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     The most common health risk problems are associated with contaminated drinking water. 
Every year, about 500 million people are infected with water-borne diseases and 10 million 
people are died due to severe infection. This study was designed to evaluate the bacterial 
contamination of the drinking water from different government schools of Faisalabad. For 
this purpose, a total of 110 drinking water samples were collected from different government 
schools of Faisalabad. Then these water samples were analyzed for bacterial contamination 
using techniques such as most probable number test, spread plate method, viable count 
method and biochemical tests. Among 110 samples, 40 samples showed acid and gas 
production and colony counting of these samples was done by growing these samples on 
nutrient agar and colonies were counted using colony counter. Among these 40 samples, 23 
showed growth on EMB agar. Then Gram’s staining was done by picking characteristic 
growth of colonies from EMB agar. All samples which depicted growth on EMB agar were 
found to be pink with rod shape appearance under microscope at 100X. Then different 
biochemical tests were also performed by picking cultural growth from EMB agar. The 
results showed that most of the samples were found contaminated due to unhygienic water 
supply and poor sanitation contaminated the drinking water in schools and 36% samples 
were found contaminated with coliform bacteria. Thus, this data may help to develop 
awareness about the need for clean water for policy makers to adopt hygienic drinking water 
for the community. 
 
Keywords: Escherichia coli (E. coli), Coliform, (Most probable number) MPN, Total viable count (TVC) 
 

INTRODUCTION 
Water is very vital for all types of living organisms. Without water there is no perception of 
life but unfortunately there is no access to pure water for drinking (Ahmad et al. 2004). In 
Pakistan, water resources are vastly polluted in which both under-ground and surface water 
are contaminated by human pathogenic microorganisms such as Salmonella, E. coli, 
Shigella, V. cholerae, P. aeruginosa and Staphylococcus aureus. These microorganisms are 
major source of water borne diseases like diarrhea, dysentery, cholera, food poisoning, 
typhoid fever, illness, gastroenteritis and amebiasis in children and adults (Azizullah et al. 
2011; Baig et al. 2012; Khan et al. 2013).  
The major community of the Pakistan is rundown of health and secure drinking water. Some 
research results reveal that about 70% of rural residents have no access to safe water 
whereas only 40%-60% city area’s population has access to portable water (Fraooq et al 
2008; Amin et al. 2012). Bad water quality, unhygienic conditions and poor water sanitation 
causes approximately 1.7 million deaths per year worldwide due to diarrheal infection 
(Rasheed et al. 2013). The pure water quality that is utilized for household purpose from 
different resources is limited in Faisalabad. According to the census survey (2017), the 
population of Faisalabad is about 5.28 million, out of which 43% are school going children.  
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A total 2319 Government schools are present in 

Faisalabad. Boundary wall present in 2287 out of 2319 
schools. 

Toilets facility is available in 2306 schools and 13 
schools have no reach to toilets. Electricity is available in 
2316 out of 2319 and 3 schools have no access to 
electricity (Annual School Census Report, 2017-18). 

The waterborne pathogens are the major cause of 
diarrhea among children. In 2000, diarrheal diseases 
contributed 5.7% to the universal diseases load. 
Approximately, 15 lacs children die due to diarrheal 
problem before reaching at the age of 5 (Pruss-Ustun et 
al. 2008; WHO, 2000). One of the researches showed that 
approximately 75% children get diarrhea had an enteric 
pathogen in their feces (Ashbolt., 2004; Gorter et al. 
1998). Bad water quality, unhygienic conditions, and poor 
water sanitation cause approximately 17 lacs casualties 
per year worldwide due to diarrheal infections. Children 
mortality rate is nine out of ten (9/10) (Ashbolt, 2004). 
Mortality rate of diarrhea among children is more than 
35,000 annually. In 2013, this number reaches to 53,000 
children’s age less than five. In recent years, mortality rate 
is increasing very rapidly. According to a survey, 104 
/1000 children die before reaching at the age of 3 years 
(Rasheed et al. 2013). The load of water-borne illnesses is 
at peak in less develop countries where diarrhea is the 
foremost cause of children mortality (Bain et al. 2014). 

The 3 main indicators of drinking water contamination 
are E. coli, thermal tolerant and total Coliform bacteria 
(Field and Samadpour, 2007). Escherichia coli is a 
subgroup of fecal coliform bacteria that usually reside 
inside the small or large intestine of human and animal. A 
large amount of them are harmless, but some types are 
harmful, like E. coli 0157:H7. Escherichia coli are 
considered as the best gauge to detect fecal contaminants 
(World Health Organization, 2006). Total coliform can be 
found naturally in the environment such as vegetation, 
soil, human and animal faces. Thermotolerant bacteria are 
also known as fecal Coliform and usually resides in 
intestine and exposed to environment through feces of 
animals and humans (Kanangire, 2013). 

Keeping in view importance of pure drinking water, 
this research project was designed this project was 
designed to find the drinking water in the different 
Government Schools of Faisalabad. We have planned to 
check the bacterial contamination in the drinking water of 
schools because children spend half of the day in the 
schools. Safe and healthy school environment is their right 
for better future and growth. Thus, this research project 
may create healthcare awareness in the society to save 
the future generation from waterborne diseases. 
  
 
 

MATERIALS AND METHODS 

Study design 
The study was designed to conduct the bacteriological 
analysis of drinking water samples from different 
Government Schools of Faisalabad.  

Sample collection 
A proper sampling procedure was followed for collection of 
the drinking water samples from different Government 
schools of Faisalabad. Total 110 water samples were 
taken from school’s water tank, taps (midstream flow), 
hand pumps/bore water and canteens and collected in a 
sterile leaked proof bottle having 250mL capacity. An 
insulating cold box was used for transportation of water 
samples into the Microbiology Laboratory, Department of 
Microbiology, Government College University Faisalabad.  

Bacteriological analysis 
Following techniques were used for bacteriological 
analysis of collected samples. 

Total Viable Count (TVC) 
Petri plates of nutrient agar medium were exploited to 
conclude viable bacterial count. 0.5ml from each sample 
was poured it a separate Petri plate for the detection of 

total viable count. The plates were incubated at 37 ℃ for 
24 to 48 hours. Triplicates were made of every sample. 
Total number of colonies of every plate was counted using 
colony counter and (Colony forming unit) CFU was 
concluded by using formula given below (Hameed et al. 
2015) 
CFU= Number of colonies x Dilution factor / volume of 
samples (mL)  

Detection of spore former bacteria    
Heat shock treatment was performed to the water samples 

at 90 ℃ in Water bath for 15 minutes followed by instant 
cooling at room temperature. After this, 0.5 mL of water 
samples were poured into sterilized Petri plates that have 
nutrient agar media. Inoculated plates were incubated at 

37 ℃ for 24 hours followed by colony counting as stated 
above.  

Coliforms detection tests  
The Standard multiple tube fermentation or Most probable 
number (MPN) method was carried to examine the 
occurrence of coliforms in samples of drinking water. A 
sequence of 15 test tubes (3 sets of 5 test tubes in each 
set and immersed inverted Durham’s tubes) with lactose 
broth was poured with water samples and incubated at 37 

℃ for 24-48 hours. The positive tubes showing color 
change (from red to yellow) and gas production were 
inoculated on MacConkey agar plates and incubated at 37 
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℃ for 24 hours. Pink colored colonies were shifted to EMB 
agar medium which is confirmatory test for the presence 
of E. coli. The inoculated EMB agar plates incubated at 37 

℃ for 24 hours and colonies of bacteria were determined 
next day. Gram staining of positive colonies and 
biochemical tests were also performed for the detection of 
E. coli. 
 
RESULTS  

Among 110 samples, 40 samples produced colonies 

on nutrient agar. Among these 40 samples, 23 showed 
growth on EMB agar. All samples which depicted growth 
on EMB agar were found to be pink with rod shape 
appearance under microscope at 100X.  

Total Viable Count (TVC) 
Among 110 samples, 40 samples showed bacterial 

contamination. Colony forming units for all water samples 
were determined by above mentioned formula and their 
results are given in Table 1. 

Table 1. The number of colonies on positive samples 
 

Sr. No. Location of sample No. of colonies CFU 

1 Government MC high school 30 600 

2 Government MC high school 22 440 

3 Government Technical high school 114 2280 

4 Government girls high school 55 1100 

5 Government girls primary school 79 1580 

6 Government MC high school 47 940 

7 Government Millant –e-Islamia high school More than 300 TNTC* 

8 Government Laboratory high school 38 760 

9 Government Islamia high school 97 1940 

10 Government sabria sirajia high school 103 2060 

11 Government Deccan girls high school 91 1820 

12 Government Deccan girls high school 99 1980 

13 Government Johar girls secondary school 33 660 

14 Government MC girls high school 214 4280 

15 Government Muslim Model high school 35 700 

16 Government MC Higher secondary  school 24 480 

17 Government MC Higher secondary  school 11 220 

18 Government boys high school More than 300 TNTC 

19 Government primary school for boys 85 1700 

20 Government Boys  high school 16 320 

21 Government MC Girls High  school 70 1400 

22 Government MC Girls High  school 254 5080 

23 Government MC Girls Higher secondary  school 136 2720 

24 Government Girls high school 74 1480 

25 Government Girls high school 114 2280 

26 Government primary school 91 1820 

27 Government primary school 22 440 

28 Government primary school 45 900 

29 Government koh-e-noor girls high school 122 2440 

30 Government Special education center 140 2800 

31 Government A.V modern high school 183 3660 

32 Government A.V modern high school 95 1900 

33 Government A.V modern high school 89 1780 

34 Government Girls primary school 135 2700 

35 Government M.C girls high school 200 4000 

36 Government girls higher secondary school 145 2900 

37 Government Jamia chistia high school 83 1660 

38 Government girls high school 274 5480 

39 Government girls high school 243 4860 

40 Government girls elementary school 108 2160 

*TNTC: Too numerous to count 
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Detection of spore former bacteria    
No colony appears on nutrient agar medium which 

showed that water samples have non-spore forming 
bacteria. 

Coliforms detection tests   
Among 40 positive samples, 23 samples showed 

colonies on EMB agar which indicates the presence of E. 
coli. (Fig 1. Table 2). 

 

 

 
Figure 1: Green metallic sheen of E. coli on EMB agar 

 
Table 2: shows result of MPN 

Sr. No. No. of positive 
 test tubes 

(5 set of 10mL) 

No. of positive 
 test tubes 

(5 set of 1mL) 

No. of positive 
 test tubes 
(5 set of 0.1 mL) 

MPN per  
100 ml 

Lower 
 limits 

Upper 
 limits 

1 2 0 1 07 01 17 

2 2 1 1 09 01 21 

3 1 2 2 10 02 23 

4 4 5 1 48 16 124 

5 2 1 0 07 01 17 

6 1 1 1 06 <0.5 15 

7 5 5 4 161 39 424 

8 2 4 0 15 04 37 

9 3 2 2 20 06 60 

10 4 3 2 39 13 106 

11 2 4 0 15 04 37 

12 3 2 0 14 04 34 

13 0 2 1 06 <0.5 15 

14 1 3 1 10 02 23 

15 2 0 3 12 03 28 

16 2 1 2 12 03 28 

17 2 2 2 14 04 34 

18 5 2 4 148 38 366 

19 1 1 0 04 <0.5 11 

20 2 1 2 12 03 28 

21 2 0 1 07 01 17 

22 2 4 0 15 04 37 
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23 3 2 2 20 06 60 

24 4 2 1 26 09 78 

25 3 0 2 13 03 31 

26 4 2 1 26 09 78 

27 3 0 1 11 02 25 

28 3 2 2 20 06 60 

29 4 3 1 33 11 93 

30 5 4 3 278 90 849 

31 4 2 1 26 09 78 

32 5 4 2 221 57 698 

33 0 1 2 06 <0.5 15 

34 1 3 1 10 02 23 

35 0 2 0 04 <0.5 11 

36 5 4 5 426 145 1161 

37 3 3 1 21 07 63 

38 2 3 1 14 04 34 

39 5 1 0 33 11 93 

40 2 0 2 09 02 21 

 
DISCUSSION 

Water is very vital for all types of living organisms. The 
main health hazard is from the use of polluted drinking 
water with feces that causes contagious diseases like 
enteric fevers, cholera, dysentery, and many other 
diarrheal diseases (Bain et al. 2014). This research work 
has been conducted on drinking water from different 
Government Schools of Faisalabad to examine the 
eminence of water according to biological parameter. For 
this principle, different microbiological tools were used to 
identify the occurrence of Escherichia coli and Coliforms 
that cause water-borne diseases. Most probable number 
method, Total viable count are applied to examine the 
load of bacteria in drinking water sample. Overall, 36% 
(n=40 samples) of total samples (110) showed the 
presence of Coliform that supports to previous studies 
such as (Penna et al. 2002). EMB agar showed the 
metallic sheen producing green colonies which is main 
characteristic of E. coli. These colonies were appeared 
pink color rod shape bacteria under the microscope. For 
added confirmation of E. coli, VP test, Methyl red test, 
Indole test and Catalase test were performed.  

 The current data is also in line with few earlier 
reports such as Rawat et al. (2012) who conducted a 
study to analyze the bacterial count and determined the 
water quality in India. A total of 108 water samples were 
taken from various resources. MPN test was applied for 
the detection of Coliform bacterial count. Among 108 
samples 58% (63/108) samples gave positive results that 
confirmed the presence of Coliform bacteria. Another 
study was conducted by Qazi et al. (2006) in Lahore, 
Pakistan. Results depicted that water samples were 
contaminated with Coliform by detecting enteric 
pathogens in the water samples. It is suggested that water 
must be treated by using different purifying methods like 
filtration and boiling. It is prohibited to use the water 
directly without purifying. Another parallel study also 

carried out by Mills et al. (2018) they performed their 
research work to estimate the quality of commercially 
available bottled drinking water. These bottles are used as 
substitute source for distribution of drinking water in those 
vicinities where piped distribution was not available. These 
both sources found contaminated with Coliforms. Out of 
128 water samples, 73% (n=94/128) were found 
contaminated with Coliforms that were collected from 
reusable bottles. Two out of 22 samples were found 
contaminated those were collected from non-reusable 
bottles. 

In the present study, E. coli is detected by MacConkey 
agar medium that disagree with the previous study  of 
Karnwal et al. (2017) in which two sorts of media were 
used (nutrient agar medium and MacConkey agar 
medium/broth) in order to determine bacterial analysis. 
Serial dilution was used for the detection of pathogens. 
For this purpose, water samples were taken from different 
sources like water cooler, tube well, bore-water. E. coli 
was not found in bore water as well as water cooler.  A 
same methodology and media are used in current study to 
isolate Gram-negative Coliform bacteria. 

CONCLUSION 
It is concluded that Escherichia coli and other Coliforms 
bacteria were examined in drinking water samples of 
different Government Schools of Faisalabad which 
indicates the contamination of water. The contamination 
may occur by poor sanitation, industrial effluents, and 
improper sanitation. This study will help the people and 
higher authorities to take proper measures to avoid 
contamination and help to create awareness about the 
importance of fit and safe drinking water for good health. It 
is recommended that Government must take steps to 
make availability of drinking water to school going children 
because children are the asset of our beloved country. 
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