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Introduction

Water is one of the abundantly available substances in
nature, however, to provide safe drinking water for the rural and
urban population still remains a global challenge. The United
Nations Sustainable Development Goals aims to provide
equitable access to safe and affordable drinking water for all by
2030 (UN SDG, 2015). However, the use of water resources in
power, growth of cities, intensified agriculture and industries exert
greater qualitative and quantitative impacts on the hydro-
geological regime of inland waters (Kulkarni et al., 2015; Mor et
al., 2016, 2018; Ravindra et al., 2003). Study of hydrochemistry of
groundwater is based on information regarding the groundwater
chemistry which determines the suitability of water for various
purposes. Hydrochemical analyses includes all major cations,
anions, fluoride, ammonia, nitrate etc. Apart from these, there are
many factors such as geology of area, types of rocks, chemical
weathering etc. that govern the groundwater chemistry. Therefore,
in order to assess groundwater quality, it is important to obtain the
information regarding these factors and their interactions. Further,
integration of the hydrogeologic and hydrochemical data of the
groundwater helps in determining the mechanisms that control
the groundwater quality of any specified area (Negi et al., 2018).

Groundwater is a prime source of domestic needs
including drinking and other ecological purposes in both urban
and rural India (Sabal and Khan, 2008; Babu et al., 2015; Rao et
al.,2012). However, itis only valuable, when the quality is suitable
for the purpose it is being explored. It caters essentially to the
household needs, extensively used in industries and for irrigation
(Garg et al., 2004, 2009; Kulshrestha and Sharma, 2006). These
anthropogenic activities and increasing demand for better living
standards exhibit immense pressure on groundwater quality
(Kumar et al., 2016; Bishnoi and Arora, 2007) and hence, it is
becoming contaminated with hazardous substances (Mor et al.,
2006, 2013; Sharma et al., 2013). The major problem with
groundwater is that once contaminated, it is very difficult to
restore it. Hence, it is important to regularly monitor the water
quality to protect deterioration of water resources. Routine
monitoring of groundwater also reduces public health risks by
ensuring safe drinking water quality and recommending timely
remedial actions (Ravindra and Garg, 2006, 2007; Yadav et al.,
2014). Thus, the present study aimed to evaluate the physico-
chemical characteristic of ground water samples in Ellenabad,
Sirsa, Haryana to illustrate its suitability for drinking and
agricultural purposes.

Materials and Methods

Sampling location and collection of groundwater samples :
Ellenabad is located in Sirsa district of Haryana state. The city has
semi-arid climate and the mean daily maximum temperature
during summer ranges from 41°C to 46°C. The terrain of the
district is mainly (65%) dominated by Haryana plain of flat to
rolling terrain, alluvial clayed flat bed of Ghaggar river but at some
places also have sand dunes of 9 m height. The groundwater is

the main source of drinking (including municipal water supply),
domestic and other ecological purpose in Ellenabad and it is
being drawn out using hand pumps and tube wells.

As detailed in Table 1, total 28 sites (26 hand pumps and
02 tube wells) were selected for groundwater analysis after an
initial survey of the city (Fig. 1). The survey helped to identify the
hand pumps/tube wells installed at public places. These sites
were selected on the basis of their frequent use by public and
working of the hand pump/tubewell at the time of sampling
following the WHO guidelines (WHO, 2006). Groundwater
samples were collected in clean plastic bottles from hand pumps
or tube wells after flushing the standing water in casting pipes and
having stabilized electrical conductivity (EC) and pH.
Groundwater samples were directly transferred to the laboratory,
where they were stored in the refrigerator below 4°C to limit the
chemical alteration in groundwater.

Analytical methodology : The physico-chemical parameter of
groundwater samples were examined following the APHA (2005)
guidelines and all standard precautions were strictly adhered to
avoid any error during analysis. The pH, EC and temperature of
groundwater were determined immediately at the sampling site.
The EC values were used to calculate the total dissolved solids
(TDS) as explained by Richard (1954). Quantitative chemical
analysis of total alkalinity (TA), total hardness (TH) including
cation [magnesium (Mg”), calcium (Ca™)] and anions [chloride
(CI), carbonate (CO,"), bicarbonate (HCO,)] were conducted
using titration methods. Potassium (K') and Sodium (Na") in
groundwater sample were analyzed using microcontroller based
Flame Photometer (make Systronic-128). The concentration of
sulfate (SO,%) and fluoride (F) was estimated by SPADNS
method using Perkin-Elmer GmbH (lambda-2) UV/VIS
spectrophotometer. The analysis was carried out in triplicate
which showed reproducible results within 3% of error limit.
Statistical and multivariate analysis of the data was performed
using IBM SPSS-20.0.

Results and Discussion

The pH value of analyzed groundwater samples varied
from 7.2109.2. This shows that the groundwater of Ellenabad was
alkaline in nature. Similar findings were reported by Bhat et al.
(2016) from Gohana Block of Sonipat district where they reported
pH in range of 7.2-9.7.The EC of the collected samples ranged
from 0.2to 12.0 mSm", whereas the level of TDS in groundwater
of Ellenabad ranged from 128 mg I to 7680 mg I". Another study
from Ellenabad reported that EC and pH varied from 0.3 - 8.7 dS
m"and 7.2 - 9.0, respectively (Mukarukunda et al., 2016). Similar
range of pH and EC (7.4 - 8.8 and 0.55-13.2 ymho cm”) was
reported from Rewari in Haryana by Haritash ef al. (2008). Al
groundwater samples in Ellenabad had pH value well within the
permissible limit, except at one locationi.e., Devi Lal Chowk. .

As per Bureau of Indian Standards (2012) and World
Health Organization (2006), the acceptable range of TDS for
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drinking water is 300 and 500 mg I (Table 2) and in comparison to
that, except one, all samples exceeded the BIS limit for drinking
purpose, whereas 17 groundwater samples exceeded the WHO
limit. It is well-known that hardness of groundwater is largely
contributed by HCO,, CO,”, SO,* and CI" of Ca* and Mg"" ions
(Mor et al., 2009; Thapliyal etal., 2011). It appears from the data that
hardness in Ellenabad was mainly due to Ca™ and Mg” ions. The
acceptable limit of total hardness as per BIS and WHO is 300 mg .
As depicted in Table 2, the hardness of groundwater sample in
Ellenabad varied from 17 mg I" to 1912 mg I". TDS and CI ion
concentration in Jhajjar district from same state were found in the
range of 74.6-3920 mg I and 6-2439 mg I, respectively (Gupta
and Misra, 2016). This shows that the water quality in Ellenabad
was comparatively better but still does not comply with the BIS
standards. Further, out of 28 samples, 15 groundwater samples
exceeded the BIS and WHO acceptable limit of drinking water.

The highest hardness was observed in the groundwater
sample collected from a hand pump of Nimla village, which may
be due to the fact that it extracts water from the shallow aquifer.
Compared with BIS standard for drinking water, all the water
samples had HCO,™ above the permissible limit whereas CO,"ion
concentration was within the permissible limit. In 36%
groundwater samples, CI” ion level exceeded the BIS standards
for drinking water. Mor et al. (2009) reported that Ca* and Mg™*
are common cations existing in groundwater of semi-arid location
of India. Dissolved Ca” ions in the groundwater arises due to slow
dissolution of calcium containing mineral e.g., carbonate rocks/
lime stones and it may also leach from the soils. Sheikh et al.
(2017) reported that high concentration of Ca” and Mg™ in
groundwater of Sonipat district could be attributed to halite,
anhydrite and gypsum minerals.

Similarly, Chitrakshi and Haritash (2018) also reported
the presence of calcite and Kaolinite minerals in the groundwater
of Haryana. In Ellenabad, Ca” ion concentration dominates in the
groundwater than Mg” concentration. As shown in Table 2, Ca™
level in groundwater varied from 11 mg I to 482 mg I whereas
Mg” level ranged from 8 mg I" to 173 mg I". The BIS acceptable
limits of Ca” was 75 mg I in drinking water whereas in case of
Mg™ it was 30 mg I". In comparison to these limits only six
samples passed the criteria for Mg” whereas seven samples
exceeded the Ca” limit in drinking water. Mor et al. (2009)
highlighted that in humans, Ca® and Mg® ions play an important
role in nutrient requirement as they are constituent of bones.
Further, Ca” ions play a structural role in plant cell wall, but higher
concentration of Ca” ions in soils restrict plant growth.

As per BIS, 50 mg I is the permissible limit for Na'ions in
potable water. The Na" content in groundwater samples of
Ellenabad rang from 5 mg " to 111 mg I". Out of 28 samples, only
2 samples exceeded the Na'level beyond the permissible limit in
Ellenabad. Higher concentration of Na' in groundwater may affect
the taste of drinking water whereas if it is used for irrigation, it
might cause salinity. The concentration of K'ranged from 3 mg I

Table 1 : Groundwater sampling locations of Ellenabad,Sirsa, Haryana

Sampling HP/TW*  Approx. Age
locations depth (Feet) (Year)
Bus Stand H.P. 90 12
AnajMandi H.P. 70 10
Nohar Road H.P. NA NA
Janta Girls College H.P. 50 10
Nohar Road/ Factory Area H.P. 40 04
Village Mithanpura H.P. 50 6
SherawaliDhani H.P. 50 10
Village Kashi Ram Vas H.P. 65 1
Village Nimla H.P. 65 20
Village Dholpalia H.P. 30 30
BehrwalaKhurd H.P. 20 1
TalwaraKhurd H.P. 70 15
Moji Ki Dhani H.P. 43 04
Jivan Nagar Road H.P. 25 12
Devi LalChowk H.P. 50 10
Girls Govt. School H.P. 80 30
Ward No. 11 TW. 150 3
Railway Station H.P. 70 5
Mameran Road H.P. 40 3
LakkarMandi H.P. 60 2
Petrol Pump, Sirsa Road H.P. 70 6
Surera Bus Stand H.P. 50 30
Poharka H.P. 35 25
MehnaKhera (Bus Stand) H.P. 40 20
MehnaKhera (Near Canal Bank) H.P. 30 30
Water Works T.W. 100 10
Medpura H.P. 50 10
Police Choki H.P. 75 30

*HP = Hand Pump, TW = TubeWell, NA = Not available

to 44 mg I in groundwater, but the observed levels were well
below the drinking water standards. In Ellenabad, among the major
analyzed cations, Mg” ion dominated the groundwater samples
followed by Ca®,Na"and K'. Mor et al. (2009) mentioned that K'is a
key player in several metabolism intermediary biological pathways.
Gupta and Misra (2018) also reported water related health risks in
Haryana due to high concentration of dissolved salts.

The alkalinity in groundwater is mainly derived from the
dissolution of CO,” and HCO, ions. The BIS has set an acceptable
limit of 200 mg I" for total alkalinity in drinking water with a maximum
permissible limit of 600 mg I'. The total alkalinity of analyzed
groundwater samples in Ellenabad varied from 268 mg I"'to 1280 mg
I"and only 5 samples exceeded this standard limit. Further, the levels
of HCO, and CO,” in groundwater are normally found in relation to
the concentration of Ca* and Mg”". The BIS acceptable limit of HCO,
and CO,” in groundwater is 30 mg I and 75mg I". The CO,” level in
Ellenabad water samples ranges from 0 mg I to 82 mg I whereas
the level of HCO, ions were found between 254 mg [ to 1218 mg I”.
The CO,” ions were found above the BIS acceptable limit only in
one sample of wood market (Lakkar Mandi). Concentration of
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Fig. 1: Groundwater sampling locations in Ellenabad, Sirsa, Haryana and nearby areas (see Table 2 for detail on individual samples).
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HCO,, atall the locations in Ellenabad exceed the BIS acceptable
levels including WHO limits for drinking water quality.

The maximum permissible limit for ClI ions in potable
water as per BIS is 250 mg I". The concentration of Cl"ions in
groundwater ranged from 28 mg I to 571 mg I, depicting that
10 groundwater samples had high level of CI” ions than BIS
permissible limit. The highest CI” level was recorded near a
Girls College in Ellenabad. The CI”in groundwater seems to be
of natural origin i.e, due to weathering or leaching of
sedimentary rocks but contribution from the anthropogenic
sources can not be ignored. SO,” ions in groundwater
originates from weathering of sulfide bearing deposits
(Kaushik et al., 2002; Kumar et al., 2006; Mor et al., 2009). The
S0,”ions in groundwater of Ellenabad differed from 3 mg I to
30 mg I”". Acceptable limit of SO,” as per BIS in groundwater is
200 mg I”', and all the groundwater samples were found below
this limit.

The F~level were found between 0.01mg " t0 0.90 mg I”
in groundwater samples of Ellenabad. F~ ion concentration in
groundwater samples did not exceed the permissible limit (BIS,
1 mg I'), however, lower level of F~ demand public health
intervention as low F~ content (>0.8 mg I") may cause dental
caries. Ravindra and Garg (2007) suggested maintaining
fluoride level in drinking water ranging from 0.8 to 1.0 mg I" to
avoid any public health risks. Further, Singh and Garg (2012)
and Yadav et al. (2009) reported higher fluoride levels in
Faridabad and Jhajjar in comparison to Ellenabad. Hence,
mixing groundwater of high and low fluoride aquifer provides an
alternative to minimize fluoride associated health risks.
Interestingly, F~ level were observed below the permissible limit
in groundwater of Ellenabad. In another study by Gupta and
Misra (2016), more than 60% of groundwater samples were
above permissible limits for F~, CI"and TDS from Jhajjar district
in Haryana. Recently, Haritash et al. (2018) also reported higher
levels of F~ranging from 0.5-2.4 mg I in Hisar, Haryana in most
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Fig. 4 : Hydro-geochemical evaluation of groundwater in Ellenabad.

of the samples. The study links high concentration of F~ with the
presence of easily soluble minerals such as fluorspar (CaF,),
fluorapatite (Ca,(PO,), and cryolite (Na,AlF,).

Groundwater quality of Ellenabad was also assessed for
drinking purpose using classification proposed by Sawyer and
McCarty (1967) and Durfor and Becker (1964) (Table 3). Based
on TDS concentration, 11 groundwater samples were found
unsuitable for drinking purpose. Most of the groundwater
samples were hard in nature. In Ellenabad, among the major
analyzed cations Mg” ion dominates the groundwater samples
followed by Ca”, Na"and K" and may contribute to the hardness
of water. Further, 11 samples were found brackish, indicating
saline nature of groundwater. However, Singh et al. (2006a)
studied the performance of irrigation system and suggested that
if seepage losses could be reduced below 30% of total canal
inflow, including reallocation of canal water inflow can help to
decrease the salinity in Sirsa region.

Piper trilinear plot is one of the most practical graphs to
compare the result of major ions in groundwater (Shankar et al.,
2011; Babiker and Mohammed, 2015). Shankar et al. (2011) also
mentioned that positively charged ions, shown as percent of total
cations inmeq |, were grouped in left triangle whereas negatively
charged ions were grouped in right triangle. These left and right
triangle were then projected into upper diamond shaped region
corresponding to the upper limits of the central area. This single
point intersect uniquely represents the ionic distribution of the
groundwater (Madhavi and Rao, 2003). The Piper plot easily
depicts the resemblance and dissimilarities in various
groundwater samples, because water sample with similar quality
can be grouped together (Shankar et al., 2011; Sharma et al.,
2013). This also helps to identify the mixture of two source water.
Based on the Piper trilinear analysis (Fig. 2), it could be inferred
that groundwater in Ellenabad positioned in the zone of Mg” type
for cations, HCO, - CI" type for anions and Mg”- HCO, and Ca”* -

CI' for mixed hydro-chemical facies. Chitrakshi and Haritash
(2018) classified groundwater as Na—Cl or Ca—Mg-Cl type in
Mahendragarh region of Haryana.

Plot of Ca* + Mg” vs. HCO, +CO? and Ca” + Mg*' vs.
HCO, + SO, depicted in Fig. 3, showed the presence of
excess Ca’" and Mg* ions. Further, it could also be inferred
that alkalinity of the groundwater may be in equilibrium due
the presence of alkaline earth metals in the groundwater
aquifer of Ellenabad. Analysis of groundwater samples based
on Chadha diagram (Chadha, 1999; Jebreen et al., 2018) also
suggests that most of the samples fall in the category of
alkaline earths and weak acidic anions (Fig. 4), hence
groundwater may indicate temporary hardness.

As highlighted by Jalali (2007) based on Gibbs (1970)
observation that drawing a plot of TDS with respect to the weight
ratio of Na“/ (Na"+ Ca™) could be helpful to extract the information
on the major natural mechanism, which controls the groundwater
chemistry in the region i.e., evaporation/ precipitation, rock
weathering and atmospheric precipitation. As depicted in Fig. 5,
Gibbs plots of the Ellenabad data signified that rock weathering
and evaporation phenomena dominate the groundwater
chemistry of that area. The evaporation significantly increases the
concentration of ions formed due to chemical weathering, which
in turn results in higher salinity levels in groundwater. Singh et al.
(2006b) reported large variation in net groundwater recharge and
mentioned that salt build-up over different canal commands may
also affect the sustainability of irrigated agriculture in the region.
Anthropogenic activities (e.g. deforestation, construction) are
also responsible for the increased rate of evaporation, which in
turn leads to higher levels of Na" and CI", and thus TDS.
Ellenabad falls in an environmental region that can be better
described as a semi-arid/arid climate. Further, rainfall is also
very limited, and hence it is expected that groundwater quality
will remain same during different seasons. Thus, along with
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Fig.5: Gibb's plot showing hydro-geochemical processes in groundwater in Ellenabad.

anthropogenic activities, environmental conditions also play a
major role to determine the water chemistry and quality of
groundwater at a specific location.

Suitability of groundwater for use in irrigation can also be
appraised based on various classifications i.e., based on TDS,

80,7, CI"and EC concentration (Table 4). The comparison of TDS
or EC value of groundwater as shown in Table 4 reveals that
majority of groundwater samples (17) can be categorized into
excellent to good for irrigation and the remaining samples were
found unfit for irrigation. The samples from these 11 locations

100
90 1
80
70 1
60 \
50

40

30 4 ’

20 4 ‘.:o .

% Na

ol
10 14" +

- ¥

0

0 1000 2000 3000 4000

5000 6000 7000 8000 9000 10000

EC

Fig. 6 : Suitability of groundwater for irrigation in the Wilcox diagram.
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Table 2: Comparison of groundwater quality parameters of Ellenabad with drinking water quality standards (BIS and WHO)

Parameters Concentration range Mean * SD BIS Standards WHO Limit
Acceptable limit Maximum limit

pH 72-92 7.8+0.4 7.0-8.5 6.5-9.2 6.5-9.2

EC 02-12.0 2.9+33 - - -

DS 128 - 7680 340104 300 1500 500

TA 268 — 1280 521+263 200 600 -

TH 17-1912 415860 300 600 300

Na’ 5-11 23+20.6 50 - 200

K 3-44 124£9.2 - - 200

Ca” 11-482 67+88 75 200 105

Mg* 8-173 62+41 30 100 50

(ofoks 0.0-82 25+23 75 200 75

HCO, 252-1218 496247 30 - 150

cr 28 -571 223171 250 1000 250

80,” 3-30 16+7 250 400 200

F 0.01-09 0.45+0.3 1.0 1.5 05

* Units of all the parameter are in mg I except EC (mS) and pH

Table 3 : Suitability of groundwater for drinking purpose based on various classifications

Based on TDS concentration

Water class TDS (mg I") % of samples falling in each category
Excellent <300 7
Good 300-600 50
Fair 600-900 3
Poor 900-1200 0
Unacceptable >1200 40
Based on total hardness as CaCO, (mg I') after Sawyer and McCarty (1967)
Soft <75 7
Moderately Hard 75-150 7
Hard 150-300 32
Very hard >300 54
Based on total hardness as CaCO,(mg I') after Durfor and Becker (1964)

Soft 0-60 4
Moderate 61-120 10
Hard 121-180 4
Very hard >181 82

Nature of groundwater based on TDS (mg I') values
Fresh 0-1,000 60
Brackish 1,001-10,000 40
Salty 10,001-100,000 -
Brine >100,000

should not be used for irrigation as they may reduce the crop
production. These finding are also supported by Fig. 6, as most of
the groundwater sample falls in 'very good to good' and 'good to
permissible’ class on the Wilcox diagram. Groundwater analysis
based on CI” content suggests that almost half of the samples were
excellent for irrigation, however, eight samples fall in the range of
good to injurious for crops. Remaining seven groundwater

samples had CI” concentration above 350 mg I, indicating unfit
for irrigation. However, based on SO, content, all groundwater
samplesindicates that it was 'excellent to good' forirrigation.

Apart from the parameter discussed in Table 4, Na'is also
akey element to assess groundwater quality for irrigation. Excess
quantity of Na" can deteriorate the soil properties and may be

% Journal of Environmental Biology, March 2019 *



208

K. Ravindra et al.. Hydro-geochemistry and water quality in Ellenabad, Haryana

Table 4 : Suitability of groundwater for irrigation based on various classifications

Based on % Na ( Eaton, 1950)

Water class % of samples
<60 Safe 100
>60 Unsafe 0
Based on % Na after Wilcox ( 1954)
<20 Excellent 72
20-40 Good 21
40-60 Permissible 7
60-80 Doubtful 0
>80 Unsafe 0
Based on alkalinity hazard (SAR) after Richards ( 1954)
<10 Excellent 100 Suitable for all types of crops and soil except for
those crops sensitive to sodium
10-18 Good 0 Suitable for coarsed textured or organic soil with
permeability
18-26 Doubtful 0 Harmful for almost all soil
>26 Unsuitable 0 Unsuitable for irrigation
Suitability of water with different constituents for irrigation
Parameters Class of water
| Il [}

Range n Range n Range n
TDS 0-700 17 700-2000 0 >2000 "
S0,” 0-192 28 192-480 0 >480
cr 0-142 13 142-355 8 >355
EC 0-0.75 " 0.75-2.25 6 >2.25 1"
Suitability for Excellent to good for Good to injurious, suitable only Unfit for irrigation
irrigation irrigation with permeable soil

harmful to susceptible crops due to Na“ phytotoxicity. As
mentioned by Mor et al. (2009), Na" in groundwater can also be
represented by Sodium Absorption Ratio, commonly known as
SAR. Distribution of groundwater samples as per SAR categories
is shown Table 4, which indicate that all groundwater samples
were appropriate for the majority of crop species and soils.
However, it is desired that soil organic matter should be high.
Further, two groundwater samples may be harmful for soil except
for soil having coarse texture with good permeability. Further,
groundwater samples from two sources should not be used for
agricultural purposes. This study in agreement with Mor et al.
(2009) which suggests that SAR should be estimated before
water is utilized for irrigation purpose to protect sensitive crops
from Na" phytotoxicity.

Correlation matrix was also generated to understand
the relationship among the various groundwater quality
parameters analyzed, which showed negative correlation of pH
with K’ ®= -0.480), Mg” (r= -0.424), Ca” (r = -0.413), TH (r=
-0.470), CI (r=-0.175) and TDS (r =-0.126). However, Haritash
et al. (2008) reported positive correlation of EC with TDS
(r=0.822), Na" (0.782), CI" (0.713), and SO, (0.701) at 0.01 level
of significance. Further, it could also be interpreted that salts of

Ca”,K’, CI"and F~ contribute significantly to TDS. Besides, total
alkalinity and HCO,” was also found to be positively correlated
with EC and TDS. A positive correlation was also observed
between TA, CO,, HCO, and CI. TA also showed positive
correlation with TDS (r=0.595), CO,” (r=0.699) and HCO,
(r=0.998). Total alkalinity showed significant correlation with
HCO, (r= 0.998), which may help to maintain the buffering
capacity of groundwater. Similar findings were reported by
Bishnoi and Malik (2008) from Panipat, Haryana, where TA was
found to be positively and significantly correlated with HCO,"
(r=0.992) K" showed significant positive correlation with EC,
indicating its contribution towards EC. TH showed highly
significant positive correlation with Ca” (r=0.926), Mg™* (r=0.884)
and K" (r=0.599) and negative correlation with CO, (r=0.563).
TH also showed positive, highly significant correlation with Ca™
(r= 0.926), Mg” (r=0.884), indicating their contribution in
building TH of groundwater. However, the degree of correlation
of Ca” with pH was more which indicates the contribution of Ca*
salts towards hardness than Mg’ As most of the dissolved salts
(Ca”, K", Cl"and F") shows positive correlation with TDS, which
can be used as a single indicator in routine water quality as a
cost effective measure.
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Based on the current study and following the critical
analysis of similar studies from Haryana, it could be inferred that
groundwater of the region is very hard in nature. Hence, suitable
preventive measures are required before it can be used for
drinking purpose. Further, SAR of groundwater should be
estimated before its use in agriculture to avoid damage to
sensitive crops due to sodium phytotoxicity.
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