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Abstract

Springs supply water for drinking and livelihood for a vast majority of rural population in Nepal. Haphazard development
activities are affecting springs adversely in hills and mountains of Nepal. This study aims to map springs, characterize
their status from visual inspection and local/indigenous knowledge, characterize water quality, and then evaluate their suit-
ability for drinking and irrigation in the Thuligaad watershed, western Nepal. Analysis of 160 springs mapped within four
Wards (Ward is the smallest (fourth level) Administrative Unit in Nepal) in the Jorayal Rural Municipality in the Thuligaad
watershed indicated that most of the springs are perennial (95%), located in less than 1,200 or within 1400-1600 m above
the sea level elevation (70.6%), and have discharge less than five liters per minutes (80% during pre-monsoon season).
Multiple tools such as Gibb’s diagram, Piper’s diagram, and principal component analysis were used to characterize water
quality. Forty springs selected for spring water quality analysis indicated that it is dominated by Ca** >Mg?* > Na*>K*
and HCO;™>CI™ > SO,>~ water types, thus revealing rock—water interaction as dominant process controlling the spring
water quality. Furthermore, water chemistry is dominantly Ca—HCO; (52% in pre-monsoon) and Mixed Ca-Mg—Cl (28%
in pre-monsoon) types. Finally, suitability analysis revealed that spring water quality is of excellent quality for drinking
and concentration of various parameters comply with national and World Health Organization’s standard for drinking water
quality. Similarly, the water is sage against various hazards for use in irrigation. Results of this first study in the study area
provided valuable baseline information for spring water source protection and management.
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Introduction

Water is a key input for human survival, livelihood sup-
port, and socio-economic development (Petraccia et al.
2006). However, contaminated drinking water is also a pri-
mary cause of about 80 percentage of disease in the world
and one-third of deaths in the developing countries (WHO
2004). Securing quality, quantity and timing of freshwater
to meet various needs of the growing population and eco-
system are the global challenges in this century (Pant et al.
2018). Springs are the form of groundwater that play an

< Vishnu Prasad Pandey
vishnu.pandey @pcampus.edu.np

Central Department of Environmental Science, Tribhuvan
University, Kathmandu, Nepal

Department of Civil Engineering, Pulchowk Campus,
Institute of Engineering, Tribhuvan University, Lalitpur,
Nepal

important role for ensuring reliable supply of surface water
in the watershed. Mineral compositions in the spring water
are considered good for health (Nguyet and Goldscheider
2006). The spring water travels through a network of cracks
and fissures and appears on the surface of the earth at appro-
priate locations in the form of natural springs (Nguyet and
Goldscheider 2006).

Springs are perennial or short-lived. As per Sharma et al.
(2016), perennial springs flow continuously and fed from a
level below groundwater table whereas short-lived springs
are fed by increased groundwater level after the monsoon
season. Rate and volume of spring discharge and quality
of water are determined by and hydro-geological and geo-
chemical characteristics of spring-shed, the area that drains
to the spring. The mineral composition of natural spring
water or groundwater depends on the type of geological for-
mation (Oyem et al. 2014) as well as anthropogenic influ-
ences (Bhat and Jeelani 2016). Therefore, each spring can
be unique in terms of discharge, water quality, and potential
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to supply water for a long term, which all are important to
assess before we use the spring as a source of water for plan-
ning water and sanitation systems in an area.

Due to population growth and various forms of human
interventions leading to climatic and non-climatic changes
in the watershed, water resources are impacted in terms of
quantity, quality, and timing of flow (Pant et al. 2018). As
springs are the reliable source of water for a vast majority
of rural population in Nepal for various uses, it is impor-
tant to assess situation of spring sources, reliability of water
availability, and quality of the spring water to develop strat-
egies for providing safe drinking water and sanitation for
the population and conserving ecosystem. These efforts
will then contribute to realize the Sustainable Development
Goals (SDGs) and associated targets. The spring water is
highly valuable for water supply, sanitation, and livelihood,
more specifically for rural communities; however, springs
are under increasing stress due to human interventions in
various forms including haphazard road constructions. Con-
servation of springs is one of the major challenges that we
are facing today (Kaur et al. 2017).

Assessment of urban springs and groundwater has been
a topic of research over the years (e.g., Pandey et al. 2010;
Mofor et al. 2017; Poudel and Duex 2017; Batool et al.
2018); however, springs in rural areas have not get adequate
attention. As most of the people living in the rural areas
depend on spring water for household use and economic
activities, it is important to assess rural springs from those
aspects. Spring in rural areas of Nepal are gradually getting
affected due to development activities like road construction,
sealing of land surface with housing and associated devel-
opments, abandonment of agricultural lands, and deforesta-
tion. Furthermore, a number of processes can affect water
quality, which include atmospheric inputs, contamination of
soil covers that control the infiltration process, interaction
of water with soil and rock, and inputs of chemical derived
from anthropogenic activities (e.g., industrial, agriculture,
urbanization, etc.), among others (Simeonov et al. 2003).
As ensuring good quality water is directly linked to human
and environmental health, assessment of spring water qual-
ity has been highlighted in many studies across the globe,
such as in Camroon (Mofor et al. 2017); China (Zhang et al.
2017), India (Chauhan et al. 2020); Italy (Gaglioti et al.
2017), Jordan (Al-Khashman 2008), Pakistan (Batool et al.
2018), Pakistan (Memon et al. 2016) and Nepal (Bhusal and
Gyawali 2015). Such studies not only provide a baseline in
the areas where no studies are conducted before, but also
provide valuable insights on potential interventions required
for conserving spring-shed to improve quality, quantity and
timing of spring water.

Most of the spring-related research starts with locating
the springs and evaluating their status using technical and
questionnaire instruments with adequate interactions with
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local people (Simiyu et al. 2009). For measuring flow rate of
open springs, parameters like distance (2 m in general), time
taken to travel the distance, and cross-sectional area of the
flow path (i.e., breadth and depth) are measured. Whereas
for the closed spring, spring flow is collected in a closed
area of known volume and time required to fill that area
is measured (Ilmonen et al. 2012). For assessing quality
of spring water and evaluating suitability for various uses,
hydro-chemical approach is widely used (Tyagi et al. 2013;
Batabyal and Chakraborty 2015; Gaglioti et al. 2017). Vari-
ous process are likely to contribute in variation of hydro-
chemical composition of spring water, which can be evalu-
ated using multivariate statistical methods such as principal
component analysis (PCA) and factor analysis (Gibbs 1970;
Siddiqui et al. 2005; Ako et al. 2012). Delineating flow paths
of springs are also equally important as that may indicate
potential sources of contamination as well as gain and loss
of water in the springs. It requires analysis of major ions
as natural tracers can be a very effective method (Chung
et al. 2015). Furthermore, flow pattern and origin of chemi-
cal history of groundwater can be assessed through analysis
of hydro-geochemical facies (Chung et al. 2015). Generally,
the approach is to divide the samples into hydro-chemical
facies using piper trilinear diagram (Piper 1944). The spatial
analysis can reveal heterogeneity and connectivity as well
as the physical and chemical processes controlling the water
chemistry (Ako et al. 2012). Ultimately, springs are used for
various uses such as drinking and irrigation. Suitability for
those uses are basically determined based on the concentra-
tion and composition of dissolved ions which are generally
governed by lithology of surfaces, velocity and quantity of
spring water flow, nature of geochemical reactions, solubil-
ity of salts and anthropogenic activities (Kaur et al. 2017).
Those concentrations are then compared with various guid-
ing thresholds developed for various uses.

The objectives of this study are to map and characterize
major springs, assess spring water quality and seasonality,
and evaluate their suitability for drinking and irrigation uses
in the Thuligaad watershed, located in Sudurpaschim Prov-
ince, western Nepal (Fig. 1).

Materials and methods
Study area

Thuligaad watershed, covering an area of 850 km? spread
over Kailali and Doti districts, is a tributary of the Karnali
river in western Nepal (Fig. 1). This watershed stretches
across the Jorayal and Baddikedar rural municipalities (in
Doti district) and the Chure and Mohanyal rural municipali-
ties (in Kailali district) in the south-western Nepal. Located
in Sudurpaschim Province, the Thuligaad watershed extends
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Fig. 1 Location and associated details of the Thuligaad watershed and the study area in the western Nepal

between 29°12'30"” N latitude and 80°35'0” E longitude.
This watershed has four freshwater lakes (i.e., Brahm, Jwala-
ban, Rakxes and Chhatiwan), which are important habitat for
aquatic species in this region. Thuligaad watershed is sub-
tropical, rich in forest crops and agricultural biodiversity.
It covers climatic zones like lower tropical, upper tropical,
sub-tropical, temperature and sub-alpine. Average annual
temperature in the Thuligaad watershed, based on the data
at the nearest station, is 23 °C, with the mean maximum and
minimum monthly temperature ranging from 5 to 24 °C in
winter to 21 and 40 °C. In terms of rainfall, there is a clear
monsoonal pattern with the highest rainfall from June to
September. The mean annual rainfall in the watershed is
1122 mm, of which more than 80% falls during monsoon
(USAID 2018). The highest and lowest monthly rainfall
occur in the months of July and November, respectively.
This study focuses within four wards of the Jorayal
Municipality located in the headwater of the watershed
(Fig. 1) excluding two wards of this municipality as they
do not feed on Thuligaad watershed. The four wards are
Gaira, Budar, Saraswati Nagar and Laxmi Nagar, and they
cover an area of 262 km?. The topography of the four wards
vary widely, with elevation ranging from 801 to 2716 m
above the mean sea level (masl). The total population of
four wards of Jorayal Rural Municipality is 21,296 (CBS

2011). The population density is 100 persons/km?. In terms
of cast and ethnicity, major groups in the area include Brah-
min, Chhetri, Dalit, and a wide range of Janajatis, including
Magar, Badi, Majhi, Lama, Bhote, Gurung and Newar (CBS
2015). The major crops are rice, wheat, maize, barley, mil-
let, buckwheat, and soybeans. The study area is also known
for fruits, vegetables and cereal crops. Livestock are also
an important source of income, particularly pigs, sheep,
buffalo and cattle, among others. Beyond agriculture, wage
labor, seasonal labor migration, and gravel mining work are
other important sources of livelihoods for local households.
This watershed and its tributaries are the available sources
of water for drinking, domestic and agricultural uses; how-
ever, local springs play important role to enhance reliability
of surface sources as well as supply directly for drinking,
domestic, and irrigation purposes (USAID 2018).

The geological formation of this watershed is granites,
basic rocks, dolomites, limestone, quartzite and carbonates
(Fuchs and Frank 1970). The upper reaches of the watershed
of the Thuligad Khola on its left bank catchment is com-
posed of carbonate rocks—dolomite, limestone and calcare-
ous shale. Extension of Baitadi Carbonates in Budar—Joryal
area is thickly bedded limestone, dolomites, and intercalated
quartzite and phyllite (Dhital 2015).
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Spring sources mapping and status assessment

The locations of major water resources were identified
through a questionnaire survey with the local people, thus
utilizing local and indigenous knowledge. All identified
springs, either in use or not in use or dried up, were mapped
with information such as location; discharge and its sea-
sonality; land use/cover around the spring; physical charac-
teristics of the spring site; number of households using the
water source; use of spring; and perception on water quality,
ownership and management system. A global positioning
system (GPS) was used to collect the information related to
location and altitude. Other information such as current dis-
charge and its historical trends (increasing/decreasing) were
also gathered through field study and questionnaire survey
as did in (Simiyu et al. 2009). Finally, a map with location
of springs and their characteristics was prepared and spatial
distribution was analyzed and discussed.

A questionnaire was designed and survey was imple-
mented with local people to characterize the status of spring
sources compared with the past 20 years. The questionnaire
includes status of spring sources, its trend (increasing,
decreasing, no change, or dried up), purpose/use of spring
sources, water availability, accessibility and management or
conservation effort. The discharge rates of closed and open
springs were also analyzed to assess the actual discharge
rate and seasonally. Discharge of identified springs were also
measured while mapping. For free-flowing springs, outflow
from the spring was allowed to travel through a channel of
fixed distance and defined cross section and time required
for the travel or to collect certain volume of water was noted.
Spring discharge was calculated by dividing volume of water
collected by time. In case of stagnant springs, time required
to fill certain volume of water in the closed area was noted
and discharge was calculated by dividing the filled volume
by time. The time required to fill up the closed area was also
confirmed through questionnaire survey with local people as
did in Ilmonen et al. (2012).

Spring water sampling and quality analysis

From among the mapped springs, a total of 80 samples, 40
in post-monsoon (November, 2018) and 40 in pre-monsoon
(April, 2019) seasons were collected using purposive sam-
pling method. The water samples were collected accord-
ing to priority and accessibility of the springs, identified
based on discussion with local people, with full utilization
of local and indigenous knowledge. The onsite observation
was carried out within 24 h of sample collection using a
probe for temperature, pH, electric conductivity (EC) and
total dissolved solids (TDS). A model H18314 portable pH
meter (Hanna instruments, manufactured with the accuracy
of +0.01 at 20 °C) was used for measurement of temperature
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and pH. Conductivity meter (model 4150 with accuracy of a
0.5% + 2 digits) was used for measurement of EC and TDS.
Titration method was carried out within 24 h of sample col-
lection in the field for parameters such as chlorine, alkalinity,
calcium, magnesium and free CO, (APHA 1998).

The samples analyzed for the parameters ammonia,
nitrate, phosphate, sulfate, iron, sodium and potassium were
not filtered and analyzed directly for dissolved elements but
not for the particulates. The method used for the analysis
of ammonia, nitrate, sulfate and iron in water samples are
phenate method, phenol disulfonic acid, turdibimetric,
and phenanthroline methods, respectively. The parameters
(ammonia, nitrate, phosphate, sulfate and iron) were then
analyzed in the laboratory using spectrophotometer (model
UV-VIS Spectrophotometer SSI 2101) with the wavelength
of 635 nanometers (nm), 410, 690, 420 and 510 nm, respec-
tively. For analysis of iron, the samples were acidified with
nitric acid for preservation. Those acidified samples were
preserved in the refrigerator at 4 °C in the laboratory. Simi-
larly, sodium and potassium concentration were analyzed
by flame photometer (model ESICO-1382/1386). For labo-
ratory analysis, samples were collected and preserved in
pre-cleaned and well-dried sample bottles. Distilled water
was used for preparing the solutions and blank throughout
the analysis. All mathematical calculations like maximum,
minimum and average were calculated for physico-chemical
parameters using Excel 2007.

The strength of linear relationship between various
parameters was evaluated based on Spearman correlation
coefficient calculated using R studio. The PCA technique
was used to identify the governing principle chemical com-
position of spring water using SPSS. Gibb’s method was
applied to illustrate three important natural mechanisms con-
trolling the major iron chemistry of the spring water using
scattered method (Gibbs 1970). Hydro-chemical facies was
applied for presenting concentration of dominant cations and
anions to help in understanding the sources of the dissolved
constituents of water using Golden Grapher (version 15.2.1).

Evaluation of spring water quality

The quality of spring water for drinking and irrigation
uses were further evaluated as described in the following
sub-sections.

Evaluation for drinking purpose

Water Quality Index (WQI) represents the overall water
quality of a location and time and can be computed based

on physic-chemical (Tiwari and Mishra 1985) using Eq. 1;

wolI = anWn/ Z Whn, @)
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where gn and Wn are the quality rating and weights to
each quality parameters, respectively.

Fourteen parameters were chosen for computing WQI in
this study, as did in other studies (e.g., Chatterji and Razuid-
din 2002; Sahu and Sikdar 2008, Yogendra and Puttaiah
2008). The parameters were pH, EC, TDS, sodium, potas-
sium, chloride, bicarbonate, total hardness, calcium, mag-
nesium, ammonia, nitrate, sulfate and iron. The weightage
for each parameter were assigned in a range of 1-5; 5 indi-
cating the highest importance and 1 indicating the lowest
in overall WQI. The maximum weight of 5 was assigned to
the parameters pH, potassium and nitrate; 4 to parameters
EC, TDS, sulfate and iron; 3 to chloride, total alkalinity and
ammonia; and 2 to total hardness, calcium and magnesium.
Finally, water quality status of each spring was categorized
in a scale of “unsuitable” to “excellent” based on range of
WQI values as shown in Table 1.

Furthermore, the suitability of spring water for drinking
was also evaluated based on concentration of physico-chem-
ical parameters against the Nepal Drinking Water Quality
Standard Guidelines (NDWQS 2005).

Evaluation for irrigation purpose

To assess suitability of spring water for irrigation, follow-
ing parameters were evaluated—Sodium Adsorption Ratio
(SAR), Sodium percentage (Na %), Alkalinity hazard, Mag-
nesium ratio and Corrosivity ratio (Tripathi et al. 2012).

(1) Alkalinity Hazard/Sodium Adsorption Ratio (SAR):
SAR is an irrigation water quality parameters which meas-
ures suitability of water for agricultural use (Subramani
et al., 2005). The SAR values for each water sample were
calculated using Eq. 2 (Richards 1954).

+
SAR = Na , )
\/(ca™ +Mgt) /2 @

where concentrations are expressed in milli-equivalent
per liters (meq/L).

(i1) Sodium percentage (Na %): Sodium (Na) reacts with
soil, and reduces its permeability due to absorbing Na by

Table 1 Different water quality classes, status and possible as per
WQI ( Source: Sahu and Sikdar 2008)

SN WQI Status Possible usages

1 0-50 Excellent Drinking, Irrigation and industrial

2 50-100 Good Drinking, Irrigation and industrial

3 100-200  Poor Irrigation and industrial

4 200-300  Very poor  Proper treatment required before use
5 >300 Unsuitable  Proper treatment required before use

clay particles and displacing Ca>* and Mg?* from the soil.
This will eventually result in limited air and water circula-
tion during and reduces soil permeability (Kaur et al. 2017).
The Na% in can be calculated using Eq. 3 and water quality
can be classified based on Na%.

Nat + K*

%Na =
(Ca?* + Mg>* + +Na* + K+)

* 100, 3)

where all ionic concentrations are expressed in meq/L.

(iii) Integrated effect of EC and SAR (Alkalinity Hazard):
Alkalinity hazard is identified based on a diagram of SAR
against EC designated by US Salinity Laboratory in 1954.

(iv) Magnesium ratio (MR): Based on the magnesium
ratio (Eq. 4), water can be classified as suitable for irriga-
tion purpose, if the MR ratio is greater than 50% (Paliwal
and Singh 1967):

(Mg™)
MR = —————— % 100. )
(Ca2+ + Mgz+)

(v) Corrosivity Ratio (CR): Corrosion can change pH
and hardness of water. The groundwater with corrosivity
ratio< 1 is considered to be safe for transport of water in
any type of pipes, whereas> 1 indicates corrosive nature,
and hence not to be transported through metal pipes (Raman
1983). It is expressed as in Eq. 5:

CR = (CI” +S0;")/(HCO; + CO3) 5)

Results and discussion
Status and usage of springs

One-hundred and sixty (160) spring sources in Jorayal Rural
Municipality JRM) (Fig. 2) were located, mapped and doc-
umented. The elevation of the mapped springs ranges from
956 to 1855 masl; however, 47.5% of the springs are located
in the elevation lower than 1,200 masl. About 88.1% (or 141
number) of springs in the JRM are perennial and rest are
of seasonal nature. As per local knowledge gained through
questionnaire survey, springs with discharge increasing, no
change, decreasing, and completely dried up are 0.6% (1
spring), 67.5% (108 springs), 27.5% (44 springs), and 4.4%
(7 springs), respectively (Table 2). The drying-up of springs
was attributed to the rapidly increasing haphazard construc-
tion of rural roads, deforestation for farming purpose, and
no proper management efforts for the spring source con-
servation and management. Similarly, likely reasons for the
decreasing rate of discharge could be water channel diver-
sion, improper management, deforestation, construction of

@ Springer



586 Page6of21

Environmental Earth Sciences (2021) 80:586

80°?3'E 80°1I36'E 80“?9'E 80"4[12'E 80°4}5'E =
N -
+ a
Z
Q
%
o] Legend i 5
Spring Q trend Q
*  No Change
* Increasing
*  Decreasing
?, _ ¢  Dried up -
Q I:I Ward boundary |&
Elevation (masl) ¥
0 - High : 2716
e e Km L Low : 801
1 1 1 L) 1 1
80°33'E 80°36'E 80°39'E 80°42'E 80°45'E 80°48'E
Fig.2 Locations and associated details of Thuligaad watershed in western Nepal
Table 2 Characteristics of the springs in Jorayal Rural Municipality, western Nepal
Aspects Description/classes No. of springs % of springs
Seasonality of springs (Analysis of 40 samples) Perennial 38 95
Seasonal 2 5
Elevation range (masl) (Data taken for 160 samples) <1200 76 47.5
1200-1400 30 18.8
1400-1600 37 23.1
> 1600 17 10.6
Current usage (Survey for 160 samples) Drinking/domestic 117 73.0
Irrigation 25 15.0
Unused 18 12.0
Trends in discharge (Data analysis for 160 samples) Increasing 1 0.6
No change 108 67.5
Decreasing 44 27.5
Dried 7 44
Discharge (liters per minute, [pm)* (Data analysis for Pre- Post-monsoon Pre- Post-monsoon
40 samples) monsoon Monsoon
<5 32 28 80.0 70.0
5-10 4 5 10.0 12.5
10-50 4 5 10.0 12.5
No data 0 0.0 5.0

“Data from only 40 sampled springs are available for both season, and discharges rate and range are taken from Chapagain et al. (2019)
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road and other infrastructures that block the passage of water
discharge.

Rate of flow (or discharge) from the springs during both
pre-monsoon and post-monsoon seasons was analyzed by
classifying into three classes, which are: below 5 L-per-
minute (Ipm), 5-10 lpm, and 10-50 Ipm. Results as tabu-
lated in Table 2 showed that relative proportions of springs
under each category for both pre- and post-monsoon seasons
are comparable. In both the seasons, a vast majority of the
springs are within the category of below 5 Ipm discharge
and other two category have same proportion of springs.
Discharge in the post-monsoon are higher than in the pre-
monsoon (or dry season), which is because of saturation of
soil as well as subsequent infiltration of water during mon-
soon season and subsequent re-appearance of the same in
the springs right after the monsoon season. No data were
recorded for 2 springs in the post-monsoon season due to
inaccessibility.

These results indicate relatively more water scarcity in
the pre-monsoon season than in the post-monsoon season in
the study area. The results were further validated with infor-
mation collected from the local people during interactions.
For example, during pre-monsoon season, household hav-
ing piped water also have to collect water from the nearest
springs located far from their settlements. In the study area,
though most of the household have access to piped water
supply system, almost half of the household are deprived
of adequate and reliable supply of drinking water. Those
households are using and will continue to use spring water.
Springs are being used for many purposes like drinking/
domestic (73%), and irrigation (15%) purposes; however,
12% of the mapped springs are not in use except for meeting
natural ecological needs. The reasons for not using those
springs were located relatively far from the settlements,
nearby households have access to piped water supply, some
of the unused springs were at the locations where waste were
disposed long years back, and there was algal formation
inside the springs. However, no management and conserva-
tion effort initiated from the local and national levels so far.

Characterization of spring water quality

Forty out of 160 spring sources (Fig. 1) were selected for
water assessing water quality and suitability for various uses.
Physio-chemical and hydro-chemical properties of spring
water were analyzed for pre- and post-monsoon seasons.
Maximum, minimum and, average values were calculated
for these two seasons to characterize water quality between
the two seasons and the results are reported in Table 3.
Details water quality of all forty springs for pre- and post-
monsoon seasons are provided in Appendix 1 and Appendix
2, respectively.

Seasonal variations of physico-chemical
characteristics

The seasonal variations of physico-chemical parameters
were evaluated for pre- and post-monsoon seasons (Table 3).
pH values were found alkaline in nature. Even though pH
has no effect on human health, it is closely related to other
chemical constituents of water (Ako et al. 2012). No signifi-
cant variation in two seasons was observed. WHO has sug-
gested that the drinking water should have pH in the range
of 6.5-8.5. The average pH value was within the standard
guideline values set up by Nepal Drinking Water Quality
and WHO. pH of water is relatively neutral as the sources
are at the forest, vegetation area and geology and decaying
of vegetation in the soil could produce humic acid (Mesner
and Geiger 2005).

TDS vary from 22 to 186 mg/L in pre-monsoon and from
24 to177 mg/L in post-monsoon season, thus indicating sim-
ilar ranges in both the seasons. TDS depends on the number
of organic and inorganic salts are found dissolved in natural.
A low level of TDS contents of the spring water allows the
water for drinking and other domestic uses, whereas higher
concentration causes salty water and distress to domestic
animals (Chatterji and Razuiddin 2002).

EC ranges are also comparable in both seasons, with
value ranging from 54 to 372 pS/cm in pre-monsoon and
from 50 to 354 pS/cm in the post-monsoon season. The vari-
ation in the values might be due to total dissolves salts in
water and its organic load (Ako et al. 2012). Also, variations
in EC and TDS values are primarily attributed to geochemi-
cal process like ion exchange, evaporation, precipitation,
dilution, discharge, local geological settings, rock—water
interaction, sediment dissolution, rainwater infiltration,
and anthropogenic sources (Ehya and Marbouti 2016). The
high conductivity is some water samples could be due to
the presence of calcium and magnesium ions contributing
to the increase conductivity in some samples (Deshwal et.
Al2016).

Bicarbonate ranged from 12 to 128 mg/L in both sea-
sons, it is caused by HCO;™ ion only. It suggested that dis-
solution has been occurred due to interaction between soil
and rainwater, giving groundwater alkaline character (Singh
et al. 2012). The carbonate and bicarbonate concentration
in spring water is derived from carbonate weathering, as
well as dissolution of carbonic acid in the aquifers (Kumar
et al. 2009).

Calcium concentration ranges from 3.2 to 60 mg/L in
pre-monsoon season and 3.2 to 144 mg/L in post-monsoon
season. The calcium concentration of 144 mg/L is within the
NDWQS (2005) limit for drinking water quality; however,
slightly higher than WHO (2004) limit. The likely reason for
higher concentration could be geological formation of the
region, which consists of calcium-rich minerals, limestone,
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carbonates, dolomites and basic rocks (Fuchs and Frank
1970; Dhital 2015). Another potential reason for the higher
concentration of calcium in the post-monsoon season could
be due to impact of soil in the agricultural area and forest
area. As less precipitation occur during this time, its con-
centration might get accumulated.

Magnesium concentration ranges from 0.4 to 60.5 mg/L
in pre-monsoon season and 0.5 to 60.5 mg/L in post-mon-
soon season. Sulfate values ranges from 0.2 to 6.8 mg/L
and 0.3 to 5.7 mg/L in pre- and post-monsoon, respectively.
High sulfate content may be due to breakdown of organic
substances of weathered soil and anthropogenic activities
(Miller 1979) but the study area contains quite less sulfate
which indicates less amount of sulfur compounds, gypsum
and iron sulfide. Similar variations show in post-monsoon
as well.

Na* and K* concentrations in spring water range from
1.2 to 7.9 mg/L in pre-monsoon season and 0.5 to 8 mg/L in
post-monsoon season, and 0.3 to 2.7 mg/L in pre-monsoon
season and 0.3 to 2.8 mg/L in post-monsoon season respec-
tively (Table 3). So, there is similar values in both seasons.
Aghazadeh et al. (2017) reported that high concentrations
of Na™ in the ground water are attributed to cation exchange
among minerals and anthropogenic activities (agricultural
activities) and poor drainage conditions. But in this study,
values are much lower which indicates that there are low
anthropogenic activity and cations exchange among miner-
als. Bicarbonates and calcium are the dominant anion and
cation in the study area. Thakur et al. (2016) also showed
that the bicarbonate and calcium as dominate anion and
cation in the study area. The area was geologically car-
bonate dominated so that the concentration of bicarbonate
was much higher than the other anions. There are no much
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Fig.3 Piper trilinear diagram of pre- and post-monsoon seasons

seasonal variations in physico-chemical parameters in spring
water of the study area. The abundance of the major ions in
spring sources in both seasons was in following order:

Ca®*>Mg?*>Na*>K* and HCO;™ > Cl™>SO,*"

The low concentration of nitrate and phosphate is due to
less anthropogenic activity, minimum use of chemical ferti-
lizer and disposal of waste products (Alemu et.al 2015). The
value of nitrate ranges from 0.3 to 20.9 mg/L in pre-mon-
soon season and 0.3 to 19.5 mg/L in post-monsoon season.

The average concentration of phosphate ranged from 0.3
to 0.6 mg/L in pre-monsoon and 0.3 to 0.7 mg/L in post-
monsoon season. The iron content is very minimum as well,
i.e., ranged from 0.24 to 0.25 mg/L in pre-monsoon season
and 0.2 to 0.3 mg/L in post-monsoon season but found high
in lower elevation in Punjab, India (Kaur et al. 2017). Thus,
the result showed that there are not seasonality variations
among concentrations of parameters.

Hydro-chemical characteristics

Hydro-chemical characteristics of the spring sources were
analyzed for both the seasons and the results are depicted in
Fig. 3 and tabulated in Table 4. Water quality data of both
the seasons are plotted in Piper trilinear diagram (Fig. 3),
which is a graphical representation of the chemistry of water
samples, to understand sources of the dissolved constituents
of water (Piper 1944). It reveals similarities and difference
among the water samples because those with similar quali-
ties will tend to plot together as groups. It is expressed in
mill-equivalent percentage (meq %). It contains two trian-
gular faces and one intervening diamond-shaped field. The

Post monsoon season
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Table 4 Distribution of hydro-chemical facies in pre- and post-mon-
SOON seasons

S.N  Class type Pre-monsoon Post-monsoon

samples samples
Number % Number %
1 Ca-HCO;, 21 52 22 55
2 Na-Cl 2 5 2 5
3 Mixed Ca-Na-HCO; 4 10 4 10
4 Mixed Ca-Mg-Cl 11 28 10 25
5 Ca—Cl 2 5 2 5
6 Na-HCO, 0 0 0 0
Grand Total 40 100% 40 100%

results plotted in the central diamond field show the overall
characteristics of the spring water chemistry, i.e., the domi-
nance of the alkaline earth metals (Ca>" and Mg2+) over
the alkalis (Na*+K™) and the weak acids (HCO;™ over the
strong acids (C1~ and SO,*7). In general, the classification
of the sample points in the piper diagram is done into six
fields. They are: (i) Ca—HCO;, (ii) Na—Cl, (iii) Ca—Mg—Cl,
(iv) Ca-Na-HCO;, (v) Ca—Cl, and (vi) Na-HCOj;. The per-
centage reacting values at the three cation groups, i.e., Ca>*
Mg?* and (Na* +K*) are plotted in the left triangular field.
Similarly, the percentage reacting values at the three anion
groups, i.e., (HCO;™ +C05%7), SO,*~ and CI” in the right
triangular field.

In pre-monsoon and post-monsoon seasons, on the cation
plot, most of the samples lie in the lower left corner, indi-
cating the dominance of the calcium type and few samples
display that at the sodium and potassium ions indicating
the influence of Na* and K* (Fig. 3). The anion diagram

shows all the samples lie at the bottom which is bicarbonate
and dominated type. It showed 52% of the water samples
belong to Ca—HCO; water type, which indicates that carbon-
ate hardness exceeds 50%. Similarly, for the post-monsoon
season, 55% of the water samples belong to Ca—HCO; type
which indicates that carbonate hardness exceeds 50%. The
calcium bicarbonate water resulted mainly from dissolu-
tion of limestone and calcium—sodium bicarbonate resulted
from dissolution of limestone in the catchment area (Nguyet
and Goldscheider 2006). Similar information was also pro-
vided by Sahu and Sikdar (2008) that water belonging to
Ca—-HCO; might be due to the carbonate dissolution process
and wide contact with limestone and that might represent
permanent hardness of the groundwater. Thus, the above
results indicated no substantial change in hydro-chemical
characteristics of spring water during pre- and post-monsoon
seasons which clearly indicates that most of the major ions
are of natural origin.

Mechanism controlling spring water quality

Chemical composition of spring water is the result of the
rock—water interaction and chemical processes (Sreedhar
and Nagaraju 2017). Gibb’s diagram (Gibbs 1970) is plotted
as scatter diagram to illustrate dominance of the three impor-
tant natural mechanisms controlling the major ion chemistry
of the spring water, which includes rock—water interaction,
evaporation and atmospheric precipitation (Fig. 4). The dia-
gram includes TDS vs Na/(Na + Ca) for cations against TDS
vs CI/(C1+HCOy) for anion. The locations of the samples
illustrate the dominancy of geogenic factors in both seasons.
The dominant mechanism that control spring water qual-
ity in the study area is the rock—water interaction followed
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Fig.4 Gibb’s diagram illustrating the mechanism controlling spring water quality in the study area
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by precipitation as most of the samples are plotted in the
rock-dominance area followed by precipitation-dominance
area (Fig. 4). The rock—water interaction ultimately controls
the chemical composition of water (Raju et al. 2015). The
samples falling in evaporation dominant area signifying the
role of evaporation on groundwater/spring water chemistry
(Kaur et al. 2017) but in this study, the role of evaporation
was non-existence.

The results obtained are in good agreement with those
obtained in alluvial aquifer region (Dhakate and VV S
2015). The Gibb’s plot, thus, indicates that the geology/
lithology plays a significant role in controlling the over-
all quality of groundwater/spring water apart from various
other local environmental conditions in the study area. The
diagram includes TDS vs Na/(Na+ Ca) for cations against
TDS vs Cl/(C1+HCO3) for anions. For the identification of
major sources of ions, there are three conditions in Gibbs
plot: (i) low TDS (0.5 to near about 1), indicating at lower
right corner and reflecting the influence of precipitation; (ii)
medium TDS (70-300 mg/L) and low Na*t vs (Na* 4 Ca*)
ratio (300 mg/L); and (iii) high Na* vs (Na* + Ca?*) ratio
(> 0.5 to near about 1) locating on the upper right corner
and reflecting the influence of evaporate dissolution (Gibbs
1970). So, the minimum value that validate the parameter
as belonging to the main component in the Gibbs method
is<0.5. As TDS value ranges from 22 to 186 mg/L in pre-
monsoon season and from 24 to 177 mg/L in post-monsoon
seasons, the mechanism that controls the spring water sam-
ples has a predominance of rock weathering including some
precipitation dominance as well. It showed consistent dis-
tribution of anions in both the seasons and rock weathering
was the main process controlling the hydro-chemical types
of ground water in the study area. There is very low sea-
sonal variation in controlling spring water hydrochemistry
which might be due to similar kind of rainfall pattern and
low dilution rate but, however, can be variation can be seen
as compared with rainy season. In particular, the groundwa-
ter recharge from rainfall resulted in the dilution of chemical
compositions in groundwater, and this promoted the similar-
ity of chemical types at different locations.

Association among the hydro-chemical attributes

The PCA and correlation coefficient matrix were used to
understand association among the different hydro-chemical
attributes. PCA is a powerful technique applied to the geo-
chemical dataset to reduce the dimensionality consisting
of large number of interrelated variables (Hundal 2011). It
identifies the governing principle of chemical composition
of spring water (Pant et al. 2018). Grouping of parameters
in the loadings suggests their significant mutual positive
relationship. Factor loading plot of the PCA is shown in
Fig. 5 and variables associated with each component and
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Fig.5 Principle component analysis (PCA)

Table 5 The principle component, associated parameters, percentage
of variance explained by principle components

Variables Abbreviation PC1 PC2 PC3

EC 0.227 0.915 -0.278
TDS 0.353 0.870 -0.283
Turbidity 0.945 —0.248 —0.030
Chloride Cl 0.443 0.672 -0.395
Bicarbonate HCO, 0.240 0.612 —0.042
Total hardness TH 0.274 0.562 0.745
Calcium Ca 0.556 0.464 0.610
Magnesium Mg 0.924 —0.128 0.110
Nitrate NO, 0.929 —0.038 0.110
Sulfate SO, 0.938 —0.305 —0.055
Tron Fe 0.868 —0.170 —0.145
Sodium Na 0.928 - 0.267 —0.141
Eigen Values 6.365 3.167 1.902
Variance % 48.963 24.361 14.632
Cumulative % 48.963 73.325 87.956

the percentage of variance that the component explains in
Table 5. Three principle components are identified (Fig. 5),
which can explain 87.95% of variance in the hydro-chemical
characteristics of the spring water. The PC1, PC2, and PC3,
account for 48.96, 24.36, and 14.63% of the variance in
hydro-chemical characteristics with eigen values of 6.365,
3.167 and 1.092, respectively. The PC1 has strong loadings
on sulfate, sodium, nitrate, magnesium and iron, which are
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mainly responsible for breakdown of organic substance,
anthropogenic activities (agricultural activities), and cation
exchange among minerals in groundwater, (Miller 1979;
Aghazadeh et al. 2017; Sahu and Sikdar 2017). The PC2
has strong loading on EC, TDS, chloride and bicarbonate,
which might due to total dissolved salts and its organic con-
centration and dissolution of carbonate weathering (Kumar
et al. 2009; Ako et al. 2012). The PC3 has loading on Ca™™*
and TH, which might indicate carbonate weathering and
calcium-rich minerals, limestone and carbonates (Pant et al.
2018; Kumar et al. 2009; Dhital 2015). There is no signifi-
cant difference between pre- and post-monsoon seasons in
this analysis which might be due to low dilution rate and
same geological condition.

We further attempted to analyze whether few numbers of
variable can sufficiently predict other variables, using cor-
relation matrix between two variables at 95% confidence
interval (Table 6). Correlation matrix is a widely used sta-
tistical tool to establish the relationship between two hydro-
chemical attributes for predicting the dependency of one
variable to another (Pant et al. 2018). Since most of the
chemical parameters were not normally distributed, corre-
lations between major ions were carried out using Spear-
man’s correlation analysis. Strong positive correlation was
observed between EC and HCO;, Ca and EC, Ca and HCO;,
Mg and HCO;, NO;— free CO, and Ca and Mg. It represents

However, there is very low application of fertilizer in the
study area as farmers use organic fertilizer produced from
agricultural residue, manure of domestic animals, slurry or
any other decomposable materials. People have less access
to inorganic or chemical fertilizer. There is no correlation
between Cl and SO,, and NOj is not correlated with any of
the parameter as there is no any source for nitrate formation
due to less influence of anthropogenic activity. Thus, we
can conclude that some parameters are interrelated with one
another due to some common origin of geological activity,
some show less or no correlation between parameters and
has no influence upon one another Table 7.

Spring water’s suitability for drinking

The maximum, minimum and average were calculated for
all physico-chemical and hydro-chemical parameters for
both pre- and post-monsoon seasons (Table 3) and they
were evaluated against drinking water quality standard set
by the Government of Nepal and WHO (2004). The param-
eters include pH, EC, TDS, turbidity, chloride, bicarbonate,
free CO,, total hardness, calcium, magnesium, ammonia,
nitrate, phosphate, sulfate, iron, sodium and potassium. The

Table 7 Classification of spring water quality using WQI

a common origin of these ions which might be weather- ~ WQIrange  Classification ~ Per-monsoon Post-monsoon
ing of carbonate rocks and higher influence on spring water samples season
quality rather than other physical parameters. Strong nega- Number %  Number %
tive correlation was observed between PO, and CI, which
.. . L. . 0-50 Excellent 35 87 33 82
indicate no potential anthropogenic interferences with the
. . 50-100 Good 5 13 7 18
natural water quality. It is because the presence of phosphate
. . . 100-200 Poor 0 0 0 0
in the groundwater is due to the presence of natural miner-
. . . .- 200-300 Very poor 0 0 0 0
als or introduction of pollution from fertilizer sewage and 200 bl 0 0 0 0
industrial pollutants in the nearby area (Alemu et. al. 2015). > Unsuitable
Table 6 Correlation between chemical parameters of the spring water in the study area
pH EC Cl HCO, Free CO, Ca Mg NO, PO, SO, Na K
pH 1
EC —-0.12 1
Cl 0.12 0.10 1
HCO;, 0.17 0.37%* —0.13 1
Free CO, —0.06 0.04 0.23 0.01 1
Ca -0.20 0.63%* 0.21 0.45%%* 0.31 1
Mg —0.12 0.26 0.13 0.10%* - 0.07 0.50%* 1
NO;, 0.01 0.01 0.29 —0.05 0.33%%* 0.30 0.10 1
PO, 0.15 —-0.09 —0.39%* 0.12 0.01 —-0.15 0.09 -0.12 1
SO, 0.03 —-0.02 0.01 -0.21 —0.05 0.00 0.04 -0.11 0.29 1
Na —0.05 —-0.11 0.11 -0.29 —0.38%* -0.29 0.01 -0.04 -0.29 -0.07 1
K —0.08 —0.05 0.39%%* —0.34 —0.04 0.15 0.04 0.09 -0.37 0.05 0.20 1

“*Correlation is significant at the 0.05 level (two tailed)
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concentration of major ions in the spring water samples
and their comparisons with the NDWQS (2005) and WHO
(2004) is shown in (Table 3). In general, the concentration
of major ions of all springs water was within the NDWQS
(2005) and WHO (2004). However, some samples, i.e., 90%
of the sample in pre-monsoon and 95% of the samples in
post-monsoon season showed pH concentration above the
NDWQS (2005) permissible limit and 93% of the sample
in pre-monsoon and 95% of the sample in post-monsoon
showed pH concentration above WHO (2004). This, based
on field observation, is due to algal formation, waste dis-
posal and not in use since long time. Also, seasonal varia-
tion of water quality parameters was found relatively lower.
90% of the samples in pre-monsoon and 97% of the samples
in post-monsoon season were within the WHO permissible
limit; whereas, 100% of the samples were in the guideline
limit. 95% of the samples in pre- and post-monsoon seasons
were within the WHO (2004) guideline limit. The results
showed that all the parameters in both the seasons comply
with national drinking water quality standard and, therefore,
are suitable for drinking (Table 3).

The water quality was also evaluated by computing water
quality index (WQI). The results showed WQI values range
from 16.08 to 62.51 in the pre-monsoon season. Results
indicate 87% (35 nos) of spring water samples are having
excellent water, remaining 13% (5 nos.) have good water,
and none has bad water quality. The excellent water requires
no further treatment and good water requires some basic

treatment and only bad water requires special treatment and
suggested for unsuitable water for drinking purposes. Simi-
larly, in the post-monsoon season, the WQI values ranges
from 13.00 to 70.23. Some 82% (33 nos) of the samples
have the excellent water quality, 18% (7 nos.) have good
water quality, and none have bad water quality. Most of the
samples are of good quality in the study area because there
is still very low human disturbance, low expose to toxic
inorganic substances, heavy metals, bacterial and other
pathogens increased nitrogen concentration and other trace
elements and micronutrients in drinking water resources.

Spring water’s suitability for irrigation

Spring water suitability for irrigation in this study was
assessed from the perspective of alkalinity hazard, salinity
hazard, sodium percentage (Na*%), magnesium ratio, and
corrosivity ratio as suggested in (Tripathi et al. 2012).

Alkalinity hazard

The sodium absorption ration (SAR) was used as an indica-
tor of Alkalinity hazard. SAR values range from 0.05 to 1.26
in pre-monsoon and from 0.02 to 1.09 in the post-monsoon
seasons (Table 8). It indicates 100% of the samples in both
the seasons have excellent water quality for irrigation from
alkalinity perspective. A high SAR content in irrigation
water has a potential to limit the growth of crops and plants

Table 8 Classification of spring
water samples of the study area
for irrigation purposes

Parameters Range Classification =~ Number of samples
Pre-monsoon  Post-monsoon

Salinity hazard (EC) <250 Excellent 40 40

250-750 Good 0 0

750-2000 Permissible 0 0

2000-3000  Doubtful 0 0

>3000 Unsuitable 0 0

Alkalinity hazard (SAR) (Richards 1954; <10 Excellent 40 38

Collins and Jenkins 1996) 10-18 Good 0 2
18-26 Doubtful 0

>26 Unsuitable 0 0

Percent sodium (%Na) <20 Excellent 24 24

2040 Good 16 16

40-60 Permissible 0 0

60-80 Doubtful 0 0

>80 Unsuitable 0 0

Magnesium ratio (MR) (Palliwal 1972)  >50% Suitable 5 10

<50% Unsuitable 35 30

Corrosivity ratio (CR) (Raman 1985) <1 Safe 34 35

>1 Unsafe 6 5

*The data ranges of all parameters are taken fromKaur et al. (2017)
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due to lowering of permeability subsequent lack of soil
moisture (Pant et al. 2018 and Compton 2011). SAR greater
than 12 was considered sodic and threatens the survival of
vegetation by increasing soil dispersion and reducing soil
permeability (Kuipers et al. 2004).

Salinity hazard

Electrical conductivity (EC) is a good measurement of salin-
ity hazard to crops as it reflects the TDS in groundwater. The
primary effect of high EC is that it reduces the osmotic activ-
ity of plants and, thus, interferes with the absorption of water
and nutrients from the soil (Ako et al. 2012). Each parameter
may vary across the seasons and therefore required to evalu-
ate in different seasons (Ouyang et al. 2006). A graphical
representation of irrigated water (US salinity Laboratory
1954) and the integrated effect of EC and SAR concluded
that the spring water of the study area possess high salinity
with low sodium. In this study, all the water samples are fall-
ing under high specific conductance and low sodium C,S,
and C,S,, as per US Salinity Laboratory (1954), in both
the seasons. In the Fig. 6, blue triangles are water samples
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Fig.6 Quality of spring water in relation to electrical conductivity
(EC) and Sodium Adsorption Ratio (after US Salinity Laboratory
1954). Blue triangles and orange circles are water samples of pre-
monsoon and post-monsoon seasons, respectively. The x-axis repre-
sents the electrical conductance and y-axis represents sodium
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of pre-monsoon and orange circles are water samples of
post-monsoon season. The x-axis on the graph represents
electrical conductance and y-axis represents sodium percent
ratio (SAR). According to the USSL diagram (Fig. 6), all
water samples falling under very high specific conductance
and low sodium (C;S, and C,S,) are excellent quality and
suitable for irrigation purpose. The water did not produce
any undesirable effects of changing soil properties, does
not reduce soil permeability and does not compact (Kelley
1951). Thus, spring water in the study area are in excellent
condition, with high salinity and low sodium, for irrigation
purpose.

Sodium percentage

Wilcox (1955) adopted EC against sodium for classification
of spring water for irrigation suitability. In the Fig. 7, blue
asterisks are pre-monsoon samples and orange squares are
post-monsoon samples. The different indicators are given
to understand the result of water samples of pre- and post-
monsoon season. (EC). The analytical data plotted on Wil-
cox diagram explain that 90% (30 nos.) of the total samples
fall in excellent and good category and no sample falls in
unsuitable category (Fig. 7). Similar results were obtained
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Fig.7 Quality of spring water in relation to electrical conductivity
(EC) and per cent sodium for pre-monsoon season (Wilcox diagram).
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in both seasons. The Na* plays a very major role in the suit-
ability of the water for irrigation purpose, because higher
amount destroys the plants and crops, damage soil struc-
ture and dispersion of clay particles (Pant et al. 2018). The
role of sodium for irrigation was emphasized because of the
fact that sodium reacts with soil and as a result clogging of
particles, thereby reducing the permeability (Siddiqui et al.
2005). Thus, all samples of spring water were found to be
suitable for irrigation purpose in both seasons.

Magnesium ratio (MR)

Generally, Ca** and Mg*™* are present in equilibrium in
most of the waters. The quality of soil is affected adversely
when magnesium content is high in water, resulting in alka-
line nature of the soil and thereby reducing the crop yield
(Kumar et al. 2007). Based on MR of the spring water in this
study (Table 8), 35 nos. of the samples were unsuitable and 5
nos. of samples were suitable for irrigation in pre-monsoon
season whereas 30 nos. of samples were unsuitable and 10
nos. of samples were suitable for irrigation in post-monsoon
season based on magnesium ratio (Table 8).

Corrosivity ratio (CR)

The water is considered safe for the transport by pipes if
corrosivity ratio is less than 1, while the value greater than
1 indicates corrosive nature of water (Tripathi et al. 2012).
At least 85% of the spring water samples in this study have
CR of less than 1, indicating that the spring water is safe for
irrigation (Table 8). Thus, except magnesium hazard, the
spring water is safe against all other four forms of hazards,
and therefore, suitable for irrigation purpose.

Conclusions

The study assessed status and characteristics of spring
sources at Jorayal Rural Municipality in the Thuligaad
watershed, western Nepal, and evaluated their suitability for
drinking and irrigation purposes. 160 springs located at ele-
vation range of 956—1893 masl were mapped and their status
were assessed. Out of them, 40 were selected for detailed
analysis of water quality and evaluating for different uses.
Key conclusions are listed hereunder;

e Opverall status of springs: most of the springs (95%) are
perennial; located at the elevation of less than 1200 masl
(47.5%) or at the elevation range of 1400-1600 masl
(23.1%); have discharge less than 5 L per minutes (Ipm)
(80% of springs in pre-monsoon season); and have no
trend (67.5%) or decreasing trend (27.5%) in discharge.

Most of the springs (73%) are being used for drinking or
domestic purposes.

e Water quality characteristics of the springs: calcium and
bicarbonate are the dominant anion and cation in the
study area. The abundance of major cations and anions in
the spring water of the study area during both the seasons
are Ca’*>Mg?*>Na*> K" and HCO;™ > Cl™~>SO,>",
respectively. The water chemistry is dominantly Ca-
HCOj; (52% in pre-monsoon and 55% in post-monsoon)
and Mixed Ca—Mg—Cl (28% in pre-monsoon and 25%
in post-monsoon) types. The dominant mechanism that
controls spring water quality in the study area is the
rock—water interactions, followed by precipitation. There
is dominance of geogenic factors in the water quality
in both the seasons. Three principal components (PCs)
are identified that account for 87.95% of total variance
in spring water quality—PC1 accounts for 48.96% and is
related to geo-chemistry or dissolution process of miner-
als; PC2 accounts for 24.36% of variance and is related
to dominance of atmospheric inputs, carbonate weather-
ing, and anthropogenic activities; and PC3 accounts for
14.63% of variance and is related to natural environmen-
tal hydro-geochemical dominance. Correlation analysis
revealed that natural process such as mineral dissolution,
precipitation and cations exchange are dominant factors
influencing the water chemistry.

¢ Suitability of spring water for drinking purpose: more
than one-fifth (87% in pre-monsoon and 82% in post-
monsoon seasons) water samples are of excellent water
quality as indicated by water quality index (WQI); and
most of the water quality parameters in both the sea-
sons are within the permissible limits for drinking water
defined by Nepal Drinking Water Quality Standard
(NDWQS) and the World Health Organization (WHO).
Therefore, the spring water is suitable for drinking pur-
pose.

e Suitability of spring water for irrigation purpose: except
magnesium hazard, the spring water is safe against all
other four forms of hazards, and therefore, suitable for
irrigation purpose.

The results of this study provided valuable information
on spring water characteristics which can potentially be used
for developing strategies for spring-shed protection, spring
water conservation, and management of spring water sources
in the study area. This study could also help characterize
spring water quality in the areas having similar geographical
structure and conditions. This study certainly provides a use-
ful baseline on quality and potential usability of spring water
in the area, however, continuous monitoring is required for
sustainable utilization of the water sources for various pur-
poses in a long run.
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Table 10 (continued)

Ca Mg NH; NO; PO, SO, Fe Na
mg/L mg/L mg/lL mg/lL mg/L mg/L mg/L mg/L mg/L mg/L

S_Code TDS Turb ClI Alk TH

SN S_Name

Free CO,

HCO,

Temp pH EC

NTU mg/L mg/lL mg/lL mg/L

puS/cm  mg/L

Units

0.4

35
34

2.8

04 02
0.3

0.2
0.2

2.1

36 0.1
3.6

0.4

8.0
8.0

8.0

36.0

18.3 8.8

15.0
3

1.0 298
1.4 270

49
60
1.6

34
39

101

22

Nag 04 27

Gaj_04
Kun_04

Gajari Khola
Nagan Khola

0.6
1.4
1.0

0.2

2.2

0.1

36.0

8.8
55.0

42.7

5.0

120
70
80

8

38

0.2

0.5

0.1

0.4

22.0 0.1

50.0 61.0

18.5

13

Kuc_04 23

39  Kunikot Naula
40  Kuchhe Khola

06 02 1.1

0.1

04 02

9.6

26.0

60.0 732 286

19.9

8

Appendix 1

See Table 9

Appendix 2

See Table 10.
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