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Abstract

As the surface water in northern India is the main water resource for regional economic and also supply for drinking and
irrigation purposes. However, deficiency of water quality leads to serious water pollution in the Pandoh river basin (PRB).
Therefore, the main objective of the present study is to evaluate the quality of surface water. With this objective, surface
water samples were collected from the PRB of northern India, and analyzed for pH, EC, turbidity, alkalinity, total dissolved
solids, and total hardness. Moreover, geographical information system (GIS) tools were used to prepare the geology, drainage
pattern, and location maps of the study region. Surface water quality observed from the PRB has an alkaline nature with a
moderately hard type. Further studies are encouraged to better understand the water quality in northern India.
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Introduction

Access to fresh and clean water is most important and ben-
eficial for drinking, irrigation, and industrial purposes all
over the world. Predominantly, groundwater and surface
water play a vital role in arid and semi-arid regions (Adi-
malla 2021; Adimalla and Qian 2021a; Cao et al. 2019). It is
distinguished that higher than 2 billion people largely rely on
groundwater and also surface water for various uses, espe-
cially drinking purposes. Therefore, it is equally important to
comprehensively understand the quality of both groundwater
and surface water (Adimalla et al. 2020; Adimalla and Qian
2021b; Ahmed et al. 2020; Moussa et al. 2020). About the
evaluation of water quality, the great number of previous
studies have been conducted in the various regions, primar-
ily emphasized on hydrochemical characteristics of water
quality for drinking and irrigations, contamination process,
distribution patterns of ions (Chen et al. 2020; Zhao et al.
2020; Subba Rao et al. 2020; Adimalla and Taloor 2020).
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Most recently, Ahmed et al. (2020) studied the both ground-
water and surface water quality for drinking purposes in the
south-western coastal region of Bangladesh, and found the
surface water quality is better as compared to groundwater.
Cao et al. (2019) conducted a study on hydrogeochemis-
try and water quality in an urban region of Tianjin, China
and reported that the quality of surface water is ominously
influenced by human activities. Sajeev et al. (2020) focused
on Vembanad lake water quality using GIS techniques and
concluded that both point and non-point sources of pollution
which greatly influenced the lake water quality. Chen et al.
(2020) meticulously studied surface water quality predic-
tion performance and remarked as surface water is a kind of
non-renewable resource and also impacts the human health
especially in some developing countries.

Pandoh river basin (PRB) is a typical snow-trout impacted
by extreme man-made/anthropogenic pollution in Himachal
Pradesh, India. The PRB is located along the national high-
way hence the dust gets dumped into the river along with
various types of dumps. The low flows lead to the creation
of silts in the river causing the spawning of the fish as they
breed in the same location (Mainali and Chang 2021). This
leads to the dumping of fish’s wastes and it gets stagnant
causing foul smell and color changes of the surface water.
Due to the decreasing dissolved oxygen level, nutrients and
chemical reactions take place and metals are disintegrated
from the sediments in turn release downstream. Therefore,

pisllase ol ay .
Ay &) Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-021-01468-4&domain=pdf

137 Page2of9

Applied Water Science (2021) 11:137

PRB is also subjected to the breeding of mosquitoes and
various other insects which makes it unfit for any usage.
The basic river flow is one of the key sources of purification
of the surface water, but in the case of PRB, the water is
stagnant thus it leads to various harms such as an increase in
density gradients and thermal stratification. The low flow in
the surface water may make way for a decrease in the aera-
tion level converting ammonia to nitrate which is harmful
in terms of the water ecosystem. Thus, PRB has been facing
disproportionate surface water pollution. Therefore, in this
study we mainly emphasized on hydrochemical variation in
the surface water quality in dry and wet seasons. The main
objectives of the present study were to the following: (1)
determine the physicochemical parameters and (2) compre-
hensively assess the water quality of surface for drinking
purposes.

Materials and methods
Study area

The study region is located in Mandi district, Himachal
Pradesh, India and covering of 134 hectares (Fig. 1). Most
of the investigated region is found in the hilly region, and
only 14.43% of the region is the plain area which is located
along with the riverside. The soils such as gray micaceous
sandstones, sandstones, and shales of sub-Himalayan are
found in this region. These soils are loam to silty loam
and medium to high in organic matter (Fig. 2). Gener-
ally, these soils are poor in available nutrients. The catch-
ment area is largely comprised of precipitous slopes and
the rocks are mainly bare. There are high peaks in the
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Fig. 1 Map of Pandoh river basin (PRB), Himachal Pradesh, North India showing the digital elevation model (DEM)
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Fig.2 Soil texture classification map of the study region
east as well as in the north of the river valley. The alti-  skeletal soil type, respectively. Soil characteristics like soil

tude varies from 802 m near Pandoh Dam up to 6600 m color, texture, depth, gravelliness, calcareousness, etc. up
on the northeast border of the Parbati sub-catchment.  to a depth of 1.2 m and external land features like slope,
About 43.76%, 13.90%, and 0.97% of the study region are  existing land use, natural vegetation, erosion hazards, etc.
majorly occupied by fine loamy, coarse loamy, and loamy  were recorded during the field trip. However, the highest
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temperature (40°C) records in May and the lowest (-3 °C)
in December. The drainage pattern of the study region is
depicted in Fig. 3.

Sample collection and analysis

For this research work, the water samples were collected
from three sampling sites in the study region. The sites were
chosen based on the initial survey taken along the surface
water where the pollution has been created more by anthro-
pogenic activities. Before sampling, the all sample bottles
were thoroughly sterilized and cleaned with double distilled
water, and finally sample bottles were rinsed five-six times
with the sampling water before a final sample was taken. The
pH and EC were measured using their digital meters (pH:
digital pH meter, Naina-NIG 333; EC: digital conductivity
meter, Naina—NDC 736; TDS: digital TDS meter —EI 651).
Turbidity is measured using the Turbidity Nephelometer;
alkalinity by titrating with the acid; and total hardness (TH)

by titrating against EDTA, observing the standard proce-
dures proposed by American Public Health Association
(APHA 1985). The time-series data of BOD, DO, and total
Coliform was collected from the Himachal State Pollution
Control Board for the past years (Table S1).

The rainfall-runoff modeling has been carried out with
the rainfall data obtained from the IMD Pune for 39 years
(1980-2018). The lean season in the study area is from
November to February. The average flow for the PRB has
been calculated for each year and 15% of the average lean
season flow has been taken as the required environmental
flow (Fig. 4). The 95% exceedance discharge value of 7Q10
and 7Q100 Flow Duration Curve (FDC) provides the neces-
sary environmental flow value for water quality management
and in the decision-making process for the development of
new hydropower projects in the river basin (Yulianti et. al.
1998). Failure in maintaining the environmental flow or the
high-frequency maintenance of low flow in the river leads
to poor water quality.
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Fig. 3 Drainage pattern of the study region
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Fig.4 Time-series plot of 7Q10 Discharge data

Results and discussion

Natural water dissolves CO, to form carbonic acid, H,CO;
(Eq. 1). Also, CO, is present in the soil zone due to the decay
of organic matter and root respiration. This CO, in the soil
zone combines with rainwater to form H,CO; (Rao and Rao
2010). The dissolution of H,CO; in water forms H" and
HCO;™ ions (Eq. 2).

H,0 + CO, = H,CO;, (1)

H,CO; = H* + HCO; )

Typically, HCO,™ dissociates to H" and CO;>~ (Eq. 3).
The pH range of groundwater determines the stability of
HCO,~ and CO,*" ions. Over the pH range of 6-9, HCO, ™ is
the dominant carbonate species (Fetter 2001; Hiscock 2005).

H,CO; = H,0 + CO, 3)

The pH is the hydrogen ion concentration, which
expresses the scale of intensity of acidity or alkalinity of
water. According to WHO guidelines (WHO 2017), the
range of pH values prescribed for drinking purposes is
6.5-8.5. The typical range of pH in the surface water sys-
tem is from 6.5 to 8.5. However, in the present study, the pH
values vary from 8.1 to 8.3, indicating the water is slightly
alkaline in nature. It is observed that all collected water
samples fall within the permissible, thus the study region
water is more suitable for drinking purposes. According to
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WHO, pH less than 6.5 or greater than 9.2 would mark-
edly impair the consumption of drinking water. pH usually
has no direct impact on human health; however, the higher
value of pH can increase the scale formation in water pipes
and also reduce the disinfection potential of chloride (WHO
2017). More alkaline water requires a longer contact time or
a higher free residual chlorine level at the end of the contact
time for adequate disinfection (WHO 2017). For example, at
pH 6.0-8.0 the free residual chlorine must be 0.4-0.5 mg/L,
at pH 8.0-9.0, it is rising to 0.6 mg/L, chlorination become
ineffective above pH 9.0 (WHO 2017). However, the high
and low frequency of pH is obviously depicted in Fig. 5.

The concentration of turbidity in surface water ranged
from 3.15 to 3.17 NTU, with an average value of 3.15 NTU.
The turbidity values of all collected water samples exceeded
the standard for drinking water of 1 NTU (BIS 2012), in the
investigated region. Importantly, the PRB is one of the tour-
ism region. The water quality deterioration due to the high
turbidity affects the tourism industry as the aesthetic view of
the lake is spoiled. Moreover, alkalinity is important for the
fish ecosystem since it secures or supports against quick pH
variations. The water with a higher concentration of alkalin-
ity averts pH changes that are destructive to amphibian life.
The alkalinity of the water sample from the downstream
side study area was 83 mg/L under the acceptable limit of
500 mg/L as per BIS 2012.

The increase in the BOD concentration makes the
water sample more noteworthy the measure of natural
issue or "nourishment" accessible for oxygen devouring
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Fig.5 Distribution of pH in the study region

microorganisms. Further, a sudden decrease might speed
up hypoxia or anoxic conditions. According to the Central
Pollution Control Board (CGWB 2009), the BOD value must
be less than the 3 mg/L. It is noted from the present study the

BOD is under the acceptable limits (Fig. 6). The DO content
is more than 5 mg/L which was the standard set for the sur-
face water (Fig. 7). The Total Coliform should be nil in gen-
eral, but the board allows a limit of up to 500 MPN/100 ml
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Table 1 Statistics of water chemistry of the study area

S.No Parameter Sample 1 Sample 2 Sample 3 Mean result

pH 8.3 8.1 8.2 8.2
EC (uS/cm) 142 144 143 143
3 Turbidity 3.15 3.15 3.17 3.15
(NTU)
4 Alkalinity 83 82 83 83
(mg/L)
5 TDS (mg/L) 303 301 300 301
TH (mg/L) 92 96 94 93

or less. The total Coliform value stays within the limit but
during the study period, it peaks up to 2500 MPN/100 ml.

Electrical conductivity (EC) shows the concentration of
ionized substances in water, and also is a good measure of
salinity (WHO 2017). The maximum permissible concentra-
tion of EC for drinking water is 1400 pS/cm (WHO 2017).
Excess salinity reduces the osmotic activity of plants and
thus interferes with the absorption of water and nutrients
from the soil (Thakur et al. 2018; Cao et al. 2019). In this
PRB, the EC values of the water samples were in the range
of 142—-144 pS/cm, indicating the higher EC values than that
of the prescribed limit for drinking water (Table 1).

TDS refers to all solid materials present in solu-
tion either in the ionized state or in non-ionized state
and excludes the suspended colloids or dissolved gases.
TDS indicates the general nature of water quality. There-
fore, the level of TDS is one of the characteristics which
decide the quality of drinking water. High TDS indi-
cates that the water is highly mineralized, and this water
is not suitable either for drinking or for industrial pur-
poses. The concentration of TDS above 2000 mg/L
produces laxative effects. TDS classified as four cat-
egories such as freshwater (TDS < 1000 mg/L), brack-
ish water (TDS 1000-10,000 mg/L), saline water (TDS
10,000-100,000 mg/L) and brine water (> 100,000 mg/L)
respectively (Davis and De Wiest 1966; Fetter 1990).
In this study region, TDS vary from 300 to 303 mg/L.
It is noted that all collected water samples were the
most suitable for drinking purposes in this study region
(Table 1). The TH as CaCO3 ranges from 92 to 96 mg/L
(Table 1). TH classified as four categories such as soft
(TH <75 mg/L), moderately (TH 75-150 mg/L), hard (TH
150-300 mg/L) and very hard (TH > 300 mg/L) respec-
tively (Freeze and Cherry 1979). Most of the collected
water samples are under the moderately hard category in
the investigated region. The present investigation is most
useful to the local people and other organizations for
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taking necessary steps to improve the understand of water
chemistry. The full-scale investigation is of utmost impor-
tance in the study region to improve the water quality and
also arrest the pollution activities in the study region.

Conclusions

The present study offers a better understanding of the sur-
face water quality in northern India. The surface water of
the study region does not have any undesirable odor taste,
color or high amount of turbidity. Particularly, study region
surface water quality shows alkaline nature with low electric
conductivity. The water of the present investigated region
is fresh with low TDS, soft and has a low concentration
of dissolved species. Thus, the water of the study region is
most suitable for drinking and irrigation purposes. However,
future studies also need to take up the role of the geochem-
istry of surface water quality, mechanism of contamination
process characterization of sources of pollution and miti-
gation of contamination by applying the various profound
geochemical methods.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13201-021-01468-4.
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