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Abstract 
Physico-chemical and microbiological pollutants may compromise quality of drinking water. The current study 

aims at highlighting various physico-chemical and microbial parameters of drinking water samples collected from 

centralized water storage reservoirs of National University. Major water quality parameters which were examined 

in this study include pH, Electrical conductivity (EC), Turbidity, Total suspended solids (TSS), Total dissolved 

solids (TDS), Dissolved oxygen (DO), Residual chlorine, Hardness, Alkalinity. Moreover, microbial analysis of 

water samples was also carried out through Most Probable Number technique (MPN). Results indicate that all the 

physico-chemical parameters were within prescribed limits of World Health Organization and Pakistan Drinking 

Water Quality Standards (WHO/PDWQS) in both underground and overhead water storage reservoirs except DO 

(9.05-9.2 and 9.05-9.1 mg/L ), TSS (10-20 and 3.3-10 mg/L) and residual chlorine (0.08-0.14 and 0.19-0.28 mg/L), 

respectively. The MPN index values for both underground and overhead water storage reservoirs range between 

16- >23 and 1.1-12, respectively, which illustrates high microbial contamination in water due to low detection of

residual chlorine. The results highlight that water from centralized water storage reservoirs of National University

is unfit for drinking purposes. Statistical analysis such as paired t-test also reveals that water quality parameters

from underground and overhead storage reservoirs are not significantly different from each other except EC and

TDS having P values <0.05. It is necessary to safeguard water quality in water storage reservoirs by regular

inspections and chemical cleaning of water storage reservoirs otherwise it will cause serious threats to well-being

of the community.

Key words: water storage reservoirs, drinking water, microbial quality of water, physico-chemical parameters,

paired t-test.

Introduction 
The goal of centralized drinking water treatment and 

distribution systems is to provide consumers with potable 

drinking water yet, this system is the most complex because 

distribution networks contain complex microbiological 

organisms [1]. Access to clean potable water is crucial to human 

health, development, and well-being [2]. However, scarcity of 

potable water poses a grave challenge to populace throughout 

the world. About 80% of all waterborne illnesses caused by 

contaminated drinking water are the consequence of 

anthropogenic activities [3]. Rapid, unplanned urbanization and 

industrialization are significant contributors to water pollution. 

About 1 billion people around the globe have access to clean 

drinking water [4]. For various species, including bacteria, 

viruses, and protozoa that are detrimental to human health, 

water is thought to behave as a passive carrier [5]. Regarding 

drinking water, bacterial contamination poses a serious health 

danger [3]. Factors such as source, distribution, transportation 

of water or domestic handling, hygiene, and sanitation practices 

may all contribute to microbial contamination of water [6]. The 

principal causative agent of waterborne maladies include 

diarrheal illness, shigella, typhoid, hepatitis A/E and polio are 

pathogenic bacteria [3]. Each year, around 842000 people 

succumb to diarrhea as a result of contaminated water. About 

663 million people are thought to still rely on unimproved water 

sources for drinking [7,8]. Likewise, 1.8 billion people 

worldwide consume contaminated water [9]. For a sustainable 

community, pollution reduction must be considered as a prime 

concern [10]. Sustainable Development Goal 6 (SDG) 

emphasizes the significance of clean and safe drinking water for 

everyone and relates to reducing pollution, improving water 

quality, and dealing with the issue of water scarcity [11]. In 

developing nations like Africa, South Asia, and South East 

Asia, 529 million people lack access to potable water resources 

[8]. 

Pakistan is a developing country with compromised sanitary 

conditions attributed to poverty and lack of knowledge [12]. 

According to an estimate, waterborne diseases are a serious 

predicament for the population; only 47% of households have 

access to clean drinking water, and only 61% have safe 

sanitation systems [13]. It is estimated that 110 children per day 

in Pakistan pass away from diseases associated to Water, 

Sanitation and Hygiene (WASH) [7]. Lack of knowledge, 

improper scientific research, and a lack of resources are the 

main causes of Pakistan's rising water quality dilemma. 

According to the research by International Union for 

Conservation of Nature (IUCN), water-borne infections, which 

are most prevalent in Asia, are thought to be the cause of death 

for 60% of infants in Pakistan [14]. In Pakistan, water is 

generally not treated or filtered before being supplied for human 

use. Chlorination is the only treatment being used to clean and 

disinfect drinking water sources and coliform populations in 

Pakistan. However, research has revealed that even coliform-

free drinkable water may contain dangerous human pathogens 

that can cause water-borne ailments [5,15]. To be considered 

safe, drinking water must never include excessive levels of 

harmful substances or pathogens. Drinking water samples were 

collected from various schools and colleges of Islamabad in 
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order to assess water quality. Analysis revealed that among 30 

samples 20 were microbiologically contaminated and unfit for 

drinking [16]. The most common and prevalent concern related 

to drinking water is microbial contamination. Due to overuse of 

the groundwater resource, agricultural impact, and direct 

release of contaminants, a study of bore wells and open wells in 

Rawalpindi and Islamabad using a Geographic Information 

System and the Water Quality Index revealed that more than 

half of the samples were unfit for human consumption [17]. 

Natural streams that are located in the capital city have poorer 

water quality. Due to the high levels of total and faecal coliform 

bacteria in water reservoirs, effective water treatment is needed 

for drinking and domestic use [18]. According to the results of 

the heterotrophic bacterial assessment of the drinking water 

quality of tube wells, water reservoirs, and filtration facilities in 

different areas of Islamabad, 21% of the 55 samples were 

contaminated with total coliform, faecal coliform, and E. coli 

[19]. Quality assessment of drinking water provides significant 

measure of safety, and the majority of nations have national 

standards that frequently coincide with WHO drinking water 

quality recommendations. Availability of good quality of water 

resources depends on multiple physico-chemical and microbial 

parameters. The current study aims at highlighting various 

physico-chemical and microbial quality of drinking water from 

centralized water storage reservoirs of a National university to 

understand the status of water supply to university’s 

community.  

 Study site 
National University named National University of Sciences and 

Technology (NUST), Islamabad Pakistan is a public sector 

research university and covers an area of 707 acres having more 

than 15 schools and institutes, faculty residence and hostels for 

both male and female students. The water distribution system 

of university is serving approximately 20,000 people including 

day scholars, hostelites, faculty and staff. Monitoring of the 

physico-chemical and microbial composition of drinking water 

is crucial as universities are at risk due to limited access to 

potable water. It increases students’ vulnerability to 

environmental health hazards and makes for high-risk 

environment for university’s residents. It also enhances the 

people susceptibility to environmental health risks posed by 

contaminated drinking water [20]. Hostelites, day scholars, 

faculty and staff who spend most of the time in university 

depend on university’s water supply and they often suffer from 

waterborne diseases which increases the rate of absentees and 

decreases the overall efficiency and productivity of students 

and staff in terms of academic performance. Therefore, it is 

necessary to monitor water quality and ensure the community's 

health around the university in order to suggest remedial 

measures in case water is unsuitable for drinking. 

Materials and methods 
National University under study is divided into III zones (I, II, 

III) and its water distribution system is based on tube wells.

Water from tube wells enters underground water storage

reservoirs. Each zone has its own centralized underground

water storage reservoir which is made up of reinforced concrete

cement (RCC).

Fig 1: Map of the sampling sites 

(Legends: Z-1 Water storage reservoirs zone-I, Z-2 Water 

storage reservoirs zone-II, Z-3 Water storage reservoirs zone-

III) 

Water from underground reservoirs is directed to overhead 

reservoirs and about one parts per million (1ppm) chlorine is 

added as a disinfectant to remove all the microbial 

contamination. Z-III has no overhead water storage reservoir 

and is directed towards drinking water distribution system 

(DWDS) after chlorination. Water samples were obtained from 

both underground and overhead reservoirs and zone which has 

no overhead reservoir. Water sample was also collected from 

tap besides underground reservoir. Details of centralized water 

storage reservoirs of the National University is shown in the 

Table 1. 

Table 1: Details of centralized water storage reservoirs of the 

National University 
Samplin

g sites 

Centralized 

water 

storage 

reservoirs 

No. of 

Reservoirs 

Capacit

y 

(Gallons

) 

Storage 

Gallons 

Zone-I Underground 

water 

reservoirs 

2 300,000 600,000 

Overhead 

water 

reservoir 

1 100,000 100,000 

Zone-II Underground 

water 

reservoirs 

3 300,000 900,000 

Overhead 

water 

reservoir 

1 100,000 100,000 

Zone-

III 

Undergroun

d water 

reservoir 

1 150,000 150,000 

Overhead 

water 

reservoir 

- - - 

Total 

Storage 

1,850,000 (Gallons) 
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Samples were collected in the month of February 2021. 

Samples from both underground and overhead reservoirs were 

collected for analysis of physico-chemical and microbial 

parameters. The sampling locations are shown in the Fig 1. 

Total of 9 physico-chemical parameters were monitored which 

includes pH, dissolved oxygen (DO), turbidity, total suspended 

solids (TSS), total dissolved solids (TDS), electrical 

conductivity (EC), residual chlorine, alkalinity, hardness. 

Furthermore, microbial quality of water was also analyzed. 

Sampling 
All water samples were collected in 500 ml sterilized glass 

bottles according to the guidelines provided by WHO. All the 

samples were placed in an ice box and immediately exported to 

the laboratory for analysis. All the procedures including sample 

collection, physico-chemical and microbial analysis were 

performed according to Standard Methods for the Examination 

of Water and Wastewater [21]. 

Physico-chemical analysis 
Analyses of multiple physico-chemical parameters were carried 

out. Some analyses were performed onsite which includes 

dissolved oxygen (DO) using CrisonOxi 45 DO meter, pH 

using potable HACH 156 pH meter, electrical conductivity 

using Conductivity meter 3210, turbidity using portable 

turbidimeter HACH 2100P. Hardness and Alkalinity by 

Titration method, TDS and TSS by Gravimetric method were 

measured in laboratory. 

Microbial analysis 

The Most Probable Number (MPN) technique was used to carry 

out microbial examination of drinking water samples to 

determine the presence of Fecal coliform, Total coliform and E. 

coli. 

Results and discussion 
Physico-chemical analysis 
Results of physic-chemical and microbial analysis of drinking 

water quality were compared with WHO/PDWQS. Table 2 

shows the prescribed limits of WHO/PDWQS for all physic-

chemical and microbial parameters. 

Table 2: Prescribed values of WHO/PDWQS for drinking 

water quality monitoring 

Drinking water 

quality parameters 

Standard values 

WHO [22] PDWQS [23] 

pH 6.5-8.5 6.5-8.5 

Electrical 

conductivity (µS/cm) 

2500 ……… 

Turbidity (NTU) <5 <5 

Dissolved oxygen 

(mg/L) 

6-8 ……… 

Hardness (mg/L) <500 <500 

Alkalinity (mg/L) <500 <500 

Total suspended 

solids (mg/L) 

5 ……… 

Total dissolved 

solids (mg/L) 

<1000 <1000 

Residual chlorine 

(mg/L) 

0.2-0.5 ……… 

MPN/100 ml 0/100 0/100 

pH: pH of water samples is a measure of the acid base balance 

of them. Number of toxic substances in water bodies may be 

increased or decreased based on the value of pH in water [24]. 

The pH value of sample obtained from the underground storage 

reservoir of Z-I was 8.06 which is highest of all the samples 

obtained from the storage reservoirs. The lowest value of pH 

was found in overhead reservoir of Z-II. There is not much 

difference in pH values for both underground and overhead 

storage reservoirs of Z-III. Increase or decrease of pH in 

samples from value of 7 may be attributed to imbalance of 

carbonate and bicarbonate ions in it [20]. All the samples 

obtained from the storage reservoirs were found to be within the 

limit prescribed by WHO/PDWQS which is 6.5-8.5 as shown 

in Fig 2. Fluctuation in temperature may cause change in the pH 

of samples [19].  Similar study was conducted by Rehmanian 

and coworkers in 2015 evaluating the pH value of drinking 

water in state of Perak, Malaysia. The value of pH in all samples 

was found within the limit set by WHO which is 7.01-8.2 and 

its similar to results of the current study [26]. 

Fig 2: Variation in pH values of underground and overhead 

water storage reservoirs 

Electrical conductivity (EC): Electrical conductivity defines 

the value of current the water carries. It is also associated to the 

total dissolved solids (TDS) content of the water [27]. The EC 

of water samples of underground storage reservoirs ranged 

between 852-1015 µS/cm and EC of samples obtained from 

overhead storage reservoirs ranged between 873-949 µS/cm. 

The highest EC was noted in underground storage reservoir of 

Z-II and lowest EC was noted in underground storage reservoir

of Z-III. The value of EC will increase as the amount of TDS in

the water increases [14]. EC values for all the samples of

selected sampling stations was within the prescribed limit of

WHO which is 2500 µS/cm as shown in Fig 3. Similar study

was conducted by Sohaila and coworkers in 2020 in which EC

values of samples from public drinking water sources in

Rawalpindi and Islamabad, Pakistan was examined.  The EC

values of all the samples were ranged between 296-1474 µS/cm

which is within the limit prescribed by WHO and similar to our

study [28].

7

7.2

7.4

7.6

7.8

8

8.2

8.4

Z-I Z-II Z-III

p
H

Underground reservoir Overhead reservoir

WHO/PDWQS= 

6.5-8.5 mg/L
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Fig 3: Variation in EC values of underground and overhead 

water storage reservoirs 

Turbidity: Number of suspended particles present in water 

samples is known as its turbidity [29]. The turbidity values of 

both underground and overhead storage reservoirs ranged 

between 0.88-1.97 NTU and 1.24-2.2 NTU respectively. The 

highest value of turbidity was observed in sample obtained from 

overhead reservoir of Z-I which is 2.2 NTU while lowest value 

of turbidity was recorded in sample obtained from underground 

reservoir of Z-I which is 0.88 NTU. But the turbidity of all the 

samples obtained from underground and overhead reservoirs 

was found to be within the limits set by WHO and PDWQS that 

is 5 NTU as shown in the Fig 4. Similar study was conducted 

by Duressa and coworkers in 2019 in which physico chemical 

and microbial drinking water quality monitoring of samples 

from source to household tap was performed. The values of 

turbidity ranged between 0-12 NTU which is within the limit 

set by WHO for some samples and exceeds the limit set by 

WHO for other samples [30]. 

Fig 4: Variation in Turbidity values of underground and 

overhead water storage reservoirs 

Dissolved oxygen (DO): Dissolved oxygen (DO) assesses the 

waste assimilative capacity of the waters [31]. The DO values 

of raw water in all the sampling sites ranged from 9.05-9.2 

mg/L and the value of DO for the overhead reservoirs ranged 

from 9.05-9.1 mg/L, respectively. As in February the 

temperature was lower due to which value of DO was higher in 

most of the samples. DO and temperature correlate inversely 

that is with the increase in temperature the value of DO 

decreases and vice versa [32]. The highest value of DO was 

recorded in sample obtained from underground reservoir of Z-

II which is 9.2 mg/L while the lowest value of DO was observed 

in underground reservoir of Z-I and overhead reservoir of Z-II. 

The values of DO in the current study are higher compared to 

the limits set by WHO/PDWQS which is 6.5-8.5 mg/L as 

shown in Fig 5. Kamal and Hashmi in 2021 evaluated the water 

quality of a residential university and average DO value of all 

the samples was found above the limit set by WHO/PDWQS 

[32]. 

Fig 5: Variation in DO values of underground and overhead 

water storage reservoirs 

Hardness: The quantity of both magnesium and calcium salts 

in water determines its hardness [27]. The hardness of samples 

obtained from the underground storage reservoirs ranged 

between 378-383 mg/L and hardness of samples obtained from 

the overhead reservoirs ranged between 340-401 mg/L. The 

highest value of the hardness was observed in overhead storage 

reservoir of Z-I while lowest value of hardness was observed in 

overhead storage reservoir of Z-II. The values of hardness for 

all the samples obtained from selected sampling stations were 

found within the limit prescribed by WHO/PDWQS which is 

500 mg/L as shown in the Fig 6. Similar study was conducted 

by Werkneh and coworkers in 2015 in which physico-chemical 

assessment of drinking water of Jigjiga city Ethopia was carried 

out and the highest value of hardness was 362 mg/L which is 

also within the limit set by WHO/PDWQS similar to our results 

[33]. 

Alkalinity: Total alkalinity of water is defined as the water 

containing carbonate, hydroxide, and bicarbonate compounds 

of sodium, calcium, and potassium [32]. The values of 

alkalinity for underground reservoirs ranged between 402-405 

mg/L while values of alkalinity for overhead reservoirs ranged 

between 342-435 mg/L. The maximum value of alkalinity was 

found in sample obtained from overhead reservoir of Z-I which 

is 435 mg/L while lowest value of alkalinity was found in 

samples obtained from underground and overhead water 

storage reservoir of Z-III which is 402 mg/L. The values of 

alkalinity of all samples were found within the prescribed limit 

of WHO/PDWQS which is 500 mg/L as shown in Fig 7. Similar 
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study was carried out by Sila in 2019. In this study the values 

of alkalinity for various samples obtained from dams, furrows, 

rivers, springs, rainwater, borehole ranged between 59-196 

mg/L which is within the limit set by WHO/PDWQS similar to 

our study [34]. 

Fig 6: Variation in Hardness values of underground and 

overhead water storage reservoirs 

Fig 7: Variation in Alkalinity values of underground and 

overhead water storage reservoirs 

Total suspended solids (TSS): Total suspended solids (TSS) 

provide the attachment sites for microbes. Hence, it is very 

important parameter to assess the quality of drinking water. The 

values of TSS in underground storage reservoirs ranged 

between 10-20 mg/L while the values of TSS in all samples 

obtained from overhead reservoirs ranged between 3.3-10 

mg/L. The highest value of TSS was recorded in sample 

obtained from underground storage reservoir of Z-II which is 

20 mg/L while lowest value of TSS was found in sample 

obtained from overhead reservoir of Z-III which is 3.3 mg/L. 

The maximum value of TSS in sample obtained from 

underground storage reservoir of Z-II was probably due to the 

corrosion of storage tank material or due to the rusting of water 

distribution pipes. TSS of most of the samples was found above 

the prescribed limit of WHO/PDWQS which is 5 mg/L as 

shown in the Fig 8. The highest TSS value may provide the 

more attachment sites to the microbes because of more surface 

area [32]. Similar study was conducted by Khan and coworkers, 

2021 and assessed the TSS values in drinking water sources of 

district Bajaur, Pakistan. The values of TSS were found above 

the prescribed limit of WHO/PDWQS [35]. 

Fig 8: Variation in TSS values of underground and overhead 

water storage reservoirs 

Total dissolved solids (TDS): Water dissolves diverse range of 

organic and inorganic minerals in it. The high values of TDS in 

water makes it unfit for drinking purposes. The TDS values of 

samples obtained from underground storage reservoirs ranged 

between 443-527 mg/L while the values of TDS of samples 

obtained from overhead storage reservoirs ranged between 446-

493 mg/L. The highest value of TDS was observed in sample 

obtained from underground storage reservoir of the Z-II which 

is 527 mg/L while the lowest value of TDS was observed in 

sample obtained from underground storage reservoir of Z-III 

which is 443 mg/L. The values of TDS in all the samples 

obtained from selected sampling stations were found to be 

within the limit set by WHO/PDWQS which is <1000 mg/L as 

shown in the Fig 9. Similar study was done by Mullahmattathil 

and coworkers in 2015 in which analysis of TDS contents of 

drinking water in Mafikeng, South Africa was performed. The 

TDS values of all the samples ranges between 159-364 mg/L 

which is within the limit set by WHO/PDWQS similar to our 

results [36]. 

Fig 9: Variation in TDS values of underground and overhead 

water storage reservoirs 
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Residual chlorine: Chlorine is a powerful disinfectant that is 

added to water to remove microbial contamination and make it 

safe to drink. The amount of residual chlorine at the consumer 

end will be determined by the amount of chlorine added to the 

water [37]. The amount of the residual chlorine in underground 

storage reservoirs ranged between 0.08-0.14 mg/L while the 

amount of residual chlorine in samples obtained from overhead 

storage reservoirs ranged between 0.19-0.28 mg/L. The highest 

amount of residual chlorine was found in the sample obtained 

from overhead storage reservoir of Z-II which is 0.28 mg/L 

while lowest amount of residual chlorine was found in sample 

obtained from underground storage reservoir of Z-III which is 

0.08 mg/L. The chlorine was also found in unchlorinated water 

of underground storage reservoirs as during the sampling period 

chlorine was used in underground storage reservoirs for 

cleaning purpose. However, the amount of chlorine in samples 

of overhead storage reservoirs was higher compared to the 

samples obtained from underground storage reservoirs but far 

less than the prescribed limit for efficient disinfectant. 

Moreover, most of the samples obtained from the selected 

sampling stations have less amount of chlorine compared to the 

limit set by WHO/PDWQS which should be 0.5-1.5 mg/L at 

source and 0.2-0.5 mg/L at consumer end as shown in Fig 10. 

The amount of chlorine in all the three zones may decrease 

despite adding 1 ppm dose due to the reason that when chlorine 

is added to water, some of the chlorine reacts initially with 

inorganic and natural elements and metals present and is 

unavailable for disinfection; this portion of the chlorine is 

known as the water's chlorine demand, and the remaining 

chlorine is known as total chlorine. Free chlorine and mixed 

chlorine are subsets of total chlorine. When chorine reacts with 

molecules containing inorganic nitrogen, such as nitrates, etc., 

as well as organic nitrogen, such as urea, etc., it serves as a weak 

disinfectant that is ineffective for disinfection. As a gauge of 

the water's potability, free chlorine measures the amount of 

chlorine that is still available to inactivate pathogens [38]. So, 

the added chlorine may be consumed in this way and hence do 

not fulfil the requirement for efficient disinfection. Moreover, 

turbidity also plays an important role in proper disinfection 

[32]. In the current study the value of turbidity is > 0.5 NTU in 

most of the samples. Due to higher values of turbidity the high 

amount of disinfectant is required for proper disinfection [33]. 

Results of current study are similar to the study conducted by 

Duressa and coworkers in 2019. In this study residual chlorine 

values of drinking water Nekemte, Oromia, Ethiopia was 

examined.  Residual chlorine was found less than 0.5 mg/L and 

0.2 mg/L at source and consumer end, respectively [30].  

Fig 10: Variation in Residual Chlorine values of underground 

and overhead water storage reservoirs 

Microbial analysis 
The presence of fecal and total coliform in all the samples was 

identified by Most Probable Number Technique (MPN). The 

value of total and fecal coliform for samples obtained from 

underground storage reservoir range between 16->23/100 ml 

while the values of MPN index for samples obtained from 

overhead reservoirs ranged between 1.1-12/100 ml. The highest 

value of MPN index was recorded in sample obtained from 

underground storage reservoir of Z-I which is >23 with 95% 

probability range of (13-…..) while lowest value of MPN index 

was observed in sample obtained from overhead storage 

reservoir of Z-III which is 1.1 with 95% probability range of 

(0.05-5.1). The lowest value of MPN index for the sample 

obtained from overhead storage reservoir of Z-III was due to 

the presence of residual chlorine which is 0.28 mg/L. Water 

chlorination is mostly used to kill or remove bacterial 

contaminants in order to make it safe and healthy for drinking 

purposes. The MPN index of the chlorinated water should drop 

following chlorination, but the storage reservoir has not 

received the requisite amount of chlorine addition for effective 

disinfection. The MPN index for sample obtained from 

overhead storage reservoir of Z-III has reduced but not properly 

eliminated as shown in the Table 2. Kamal and Hashmi (2021) 

assessed the physico-chemical and bacteriological analysis of 

tap water of a same university of Pakistan. In this particular 

study results show that the MPN index of all the water samples 

was found above the limit set by WHO/PDWQS [5]. 

Table 4: p-values (P(T<=t) two tail) of physico-chemical parameters of all three zones 

Sampling 

sites 
pH DO EC Turbidity Hardness Alkalinity TSS TDS 

Residual 

Chlorine 

Z-1 0.66 0.7 0.01 0.2 0.5 0.2 0.2 0.006 0.5 

Z-II 0.5 0.2 0.03 0.4 0.1 0.07 0.05 0.03 0.3 

Z-III 0.5 0.6 0.4 0.2 0.5 0.5 0.5 0.25 0.23 
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Table 3: Variation in MPN index of water samples obtained 

from underground and overhead water storage reservoir 

Sample Zon

es 

MPN 

Index/1

00 ml 

95% 

probabil

ity 

range 

WH

O 

limit 

PDW

QS 

Undergro

und 

reservoir 

Z-I >23 13-….. 

0/10

0 ml 

0/100

ml 

Z-II 16 5.8-34 

Z-

III 

16 5.8-34 

Overhead 

reservoir 

Z-I 3.6 0.91-

0.97 

Z-II 12 4.8-24 

Z-

III 

1.1 0.051-

5.9 

Statistical Analysis 
Statistical analysis was conducted to determine the significant 

difference between water from underground and overhead 

reservoirs such as Paired t-test at 0.5 significant level test (at 

95% confidence level) was performed by using Microsoft excel 

365. Results of paired t-test reveal that ‘p’ value for EC (Z-I  p=

0.01, Z-II p= 0.003) and TDS (Z-I p= 0.006, Z-II p= 0.03) is

significantly less (0.05). Likewise, the critical value is also

smaller than measured t-statistics value for all the three

locations. This revealed that the difference in samples from

underground and overhead reservoirs is significant. P value for

all other parameters were greater than 0.05 showing that the

difference is insignificant between the water samples of

underground and overhead reservoirs as shown in Table 3. This

may be due to low detection of chlorine in overhead reservoirs

and the water quality may remain unchanged before and after

chlorination.

Conclusions 
The results of the current study indicate that all the selected 

physico-chemical parameters of all samples were within the 

prescribed limit set by WHO/PDWQS except dissolved oxygen 

(DO), total suspended solids (TSS) and residual chlorine. Water 

from storage reservoirs of National University is contaminated. 

TSS of samples obtained from both underground and overhead 

storage reservoirs was found to exceed the prescribed limit by 

WHO/PDWQS and hence greater amount of TSS provides 

more sites for microbial attachment. Microbial analysis of all 

samples from selected sampling stations through MPN also 

shows that the water is contaminated and unfit for drinking 

purposes. Proper dosages of chlorine should be used for 

efficient disinfection. Moreover, statistical analysis also reveals 

that there is no significant difference in physico-chemical 

parameters of samples obtained from underground and 

overhead reservoirs except EC and TDS having P values <0.05. 

This may be due to lesser amount of chlorine in samples of 

overhead storage reservoirs.  

Recommendations 
According to WHO/PDWQS ground water if used for drinking 

purpose must have a 0/100 ml of MPN index but in current 

study all the samples have MPN index greater than 0 and TSS 

is above the permissible limits of WHO. So, water should be 

filtered and chlorinated carefully before supplying to overall 

community. Moreover, it is necessary to prevent water 

contamination in storage reservoirs by scheduling regular 

inspections and cleaning of reservoirs. Lack of proper 

monitoring of centralized water supplies also raise the issue of 

water contamination and ultimately causing the serious threats 

to well-being of community. 
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