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Chapter 3
A Recent Scenario of Groundwater Quality 
in Kashmir, Northwest Himalaya, India

Riyaz Ahmad Mir and Khurshid Ahmad Lone

3.1  �Introduction

Groundwater is considered the largest resource of freshwater after the glaciers and 
ice sheets of the polar regions of the world. It plays a significant role in shaping the 
socioeconomic conditions of the human life. In Kashmir valley, the ground has a 
huge potential to provide major resource of freshwater supply that can be used for 
all domestic, horticultural, agricultural, and hydropower generation purposes sig-
nificantly. However, the value of groundwater is not determined by its widespread 
occurrence and availability, but its value depends on its consistent and good quality 
(UNESCO 2000; Jeelani et  al. 2014; Mir and Jeelani 2015). The suitability of 
groundwater for different uses depends upon the inputs of chemical species from 
the atmosphere, from soil and rock weathering, as well as from anthropogenic activ-
ities (Jeelani et al. 2014; Mir and Jeelani 2015). Nearly all groundwater originates 
as rain, snow melt, or surface water that infiltrates through the soil or geological 
material and reaches the phreatic zone. Rain and snow are naturally slightly acidic 
due to chemical reactions with CO2 in the atmosphere. However, it is in the soil zone 
that the water interacts with the inorganic and organic solids while infiltrating 
through it. The inorganic material may be fairly fresh rock material as found on the 
steeper slopes of a mountain, or more likely, it is weathered material composed of 
fairly reactive secondary minerals that may equilibrate with the infiltrating water, 
thus imparting its chemistry (Deutsch 1997; Jeelani et al. 2014). The groundwater’s 
chemical composition is determined by its sources and sinks along its flow path 
(Deutsch 1997). Moreover, the relative concentration of dissolved constituents is 
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also a function of its availability from the solid phases as well as its solubility of 
secondary minerals produced due to weathering processes. In general, the ground-
water during its flow tends to acquire a similar chemical composition as that of the 
seawater. This tendency is generally associated with a significant change from a 
dominant bicarbonate (HCO3

−) type or anion species to a chloride (Cl−) type 
(Chebotarev 1955). During recent decades, the anthropogenic activities have sig-
nificantly affected the groundwater resources and are therefore considered a major 
hazard in the evolution of chemical quality of groundwater. The increased and rapid 
urbanization and conversion of agricultural lands into the urbanized settlements 
have resulted in the dreadful conditions of water quality (Mir et al. 2016). Rapid and 
increased use of fertilizers, pesticides, huge production of house hold effluents or 
effluents discharged from industries, and other municipal sewage are the main con-
taminants of groundwater (Mir and Gani 2019).

Nonetheless, any imbalance in the chemical quality of groundwater is responsi-
ble for many diseases in humans. For example, the lower values of pH can cause 
gastrointestinal disorders, hence limiting its domestic uses. Similarly, the ground-
water with higher TDS values cannot be used for irrigation and drinking purposes 
(Fetters 1990; Freeze and Cherry 1979; Jehangir et al. 2011). The presence of F 
higher than a threshold value of 1.5 ppm results in fluorosis (Subba and John 2003), 
and the presence of nitrate, nitrite, and phosphate above certain permissible limits 
makes water unsuitable for drinking purpose (Lee et al. 2003; Rajmohan and Elango 
2005). Furthermore, the study of major ions explains the source of ions in ground-
water and gives an insight into the level of contamination that is either from natural 
or anthropogenic sources (Jalali 2005; Subba 2006; Jeelani et al. 2014). For this 
purpose, several indices, ratios, and diagrams are used. For example, the Wilcox 
diagram and US Salinity Laboratory diagrams are used to find out the nature of 
water and to check out whether the water is useful for irrigation (Subramani et al. 
2005; Singh et al. 2005; Jeelani et al. 2014; Mir and Jeelani 2015). Thus, using the 
chemical budget of major ions, the quality of water can be easily assessed (Mir and 
Jeelani 2015; Mir et al. 2016).

Thus keeping in view the above discussion, the present study has been carried 
out in parts of Srinagar district, Kashmir valley, northwest Himalaya, India. The 
main objectives of the study include to determine sources of the major ions of the 
groundwater of the area using statistical analysis and to determine the suitability of 
the groundwater for domestic as well as agricultural purposes using the standard 
indices and other international guidelines.

3.2  �Groundwater Pollution in Kashmir

There are a number of studies which reported a general degradation and deteriorat-
ing conditions of water resources of the Kashmir valley (Mushtaq and Pandey 2014; 
Showqi et al. 2014, Rashid et al. 2017; Rashid and Romshoo 2013). There are sev-
eral studies on the chemical quality of the River Jhelum and its tributaries also 
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which suggest that the water of the river is chemically good but the nature is trend-
ing toward degrading quality (Mir et al. 2016; Mir and Jeelani 2015; Mir and Gani 
2019; Rather et  al. 2016). However, there are a least number of studies on the 
groundwater resources of the Kashmir valley and its quality status. Some sporadic 
studies have been carried out previously on the groundwater resources of the 
Kashmir valley. For instance, Jehangir et al. (2011) studied groundwater quality for 
irrigation in southern parts of the Kashmir valley. They suggested that majority of 
groundwater in the aquifers of this area is of marginal to harmful quality for irriga-
tion purposes. Gulzar et  al. (2017) studied the groundwater quality of Anantnag 
district, Kashmir valley, and suggested that although the water is suitable for domes-
tic and irrigational purposes, there are certain locations which indicated its unsuit-
able nature. Bhat et  al. (2013) studied the water quality of the Srinagar district, 
Jammu and Kashmir, and concluded on the basis of physicochemical properties that 
the groundwater of the area is suitable for domestic as well as agricultural purposes 
with few exceptions. Sarah et al. (2011) studied the water quality of a groundwater-
fed Manasbal Lake of Kashmir Himalayas and concluded that the water is safe for 
domestic uses based on chemical quality. Jeelani et al. (2014) carried out a detailed 
hydrochemical assessment of groundwater throughout the Kashmir valley and sug-
gested that the groundwater of shallow as well as deep aquifers is good for drinking, 
livestock, and irrigation purposes with the exception of one site located in Sopore 
areas of the valley.

Central Groundwater Board has reported a groundwater potential of the valley of 
2400 million m3/year which is being currently exploited at 2.4 million m3/year 
(Gulzar et al. 2017). This groundwater resource poses a huge potential to supply 
water for both urban and rural areas in the valley. However, keeping in view the 
higher demand for water in response to rapid population growth and industrializa-
tion, high tourism pressures and continuous landform degradation (Mushtaq and 
Pandey 2014; Zaz and Romshoo 2012), uncontrolled use of fertilizers and pesti-
cides (Mir et al. 2016), spontaneous urbanization (Sajjad and Iqbal 2012), frequent 
expansion of the settlements into the agricultural lands vis-à-vis shifting the land 
use land cover pattern, and overall ever-rising anthropogenic activities (Mir et al. 
2016, Mir and Jeelani 2015) in the valley, the health of the groundwaters is highly 
jeopardized, and its biological as well as physicochemical properties may also be 
seriously affected.

3.3  �Location of the Study Area

The study area covers a part of the Srinagar district of the Kashmir valley, northwest 
Himalaya, India. The area comprising both urban and rural areas lies between 34° 
3′–34° 20′ N latitudes and 74° 40′–75o15′ E longitudes and covers an area of 
2228 km2 (Fig. 3.1). The study area is connected to the other parts of the valley by 
all-weather motorable roads and to the rest of India by National Highway No.1A 
(NH 1A) and the air route. The study area is bounded in the north by Sonawari 
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(Baramulla district), in the northeast and east by district Kargil, in the south by dis-
trict Pulwama, and in the southwest and west by Budgam and Baramulla districts, 
respectively. The total population of the district is ~12,02,447 which comprises a 
rural population of ~17,313,281 and urban population of ~121,9516 (Census 2001). 
In the study area, hand pumps are being widely used to pump out groundwater for 
domestic and other related purposes. Most of the wells are shallow, hence liable to 
contamination from the sources like sewage drains, septic tanks, polluted surface 
water bodies, and agricultural farmlands and/or floating gardens of the Dal Lake 
where huge pesticides are being used.

3.4  �Climate of the Area

The study area has a distinctive character with its own climatic peculiarities. The 
area witnesses a continental climate system, characterized with marked seasonality 
linked with the mechanism of weather in the Indian sub-continent (Hussain 2005). 
In general, it has a long period of winter and spring seasons. Based on general char-
acteristics of weather, i.e., precipitation and temperature, four seasons have been 
described for the area as (a) winter season (November–February), (b) spring season 
(March–mid-May), (c) summer season (mid-May–mid-September), and (d) autumn 

Fig. 3.1  Location map of the study area

R. A. Mir and K. A. Lone



43

season (mid-September–mid-November). January is the coldest month whereas the 
month of July is generally the warmest. Normally, the temperature varies between 
−5 and >30 °C in the area. The precipitation is highly variable round the year with 
more rains occurring during summer season and snowfall during winter season. 
Overall, the precipitation is higher during winter season with a total annual precipi-
tation of ~1100 mm. March receives maximum rainfall and October the least and 
September–November is usually a dry season (Mir and Jeelani 2015).

3.5  �Geology of Study Area

The main lithological units exposed in the area include the Agglomeratic Slate, 
Panjal volcanic, Gangmopteris beds, Zewan Formation, Triassic Formation, Karewa 
Formation, and Alluvial deposits (Fig. 3.2). The Agglomeratic Slate is comprised of 
pyroclastic slates and conglomerates and underlies the lower part of the Panjal vol-
canics that are generally basaltic in composition with grayish to dark green in color. 
The Panjal volcanics are called the Panjal Traps generally. Thin Gangmopteris beds 
of light-colored shale conformably overlie the Panjal volcanics. The Panjal volca-
nics are overlain by Gangmopteris beds which are followed by the Zewan Formation. 
The Zewan Formation is followed by the homogeneous compact, light gray-colored 
limestone of Triassic Formation with shale in the lower parts, shale and sandstone 
intercalated with limestone in the middle parts, and massive limestone in the upper 
part. The Plio-Pleistocene deposits called as Karewa sediments overlie the Triassic 
and pre-Triassic rocks, flanking the surrounding mountain precipices of the study 
area. The Lower Karewas comprise blue, gray, and buff silts and sands, conglomer-
ates, alternating laminated yellow marls, and silts and sands. In the low-lying areas, 
adjoining the Jhelum River and its local streams, the recent alluvium comprised of 
the finely compacted detrital sediments of loam, clay, silt, and sand is present. The 
geological map is shown in Fig. 3.2.

3.6  �Materials and Methods

In this study, 140 groundwater samples were collected seasonally, 70 each in pre-
melting (December, 2004) and post-melting (June/July, 2005) seasons between 
10.00 h and 15.00 h from different sampling stations in one liter polyethylene bot-
tles (Fig. 3.3). Samples were collected from bore wells, springs, and dug wells that 
represent the main sources of groundwater in the area. In order to avoid the stagnant 
water and to collect the rust-free and running water samples from bore wells, the 
pumping was carried out for 5 to 10 min, while in the case of springs and dug wells 
to avoid floating debris, the samples were collected at depths greater than 30 cm 
below the water surface. Prior to sample collection, the containers were also washed 
with conc. HNO3 followed by complete removal with distilled water. The sample 
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bottles were also rinsed by the sample water that was to be sampled. Water tempera-
ture, pH, and electrical conductivity (EC) measurements were carried out in situ at 
the sampling sites, whereas further chemical analysis was carried out at the Center 
of Research for Development (CORD) and Department of Geology and Geophysics, 
University of Kashmir, Srinagar.

The chemical analysis was carried out following the standard methods of Trivedy 
and Goel (1984) and APHA (2001). Water temperature, pH, and EC were deter-
mined by the potable laboratory thermometer, digital pH meter, and conductivity 
meter in situ. The Ca2+ and Mg2+ ions were determined by EDTA titration wherein 
the Eriochrome Black T and murexide were used as indicators. The Cl− ion was 
determined by titration against AgNO3 (0.02 N) using potassium chromate (5%) as 
indicator, whereas the HCO3

− ion was determined by again titration method against 
HCl (0.01 N) using methyl orange as an indicator. Na+ and K+ ions were estimated 
by Flame Emission Photometry. The Spectrophotometric method was used for the 
determination of SO4

2− and NO3
− ions. It is important to mention that the results 

were obtained in mg/L that was converted into milliequivalents during the data pro-
cessing and interpretations. Furthermore, a standard computer program Minitab 
was used for statistical data analysis such as for the determination of descriptive 
statistics, correlation matrix, and principal component or factor analysis (FA). Prior 
to conducting FA, the raw data was normalized as the first step in factor coefficient 
matrix. By examining the factor loadings and their Eigen values, the variables 
belonging to a specific process were identified and explained.

Fig. 3.2  Geological map of the study area
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3.7  �Findings

3.7.1  �Geochemistry of Groundwater

The physicochemical parameters analyzed in this study include pH, EC, total dis-
solved solids (TDS), total hardness, Ca2+, Mg2+, Na+, K+, Cl−, SO4

2−, HCO3
−, and 

NO3
−. The statistical overview of the results is presented in Table 3.1.

The temperature of groundwater ranged from 11° C to 15° C with a  mean of 
13.06 °C. The TDS of groundwater samples ranged from 107 to 710 mg/L with a 
mean value of 382.21 mg/L, being low in springs (107 mg/L–429 mg/L) and moder-
ate in dug wells (141–704 mg/L) and high in tube wells (136–710 mg/L). The EC of 
groundwater varied between 168 μS/cm and 1110 μS/cm with a mean of 587.65 μS/
cm, being lower in springs (168–670 μS/cm) and higher in dug wells (220–1100 μS/
cm) and tube wells (212– 1110 μS/cm). The pH of the groundwater samples was 
moderately alkaline and ranged between 7.10 and 8.30 with an average of 7.62. pH 
of the springs ranged between 7.1 and 8.07; that of dug wells ranged between 7.16 

Fig. 3.3  Sample site map of the study area
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Table 3.1  Statistical overview of hydrochemical characteristics of groundwater, Srinagar 
district. The sampling for pre-melting season was carried out during December, 2004 and for post-
melting season during June–July, 2005

Parameter/
constituent

Spring Dug well Bore well Overall 
range

Overall 
meanRange Mean Range Mean Range Mean

(a) Pre-melting season
pH 7.10–

8.07
7.85 7.16–8.03 7.62 7.10–

8.30
7.58 7.10–8.30 7.62

Temp. (°C) 11–15 12.64 10–13 12.4 12–15 13.20 11–15 13.06
EC (μS/cm) 168–670 515.18 220–1100 635 212–

1110
598.03 168–1110 587.65

TDS (mg/L) 107.429 329.54 141–704 406.4 136–
710

387 107–710 382.21

Ca2+ (mg/L) 36–105 66.18 27–100 66.80 20–127 73.77 20–127 72.09
Mg2+ (mg/L) 5–25 14.27 8–28 19.40 6–35 17.77 5–35 17.34
Na+ (mg/L) 3–42 17.63 7–70 37.0 6–80 30.93 3–80 28.28
K+ (mg/L) 0.5–9.0 3.07 2.2–8.0 5.94 0–10 3.58 0–9 3.67
Cl− (mg/L) 13–60 30.09 9–93 40.20 7–120 14.61 7–120 39.7
HCO3

− (mg/L) 120–350 266.81 185 + 455 326 95–450 304.17 95–455 299.87
SO4

2− (mg/L) 1.5–4.0 5.59 2.1–4.2 3.24 1.5–5.0 2.65 1.5–5.0 3.15
NO3

− (mg/L) 1.4–
4.0.0

2.59 0.9–8.5 4.54 0.5–6.8 2.55 0.5–8.5 2.7

Hardness 
(mg/L)

115–340 231.18 105–365 250.20 86–410 250.73 86–410 247.64

(b) Post-melting season
pH 6.95–

7.91
7.61 7.01–8.27 7.52 6.98–

8.36
7.47 6.95–8.36 7.50

Temp. (°C) 15–19 16.90 15–21 17.20 14–20 16.27 14–21 16.20
EC (μS/cm) 140–698 431.18 160–1290 598.0 143–

1305
543.13 140–1305 529.46

TDS (mg/L) 90–447 276.09 102–826 383.0 92–835 345.75 90–835 345.75
Ca2+ (mg/L) 25–97 42.82 21–75 52.0 23–128 58.39 21–128 55.50
Mg2+ (mg/L) 3–22 11.82 9–55 22.20 5–56 16.77 3–56 16.38
Na+ (mg/L) 2.1–30 14.69 4–74 30.0 3.5–106 28.39 2.1–106 26.34
K+ (mg/L) 0.25–6.5 2.17 0.9–8.9 4.90 0–11.8 2.86 0–11.8 2.74
Cl− (mg/L) 7.2–43 21.68 7–95 36.80 3–105 31.10 3–105 30.3
HCO3

− (mg/L) 85–315 187.64 145–515 288 105–
525

237.15 85–505 265

SO4
2− (mg/L) 1.1–3.3 2.11 1.15–3.1 2.27 0.3–

4.15
2.38 0.3–4.15 2.33

NO3
− (mg/L) 0.9–

4.0.3
2.03 0.3–8.8 4.05 0–6.3 2.02 0.-8.5 2.17

Hardness 
(mg/L)

79–300 214.54 94–405 224.8 80–410 215.5 1 79–410 211.79
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and 8.03, while that of the tube wells ranged between 7.10 and 8.30. The groundwa-
ter hardness ranged between 86 and 410 mg/L with an average of 218 mg/L. The 
lower values have been found in spring water with the exception of location no. 29 
(340 mg/L) and high in tube wells with the exception of well no. 4 (94 mg/L).

The Ca2+ concentration in groundwater varied from 20 mg/L to 127 mg/L with 
an average of 73.77 mg/L, being high in tube wells (20–127 mg/L) with the excep-
tion of location no. 4 (20 mg/L); moderate in springs (36–105 mg/L) with the excep-
tion of location no. 29 (105 mg/L); and relatively low in dug wells (27–100 mg/L) 
with the exception of well no. 50 and 58 (100 mg/L). The Mg2+ concentration of 
groundwater ranged from 5 mg/L to 35 mg/L with an average of 17.34 mg/L. Mg2+ 
did not fluctuate much, being low in springs (5 mg/l–25 mg/L) with the exception 
of location no. 53 (25 mg/L), intermediate in dug wells (8 mg/L–28 mg/L), and rela-
tively high in tube wells (6–35 mg/L) with the exception of well no. 5 (7 mg/L) and 
6 and 7 (6 mg/L). Na+ concentration in groundwater varied from 3 mg/L to 80 mg/L 
with an average value of 28.28 mg/L, being high in tube wells (6–80 mg/L) with the 
exception of location no. 14 (9  mg/L), 15 (10  mg/L), 19 and 20 (10  mg/L), 27 
(9 mg/L), 30 (6 mg/L), 31 (8 mg/L), 32 (10 mg/L), and 34 (8 mg/L), moderate in 
dug wells (7–70 mg/L) with the exception of location no. 50 (70 mg/L), and low in 
springs (3–42 mg/L) with the exception of location no. 52 (42 mg/L). The K+ con-
centration found in groundwater varied from 0 to 10  mg/L with the mean of 
3.67 mg/L. K+ exhibited rather uniformity in variation, ranging from 0.5 mg/L to 
9 mg/L in springs being relatively higher at location no. 39 (9 mg/L), 2.2 mg/L to 
8.0 mg/L in dug wells being higher at location no. 10 and 50 (8 mg/L), and 0 to 
10 mg/L in tube wells being higher at location no. 12 (10 mg/L). However, the mean 
concentration is relatively high in dug wells (5.94 mg/L); moderate in tube wells 
(3.58 mg/L); and low in springs (3.07 mg/L).

Among the anions, HCO3
− was the dominant anion and represented the total 

alkalinity of the water in the study area. The phenolphthalein alkalinity was found 
to be zero. HCO3

− in groundwater varied between 95 and 455 mg/L with an average 
value of 2.99.87 mg/L, being high in dug wells (185 to 455 mg/L) with the excep-
tion of location no. 10 (185 mg/L); moderate in tube wells (95–450 mg/L) with the 
exception of location no. 6 and 7 (95–105 mg/L), respectively; and low in springs 
(120–350 mg/L) with the exception of location no. 29 (350 mg/L) and 37 (345 mg/L). 
The Cl−  content in groundwater varied from 7 to 120  mg/L with a mean of 
39.7 mg/L. The higher values have been found in tube wells with the exception of 
well no. 14, 15, and 17 (7  mg/L) and 13 (9  mg/L), moderate in dug wells with 
anomalous values at location no. 50 (93 mg/l) and 58 (60 mg/L), and low in springs 
with the exception of location no. 51 (60 mg/L), 52 (50 mg/L), and 53(55 mg/L).  
SO4

2− in groundwater has been found to be at lower levels ranging from 1.5 mg/L to 
6.6 mg/L with a mean value of 3.15 mg/L. No exceptional concentration has been 
found in the study area. The NO3

− levels found in groundwater varied from 0.4 mg/L 
to 8.5 mg/L with a mean concentration of 2.70 mg/L. The lower values have been 
found in spring waters (0.9–8.5 mg/L) with a relatively high values at location no. 
29 (4 mg/L) and 39 (3.9 mg/L); high concentration in waters of dug wells (0.9 to 
8.5 mg/L) with the exception of well 18(0.9 mg/L); and moderate values of waters 
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in tube wells (0.4 mg/L–6.8 mg/L) with relatively high values at location no. 12 
(6.00  mg/L), 47 (6.80  mg/L), 56 and 57 (4.0  mg/L), 64 (4.10  mg/L), and 69 
(5.0 mg/L).

3.8  �Analyzing the Source of Ions Using Statistical Analysis

3.8.1  �Correlation Matrix of Hydrogeochemical Data

The statistical correlation matrix developed for the geochemical data of groundwa-
ter for pre-melting and post-melting seasons is given in Table 3.2. The correlation 
shows high positive and significant relation between Ca2+ and HCO3

− (0.86, 0.74), 
Ca2+ and hardness (0.94, 0.85), and HCO3

− and hardness (0.92, 0.94) suggesting the 
predominant source of these ions be carbonate lithology mainly coming through 
dissolution of calcite, and a relatively lower positive correlation between Mg2+ and 
HCO3

− (0.62, 0.73) and Mg2+ and hardness (0.62, 0.69) indicating some contribu-
tion coming through dissolution of dolomite as well. Besides, a positive correlation 
between Na+ and HCO3

− (0.44, 0.73), Mg2+ and Na+ (0.31, 0.78), and Mg2+ and Cl− 
(0.43, 0.86) though relatively low in pre-melting season indicates the dissolution of 
silicates (primary and/or secondary silicates). The possible minerals furnishing 
these ions could be the pyroxenes, amphiboles (containing ferromagnesian miner-
als), and/or their altered products. Moreover, a positive and significant correlation 
between Na+ and Cl− (0.74, 0.87) cannot be related solely to the dissolution of soil 
salts; a significant contribution may be furnished from anthropogenic sources in the 
form of domestic wastes, polluted surface water bodies, and/or evaporation of 
waterlogged bodies, thereby increasing the salinity of groundwater. pH is moder-
ately correlated with HCO3

− (0.38, 0.51), Mg2+ (0.36, 0.37), Ca2+ (0.34, 0.36), Cl− 
(0.35, 0.38), and Na+ (0.15, 0.30), while K+ and SO4

2− show negative to very low 
correlation with pH. Ca2+ and K+ show negative correlation in both the seasons.

The positive correlations of K+ (0.57, 0.60), Na+ (0.49, 0.42), SO4
2− (0.41, 0.55), 

and Cl− (0.41, 0.51) with NO3
− manifest the possible anthropogenic inputs from 

agricultural activities, domestic wastes, and seepage from polluted surface water 
bodies. The high positive correlation among the variables thus indicates the influ-
ence of lithology of the area particularly carbonate lithology and silicate lithology. 
However, a modifying influence to the chemistry of groundwater is also imparted 
through human influence.

3.8.2  �Factor Analysis of Hydrogeochemical Data

The factor analysis of hydrogeochemical data explains the observed relations in 
simpler terms that are expressed as a new set of variants called factors. FA is used 
as a numerical method of discovering variables that are more important than others 

R. A. Mir and K. A. Lone



49

that represent parameter variation and identify the hydrochemical processes (Bakac 
2000; Mir and Gani 2019). The results of the FA are given in Table 3.3. In order to 
have a better interpretation and understanding and to determine the mechanisms, 
processes, and sources that control the chemistry of the groundwater of the area, FA 
has been carried out in this study.

The FA performed on 12 different parameters indicated the 3 different trends in 
the present area. The FA of the groundwater samples explained that 75.68% of the 
total variability is accounted by first three factors with Eigen values greater than 1. 
Factor 1 explained 50.99% of total variance followed by 16.77% and 7.91% by the 
factors 2 and 3, respectively. Factor 1 includes EC, TDS, Ca2+, Mg2+, Cl−, HCO3

−, 
and hardness with very high factor loadings of Ca2+, HCO3

−, hardness, EC, and TDS 
and less pronounced values of Mg2+ and Cl− (also obvious from their moderate cor-
relation with Ca2+). The possible source of Mg2+ and Cl− ions could be the carbonate 
minerals, pyroxenes, and/or amphiboles (present in the carbonate and silicate lithol-
ogy in the catchment areas). Factor 1 therefore seems to be related to the dissolution 

Table 3.2  Correlation coefficient matrix of hydrogeochemical variables

z pH EC TDS Ca2+ Mg2+ Na+ K+ Cl− Hardness HCO3
− SO4

2− NO3
−

(a) Pre-melting season
pH 1.00 0.40 0.45 0.34 0.36 0.15 −0.03 0.35 0.40 0.38 −0.01 0.21
EC 1.00 0.96 0.76 0.57 0.59 0.21 0.76 0.82 0.88 0.15 0.36
TDS 1.00 0.76 0.64 0.60 0.22 0.78 0.85 0.92 0.19 0.40
Ca2+ 1.00 0.34 0.10 −0.06 0.47 0.94 0.86 0.05 0.13
Mg2+ 1.00 0.31 0.23 0.43 0.62 0.62 0.05 0.21
Na+ 1.00 0.34 0.74 0.19 0.44 0.23 0.49
K+ 1.00 0.20 0.04 0.17 0.21 0.57
Cl− 1.00 0.54 0.58 0.19 0.41
Hard. 1.00 0.92 0.07 0.18
HCO3

− 1.00 0.13 0.29
SO4

2− 1.00 0.47
NO3

− 1.00
(b) Post-melting season
pH 1.00 0.48 0.47 0.36 0.37 0.30 0.12 0.38 0.47 0.51 0.09 0.31
EC 1.00 0.99 0.65 0.80 0.80 0.15 0.87 0.92 0.96 0.33 0.43
TDS 1.00 0.65 0.80 0.79 0.15 0.87 0.92 0.96 0.32 0.43
Ca2+ 1.00 0.23 0.17 −0.03 0.37 0.85 0.74 0.17 0.12
Mg2+ 1.00 0.78 0.13 0.86 0.69 0.73 0.29 0.39
Na+ 1.00 0.16 0.87 0.54 0.73 0.27 0.42
K+ 1.00 0.18 0.08 0.15 0.39 0.60
Cl− 1.00 0.73 0.78 0.34 0.51
Hard. 1.00 0.94 0.28 0.33
HCO3

− 1.00 0.28 0.37
SO4

2− 1.00 0.55
NO3

− 1.00
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of carbonate minerals/lithology dominantly calcite as indicated by the high factor 
loadings and strong positive correlation of Ca2+, HCO3

−, and hardness. Factor 1, 
therefore, mainly measured the hardness, alkalinity, and dissolution of alkaline 
earths. Therefore, this factor seems to be lithologically controlled.

Factor 2 includes very high loading of Na+ and relatively less pronounced load-
ing of Cl−. This factor indicated a possible dissolution of secondary silicates and 
soil salts, leading to the enrichment of Na+ and Cl− in finer detrital sediments com-
prising clay/silt/sandy-clay/sandy-silt. The fine-grade sediments provide a subsur-
face hydrogeological environment that extends residence time of groundwater due 
to low hydraulic conductivity and thereby promotes large residence time and con-
tact surface, hence greater soil-water interaction. High positive correlation between 
Na+ and Cl− also indicated this phenomenon. Moreover, moderate loadings of Mg2+, 
K+, and NO3

− on factor 2 (F2) and the moderate correlation between Na+ and NO3
−, 

Cl− and NO3
−, Na+ and K+, and Na+ and Mg2+ indicated some contribution from the 

possible anthropogenic sources (domestic wastes, waterlogged bodies, leaching 
from sewage drains, and/or agricultural inputs) to factor loading 2 (F2) as well. 
Factor 2, therefore, seems both lithologically and non-lithologically controlled.

Factor 3 includes SO4
2−, NO3

−, and K+ with feeble loadings of Na+ and Cl−. This 
factor indicated influence of anthropogenic activities/sources on groundwater chem-
istry. The possible provenances of these nutrients include leaching from surface 
soils of the agricultural farmlands, domestic wastes, leakage from sewer drains, 
and/or influx from polluted surface water bodies.

FA was also performed on the water samples collected in the post-melting sea-
son. About 82.75% of the total variability is accounted by three factors (F1, F2, F3) 
having Eigen value greater than unity. Factor 1 explained 58.40% of total variance 
followed by 14.83% and 9.52% by factors 2 and 3, respectively. Unlike pre-melting 
season, here, factor 1 (F1) showed the high loading of Na+ followed by Mg2+ and 
Cl− and also a moderate to low loadings of HCO3

−, hardness, and NO3
− as well. 

These variables also exhibit a high to moderate correlation coefficient. This factor 
may be attributed to the influence of weathering and dissolution of secondary sili-
cates, thereby imparting their chemical character to the groundwater chemistry. 
Surface alluvium and/or clay/slit strata/sandy slit/sandy-clay lenses seem to be the 
most influential sources that provided the highly reactive secondary minerals and/or 
soil salts to groundwater moving vertically or horizontally.

Factor 2 exhibited very high loading of Ca2+, hardness, and HCO3
−, reflecting 

dissolution of carbonate minerals particularly calcite, thereby controlling the alka-
linity and hardness of groundwater. High positive correlation between Ca2+, hard-
ness, and HCO3

− also confirms the dissolution of carbonate minerals particularly 
calcite as the dominant contributor to the factor 2 (i.e., controlling hardness and 
alkalinity of groundwater). There is also a moderate influence of Cl− and Mg2+ as 
indicated by their moderate F2 values and correlation coefficient.

Like pre-melting season, factor 3 included K+, NO3
−, and SO4

2− indicating pos-
sible input from anthropogenic sources, viz., agricultural farmlands, domestic 
wastes, leakage from sewer drains, and polluted surface water bodies and vegetable 
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gardens. The above variables also showed good-moderate correlation coefficient 
indicating the possibility of their source being mainly non-lithological, i.e., anthro-
pogenic sources.

3.9  �Analyzing the Suitability of Groundwater 
for Various Uses

3.9.1  �Suitability Criteria for Domestic Purposes

The quality of water plays a prominent role in promoting the standard human health 
as well as agricultural production. Whether groundwater of a given quality is suit-
able for a particular purpose depends on the criteria or standards of acceptable qual-
ity for the intended use (USEPA 1976). The chemical quality of water is an important 
factor to be considered in evaluating its usefulness for irrigation as well. Furthermore, 
the large numbers of health problems in developing areas are reported to be because 
of ignorance of water quality conditions (Niranjan et al. 1997). Human activity such 
as urbanization, industrialization, and mining may produce effluents, which pollute 
the environment as well as the groundwater. The quality standards established 
(WHO 2006; ISI 2012) for domestic purposes are summarized in Table 3.4.

Table 3.4  Summary of results of physicochemical characters and their permissible limits

Parameter Range WHO (2006) ISI (2012)
Pre-
melting 
season

Post-
melting 
season

Acceptable 
level

Max. 
permissible 
level

Acceptable 
level

Max. 
permissible 
level

Temperature 
oC

11.0–
15.0

14.00–
21.00

– – – –

TDS mg/L 107–710 90–835 500 1500 500 3000
EC μS/cm 168–

1110
140–
1305

– 1600 800 4800

pH 7.10–
8.36

6.95–
8.36

7–8.5 6.5–9.2 6.5–9.2 9.2

Ca2+ 20–127 21–128 75 200 75 200
Mg2+ 5–35 3–56 <30 (if SO4. 

Is 250 mg/L
150 (if SO4. 
Is 250 mg/L

30 100

Na+ 3–80 2.1–106 – 200 – –
K+ 0–9 0–11.8 – 12 – –
Cl− 7–120 3–105 200 250 250 1000
HCO3

− 30–455 85–505 – – – –
SO4

2− 1.5–6.61 0.2–6.5 200 400 150 400
NO3

− 0.5–8.5 0–8.8 – 50 45 –
Total 
hardness 
(mg/L)

86–410 79–410 100 500 300 600
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In the present study, the range of the various parameters as given in the table 
showed that the concentrations of various constituents are well within the guidelines 
established by the WHO (2006) and ISI (2012) for drinking and domestic purposes. 
The results indicated that in the study area, the range of pH (7.1–8.36 and 6.95–8.36) 
of groundwater indicated an alkaline nature of groundwater. The groundwater is 
also colorless, odorless, and falls under freshwater (TDS <1000  mg/L) category 
(Carrol 1962; Freeze and Cherry 1979). Groundwater is moderately hard to very 
hard, with 14% of samples falling in moderately hard water and 37% as very hard 
water (Sawyer and MaCarty 1967). However, in the post-melting season, 23% of 
samples fall in moderately hard class, 63% in hard water class, and 14% in very 
hard water class (Tables  3.5 and 3.6). The overall hardness (86–410 and 
79–410  mg/L) of all the samples fall within the maximum permissible limits 
(500 mg/L) of the WHO (2006) and ISI (2012). The concentration of Ca2+ and Mg2+ 
(alkaline earths) exceeds alkalis (Na + K). On the one hand, low concentration of 
Ca2+ may cause dental problems like tooth cavities and skeletal problems like bone 
fracture. On the other hand, high concentration is disadvantageous because of the 
hardness it imparts to the water that interferes with almost every cleaning task in the 
household and leads to incrustation of water-using appliances and boilers in indus-
trial use. However, in this perspective, Ca2+ and Mg2+ concentrations found in 
groundwater are neither too low nor high and falls within the prescribed limits of the 
WHO and ISI. The range of Na+ (3–80 and 2.1–106 mg/L) in groundwater remains 
at lower levels and is quite below the permissible limits of the WHO and ISI. K+ 
concentration (0–9 and 0–11.8 mg/L) is relatively low; however, some locations 
showed increasing trend of K+ in groundwater which is an alarming indication of 
the increasing influx of K+ from agricultural farmlands. The concentration level, 
however, is within the maximum permissible limits of the WHO (12 mg/L).

In the case of anions, HCO3
− is the dominant anion and exceeds over strong acids 

(Cl−, SO4
2− NO3

−), thereby imparting basic nature to groundwater. Bicarbonates are 
not generally regarded as undesirable for municipal supplies, but are highly objec-
tionable for some of the industrial uses because of the problem of scale formation 
and if used for sprinkler irrigation, it may cause white deposits on fruits and leaves 

Table 3.5  Water classes (in terms of hardness) at different locations

Hardness 
(mg/L) Water class Pre-melting season Post-melting season

75–150 Moderately 
hard

4, 5, 6, 8, 10, 14, 15, 20, 
24, 25

4, 5, 6, 7, 8, 9, 10, 14, 15, 17, 19, 20, 
21, 23, 24, 25

150–300 Hard 1, 2, 3, 7, 9, 13, 17, 18, 19, 
21, 22, 23, 27, 30, 35, 36, 37, 
39, 40, 45, 51, 52, 53, 54, 55, 
59, 63, 64, 65, 66, 67, 68, 69

1, 2, 3, 11, 12, 13, 18, 22, 26, 27, 29, 
30, 31, 32, 33, 34, 35, 36, 37, 39, 40, 
41, 42, 43, 44, 47, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 60, 63, 64, 65, 66, 67, 
68, 69, 70

>300 Very hard 12, 16, 26, 28, 29, 31, 32, 33, 
34, 38, 41, 42, 43, 44, 46, 47, 
48, 49, 50, 58, 60, 61, 62

16, 28, 38, 45, 46, 48, 49, 50, 61, 62
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(Subrahmanyam and Yadaiah 2001). The range of HCO3
− (30–455 and 85–505 mg/L) 

in groundwater indicated generally the relatively lower levels and cannot pose any 
such nuisance as mentioned above. The concentration of Cl− (7–120 and 3–105 mg/L) 
falls within the permissible limits of the WHO and ISI. However, anomalous values 
at certain localized areas (particularly in urban Srinagar) are of concern because the 
inputs from anthropogenic sources have increased the concentration levels of Cl− 
against its natural background concentrations and/or atmospheric inputs. The high 
concentration at some locations may increase the salinity of groundwater, but the 
levels are much below the maximum permissible limits of the WHO and ISI and, 
therefore, cannot cause laxative effects and/or corrosive effects to equipments or 
pipelines. SO4

2− concentration (1.5–6.61 and 0.2–6.5 mg/L) of groundwater is very 
low and is well below the prescribed limits of the WHO and ISI. NO3

− concentration 
(0.5–8.5 and 0–8.8 mg/L) in groundwater is also at lower levels and is quite below 
the maximum permissible limits of the WHO and ISI and does not pose any threat 
of methemoglobinemia in infants.

Since the dissolved loading of various ionic parameters is generally within the 
maximum acceptable limits of the WHO and ISI guidelines, the groundwater tapped 
in Srinagar and its adjoining rural areas can be regarded as potable and suitable for 
domestic and drinking purposes with respect to major ions. Nevertheless, the 
increasing tendency and enrichment of water with respect to K+, NO3

−, and Cl− at 
some locations is an alarming indication of contamination of shallow aquifers. 
However, the extent of contamination has not yet reached the level of pollution and 
is still within the limits of potable water, in terms of national and international 
drinking water standards.

Table 3.6  Water classes based on Wilcox (1955)

Water class
Na+ 
(%)

Pre-melting season Post-melting season

Spring
Dug 
well Bore well Spring

Dug 
well Bore well

Excellent 20 24, 25, 
29, 35, 
36, 37, 
39, 40, 
51, 52

1, 18 13, 14, 15, 16, 
17, 19, 20, 22, 
26, 27, 28, 30, 
31, 32, 33, 34, 
38, 41, 42, 43, 
44, 45, 46, 54, 
59, 60, 61, 63

24, 25, 
29, 35, 
36, 37, 
39, 
40, 51

1, 18 13, 14, 15, 16, 17, 
19, 20, 22, 27, 30, 
31, 32, 33, 34, 38, 
44, 45, 54, 59, 60, 
61, 68

Good 21–
40

53 50, 58 2, 3, 4, 5, 7, 8, 9, 
11, 12, 21, 23, 
47, 48, 49, 55, 
56, 57, 62, 65, 
66, 67, 68, 70

52, 53 10, 
50, 58

2, 3, 4, 5, 6, 7, 8, 
9, 11, 12, 21, 23, 
26, 28, 41, 42, 43, 
46, 47, 48, 49, 55, 
56, 57, 62, 63, 64, 
65, 66, 67, 69, 70

Permissible 41–
60

– 10 64, 6, 69 – – –
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3.9.2  �Suitability Criteria for Agricultural Purposes

For agricultural purposes, the total concentration of dissolved matter in water (salin-
ity), the relative proportion of sodium to other principal cations (Na %), and sodium 
adsorption ratio (SAR), bicarbonate, etc. are used for the evaluation (Hem 1985). 
Wilcox (1955) also classified groundwater for irrigation purposes based on percent 
sodium and EC. Eaton (1950) recommended the concentration of residual sodium 
carbonate (RSC) to determine the suitability of water for irrigation purpose. The US 
Salinity Laboratory of the Department of Agriculture adopted salinity hazard dia-
gram for agriculture quality check (US Salinity Laboratory 1954). In the study area, 
the groundwater samples have been checked for both the irrigation and agricultural 
purposes. The different indices considered are discussed as sodium percent (Na%), 
residual sodium carbonate (RSC), sodium adsorption ratio (SAR), salinity hazard 
diagram, etc.

	(a)	 Sodium Percent: Na % was calculated after Wilcox (1955) equation:

	
% /Na Na K Ca Mg Na K= + + + +( )×100 	

The Na % values are generally low to intermediate (4.08 to 49.71, pre-melting, 
and 3.96 to 40.51, post-melting) in the groundwater and falls in excellent to permis-
sible water class. The total calcium and magnesium ion content of groundwater 
exceeds that of sodium. Such water is suitable for irrigation, even though the total 
mineral content may be quite high.

	(b)	 Residual Sodium Carbonate (RSC): RSC is calculated using the following rela-
tion (Eaton 1950) where all ionic concentrations are expressed in epm.

	
RSC CO HCO Ca Mg= +( ) +( )− − + +

3
2

3
2 2–

	

According to the US Department of Agriculture, water having more than 2.5 epm 
of RSC is not suitable for irrigation purposes. Groundwater of the study area was 
classified based on RSC, and the results are presented in Table 3.7 for both seasons. 
Based on RSC values, over 69 samples (98.57%) fall in the safe category, and 1 
sample (1.43%) falls in the moderate category (pre-melting season), while over 
94% of the samples (RSC < 1.25) fall in the safe category and 6% in moderate 
(RSC: 1.25–2.5) category in the post-melting season.

Table 3.7  Distribution of residual sodium carbonate (RSC) in groundwater

R S C Suitability for irrigation
Percentage of samples in this category
Pre-melting season Post-melting season

<1.25 Safe 98.57% 94.29%
1.25–2.50 Moderate 1.43% 5.71%
>2.5 Unsuitable 0 0
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	(c)	 Sodium Adsorption Ratio (SAR): The US Salinity Laboratory (1954) defined 
the sodium adsorption ratio (SAR) of water where the concentrations are 
expressed in milliequivalent per liter.

	

SAR
Na

Ca Mg
=

+( )

+

+ +2 2
1
22/

	

The classification of groundwater samples from the study area with respect to 
SAR is represented in Table 3.8. During both the sampling seasons, the SAR values 
of the samples were found to be less than 10 and fall in the “excellent” field.

The suitability of water for irrigation was evaluated based on the SAR and spe-
cific conductance by plotting the data in on the US Salinity Laboratory (USSL) 
diagrams as shown in Fig. 3.4a, b and Table 3.8. The USSL diagram best explains 
the combined effect of sodium and salinity hazard. According to this diagram, all 
the samples of pre- and post-melting season fall in low sodium (alkali) hazard and 
low to high salinity hazard. The waters are found mostly confined in three classes of 
water type, i.e., C2S1, C3S1, and C1S1. In the pre-melting season, 9% of samples fall 
under C1S1 class (low sodium and salinity hazard); 50% in C2S1 class (low sodium 
and medium salinity hazard); and 41% in C3S1 class (low sodium and high salinity 
hazard), whereas in the post-melting season, 13% of samples lie in C1S1 class; 70% 
in C2S1 class; and 17% in C3S1 class. Thus, the groundwater in the study area falls 
in the category of the good to moderate class in terms of the quality of water for 
irrigation. The water class C3S1 (high salinity and low sodium hazard) is found at 
locations that lie either in the vicinity of polluted water bodies and/or agricultural 
farmlands, thereby reflecting the possible influence of anthropogenic activities that 
lead to the slight enrichment of solutes. However, the high salinity waters possess 
low sodium hazard (SAR), with little danger to the development of harmful level of 
the exchangeable sodium. Thus, the groundwater can be used for irrigation in almost 
all soils. Moreover, the total Ca2+ and Mg2+ ion content of groundwater equals and/
or exceeds that of Na+ that could favor the maintenance of good tilth and permeabil-
ity despite the relatively high salinity (an index of dissolved solids concentration). 
Though there is an increase in salinity at some locations (6, 7, 47, 48, 49, 50, 62, 
69), the SAR, %Na, and RSC are well below the permissible limits for the irrigation 
purposes, and the water is mostly suitable for agricultural purposes (Table 3.9).

Table 3.8  Suitability of water for irrigation purpose based on USSL classification

S A R Class
Percentage of samples in this category
Pre-melting season Post-melting season

<10 Excellent 100 100
10–18 Good 0 0
18–26 Fair 0 0
>26 Poor 0 0

R. A. Mir and K. A. Lone
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Fig. 3.4  US salinity hazard diagram of (a) pre-melting season and (b) post-melting season
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3.10  �Discussion

In the present study area, the higher concentration of Ca2+ and HCO3
− ions in the 

groundwater indicated the intense chemical weathering and dissolution of minerals 
mainly carbonate rocks in the area. In general, the interaction of carbonate rocks 
with carbonic acid that is produced due to the reaction between the CO2 with mete-
oric water liberates abundance of HCO3

− ions into water. This phenomenon may 
also produce Ca2+ ions resulting in the high concentration of Ca2+ in the groundwa-
ter of the area. The statistical analysis also suggested that Ca2+ ion is mainly derived 
by the dissolution of carbonate minerals such as the calcite minerals in the area. In 
spite of similarities in the inorganic chemistry of Ca2+ and Mg2+, there is no pro-
nounced correlation between these two ions in the area. A moderate to weak corre-
lation exists between the Ca2+ and Mg2+ (0.34; 0.23). Therefore, the origin of Mg2+ 
may probably be attributed to the dissolution of alumino-silicates, pyroxenes, and 
amphiboles of the volcanic rocks and their weathered products. An appreciable 
amount of volcanics rocks and their weathered products are present in the watershed 
areas of study area. However, the study of Ca/Mg ratio suggested the dissolution of 
calcite and some contribution from dolomite as well (Fig. 3.5). Maya and Loucks 
(1995) have reported that the dissolution of dolomite should happen if the ratio Ca/
Mg =1, whereas a higher ratio indicates the greater calcite contribution. Furthermore, 
a higher Ca/Mg molar ratio (>2) indicates the dissolution of silicate minerals which 
contribute both Ca2+ and Mg2+ ions to groundwater (Katz et al. 1998). For the pres-
ent study area, the location of the points closer to the line (Ca/Mg = 1) indicated the 
dissolution of dolomite (Fig. 3.5). Most of the points having a ratio between 1 and 
2 and/or closer to 2 indicate the dissolution of calcite. Those with values on the 
higher side indicated pronounced input from the dissolution of silicate minerals. 
The ionic ratio of Ca/Mg, therefore, explained the contribution of dissolution of 
carbonate rocks as well as the silicate minerals as the possible sources of Ca2+ and 
Mg2+ in the water. However, the results also indicated some modifying influence of 
possible cation-exchange reactions on the Ca2+ and Mg2+ concentration in the 

Table 3.9  Water class according to SAR and salinity hazard

Water 
class

Pre-melting season Post-melting season

Spring
Dug 
well Bore well Spring

Dug 
well Bore well

C1S1 24, 25 10 4, 8, 15 24, 25 10 4, 6, 8, 14, 15, 19, 20
C2S1 29, 35, 

36, 37, 
39, 40, 
51, 52, 
53,

1, 18 2, 3, 5, 6, 7, 9, 11, 12, 
13, 14, 16, 17, 19, 20, 
21, 22, 23, 26, 27, 30, 
31, 32, 34, 42, 45, 54, 
55, 56, 59, 63, 65, 67, 
68, 69, 70

29, 35, 
36, 37, 
39, 40, 
51, 52, 53

1, 18 2, 3, 5, 7, 9, 11, 12, 13, 
17, 21, 22, 23, 26, 27, 
30, 31, 32, 33, 34, 38, 
41, 42, 44, 54, 55, 56, 
57, 59, 60, 63, 64, 65, 
66, 67, 68, 69, 70

C3S1 50, 58 28, 33, 38, 41, 43, 44, 
46, 47, 48, 49, 57, 60, 
61, 62, 64, 66, 70

50, 58 16, 28, 43, 45, 46, 47, 
48, 49, 61, 62
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weathered material and/or alluvium present within the sedimentary unconsolidated 
formations of the area.

Similarly, the lower Na+ and K+ content also reflected the major influence on 
their origin by the catchment lithology. Na+ fluctuated irregularly, while K+ showed 
a definite regularity in its seasonal distributional pattern which may be attributed to 
its low geochemical mobility. However, increasing concentration of K+ against its 
background levels at some locations (2, 3, 10, 12, 21, 23, 37, 39, 50, 58, 62, 64, 66, 
69, and 70) indicated an alarming anthropogenic influence, however, yet in the off-
ing. Soil amendments applied on paddy fields and floating gardens of Dal Lake are 
the possible secondary sources of increased K+ concentration relative to normal 
background low levels at certain locations. The Na+ ions in groundwater originate 
from the interaction of meteoric water with primary silicates in the outcrops of 
catchment areas and/or secondary alumino-silicates (clay minerals) with some 
modifying influence because of cation-exchange reactions as well. However, some 
enrichment from waterlogged bodies and anthropogenic sources cannot be over-
looked, particularly in the low-lying areas (locations 6, 7, 47, 48, 49, 50, 62, and 
69). This is also evident from the positive correlation and high factor loadings (F2, 
pre-melting, and F1, post-melting) of these two ions.

Relatively low concentration of Cl− manifests low background levels of the litho-
logical source in the area. No clearly defined linear relationship between concentra-
tion of Cl− and Na+ is apparent in the groundwater samples under consideration. 
This suggests that the concentrations of the two constituents are heavily influenced 
by factors other than the dissolution of halite. Nevertheless, the anomalous concen-
trations observed in the lower reaches in urban localities and near polluted surface 
water bodies and/or waterlogged bodies are indicative of the increasing anthropo-
genic influence in the form of domestic wastes, via improper sewage disposal, faulty 
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Fig. 3.5  Plot of Ca/Mg molar ratio (Maya and Loucks 1995)
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drainage systems, etc. as there are no apparent Cl− sources in the aquifer-matrix of 
the area. Hence, anthropogenic activities locally affect Cl− concentrations in ground-
water in both the sampling seasons. This is also evident from the positive and sig-
nificant correlation and high factor loadings in both the sampling seasons.

In Srinagar, NO3
− levels are generally low and fall in the concentration ranges 

that represent the possible low natural/background levels (Madison and Brunett 
1984). However, high concentrations of  NO3

−, which may suggest human influ-
ences, appear to occur in isolated wells and/or localized areas (locations 12, 29, 39, 
47, 50, 56, 57, 58, 64, and 69). Moreover, seasonal variation of NO3

− and K+ exhib-
ited more or less identical behavior suggesting that relatively high levels of K+ are 
generally present in the areas where agricultural activities are more intensive. The 
relatively high concentration of NO3

− suggested the possible input from domestic 
wastes coupled with leaching of the nutrients from agricultural farmlands as NO3

− 
fertilizers are often added to cultivated soils as an important plant nutrient. K+ and 
NO3

− may originate mostly from fertilizers and domestic wastes (point sources and 
non-point sources). However, due to the very different chemistry of K+ and NO3

−, 
there may be a considerable time lag between their rates of movement in the unsatu-
rated zone of the groundwater aquifer. This could also explain the anomalous con-
centration levels of these ions. The higher concentrations of these constituents, 
though not alarming at this stage, may go to higher levels in the near future. SO4

2− 
content in percentage of total anions has no tendency to increase from recharge to 
discharge areas. Ideally, the SO4

2− content in groundwater should increase toward 
the discharge areas (Toth 1966). The temporo-spatial variation (indicates general 
dilution effect, in the summer season) besides, no exceptional variation and concen-
tration have been found in the study area. SO4

2− high (relatively) may be attributed 
to the possible input from swamp areas/waterlogged bodies and/or topsoil layers. 
Apart from atmospheric input, some enrichment from anthropogenic sources 
(though not conspicuous) cannot be overlooked as is evident from high loading of 
SO4

2− in factor 3 (possible anthropogenic factor).

3.11  �Conclusion

The chemical quality of groundwater is very important in determining its suitability 
for a sustainable use such as public water supply, irrigation, and industrial applica-
tions. Furthermore, the physical and chemical parameters also play a significant role 
in classifying and assessing water quality. The physicochemical parameters of 
groundwater of the present study area after comparing with the prescribed specifica-
tions or standards show that groundwater is suitable for drinking and domestic pur-
poses as most of the constituents are within the permissible limits. The values of 
TDS and EC fall in the freshwater and low salinity category. The range of hardness 
of groundwater samples indicates moderately hard to very hard water types and falls 
within the maximum permissible limits. The groundwater shows basic nature with 
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alkaline earths and weak acids exceeding alkalis and strong acids. Overall the results 
indicated the suitability of the water for domestic purposes. Nevertheless, the 
increasing tendency and enrichment of water with respect to K+, NO3

−, and Cl− at 
some locations is an alarming indication of contamination of shallow aquifers. The 
low sodium hazard and low to slightly high salinity along with safe to moderate 
category of water with respect to RSC indicated the portability and suitability of 
groundwater for agricultural purposes. However, relatively an increase in salinity at 
some locations is a matter of concern and should be assessed and monitored in 
the future.
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