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ABSTRACT

Life could not be imagining without the presence of water on this earth. An ecosystem is very dependent on
the quality of water. Regular water quality monitoring is very essential of a region. In the study area, no study has
been yet done on the quality of drinking water and productivity level of Beas river near Arni University, Himachal
Pradesh, India. The main aim of this study was to determine the water quality of three different sources of water
like hand pump water, tap water, and Beas river water. For this, we have collected total twenty-six samples in the
month of May 2018 and analysed for pH, TDS, EC, DO, alkalinity, phenolphthalein alkalinity, total hardness, calcium
hardness, chloride, sulfate, phosphate, nitrate, carbonate, bicarbonate, E. coli, and productivity level by standard
methods. The entire analysed parameters showed the lower level than the permissible guideline of the WHO except
for the presence of E. coli and higher level of alkalinity. The productivity level of Beas river was indicating that
trophic index belonged to the ultra-oligotrophic. From the findings, it might be concluded that hand pump water,
tap water, and Beas river water was drinkable except the presence of E. coli and higher level of alkalinity in tap
water and river water. However, in the case of the productivity level of Beas river was indicating the very low
accumulation of dissolved nutrient salts, and a lower rate of algae growth as the productivity level belonged to the
ultra-oligotrophic. Further extensive study on the water minerals and heavy metals level in all the water sources

are required in this study area.
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1. INTRODUCTION

Life begins on this Earth and life dependents on the water
in such a way that water called as ‘life’. All the life on the
Earth is centerlines on the quality of the water. Water quality
reveals on the physical, chemical, and microbial properties. At
the dawn of the mankind, water quality was fine but due to
the changing scenario in the present decade, water quality
is going to deteriorate. Changing pattern is everywhere like
climate, precipitation, cultivation, groundwater abstraction,
industrialisation and increase in the global population'.

Dueto thealteration of the water quality, mankind throughout
the globe is facing a severe problem. One-sixth of the people
around the globe are not getting clean and safe water. In India,
about seventy-six million people are not getting the drinkable
water and this statistic followed by the other country like China
(sixty-three million), Nigeria (fifty-eight million) and Ethiopia
(forty-two million) amongst others?. According to WHO, water
born disease is getting higher frequency in the developing world.
Statistics of WHO was indicating that about 1.1 billion people
were forced to drink the unsafe water. Contaminated water
globally caused death around two million and most of the child
below the age of five years are affected’.
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Poor water quality also affects the livestock health and
production level. Most of the farmers are unaware of the safe
water quality for the dairy cows. Contaminated water greatly
affects the food and water intake. Ultimately, this affects the
metabolic rate of the animal. For example, high sulfate levels in
water significantly decreased water intake in cattle*. Changes
in the TDS level also caused the drastic changes in the animal
body due to decrease feed intake. Therefore, changes in the
physical properties of drinking water are not only affecting
mankind but also affects on the performance of the livestock
population®. Chemical contamination in water occurs mainly
due to the industrial wastage, domestic wastage, and finally
anthropogenic activity®. E. coli, a fecal coliform indicate the
microbiological contamination in the drinking water’. So,
physicochemical, and microbiological parameters are the
main parameters to assess the water quality. Study of these
parameters will help in picturising the water quality status in
any region.

Therefore, in the study area, no study has been yet done on
the water quality of hand pump, tap water, and Beas river water
in terms of physicochemical, and microbiological parameters.
Hence, we have performed this study with the main aim to
determine the water quality of three different sources.
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chemical measurements were performed

in the laboratory within 24 hrs after the
: e collection of the water samples. GPS
® indora readings were taken by Garmin GPS
' ' 72H to identify the sampling locations.
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2.2 Study Area

Indora, the study area located
in the western most part of the state
of Himachal Pradesh, North-eastern
part of India (Fig. 2). It is the part of a
metropolitan area of Pathankot, located
on the shores of Beas river, in a very
affluent area with very fertile soils. The
mean latitude of Indora is 32.134632N
and the longitude is 75.689171E. The
elevation is 294 meters in height that are
equal to 965 feet.

2.3 Collection of Water Samples
for Physico-Chemical
Analysis
Samples for  physicochemical

analysis were collected and after
collection, these samples were kept in
refrigerator until the samples were used
in the laboratory at the temperature
of 04 °C for subsequent chemical
analysis®. After collection, all twenty-
four samples were fixed with 1 mL
toluene after taking the readings of
pH, EC, and TDS®. The Beas river
water which is collected directly added
with manganous sulfate followed by
potassium iodide and then concentrated
sulfuric acid is added to measure the
productivity.

Legend
®  Ami University
@ Beas River

Figure 2. Water sampling from Beas river and the map made by Google 3D earth

software.

2. MATERIALS AND METHODS
2.1 Experimental Design

Twelve water samples of the hand pump and twelve water
samples of tap water were collected for analysis. The sites
from where hand pump and tap water samples were collected,
presented in Fig. 1. The range of the Hand pump depth was
40 ft to 500 ft and range of the age was 18 to 26 yrs. The
source of tap water was stored water in the house which was
abstracted from the underground by electric pump. However,
two water samples were collected from the Beas river flowing
near about the Arni University (Fig. 2). Samples were
collected from all sources between 9.00 hrs to 10.00 hrs. All
the sampling sites were located near the village and farmland.
The sites were frequently used for the water consumption
and domestic activity. The water samples were collected at
a depth of 10 cm of the Beas river and placed into 500 mL
polypropylene bottles. Samples were stored in the laboratory at
the temperature of 4 °C for subsequent chemical analysis®. The
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2.4 Analysis of Water Samples
Analysis of water was done for
the parameters like pH, TDS, EC, dissolved oxygen, total
alkalinity, phenolphthalein alkalinity, total hardness, calcium
hardness, chloride, nitrates, sulfates, phosphate, carbonates,
bicarbonates, and E. coli to assess the water quality. The
productivity of Beas river water was measured.

In-situ parameters such as pH, electrical conductivity (EC),
total dissolved solids (TDS) by using portable meter pH meter,
EC meter, and TDS meter, respectively’. All the instruments
were calibrated before analysis of the sample. Dissolved
oxygen (DO) was analysed by the Winkler method!®. Major
anions such as carbonate (CO,), and bicarbonate (HCO,) were
analysed by titrimetric method®. Total hardness and calcium
hardness was measured by the titrimetric method". Level of
chloride (CI') was detected by Mohr’s Method!!. Alkalinity
and phenolphthalein alkalinity was measured by titration
methods''. Among anions, sulfate (SO,”), nitrate (NO,"), and
orthophosphate (PO,*") were analysed through the protocol as
described in American Public Health Association''.
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Table 1. Descriptive statistics of the physico-chemical and microbiological levels in different sources of water

Water source pH TDS EC DO Alkalinity Phe Alkalinity ToHard CaHard
(mg/L) (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Tap water 7.87+0.26 1833+3.87 2.83+083 6.63+£1.26 285.17+99.64 ND 0.43+0.09 ND

Hand pump water  7.42+£0.28 36.58+21.30 542+323 507+122 ND ND 1.57+0.60 ND

River water 8.10+0.02 15.50+0.71  2.00+0.00 9.60+1.70 186.00+ 14.14 ND ND ND

Water source Chloride Nitrate  Sulfate Phosphate  Carbonate Bicarbonate E. coli Productivity
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (CFU/ml) (mgce/m?/hr)

Tap water 3455+23.07 ND 023+0.09 ND 68.75+0.10 ND 23.361 +£3.93 NA

g:?e‘i pump 97.86+87.10 ND 138024 ND 9433+150 ND 104.167£44.23 NA

River water 43.31+£3.01 ND 1.77+0.37 ND 63.50+7.21 ND 213.17 £49.67 15.63 £0.55

Note: Values in Average + SD. ND - Not detected, NA - Not applicable, EC - Electrical conductivity, TDS - Total dissolved solids, DO - Dissolved oxygen, Chl -
Chloride, Alk - Alkalinity, Phe Alkalinity - Phenolpthalein alkalinity, CaHard - Calcium hardness, ToHard - Total hardness, Sul - Sulfate, Phos - Phosphate, Carbo

- Carbonate, Bicarbo - Bicarbonate, Nitr - Nitrate, E. coli - Escherichia coli

For the microbiological analysis of water, E. coli bacteria
were selected. E. coli in water samples were identified by the
pour plate method as described in the Medical Laboratory
Manual for Tropical Countries'?. 1 mL of each of the water
samples was aliquoted into sterile MacConkey agar plates
and uniformly spread over the entire surface of the agar and
incubated at 44°C for 48 hrs. The total numbers of formed
colonies by E. coli were counted and the mean values of three
replicates were calculated'?.

The primary productivity of the Beas river water was
determined by ‘light and dark bottle method’'.

3. RESULTS AND DISCUSSION

All the water samples were analysed for pH, TDS, EC, DO,
alkalinity, phenolphthalein alkalinity, total hardness, calcium
hardness, chloride, sulfate, phosphate, nitrate, carbonate,
bicarbonate, E. coli, Productivity. Among all these parameters,
phenolphthalein alkalinity, calcium hardness, phosphate,
nitrate, bicarbonate was in not detected level. Total hardness
in river water was also not detected (Table 1). It was found
that pH of the river water (8.10 + 0.02) was slightly alkaline in
nature than the tap water (7.87 £ 0.26) and hand pump water
(7.42 £0.28). TDS level and electrical conductivity was higher
in hand pump (36.58 £ 21.30 mg/L, 5.42 £+ 3.23 mg/L) water
than the tap water (18.33 £ 3.87 mg/L, 2.83 £ 0.83 mg/L) and
river water (15.50 + 0.71 mg/L, 2.00 = 0.00 mg/L). In case
of dissolved oxygen, it was higher in the river water (9.60 =
1.70 mg/L) than the tap water (6.63 = 1.26 mg/L) and hand
pump water (5.07 = 1.22 mg/L). Tap water (285.17 £ 99.64
mg/L) showed a higher level of alkalinity than the river water
(186.00 + 14.14 mg/L). Insignificant levels of total hardness
were found in tap water (0.43 + 0.09 mg/L) and hand pump
water (1.57 = 0.60 mg/L). Chloride and carbonate levels were
higher in the hand pump water (97.86 + 87.10 mg/L; 94.33 +
1.50 mg/L) than the tap water (34.55 + 23.07 mg/L; 68.75 +
0.10 mg/L) and river water (43.31 = 3.01 mg/L; 63.50 £ 7.21

mg/L). Sulfate level was very insignificant in all the sources
(0.23 £ 0.09 mg/L; 1.38 + 0.24 mg/L; 1.77 £ 0.37 mg/L). It
was found that Beas river water (213.17 +49.67 CFU/mL) was
highly contaminated with E. coli than the tap water (23.361 +
3.93 CFU/mL) and hand pump water (104.167 + 44.23 CFU/
mL) (Table 1). As the productivity value of the Beas river was
15.63 + 0.55 mge/m’/hr, so it belongs to the ultra-oligotrophic
level (Table 1).

All the parameters showed the lower level than the
permissible guideline of WHO except E. coli. The permissible
limit of drinking water by WHO and BIS'*!* are presented in
Table 2.

Weathering, efficient delivery, and accelerated dissolution
of calcium carbonate caused the higher level of alkalinity and
calcium level in water sources'®!”. In the study area, it was found
that hardness and alkalinity were very low. Water hardness
mainly depends upon the level of calcium and magnesium
level. It was reported that, throughout Himachal Pradesh, it was
found that the soil is deficient in essential nutrients like calcium,
magnesium, phosphorus, sulfur'®. So this is the most probable
reason for the lower level of electrical conductivity, TDS,
chloride, nitrate, sulfate, phosphate, carbonate, bicarbonate
level in all the sources of water. Presence of moderate level of
chloride concentrations in all the water sources might be due to
the wastewater leakage, runoff of lawn fertilisers, and spills or
discharges of varied substances containing chlorides!®'".

The level of E. coli was mostly higher in Beas river water
followed by hand pump water and tap water. This scenario
might be due to the open sources of wastage from the civil
populace and by the presence of free moving animals near
about the river'®, Hand pump contaminated might be due to
the location of hand pump near about the sanitary system or
unprotected area near the hand pump'®".

Productivity attributes on the biological population in any
aquatic ecosystem. Higher the productivity level is helpful for
the healthy aquatic population®-2!. In our study, the productivity
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Table 2. Normal levels of water physico-chemical and microbial
parameters of drinking water by WHO and BIS.
WHO, 1998

15

Parameters Highest Maximum BIS, 1991
desirable permissible

pH at 20 °C 7.0-8.9 6.5-9.5 6.5-8.5
Electrical h 4
conductivity 900 (pus/cm?*) 1200 (pus/cm?) -
Total dissolved
solids - 1000 mg/L 1000 mg/L
Dissolved ) i 5 mg/L
oxygen
Total hardness 100 mg/L 500 mg/L 200 mg/L
Total alkalinity 100 mg/L 100 mg/L 600 mg/L
Phenolphthalein
alkalinity 100 mg/L 100 mg/L -
Chloride 200 mg/L 250 mg/L 1000 mg/L
Nitrate 10 mg/L 50 mg/L -
Sulfate 250 mg/L 500 mg/L 200 mg/L
Phosphate 0.5 mg/L 1.0 mg/L -
E. coli 0 0 0

level of Beas river water was 15.63 + 0.55 mgec/m?/hr. One of
our earlier studies indicated that the Beas river belongs to the
ultraoligotrophic level?.

In conclusion, this is new information on different water
quality parameters viz. physical, chemical, and microbiological
of the tap water, hand pump water, and Beas river water in
the Tehsil Indora of Himachal Pradesh. Results showed that
the alkalinity level was higher in the tap water and river water
samples. E. coli levels were higher in all the sources than the
prescribed limits of the WHO. River water showed a higher
level of E. coli. All other parameters showed the lower limit
which was prescribed by the WHO (1998). Productivity status
of the river showed the ultraoligotrophic level. These findings
indicated that river water and tap water has the low quality for
the drinking purpose as the higher level of alkalinity and E.
coli level. A further extensive study on the water minerals and
heavy metals level of all the water sources has been required.
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