1 1 2 1
 Total 2 0 2 1 1 3 2 1

 Class-I 2 3 - - - 5 - -
KHB Colony Class-II 1 - - - - 1 - -
(n = 6) Class-III - - - - - - - -
 Class-IV - - - - - - - -
 Total 3 3 0 0 0 6 0 0
 Class-I 3 - - - - 3 - -
Kodibag Class-II 1 - - - - 1 - -
(n = 6) Class-III - - - 1 - - 1 -
 Class-IV - - - 1 - - 1 -
 Total 4 0 0 2 0 4 2 0
 Class-I 1 3 - - - 4 - -
Nandangadda Class-II 3 - - - - 3 - -
(n = 7) Class-III - - - - - - - -
 Class-IV - - - - - - - -
 Total 4 3 0 0 0 7 0 0
 Class-I 2 2 - - - 4 - -
Sankriwada Class-II 1 - - - - 1 - -
(n = 5) Class-III - - - - - - - -
 Class-IV - - - - - - - -
 Total 3 2 0 0 0 5 0 0
Grand Total 16 8 2 3 1 25 4 1
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 All the households stored the treated 
water before consumption. 24 households 
installed with RO and RO + UV systems had an in-
built covered plastic container for storing water, 
and water was retrieved by tap. The households 
that followed the filtration method stored the 
water either in plastic bottle or steel vessel with 
a lid and retrieved water by tilting the container. 
One household that followed only the boiling 
method stored water in an earthen pot with a lid 
and retrieved water by dipping a steel glass into 
the pot. 76% of the taps revealed contamination 
with coliforms, among which 36% confirmed with 
E. coli. The tilting and dipping method revealed 
100% contamination with coliforms and E. coli. The 
data revealed that dipping was the only method 
followed among the Class-lV socioeconomic group 
as seen in Table 3. The Table 3 also shows that all 
the households from KHB colony, Nandangadda, 
and Sankriwada retrieved the drinking water from 
a tap. Tilting and dipping methods were seen in 
households belonging to Kajubag and Kodibag.
 All the households cleaned their water 
storage container; however, the frequency varied. 
15 households who cleaned the container once 
in 6 months had 86.7% of coliforms, among 
which 46.7% confirmed with E. coli. Monthly 
cleaning was seen among 12 households (75% 
coliforms, among which 41.6% with E. coli), and 
weekly cleaning was followed by the remaining 3 
households (66.7% coliforms and E. coli). 53.3% of 
the households showed no contamination at the 
point of consumption and had either installed RO 
or RO+UV, that showed better performance for 
water purification. Despite this fact, 8 households 
that had installed one of these two methods 
still revealed contamination at the point of 
consumption. 

DISCUSSION
Well water sampling
Bacteriological analysis of well water
 All the well water samples from 30 
households were contaminated with coliforms 
and E. coli. The findings are similar to those 
conducted at Kathmandu valley and Udupi, where 
well water contamination was 94.7%8 and 92.5%9 
with coliforms, including E. coli. This is in contrast 
with the studies from Tripura and Amritsar, where 
the contamination with coliforms was 77.8%10 

and 25.7%,7 respectively. The highest rate of 
contamination noted in the present study could 
be due to repeated floods, heavy rains, improper 
sewerage systems, and seepage from septic tanks 
that are common in this area. Further, as most of 
the wells are open wells, bird droppings could also 
have been attributed to the contamination.
Chlorination of well water
 In the present study, frequency of 
chlorination had no role on the contamination 
of well water. Statistical analysis also showed 
no significant association between frequency 
of chlorination and well water contamination, 
suggesting that water from the well was getting 
contaminated even when repeated chlorination 
was practiced. The findings from this study 
contrast with various other studies where the 
beneficial effect of chlorination of water was 
noted with reduction of fecal coliforms.21-23 
The difference in the results could be due to 
faulty methods of chlorination, contamination 
of water post chlorination treatment, or high 
levels of contamination following heavy rains and 
floods during the study duration. The well water 
contamination was seen in all the households 
irrespective of the community and SES. The least 
frequency of well water chlorination was noted 
among class-IV households that belonged to 
Kajubag and Kodibag. Further statistical analysis 
revealed a significant association between the 
frequency of chlorination and socioeconomic 
status (p = 0.01), suggesting that socioeconomic 
status plays an important role in deciding 
the frequency of chlorination. This could be 
attributed to the financial constraints of the lower 
socioeconomic groups.
Sampling from the point of consumption (POC)
Bacteriological analysis of water at POC
 80% of  samples from POC were 
contaminated with coliforms among which 47% 
of samples revealed E. coli. The findings were in 
contrast with few studies where contamination 
with E. coli varied from 3.5% to 30%.24-26 The 
higher contamination rate found in the present 
study could be due to improper water treatment 
methods, unhygienic storage, and handling 
practices.
 Highest rate of contamination at POC was 
seen among class-III and class-IV. Further statistical 
analysis revealed a significant association (p = 
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0.01) between contamination of water at POC 
and socioeconomic status, suggesting that 
socioeconomic status plays an important role 
in determining the water contamination at the 
household storage level. This could be attributed 
to poor education levels, poor sanitation practices 
followed among lower socioeconomic groups.
Various treatment methods followed before 
water consumption
 Majority of the households belonging to 
class-I were residing at KHB colony, Nandangadda, 
or Sankriwada where RO or RO+UV systems 
was used for water purification showed the 
least contamination at POC. All the class-III 
and class-IV households belong to Kajubag and 
Kodibag areas. These households mainly followed 
boiling and filtration methods for drinking water 
purification and all of their samples showed 
contamination with coliforms and E. coli. Statistical 
analysis revealed a significant association (p 
= 0.03) between methods of purification and 
contamination at POC, suggesting that the 
purification method is key for maintaining water 
quality. Boiling the water at 100°C at atmospheric 
saturation pressure and use of candle filters are 
known to inhibit pathogens. However, the contrast 
findings in this study could be due to inadequate 
boiling, improper maintenance of filters, and faulty 
techniques followed for storage and handling post 
water treatment. 
Water storage and handling practices
 The tilting and dipping method revealed 
100% contamination with coliforms and E. coli, 
which was mainly followed among the class-
lV socioeconomic group. Statistical analysis 
supported the data by showing a significant 
association (p = 0.001) between the water retrieval 
method and SES. The contamination noted in 
this study for tilting and dipping methods among 
lower socioeconomic groups could be attributed 
to hand contamination while handling water. 
Further statistical analysis also showed a significant 
association (p = 0.03) between the method of 
water retrieval and contamination, suggesting that 
methods used for water retrieval have a significant 
effect in determining water quality. This suggests 
that a quantitative connection between microbial 
hand contamination and microbial stored water 
quality would be a better predictor, which is 
beyond the scope of this study.

Cleaning practices followed at POC
 The frequency of cleaning the drinking 
water storage vessels in the present study had 
no role on the contamination of water at POC. 
Statistical analysis also revealed no association 
between the frequency of cleaning containers and 
contamination. Similar findings on post-collection 
contamination was also found in the study carried 
out by Wright et al., suggesting a compromise in 
water quality despite improved water cleaning and 
purification techniques. 12

 53.3% of the households showed no 
contamination at the point of consumption and 
had either installed RO or RO+UV, that showed 
better performance for water purification. Despite 
this fact, 8 households that had installed one of 
these two methods still revealed contamination at 
the point of consumption. This may have occurred 
due to (i) Improper maintenance of the purification 
system, (ii) Improper cleaning of the retrieval point 
(tap), or (iii) Retrieval of water using contaminated 
hands. Hence, even if the frequency of cleaning 
the storage container was more, one of these 
reasons could have compromised the quality of 
clean, potable water.

CONClusiON
 Microbial contamination of drinking 
water from the source (well) and point of 
consumption was assessed. All the samples 
taken from the well revealed contamination 
with coliforms and E. coli. 80% of samples from 
the point of consumption revealed coliforms, 
among which 47% were confirmed with E. coli. 
The frequency of chlorination played no role on 
well water contamination. Among the various 
methods followed for water purification, filtration 
and boiling showed the highest contamination 
with coliforms, and E. coli and RO+UV showed 
the least contamination for E. coli. Contamination 
of water at the point of consumption had a 
significant association with both purification and 
water retrieval methods. Although RO/RO+UV 
were found to be relatively better performing, 
contamination was still observed despite increased 
cleaning frequency that suggests post-collection 
contamination. This necessitates policies that 
monitors water contamination not only at the 
source water but also at the point of consumption. 
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