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Abstract

Water quality assessment of different sources of water in a village was carried out by taking selected significant parameters,
namely temperature, pH, conductivity, total dissolved solids (TDS), dissolved oxygen (DO), free carbon dioxide (free CO,),
alkalinity, hardness, calcium, phosphate, nitrate, chloride and coliform count. All these parameters were analyzed as per the
standard protocol of American Public Health Association. Further, seven parameters (pH, TDS, alkalinity, hardness, calcium,
nitrates and chloride) were used to calculate water quality index for assessing overall drinking water status of sampling sites.
A survey of health status of population of the village was also conducted with the help of questionnaire and interview method
to draw the relationship of water quality and health. All selected physicochemical parameters were found under prescribed
limits as stated by Indian Standard 10500 and Central Pollution Control Board guidelines. The values for most probable
number count were found above the permissible limit of drinking water indicating contamination of coliform at all sites.
Further, water quality index for SN1, SN2, SN3, SN4 and SN5 was 17.61, 30.11, 69.73, 25.60 and 47.15, respectively. As
per the water quality index, the water samples of natural springs which were away from village were classified under ‘excel-
lent’ category as compared to supply water samples. The result of survey recorded 38% population suffered from dysentery,
23% from diarrhea and 17% from typhoid. The report of the survey and the presence of coliform suggest that drinking water
contamination is leading to waterborne diseases like cholera, dysentery and typhoid. It is also suggested that water quality
of all sites except SN3 was suitable for drinking purpose, but disinfection of coliform before use is warranted.
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Introduction

The quality of water governs life of an organism on the
earth. Hence, researchers around the world are engaged on
framing the systematic approach and policy for the long-
term conservation of good-quality water. Historical evi-
dences show that change in water quality and quantity due to
anthropogenic pressure has lead to vanish many settlements

P4 Jaspal Singh Chauhan
jaspal.env@gmail.com

Tarun Badwal
badwaltarunl @gmail.com

Neha Badola

neha.badola672 @gmail.com

Department of Himalayan Aquatic Biodiversity, H.N.B
Garhwal University, Srinagar, Uttarakhand 246174, India

Department of Zoology, H.N.B Garhwal University, Srinagar,
Uttarakhand, India

of human beings. Quality of water always depends on the
source of water, the storage technique and the treatment
opted (Lim et al. 2012; Kumpel and Nelson 2013; Wright
et al. 2004). Water pollution affects water quality and harms
human health, slows economic development and reduces
social wealth (Milovanovic 2007). Water quality represents
the purity of water and expresses the suitability of water for
various uses like drinking, industrial water supply, and irri-
gation, propagation of aquatic organisms and generation of
hydro power. The water quality is assessed in order to deter-
mine its potability, safety of human contact and ecosystem
health. Poor quality of water is due to high level of organic
and inorganic substance that does not fit in the standard lim-
its given by the government. Biological organism like bac-
teria, viruses and protozoan is also involved in deteriorating
the quality of water and further resulting in many diseases
(Grabow 1996). The outburst of epidemics in the form of
diseases like cholera and diarrhea, which are major water-
borne diseases and a global health problem, is the results of
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drinking waters contaminated with waste and sewage (WHO
2000). Bain et al. (2014) estimated that globally, 1.8 billion
people use a fecal-contaminated source for drinking water.
Out of these, 1.1 billion drink ‘moderate’-risk water (> 10 E.
coli/100 ml). The contamination of the drinking water was
found to be dominant in the rural regions (41%) as compared
to the urban areas (12%). Africa and Southeast Asian coun-
tries were recorded using a high percentage of contaminant
water, i.e., 53% and 35%, respectively.

In India, groundwater and river water form the major
source of water supply for drinking, domestic and agricul-
tural purposes, but in few hilly states natural streams and
springs are serving the purpose smoothly. The Uttarakhand
State of India also depends much on its natural water sources
for good-quality drinking water for a long time. Deterio-
ration of water quality of natural sources due to the rapid
growth of the population, higher demand of agricultural
products, unplanned urbanization, overexploitation and other
anthropogenic activities had enroute the invasion of many
life-threatening diseases in Uttarakhand. High frequencies
of natural disasters, increasing human population and un-
regulated developmental activities have changed the overall
status of water quantity and quality in the hills. This has
forced the villagers in Uttarakhand to opt for migration to
the nearby plain region (Kala and Kala 2006). In Uttara-
khand, a large portion of the population (about 77%) lives
in the hilly areas and about 90% of these populations depend
upon the natural spring water for their daily water demand
(Jain et al. 2010; Singh et al. 2012). Sumari is a hilly village
of Uttarakhand State where people mostly depend on natu-
ral water sources to fulfill their water demand for different
purposes, especially drinking. The water used is natural and
does not have any form of treatment so this research was
formulated to know whether such natural sources of water
are safe from the perspective of health. The objectives of this
research were: to study the health status of Village Sumari,
Pauri, Uttarakhand, and to assess the water quality status
of natural springs used as a drinking water source by the
people of Sumari.

Table 1 Detail of sampling sites

Materials and methods
Study area

Sumari is a village of the Pauri District in the Uttarakhand
State, India. This village lies at an altitude of 1350-1400 m
and at latitudes 30°-20’ N and longitudes 78°-81' E. According
to census 2011, the population of the village was 409, of which
193 are males while 216 are females. The population of this vil-
lage was initially 500 families as recorded in the 1960s, which
has now reduced to more than 60%. The major occupations
of the population of this village were agriculture and animal
husbandry in the 1960s, but now most families are service class
people (Kala and Kala 2006). With the migration of the people
of the village, most of the agriculture land is now barren. The
village is surrounded by the chirpine and the oak forest.

Sampling sites

Five water sampling points were spotted in the Village
Sumari which were the majorly used by the population of the
village. These sampling sources include both natural water
and supply water. The detail of the sampling sites is given
in Table 1 and Fig. 1.

Survey method

An initial survey of the health status of the population of the
village Sumari was conducted by preparing questionnaires
with the consultation of Dr. Prasant Dhanik (MBBS). As per
the discussion with the doctor, different symptoms of the
waterborne diseases were understood and marked in the ques-
tionnaire. All the symptoms were described to the people, and
accordingly, the disease was marked in the questionnaire. This
method was general interview cum questionnaire approach to
understand the health problems of the villagers. A total of 123
people were interviewed of different ages and sexes. A sample
of questionnaires used for survey is shown in Fig. 2.

S. No. Sample sites Site code Description of site
1 Gaurikund SN1 Covered underground water source

Used for drinking only, other activities like washing clothes and bathing restricted
2 Tap water SN2 Water supply source

Used for drinking and limited other activities like washing clothes and bathing
3 Stored water SN3 Stored natural water present in the middle of village

Used for various activities like drinking, washing clothes and bathing.
4 Gaumukh SN4 Stored spring natural water

Used for drinking only, other activities like washing clothes and bathing restricted
5 Tank water SN5 Stored tap water

Used for drinking only, other activities like washing clothes and bathing restricted
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Fig. 1 Sampling site

Physicochemical parameters

The water samples were collected in polyethylene bottles
and were analyzed for the physicochemical characteristics,
viz. temperature, pH, conductivity, total dissolved solids
(TDS), dissolved oxygen (DO), free CO,, alkalinity, hard-
ness, calcium, phosphate, nitrate, chloride and coliform
count, according to standard methods given by American
Public Health Association, Washington, DC (APHA 1998).
Water temperature, pH and conductivity, TDS were meas-
ured with the help of a thermometer, pH meter, conductiv-
ity meter and TDS meter, respectively. The concentration
of DO was measured by the Winkler iodometric titration
method. The alkalinity and free CO, of drinking water were
estimated by the titration method; hardness by the ethyl-
ene diamine tetra acetic acid (EDTA) titration method; and
inorganic phosphorus by the ammonium molybdate method.
Calcium is determined by flame photometer, nitrate by spec-
trophotometer and chloride by Mohr’s method.

MPN test

Water samples from five sites were poured onto the surface
of nutrient agar medium after dilutions, and then, incuba-
tion was done at 10 °C until the colonies on a plate stopped
increasing in number. The colonies on the agar plates were
observed for morphological and growth pattern differences.
From this, certain colonies were selected and pure cultures
were prepared by streak plate methods. Each culture was
stored in test tube slants till further use (Prescott 2002).
MPN test is conducted in three steps: 1. presumptive test, 2.
confirmed test and 3. completed test.

Presumptive test

The MacConkey purple media of single and double
strength were prepared in the test tube with Durham’s tube
and autoclaved. Then, three sets of test tubes containing
five tubes in each set are arranged. One set with 10 ml of
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Village —-Sumari_District- Pauri  State- Uttarakhand

NAME :
DATE:
SEX :
AGE:
SOURCE OF DRINKING WATER:
WATER FILTER USED (Y ES/NO):
DISEASE:
DIARRHEA DYSENTERY CHOLERA TYPHOID DENGUE CALCULUS
- A.bdominal -STOOL ( -Watery -Weakness -Fever - Pain on
pain soft) diarrhea due to and urination
-STOOL -blood in stool - fluid loss. neataches -Pain at side
(hardness) Urgent need Dehydration -Fever -Pain and back ,
-Urgent need of bowel - Abdominal -Poor behind b'e i
of bowel movement Cramps appetite eves ribs
movement . -Muscles - fluctuation
-Fever - pink dioi . g
hes of and joint in pain
rashes o pain
flat

Medical history :

REMARK :

SIGNATURE:

Fig.2 Questionnaire used in survey

double strength (DS) and other two containing 10 ml of
single strength (SS) media were placed. Then, 10 ml of
water sample was transferred to each of the DS broth tubes
using sterile pipette. Further, 1 ml of water sample to each
of the five tubes of one set of SS broth and 0.1 ml water to
five tubes of the remaining last set of SS broth tubes were
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transferred. The tubes were incubated at 37 °C for 24 h
and then observed for the gas production in the Durham’s
tube and color change of the media. The number of posi-
tive results from each set was recorded and compared with
the standard chart to give presumptive coliform count per
100 ml water sample.
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Confirmed test

The samples from the positive tube of the presumptive
test were streaked on the EMB lactose plates and are incu-
bated at 37 °C for 24 h. The bacterial colonies with black
centers or metallic sheen were observed marking positive
confirmed test.

Completed test

The typical colonies of coliform (with metallic sheen) were
selected, then inoculated on lactose broth and agar slant and
incubated at 37 °C for 24 h. The production of gas shows the
presence of coliform group, and the completed test was positive.

Water quality index

Water quality index (WQI) is a technique of rating that
provides the composite influence of each of the selected
water quality parameters on the overall quality of water.
Assessment of the water quality for various proposes like
drinking, bathing and irrigation is carried out by the water
quality indexes (Zahedi 2017). In this study, we considered
the standards recommended by IS-10500 (2012) for the
calculation of WQI. The weights for various water quality
parameters are considered to be inversely proportional to the
standard values (Naik and Purohit 2001). WQI was calcu-
lated by weighted index method to understand the suitabil-
ity of spring water for drinking purposes (Chauhan and Rai
2014; Padmanabha and Belagali 2005; Tiwari and Mishra
1985; Banerjee and Srivastava 2009). Out of total studied
parameters, pH, TDS, alkalinity, hardness, calcium, nitrate
and chloride parameters were selected for the computation
of water quality index (Table 2).
Water quality index was calculated by the formula:

WQl = Z Wi,
i=1

Table 2 Selected values for water quality index calculation

Parameter Water Recommended agency V; W,
quality
standard
pH 6.5-8.5 IS 10500, CPCB 7 0.721153
TDS (mg/l) 500 IS 10500 0 0.010817
Alkalinity (mg/l) 200 1S 10500 0 0.027043
Hardness (mg/l) 200 IS 10500 0 0.027043
Calcium (mg/l) 75 IS 10500 0 0.072115
Nitrate (mg/1) 45 1S 10500 0 0.120192
Chloride (mg/l) 250 IS 10500 0 0.021635

where w; is the weightage factor of the ith parameter and
g, is the quality rating of the ith parameter. The w; can be
calculated from the following equation:

s

' Sn

= L+L+Ll+--~+1/v
Vsl VS2 Vs} sn
Va_Vi

g; = x 100
Vs_Vi

where V, is the actual value obtained from laboratory analy-
sis of ith parameter; V/ is the standard value of ith parameter
from standard table; V; is the ideal value (for pH="7, and for
other parameters, it is equivalent to zero).

Using the water quality index, all samples were catego-
rized into five classes as excellent (0-25), good (26-50),
moderately polluted (51-75), severely polluted (76—100)
and unfit (above 100) based on their suitability for human
consumption.

Result and discussion
Survey report

Based on the survey report, 38% of the population suffers
from dysentery, 23% from diarrhea, 17% from typhoid, 13%
from calculus, 4% from cholera and 2% from dengue of the
total studied population of 123 (Fig. 3). During the study
period, 75% of the total population was found to be infected
from waterborne diseases and this was further clarified while
studying water quality parameters individually. Contamina-
tion of water with coliform at all sites justifies high percent-
age of diseases like diarrhea, dysentery and typhoid. Further,
it was observed that high percentage of calculus disease may
also be correlated with the high value of hardness recorded
in this study. Twenty-five percent of the population was
found healthy without any waterborne diseases at the time
of survey.

Coliform test

All the five sites were found to have the coliform contami-
nation ranged between 1 and 12, maximum at site SN4 and
minimum at SN1, which is more than prescribed limit of
zero as per BIS 10500 (2012). The site SN4 was found to
have the highest coliform count 12/100 ml during the study
period (Table 3). These data clearly show that there is some
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Fig.3 Graph showing infected 40
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Table3 Water quality Parameters Sampling sites
parameters of water samples
collected from study sites SN1 (X+SD) SN2 (X+SD) SN3(X+SD) SN4 (X+SD) SNS5 (X+SD)
pH 7.1+0.2 7.19+0.2 6.54+0.1 6.84+0.11 6.69+0.2
Water temperature (°C) 13.2+0.1 13.6+0.12 13.2+0.00 14.1+0.1 13.5+0.3
Conductivity (uS/cm) 132+4 139+2.5 137+3.6 145+3.3 140+5.8
TDS (mg/l) 35.5+2.6 26.5+19 72.5+3.3 485+1.8 42.5+0.5
DO (mg/l) 2.8+0.012 2.5+0.10 4.4+0.00 34+0.012 2.9+0.002
Free CO, (mg/l) 4.1+£0.013 44+0.12 6.2+0.16 2.6+0.10 3.4+0.1
Alkalinity (mg/1) 120+4.0 95+1.9 105+7.2 75+5.4 71+£3.2
Hardness (mg/1) 32.8+0.1 29.6+1.1 36.8+1.6 224+1.1 20.0+0.8
Calcium (mg/1) 10.2+£0.2 9.6+0.4 12.8+0.01 10.8+0.1 11.1+0.01
Phosphate (mg/l) 0.062+0.001 0.054+0.0012 0.068+0.001 0.038+0.01 0.042+0.001
Nitrate (mg/1) 0.16+0.00 0.10+0.001 0.19+0.00 0.12+0.00 0.14+0.003
Chloride (mg/1) 2.6+0.021 1.9+£0.011 2.8+0.02 2.7+0.01 1.5+0.004
Coliform count/100 ml 01+0 04+0 06+0.1 12+0.2 08+0.4

source of fecal matter that is contaminating the drinking
water of different sites. The fecal matter may result due to
open defecation or diffusion of sewage water in the drinking
water source. Though these fecal bacteria are not pathogenic
themselves, they are useful in providing information about
other pathogenic organisms that result due to fecal contami-
nation like protozoa, multi-cellular parasites, bacteria and
viruses. Thus, during this research, the presence of coliform
bacteria indicates the assurance of fecal contamination in
the water body, which indicates increased risk of health and
unsuitability of water for drinking. It can greatly affect the

Vs
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health of the people drinking that water by causing disease
like cholera, typhoid, dysentery, etc. In a similar study by
Amanatidou et al. (2007), the presence of total coliform
was recorded in the spring water sources of Kozani, West-
ern Macedonia. In rural areas, lack of proper sanitation is
increasing health risk and continuously consuming contami-
nated water can lead to serious diseases, and in particular,
it will affect infants (Suthar et al. 2009). The site SN4 is
surrounded by many houses so many nonpoint sources like
bathing, washing and animal husbandry may be the probable
reason for high values of coliform there.
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Physicochemical analysis

The physicochemical parameters recorded from analysis of
water samples are presented in Table 3.

The temperature of the water samples ranged between
13.2 and 14.1 °C with an average of 13.5 °C, maximum at
site SN4 and minimum at site SN1 and SN3. Temperature
can be considered as an important factor in natural drinking
water sources as temperature can affect mostly all physico-
chemical processes (Delpla et al. 2009). Moreover, tem-
perature controls rate of reactions, metabolic activities and
growth of living organisms in water. The pH of the samples
ranged between 6.54 and 7.19, with an average of 6.87. The
maximum value noted at SN2 which was municipal water
source and the minimum at SN3 which was natural source
lie between the recommended values (6.5-8.5) by IS 10500.
However, among all sites, SN1, which is natural water kund,
had the ideal pH value 7.1 while other sampling sites were
found to be slightly acidic in nature. Acidic nature of water
samples was also observed by Bhat et al. (2010) and Kumar
et al. (1997) while studying natural springs of Kashmir and
Almora (Uttarakhand) in India, respectively. Acidic nature
of water is a characteristic of oligotrophic water bodies indi-
cating its good quality (Soni et al. 2013). The conductiv-
ity of the water samples ranged between 132 and 145 pS/
cm with an average of 138.6 pS/cm; maximum at SN4 and
minimum at SN1. The low value of conductivity indicates
the less number of ions present in the water sample, making
it suitable to drink. The value of TDS for the samples ranged
between 26.5 and 72.5 mg/l with an average of 45.1 mg/1
maximum at site SN3 and minimum at SN2; these values are
quite less than the recommended values by IS 10500, which
is 500 mg/l1. Usually, the conductivity and TDS are directly
related to each other, i.e., the more the number of ions, the
more will be the value of TDS and, furthermore, will be the
conductivity (Yilmaz and Koc¢ 2014).

DO of the samples ranged between 2.5 and 4.4 mg/l with
an average of 3.2 mg/l maximum at site SN3 and minimum
at site SN2. These values were below the minimum rec-
ommended values by CPCB (6.0 mg/1 or more) for class
‘A’ category water that is drinking water after conventional
treatment. This does not influence the health of the person
consuming the water but is responsible for various biologi-
cal activities in the water. Free CO, of the samples ranged
between 2.6 and 6.2 mg/1 with an average of 4.14 mg/l maxi-
mum at site SN3 and minimum at SN4. The common source
of free CO, is the respiratory activity of living organisms in
the water and decomposition of dead decay matter in water.
The change in the value of free CO, in water influences
the alkalinity, acidity, hardness by forming carbonates and
bicarbonates (Allan and Castillo 2007).

Alkalinity of the samples ranges between 71 and 120 mg/1
with an average of 93.2 mg/l maximum at site SN1 and

minimum at SN5; these values were under the recommended
values by IS 10500, which is 200 mg/l. Hardness of the sam-
ples ranged between 20 and 36.8 mg/l with an average of
28.32 mg/l maximum at site SN3 and minimum at SN5;
these values were under the recommended values by IS
10500 which is 200 mg/l. The hardness of the water is due
to the minerals like calcium and magnesium that pour in the
water during its journey through rocks and soil. Calcium
in the samples ranged between 9.6 and 12.8 mg/l with an
average of 10.9 mg/l, maximum at site SN3 and minimum
at SN2; these values were under the recommended values
by IS 10500 which is 75 mg/l. Phosphate in the samples
ranged between 0.038 and 0.068 mg/l with an average of
0.053 mg/l, maximum at site SN3 and minimum at SN4;
these values were under the recommended values by WHO,
which is 1.5 mg/l. At low concentration, phosphate is non-
toxic, but extremely high level of phosphate can cause
health effects. Nitrate in the samples ranged between 0.1
and 0.19 mg/l with an average of 0.14 mg/l, maximum at
site SN3 and minimum at SN2; these values were under the
recommended values by IS 10500, which is 45 mg/l. The
less value of nitrate indicates only natural addition of nitrate
in the spring water. Similar trends of result were observed
by Tripathi et al. (2015) while studying spring water of
Dehradun, but another study of Kumar et al. (1997) and
Amanatidou et al. (2007) recorded high concentration of
nitrates in water samples of springs at Almora, Uttarakhand,
and potable water supply sources in the area of Kozani,
Western Macedonia, respectively. The possible sources of
nitrate ions in drinking water are excessive use of agricul-
tural fertilizers, decayed organic matter, domestic effluent,
industrial discharges, leaching and atmospheric precipitation
(Makhijani and Manoharan 1999). The high concentration
of nitrate is responsible for disease methemoglobinemia or
blue baby syndrome in babies. So, it is suggested that water
with nitrite levels exceeding 1.0 mg/l should not be used for
baby feeding (Puri and Kumar 2012). In the present study,
the water from all sources was safe for baby feeding as all
the values were well below 1.0 mg/l. Chloride in the sam-
ples ranged between 1.5 and 2.8 mg/l with an average of
2.3 mg/l, maximum at site SN3 and minimum at SNS5; these
values were under the recommended values by IS 10500,
which is 250 mg/l. The most common sources of chlorides
into surface water are: rocks containing chlorides, agri-
cultural runoff, industrial water, effluent from waste water
treatment plants. Our study area was deprived of all such
sources, except geological contribution; hence, the values
were recorded quite low. Chlorides have the potential to cor-
rode metals and affect food products in taste. As an essential
element, chloride is important for the living organisms in
small quantity for proper growth and development. Usually,
chlorides do not harm human body, but as a salt of sodium,
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it has been potential to impair the functions of heart and
kidney (Puri and Kumar 2012).

The water quality index of the samples ranged between
17.61 and 69.73, with an average of 38.04. Water samples
were collected from different water sources of village which
includes natural water and supply water. Water quality index
of site SN1, site SN2, site SN3, site SN4 and site SN5 is
17.61, 30.11, 69.73, 25.59 and 47.15, respectively (Fig. 4).

According to the water quality categorization, site SN1
and site SN4 fall under the excellent category, while site
SN2 and site SNS fall in good category and site SN3 falls
in moderately polluted category. This explains that water
from the natural sources (SN1 and SN4) and municipal sup-
ply source (SN2 and SNYS) is fit for drinking after general
disinfection process, while one of the natural source waters
(SN3) is found polluted and hence is completely unfit for
drinking purpose without treatment. Excellent status of
site SN1 is because of its location and formation. It is a
closed kund protected from every side, and its water is fed
by groundwater spring which protects it from contaminating
from different nonpoint sources of pollution. The other sites
are prone to anthropocentric activities, creating the possibil-
ity of contamination of drinking water sources. Many other
researchers also applied water quality index for different
water resources like lake water (Sidi et al. 2019), ground-
water (Abbasnia et al. 2018; Fayyadh et al. 2019; Adimalla
2019; Suvarna et al. 2020), dam water (Arab et al. 2019)
to categorize the suitability of water for different purposes.

Conclusion

The present study applied the physicochemical, bacteriologi-
cal and survey approach to understand the significance of the
natural water resources and their management in hilly areas.
The result revealed that all the studied physicochemical
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SN4 SN5

parameters were well within permissible limits and do not
require any form of treatment. But the presence of the colo-
nies of coliform in all the samples indicated a high bac-
teriological contamination due to which a major fraction
of the village population suffered from dysentery, diarrhea
and typhoid. This may be attributed to the polluted water
diffused from the local drains and runoff from nearby areas
and unsanitary practices of open defecation. Further, the
water quality index of the water sample from the study area
falls under excellent, good and moderately polluted category,
explaining the need of management practices to maintain
and improve the quality. Finally, this study concludes that
if the proper disinfection of the bacteria is carried out, the
water of the natural sources is best for the drinking purpose.
But if the treatment of the bacteria is not conducted, it will
cause several waterborne diseases like diarrhea, typhoid
and dysentery as observed in the survey. Here are a few
suggestions to protect the natural water resources from the
contamination to keep life safe and healthy.

e Proper sanitation practices should be opted near the water
resources.

e Village bodies to initiate regular cleaning of the water
resources.

e Regularly quality tests should be conducted to protect the
people from waterborne diseases.

e Proper urban drainage systems in the area to minimize
the diffusion of contaminants.

e Formulations of the policies for the protection and con-
servation of the natural springs in Uttarakhand.
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