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Abstract: In the present study, a total of sixty groundwater samples, twenty each for the premonsoon, monsoon and post monsoon seasons of 2018, were collected from selected locations in
the Mewat district of Haryana, India. Electrical conductivity (EC) was measured at the site and
total dissolved solids (TDS) were estimated. Samples were analysed for anions (chloride, sulphate,
and bicarbonate) and cations (calcium, potassium, magnesium, and sodium). Multiple regression
analysis was performed to analyse the data and report the dominant ions. Piper trilinear diagram
and Gibbs plots were used to find out the water type and the factors controlling the chemistry of
the groundwater, respectively. The saturation index of CaCO3 , CaSO4 and NaCl was determined,
using the PHREEQC MODEL. Sodium and calcium among cations, and chloride among the anions,
had the highest degree of affinity and strong significance for all three seasons. The calcium–chloride
water type dominated for all three seasons and Gibbs plot depicted that most of the Na+ /Na+ + Ca2+
and Cl− /Cl− + HCO3 − ratios show the weathering of rocks to form minerals as the major reason
behind the ionic chemistry of the groundwater. The highest level of dissolution is encountered in the
case of NaCl, followed by CaSO4 , whereas CaCO3 depicts precipitation. The geochemical aspects
of weathering, evaporation and ion exchange are the major processes responsible for high salinity,
and anthropogenic activities are leading to its expansion. The findings from this study will be useful
in management and remediation of groundwater salinity of the region.
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The groundwater crisis in the northwest region of India is in the spotlight reported in
recent studies [1–4]. Apart from decreasing groundwater levels [5,6], aquifer salinization
has become a serious concern [7,8].
Salinization in water resources is associated with high concentrations of some chemical elements such as sodium, calcium, magnesium, sulphate, chloride, boron, fluoride,
selenium, and arsenic [7]. Salinity is dynamically correlated with the local geological
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factors and climatic conditions [9]. The various factors responsible for groundwater salinization are weathering, precipitation, ion exchanges, dissolution, leaching of fertilizers and
manures and the subsurface biological activity. Since these processes depend upon the
chemical and geological characteristics of Aquifer materials, the groundwater salinization
varies both spatially and temporally [7,10,11]. Groundwater salinization is very rampant
in state of Punjab and Haryana. Seven districts in the southwestern part of Haryana,
namely Gurugram, Bhiwani, Rohtak, Kaithal, Mahindergarh, Mewat and Sonipat, cover
approximately 30 percent of area of the state registers’ saline groundwater [12].
Mewat, one of the 21 districts of Haryana, hovers on rain-fed agriculture due to the scanty
irrigation sources. Despite unfavourable climatic conditions, agriculture is a significantly
dominant contributor to livelihood. The growth and density of vegetation is relatively low
due to the salinization of groundwater and limited amount of freshwater pockets; moreover,
the TDS level of most of the locations reaches 35,000 mg/L [7]. Excessive amounts of specific
dissolved ions outside their acceptance limits have detrimental effects on plant growth as
well on the human health, which minimize agricultural production and reduce healthier
practices. In order to address detrimental effects, it is vital to examine the associated hydrogeochemical process leading to the enhancement of salinity in groundwater as well as a
need to maintain adequate planning, management and efficiency of groundwater resources.
Keeping this in view, the present work aims to find the association between ion chemistry and
hydro-geochemical processes in order to ascertain the role of ions in salinization of aquifer.
2. Study Area
2.1. Location and Climate
The research area is in Mewat district, Haryana, India, with a geographical extent
of latitude 27◦ 39′ , 28◦ 20′ N and longitude 76◦ 51′ , 77◦ 20′ E (Figure 1). The study area
covers about 1507 km2 with a population of about one million [13]. The climate of the
research area falls under semi-arid, with an annual rainfall of 594 mm with 75 percent
received in monsoon season. In 2018, the annual rainfall in Nagina and Firozepur blocks
was 650 and 724 mm, respectively, with more than 90 percent during June to September
(Figure 2b). The daily maximum temperature of the study area is 40 ◦ C (May and June) and
daily minimum temperature is 5.1 ◦ C (January). The recurrent shortage of rainfall during
the monsoon season and limited availability of freshwater resources (Figure 2b) compel
farmers to cultivate crops that require less water, such as wheat, millet and mustard.

Figure 1. Location map of the study area depicting the district boundaries with Aravalli Hills.
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Figure 2. Landuse/land cover with class percentage distribution: (a) Landuse (b) rainfall; (c) lithology of study area.

2.2. Geomorphology and Soil
The district has a rolling topography with an urn-shaped structure. The central part is
largely flat, but the western part slopes NW-SE and the northeastern parts slope NE-SW;
altitude difference can be observed due to the presence of the Aravali Hills. The majority of
the study area is dominated by the alluvial plains, with the northwestern area camouflaged
by moderately deserted hills and valleys extending to the south-west and some parts of
the south-east, whereas some parts of the mostly southeastern area are dominated by
pediments and pediplain complexes with comparatively low water bodies.
Two major soil types, vertisols and salanchalks, are found in the study area. These soil
types generally have medium textured loamy sand. The organic content of the soil ranges
between 0.2 and 0.75 percent, while average electrical conductivity and the average pH of
the soil are 0.80 µmhos/cm and 6.5–7, respectively. The top layer of the soil is significantly
affected by salinization and salt crust can be found [14].
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2.3. Hydrogeology
Topographically, the study area is mainly made up of alluvium of Quaternary and Paleoproterozoic age groups. The most dominant is the Quaternary age group alluvium, with a
polycyclic sequence composed of sand, silt, and clay with kankar. The Paleoproterozoic
age group consists of fledspathic gritty quartzite/amphibole/phyllite/schist of the Alwar
group, Delhi (satellite data GSI). The groundwater has alluvial sediments with medium
sand, clay and kankar. Good aquifer formations sand is intermittent, with multiple formations (Figure 2c). Overall, the clay ratio predominates at all depths throughout the districts.
The depth of the bed rock in the central and eastern region lies within 300 mbgl, and the
rest is around 90 mbgl in general [14]. The depth of water table ranges from 2 to 32 mbgl,
with shallow water occurrences witnessed in the Nuh, Nagina and Punhana blocks.
2.4. Landuse and Land Cover
Agriculture is the main occupation of the people in the study area, as evident from
landuse data, which consist of 64 percent agricultural land, 12 percent built-up area (human
settlements including the residential sites), about 18 percent falls under hills, 1 percent
under water bodies, and 5 percent under fallow area without perennial rivers and a normal
semi-arid and arid drainage (Figure 2a). The major crops are Rabi, such as wheat, gram,
and rice. The predominant economic activity includes agriculture, with no industrial
settlement found in the area. Agriculture demands high irrigational water, but available
water bodies do not meet these requirements. This creates a stress on the present water
supplies in the study area.
3. Methodology
3.1. Sample Collection and Analysis
Groundwater samples from each of the 20 selected sites were collected in the premonsoon (April), monsoon (July), and post-monsoon seasons (October) in 2018 from hand
pumps, open wells, and bore wells (Figure 3) with a depth range of 4–92 m. The water
level of the open well in meters was recorded using a water-level indicator. GPS readings
were taken to record latitude and longitude. Samples were taken in 125 mL capacity
acid-washed Low-Density Polyethylene (LDPE) tarson bottles. Electrical Conductivity
(EC) and pH were measured using a portable handheld Hach, HQ30d EC meter, and total
dissolved solids (TDS) were estimated from measured EC values and expressed in mg/L.
The samples collected in 125 mL bottles were analysed for cations (Ca2+ , Mg2+ , Na+ ) and
anions (HCO3 − , SO4 2− , Cl− ) at the water quality laboratory of the groundwater division
of the institute, as per standard methodology [15].
The unpreserved 0.45µm filtered water samples were used for the analysis of cations
(Ca2+ , Mg2+ , Na+ ) and anions (HCO3 − , SO4 2− , Cl− ). Ca2+ and Mg2+ were determined
titrimetrically using standard EDTA. Cl− was determined by standard AgNO3 titration
method. HCO3 − was determined by titration with HCl. Na+ was measured by flame
photometry at a wavelength of 589 nm, and SO4 2− by spectrophotometric turbidimetry by
HACH spectrophotometer. All concentrations are expressed in milligrams per litre (mg/L).
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Figure 3. Sampling locations depicting sampled well type.

3.2. Data Analysis
Four trials were carried out in order to find the best-correlated value of TDS with
respect to other ions. For all three seasons, the first trial included all six ions, namely Na+ ,
Cl− , SO4 2− , HCO3 − , Mg2+ and Ca2+ . Regression Analysis was carried out using data
analysis in Microsoft Excel to obtain the linear TDS equation and summative R2 value.
Multiple trails were performed and if the p-value did not satisfy the 95 percent level of
significance, the respective ion was removed from the preceding trails.
AquaChem 2011.1 software was used to prepare piper trilinear diagram [16] in order
to identify the hydro-geochemical facies and interpret the number of samples falling under
the group sharing the same water qualities. Gibbs plots [17] was prepared using Sigma
Plot 10 to interpret the factors controlling the ion chemistry of the groundwater. Arc GIS
10.4 was used for preparation of TDS maps using the inverse-distance weighting (IDW)
interpolation technique.
4. Results and Discussion
Comparing all maps side-by-side shows that, in the southern part, the TDS in the
pre-monsoon season is diluted in the monsoon season, which is evident from the increase
in 0–1000 mg/L range values, which continues in the post-monsoon season with the
withdrawal of rainfall. Similar observations were found using isotopes [18,19].
TDS level for all the seasons mostly lie in the 2000–12,000 mg/L range (Figure 4).
Since TDS is a measure of all the dissolved salts that release cations and anions to water
and has a direct relation with salinity, it is important to find out the dominant ion in the
groundwater that elevates the level of salinity and its source.
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Figure 4. Total dissolved solids (TDS) maps (a) pre-monsoon (b) monsoon (c) post-monsoon.

4.1. Multiple Regression Analysis
In order to determine the dominant ions, multiple regression analysis was carried
out. For all the seasons, three trails were carried out in accordance with the p-value with
95 percent significance level. The ions were removed if the value exceeded 0.05 and if all the
ions fell under 95 percent significance level, then the one which had highest value relative
to other ions was removed in the proceeding trail. Using this, two dominant cations and
anions were determined. The dominant ions in the pre-monsoon were Cl− and SO4 2- from
anions and Na+ and Ca2+ from cations. The dominant ions in the monsoon season were
Cl− and HCO3 − from anions, and Na+ and Ca2+ from cations. The dominant ions in the
post-monsoon season were Cl− and SO4 2− from anions and Na+ and Mg2+ from cations.
The compiled total of pre-monsoon and monsoon R2 values was 0.99, and post-monsoon
season value was 0.94 (Table 1).
Table 1. Different trails and dominant ion of each trail for all three seasons through Multiple Regression Analysis.
Parameters

Na+ , Cl− ,
Mg2+ ,
Ca2+ ,
SO4 2− ,
HCO3 −

R2

Pre-Monsoon

Monsoon

Post-Monsoon

Trail

No.
of Parameters

Dominant
Ions

Trail

No.
of Parameters

Dominant
Ions

Trail

No.
of Parameter

Dominant
Ions

1

6

Ca2+ , Na+ &
Cl− , SO4 2−

1

6

Ca2+ ,Na+ &
Cl− ,HCO3 −

1

6

Mg2+ ,Na+ Cl− ,
SO4 2−

2

5 (*Exc. Mg2+ )

Ca2+ , Na+ &
Cl− , SO4 2−

2

5 (*Exc. SO4 2− )

Ca2+ Na+ &
Cl− ,HCO3 −

2

5 (*Exc.
HCO3 − )

Mg2+ ,Na+ ,Cl
SO4 2-

3

4 (*Exc. HCO3 −
& Mg2+ )

Ca2+ ,Na+ &
Cl− , SO4 2−

3

4 (*Exc. SO4 2−
& Mg2+ )

Ca2+ Na+ &
Cl− ,HCO3 −

3

4 (*Exc.
HCO3 − &
Cl− )

Mg2+ ,Na+ ,Cl
SO4 2−

0.99

0.99

0.94

*Exc.: excluding.

In order to understand the various processes responsible for the seasonal dominance
of various ions, modeling of precipitation and dissolution process was carried out using
PHREEQC model. SI was obtained for CaCO3 , CaSO4 and NaCl from the model, as shown
in (Table 2 and Figure 5). The highest level of dissolution was encountered in the case of
NaCl, followed by CaSO4, whereas CaCO3 depicted precipitation. In pre-monsoon, SI for
NaCl was −4.07 and for CaSO4 was −1.38, which represents dissolution as a major reason
for the dominance of Na+ and Cl− and Ca2+ and SO4 2− ions.
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Table 2. SI values of CaCO3 , CaSO4 and NaCl using PHREEQC model.
Seasons

CaCO3

CaSO4

NaCl

Pre-monsoon

1.15

−1.38

−4.07

Monsoon

1.03

−0.99

−4.44

Post-monsoon

0.97

−0.88

−4.44

Figure 5. Season-wise trend of Saturation Index (SI) with respect to CaCO3 , CaSO4 and NaCl in the
groundwater of Mewat, Haryana, India.

In the monsoon season, SIs for NaCl and CaSO4 are −4.44 and −0.99, which shows
dissolution. Thus, Cl− , Na+ , Ca2+ shows dominance; the SI for CaSO4 reduced from
−1.38 to -0.99 from the pre-monsoon to monsoon. HCO3 − dissolution dominates over the
SO4 2− dissolution, making HCO3 − dominant. This enhanced concentration is produced
because, in case of monsoon season, the soil zone is the subsurface environment that
contains elevated CO2 pressure (produced as a result of the decay of organic matter and
root respiration) which, in turn, combines with rainwater to form bicarbonate through the
following reactions [20]:
(1)
CO2 +H2 O→H2 CO3
H2 CO3 →H+ +HCO3 −

(2)

Along with this, the monsoon rainfall results in the dissolution of carbonate and
silicate minerals, as illustrated in Equation (3) [21]:
(Cations)(Silicates) + H2 CO3 →H4 SiO4 +HCO3 + cations + clay minerals

(3)

In case of post-monsoon season Cl− , Na+ , SO4 2− becomes dominant as a result of
the dissolution of NaCl and CaSO4 with SI = −4.44 and −0.88, respectively. Apart from
this Mg2+ becomes the dominant cation in this season; because of the common ion effect,
the value of Ca2+ is suppressed as CaCO3 (SI = 0.97) undergoes precipitation, and CaSO4
(SI = −0.88) undergoes dissolution at the same time [22].
To understand the correlation between the different ions contributing to the TDS level
and the ions present in the groundwater of the study area, the piper trilinear is drawn as
shown in Figure 6, with its two triangles depicting anions on the right and cations on the left
side. Six different delineations can be identified: 1—calcium chloride type; 2—magnesium
bicarbonate type; 3—sodium bicarbonate type; 4—sodium chloride type; 5 and 6—mixed
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type. The anion triangle on the right side illustrates that, for all three seasons, samples
points fall in the H regions, which is the chloride dominant region, with some of the sample
points shifting towards the mixed-type region E. However, for the cations in monsoon
and post-monsoon seasons, approximately 50 percent of the sample points fall under the
B region, that is, the Mg2+ -dominated region, and 50 percent of samples are distributed
among the A, C and D regions with no clear delineation of any single cation’s dominance.
In the pre-monsoon season, 30 percent of the sample points fall under the B region, that is,
the Mg2+ -dominated region, and the remaining 70 percent of samples are distributed
among the A, C and D regions. In the diamond-shaped piper, for the pre-monsoon season,
the dominant region was found to be the Ca2+ Cl− type, with 55 percent of samples falling
under this group, 25 percent of the samples falling under the mixed type and 20 percent
under Na+ Cl− type water. A similar pattern was seen in the case of monsoon season,
with 85 percent of sample points falling under the Ca2+ Cl− type water type and 15 percent
of samples falling under the Na+ Cl− type water. In the post-monsoon season, almost
90 percent of samples fall under the Ca2+ Cl− type and only 10 percent under the Na+ Cl−
type water. In all three seasons, the dominant water type is Ca2+ Cl− . This dominance
of Ca2+ Cl− type water can be explained by looking at the hydrogeology of the area.
The aquifer study of Mewat has alluvial sediments, with medium sand, clay and kankar.
The dissolution of CaCO3 present in the soil is dissolved with the infiltration of rainwater
and elevates Ca2+ and HCO3 − ions concentration in groundwater.

Figure 6. HREEQC modle. Piper trilinear diagram [16] of the groundwater water samples for (a) pre-monsoon (b) monsoon
(c) post-monsoon. 1—calcium chloride type; 2—magnesium bicarbonate type; 3—sodium bicarbonate type; 4—sodium
chloride type; 5 and 6—mixed type; A—mixed type; B—magnesium; C—sodium; D—calcium type, E—mixed, F—sulphate;
G—bicarbonate; H—chloride.
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The increase in ionic concentration of Ca2+ and HCO3 − follows the groundwater level
in the area, as shown in Figure 7. To justify the change in the ionic concentration with
respect to the groundwater level, four different locations were taken randomly, and the
ionic concentration was plotted against the groundwater level. As depicted in the graph,
the groundwater level in the case of Mohmmadpur increased by 125 cm from pre-monsoon
to post-monsoon and, as a result of increased groundwater level, the value of both Ca2+
(254 to 167 mg/L) and HCO3 − (394 to 310) concentrations showed descending trends.
Similarly, in the case of Bhond, the groundwater level increased by 25 cm from pre-monsoon
to post-monsoon, and Ca2+ (176 to 167 mg/L) and HCO3 − (165 to 84) concentrations
showed a similar descending trend. However, in the case of Kotla, the reverse was noticed,
i.e., the groundwater level showed a decreasing trend of 10 cm from pre- to post-monsoon,
and the Ca2+ (138 to 1067) and HCO3 − (34 to 365) concentrations showed an increasing
trend. Therefore, as the groundwater level showed an increasing trend due to dissolution
processes, the ionic concentration showed a decreasing trend and vice versa. Since the study
area is dominated by agricultural practices, chloride in the groundwater is also contributed
to by agricultural return flow, which also contributes to both the rise in groundwater level
and the dissolution of ions contained in the soil [23,24].

Figure 7. Seasonal change in Ca2+ and HCO3 − ions with groundwater-level fluctuations.

4.2. Sources of Anions and Cations Causing Groundwater Salinization
The ion chemistry of the groundwater of the study area is described below to establish
the correlation between the ions and the geochemical processes.
4.2.1. Weathering
To understand the dominance of cations and anions, plots are made between Ca2+ + Mg2+
and SO4 2− + HCO3 − (Figure 7). In the pre-monsoon and the monsoon, 20 percent of
samples fall on the uniline and 80 percent fall below and near to the uniline. However,
in the post-monsoon season, 25 percent of samples are lying on the uniline and 75 percent
fall below and are not clustered near the uniline. As most of the sample points falls below
the uniline (1:1), this depicts a higher concentration of Ca2+ and Mg2+ ions than that of
SO4 2− + HCO3 − . In the pre-monsoon season, Ca2+ and Mg2+ ions lie in the range of
0–200 meq/L; in the monsoon, these range from 0 to 100 meq/L, and in the post-monsoon
season, the range varies from 0 to 600 meq/L, making salinization more prominent in the
post-monsoon season. The increased concentration of Ca2+ and Mg2+ ions can be attributed
to rock (schist rock) and groundwater interaction, which is prominent in the hydrogeology
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of the study area [25]. Apart from Schist, Amphibole dominants the Paleoproterozoic age
group of rocks found in the study area. By the process of Hydrolysis, the Amphiboles are
broken down, causing an increase in the concentration of Ca2+ , Mg2+ , Na+ ions [26]. Since
the hydrogeology is dominated by fledspathic gritty quartzite, amphibole, phyllite and
schist, it undergoes silicate weathering, making it one of the most prominent causes of
enhanced concentrations of Mg2+ ions [27]. The enhanced concentration of Ca2+ and Mg2+
ions is further supported by the trilinear diagram (Figure 6), as it depicts calcium–chloride
type water.
Na+ becomes the dominant ion in the pre- and post-monsoon seasons, as mentioned in
Table 1. The increased concentration is contributed by the silicate weathering and the cation
exchange process [21]. The cation exchange process takes places as shown in Equation (4)
Ca2+ + Na-X→Ca-X + Na+

(4)

where X denotes cation exchange sites.
When the infiltrating water interacts with clay lenses (fine-grained material that
consists of hydrated aluminum silicate quartz, and organic fragments), the exchange
between Ca2+ and Na+ ions is triggered.
4.2.2. Ion Exchange
The plots of Ca2+ + Mg2+ versus HCO3 − + SO4 2- (Figure 8a) are used to examine
the role of ion exchange. Since most of the points fall below the uniline, this indicates a
reverse ion exchange process [28]. In order to understand the ion exchange process taking
place between the groundwater and aquifer material Choloro-Alkaline indices, CAI1 and
CAI2 were calculated using Equations (5) and (6) [29,30]. The comparisons between both
indices for the sampling sites in all the three seasons were plotted in Figure 8b.
CAI1 = [Cl− − (Na+ + K+ ]/Cl−

(5)

CAI2 = [Cl− − Na+ + K+ ]/SO4 2− +HCO3 − +NO3−

(6)

Figure 8b illustrates that in the pre-monsoon, 75 percent of samples have positive,
and 25 percent of samples have negative values. However, in the monsoon and the postmonsoon seasons, 90 percent of samples show positive values and only 10 percent have
negative values. The positive value indicates that the Base Exchange takes place between
Na+ in the groundwater and Ca2+ or Mg2+ in the aquifer material. The negative value,
on the other hand, indicates that ion exchange is taking place between Ca2+ –Mg2+ in the
groundwater and Na+ in the aquifer material. Since the samples are dominated by positive
values, reverse ion exchange explains the high concentration of Na+ in the groundwater.
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Figure 8. (a) Ca2+ +Mg2+ v/s SO4 2− + HCO3 − (b) Base exchange indices (c) Na+ + K+ v/s SO4 2− + Cl− (d) Na+ v/s Cl− for
all 3 seasons.

4.2.3. Anthropogenic Sources
The results obtained from multiple linear regressions (Table 1) illustrate Cl− as one
of the dominant ions in the study area. These help to understand the sources responsible
for the increase in the concentration of chloride, Na+ , K+ v/s Cl− + SO4 2− , as shown in
Figure 8c. In case of the pre-monsoon, 100 percent of sample points fall above the uniline.
For the monsoon season, 90 percent fall above the uniline and 5 percent below the uniline,
and 95 percent of sampling points are above the uniline and 5 percent below the uniline for
the post-monsoon. Irrespective of season, the majority of sample plots above the uniline
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indicate the dominance of Cl− + SO4 2- . The hydrogeology of the region is dominated by
silicate minerals, but these silicate-bearing strata lack sodalite and chlorapatite minerals,
which are known to be the sources of chloride and sulphate. Since no geological sources
for chloride and sulphate are found in the region, anthropogenic sources dominated by
agricultural activities can be thought as the major contributor of Cl− and SO4 2− ions [31].
The sulphate concentration is low in the pre-monsoon season, but the concentration
increases in the monsoon season to the maximum in the post-monsoon season, as shown in
Figure 8a–c. In the absence of any known geological reasons, the application of inorganic
fertilizers such as potash (KCl) and gypsum (CaSO4 ·2H2 O) can be considered as the main
sources of this increase [31]. The fertilizers are intensively applied for kharif crops during
the monsoon and the post-monsoon period, which are also periods of maximum rainfall
in Mewat; therefore, the leaching of minerals to groundwater becomes the main cause
of sulphate contamination, which is also witnessed in the sulphate contour maps for the
study area (Figure 9).

Figure 9. Contour map of sulphate for (a) pre-monsoon (b) monsoon (c) post-monsoon.
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4.2.4. Evaporation
Na+ v/s Cl− plots (Figure 8d) show that the points falling near to the uniline (1:1)
are considerable, due to the process of evaporation. The Quaternary age group of the
study area is dominated by sand, silt, and clay with kankar (CaCO3 ), which reinforce the
vigorous acquaintance of evaporation in the study area and are elevated by the presence of
a semi-arid climate [21,32]. The sample points fall above the uniline in all three seasons,
depicting the higher concentrations of chloride ion. The above-mentioned reasons, along
with the natural geography, Aravalli ranges and rise in temperature, play a major role in
groundwater salinity.
Gibbs plots illustrate (Figure 10) the factors influencing the ion chemistry, i.e., rock,
precipitation and evaporation dominance. The plot shows the chemical weathering of rocks
to form minerals as the major reason governing the groundwater chemistry in the study
area. Higher anthropogenic activities increase the concentration of TDS which, in turn,
shifts some of the sample points from rock- to evaporation-dominant regions [33] Similar
results are found for semi-arid areas [34–36] where, through tracer techniques, it has been
observed that the mineral dissolution is major cause of salinity.

Figure 10. Gibbs plots (a) TDS v/s Na+ +/Na+ + Ca2+ and (b) TDS v/s Cl− /Cl− + HCO3 − .

5. Conclusions
In the semi-arid Mewat region of Haryana, where more than half of groundwater
samples that were collected in 2018 for pre-monsoon, monsoon, and post-monsoon seasons
were categorized as saline water, this study has led to an understanding of the region in
terms of its high groundwater salinity. The salinity is caused due to the dominance of Na+ ,
Cl− and Ca2+ ions, and these ions have a strong positive correlation with TDS. The processes responsible for the dominance of these ions are weathering, evaporation and ion
exchange. The primary source of salinity in the study area is found to be geogenic, further
enhanced by anthropogenic activities. These results will be useful in the management of
groundwater salinity and planning for remediation measures in the region. The Aquifer
Storage and Recovery (ASR) technique for storage of fresh water in saline water has been
tested under controlled conditions and will now be transferred to field conditions at a
large scale.
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