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Abstract

Urbanization and industrialization enhance the degradation of the groundwater quality due to the discharge of domestic and
industrial effluents in the aquatic bodies or on the surface of ground either in treated or untreated form. Therefore, the present
study was carried out to assess the groundwater quality at the Laksar block of district Haridwar in Uttarakhand. Groundwater
samples (SS-1-10) were collected from the hand pumps of the study area. The sampling site (SS-1) was taken as control. The
distance of all sampling sites from control site ranged from 6.3Km to 18.3Km. The samples were analyzed for various physico-
chemical parameters viz Temperature, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Total Solids (TS), pH, Dis-
solved Oxygen (DO), Total Hardness (TH), Calcium Hardness (CaH), Chloride (Cl), Sulphate (SO,”), Nitrate (NO3™), Acidity,
and Iron (Fe) for two years (2017 to 2019). The data obtained after analysis was simplified using Water quality index (WQl).
The maximum concentration of TDS, TS, TH, CaH, and Fe was observed at SS-6 that may be due to the direct industrial dis-
charge of Sugar mill effluent on the ground. Based on WQI value, SS-6 (WQI value-150.27) was found most polluted site. Hard-
ness was found above the standard limit (250mg/l) at SS-6 to SS-10. The Fe was also found above the standard limit of WHO
and BIS (0.3mg/l) at SS-6 to SS-10. The study may be useful for managing the groundwater quality of the study area.
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INTRODUCTION (Bhutiani and Ahamad, 2018). Groundwater pollution
occurs due to both natural and anthropogenic factors.

Groundwater is the most important natural resource The industrial waste and domestic waste either in solid

used for drinking purpose. It is also used for agriculture,
domestic and industrial activities (Sadat et al., 2014).
Out of the total quantity of water present on the earth,
only 3% is freshwater. Less than 1% of the available
water is accessible for drinking purpose (Verma et al.,
2018). Out of the entire sector, the maximum amount of
groundwater is utilized in agriculture (Bhutiani et al.,
2018a). Due to the excess use of water, two problems
grow simultaneously. First is the reduced groundwater
table and the second one is water pollution in ponds,
lakes, rivers and streams along with groundwater
through leaching as the maximum amount of water sup-
plied to the human society return as wastewater

and liquid form is directly discharged or dumped on the
ground either treated, partially treated or in untreated
form (Kumar et al., 2018; Ruhela et al., 2020). The
leachate form the solid waste percolates through the
ground. Some pollutants get absorbed by the soil while
some pollutants reached inside the ground and get
mixed with the groundwater. Similarly, pollutants from
liquid waste reached the groundwater (Saleh et al.,
2020).

About 16 % of all the deaths in developing countries
are related to water pollution, which accounts for about
1.7 million deaths per year or 1 in 6 deaths (Biswas
and Tortajada, 2019). Water pollution affects not only
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the quality of water but also human health. Water pollu-
tion is a great threat to economic development and so-
cial prosperity (Milovanovic, 2007). The causing factors
of many of the diseases are water pollutants (Jain et al.,
2010). The groundwater constitutes an essential nutri-
tional component for growth and survival of certain spe-
cies of biota. The industry and seasonal activities are
responsible for the poor quality of groundwater in differ-
ent areas of the country (Jain et al., 2010; Bhutiani et
al., 2018b; Bhutiani et al., 2019; Kaviarasan et al.,
2016). Therefore continuous monitoring of groundwater
is made mandatory to reduce groundwater pollution and
control over polluting agents.

Water quality index (WQI) helps in understanding gen-
eral quality status of a water source and therefore has
been applied to both surface and groundwater for the
quality estimation all over the world form the last few
decades (Kaviarasan et al, 2016; Khan and Jhariya,
2017; Verma et al., 2018; Adimallaa and Qiana, 2019;
Vaiphei et al., 2020). Several workers have studied in-
dustrial impact on groundwater quality in different re-
gions of India (Bhutiani et al., 2016; Toure et al., 2017,
Kwami et al., 2018; Bahmani and Palangi, 2018; Rao
and Latha, 2019). The present study was undertaken in
Laksar Block of Haridwar district Uttarakhand India to
assess the hand pumps water quality (ground water)
using water quality index.

MATERIALS AND METHODS

Sample collection and analysis

Study area

The present study was carried out in different villages
(Niranjanpur (SS-1, control site), Bhikkampurjeetpur
(SS-2), SultanpurAdampur (SS-3), Bukkanpur (SS-4),
Bahdarpur Khaddar (SS-5), Laksar (SS-6), Dabki Kalan
(SS-7), AkaudhaAurangzebpur (SS-8), KharanjaKutub-
pur (SS-9), Raisi (SS-10) of Laksar block, located in
Haridwar district in the state of Uttarakhand. The aver-
age elevation of Laksar is 227 meters (745Feet). It is
situated between the towns of Khanpur and Sultanpur.
The Laksar block in the southeastern part of the district
is a part of Khadar. Khadar is a localized term used for
the floodplains of rivers and areas inhabited by sedi-
ments recently deposited by rivers. It mainly consists of
fine sand, silt and clay. Unconfined aquifer is reported
in the literature in the study area which means that wa-
ter seeps form the ground surface directly above the
aquifer (CGWB, 2016). Therefore, there is a great risk
of pollution of groundwater in the study area due to re-
lease of industrial wastes directly on the ground and in
aquatic bodies which in due course of time seeps un-
derground from the earth along with pollutants. Some
small and large scale industries are located within the
study area (R.B.N.S Sugar mill, Birla tyres, Shri Ce-
ment). Groundwater table in the study area is at 30 to

40 feet. All the selected sampling sites (S1 to S10) of
the study area are given in Table 1 and Fig. 1.

The samples were collected in the morning hour form
all the study sites for two years (2017 to 2019) on
monthly basis. The samples were collected after 10
minute of pumping from each site in a Jerry can of 2-
liter capacity using Grab sampling method and were
transported to the laboratory immediately. The samples
were analyzed for the physicochemical parameters
such as temperature, TDS, EC, TS, pH, TH, CaH, CI,
SO,7, NO3 ™, and Fe using standard methods (APHA,
2012; Khanna and Bhutiani, 2008).

Water quality index (WQl)
Water Quality Index (WQI) is a very useful and efficient
method, which can provide a simple indicator of water
quality and is based on several important parameters.
In the present study, the WQI was calculated using the
weighted arithmetic index method of Cude (2001) and
Brown et al. (1970). In this model, the components with
different water quality are multiplied by a weighting fac-
tor and then collected using a simple arithmetic mean.
To assess water quality first, a Quality Rating Scale
(Qn) was calculated for each parameter

QTI _ Vs—Vio

- x 100
Sn—Vi

Where,

Qn = is the Quality rating of nth parameter

Vs = Observed value of the water quality parameter
obtained from laboratory analysis

Vio = Ideal value of that water quality parameter can be
obtained from the standard Tables.

Vi= pH 7 and for other parameters it is equal to zero,
but for DO Vi = 14.6 mg/L

Sq = Recommended WHO standard of the parameter.
Then, after calculating the quality rating scale (Qn), the
Relative (unit) weight (Wn) was calculated by a value
inversely proportional to the recommended standard
(Sq) for the corresponding parameter using the follow-
ing expression-

K
Wn=—
Xn

Where,
Whn = Relative (unit) weight for nth parameter
Xn= Standard permissible value for nth parameter
K= Proportionality constant.
Finally, the overall WQI was calculated by consolidating
the quality ratings with unit weights using the following
equation-
_ Y QnWwn
waQl = Swn
Where,
Qn = Quality rating
Wn = Relative (unit) weight
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Fig. 1. Showing the map of block Laksar with all the sampling sites (SS-1 to SS-10).

WQI scale and water quality categorization is given in
Table 2.

RESULTS AND DISCUSSION

The results of physicochemical parameters of all the
study sites (Niranjanpur (SS-1, Control), Bhikkampur-
jeetpur (SS-2), SultanpurAdampur (SS-3), Bukkanpur
(SS-4), Bahdarpur Khaddar (SS-5), Laksar (SS-6),
Dabki Kalan (SS-7), AkaudhaAurangzebpur (SS-8),
KharanjaKutubpur (SS-9), Raisi (SS-10)) during the
study period from 2017 to 2019 are given in Table 3.
The correlation among all the parameters
(Temperature, EC, TDS, TS, pH, DO, TH, CaH, ClI,
Sulphate, Nitrate, Acidity and Iron (Fe)) is given in table 4.
Temperature of groundwater depends on the tempera-
ture of both ground and atmosphere therefore varies
with ground and atmospheric temperature. In the first
year of study, groundwater temperature ranged from
24.4°C to 26.3°C and in second year from 24.5°C to
25.9°C. The minimum value of temperature was found
at site SS-5 (24.4°C) and maximum value was found at
site SS-7 (25.9°C). The average temperature of both
the year was found 25.1°C+0.52. A negative correlation
(-0.02 to -0.49) of all the studied parameters was ob-
served with temperature except nitrate (+0.38).

Conductivity can be defined as a measure of the ability

of an aqueous medium to carry an electric current. In
water, conductivity is due to the presence of various
ionic species. In the first year of study, conductivity
ranged from 581.7umhos/cm to 897.4pmhos/cm and in
second year from 578.3umhos/cm to 1019.6umhos/cm.
The minimum value of conductivity was found at site
SS-1 (581.7umhos/cm) and maximum value was found
at site SS-6 (1019.6umhos/cm). The average conduc-
tivity of both the year was found 813.0°Cumhos/cm
+97.00. A strong positive correlation of TDS was ob-
served with EC (+1.00) and with TS (+0.97).

Total Dissolve Solid (TDS) can be defined as a residue
of defined evaporated filtered water. In the first year of
study, TDS ranged from 377.1mg/l to 582.9mg/l and in
the second year from 375.8mg/l to 662.5mg/l. The min-
imum value of TDS was found at site SS-1 (375.8mg/l)
and maximum value was found at site SS-6 (662.5mg/
[). The average TDS of both the year was found
526.7mg/1£63.32 which was above the standard limit of
WHO and BIS (500mg/l). Total Solid (TS) can be de-
fined as residue of defined evaporated water. In the
first year of study, TS ranged from 510.2mg/l to
708.9mg/l and in second year from 507.1mg/l to
782.4mg/l. The minimum value of SS was found at site
TS-1 (507.1mg/l) and maximum value was found at site
SS-6 (782.4mg/l). The average TS of both the year
was found 647.9mg/I+62.97. Strong positive correlation

Table 1. Geological coordinates of sampling sites of study area (Laksar block, Haridwar Uttarakhand).

Sampling sites Latitude

Longitude Distance form

control site
SS-1: Niranjanpur 30° 17' 50.6436" N 78° 0' 36.4068" E Control site
SS-2: Bhikkampurjeetpur 29° 43'57.2088" N 78°9'32.7708" E 6.4KM
SS-3: SultanpurAdampur 29° 45' 39.3408" N 78°6'54.378" E 9.0KM
SS-4: Bukkanpur 29°48' 11.4768" N 78° 3'44.424" E 16.3KM
SS-5: Bahdarpur Khaddar 28° 29'35.7216" N 77°18'10.7712" E 18.3KM
SS-6: Laksar 29° 45'13.8348" N 78°1'17.3352" E 16.6KM
SS-7: Dabki Kalan 29° 44' 29.256" N 78° 0'39.5136" E 14.8KM
SS-8: AkaudhaAurangzebpur 29° 44'42.3924" N 78° 3'3.3408" E 11.4KM
SS-9: KharanjaKutubpur 29° 43'51.6936" N 78° 2' 33.846" E 11.4KM
SS-10: Raisi 29° 41'58.0128" N 78°4'49.17" E 6.3KM
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Table 2. Water Quality Index (WQI) and its status
according to Chaterjee and Raziuddin (2002).

Water quality Index Water Quality

Level Status

0-25 Excellent water quality
26-50 Good water quality
51-75 Poor water quality
76-100 Very poor water quality
>100 Unsuitable for drinking

(+0.70, +0.80) of TDS and TS was observed with iron
and moderate positive (+0.31, +0.40) with hardness.

pH is the measure of the intensity of acidity or alkalinity
and the measurement of hydrogen ions in water and is
expressed as negative logq of the hydrogen concentra-
tion in a solution. In the first year of study, pH ranged
from 6.8 to 7.3 and in second year from 6.9 to 7.3. The
minimum value of SS was found at site SS-2 (6.8) and
maximum value was found at site SS-10 and SS-4
(7.3). The average pH of both the years was found
7.1+£0.14. Weak negative correlation was observed be-
tween pH and other parameters except DO (+0.23).
Dissolved oxygen (DO) in water is the indicator of the
health of water. The minimum value of DO was found
at site SS-2 (5.9mg/l) and maximum value was found at
site SS-3 (6.7mg/l). The average DO of both the years
was found 6.3mg/1+0.16. Very weak to moderate nega-
tive correlation was observed between DO and other
studied parameters except pH (+0.23) and nitrate
(+0.69).

Hardness is the ability of water to reduce and destroy
lather soap. Hardness in water is caused by natural
accumulation of salts from soil contact and may enter
by direct pollution from geological formations or indus-
trial effluents. Calcium and Magnesium are the principle
cations causing hardness. The minimum value of TH
was found at site SS-3 (89.9mg/l) and maximum value
was found at site SS-6 (389.0mg/l). The average TH of
both the years was found 268.4mg/I+91.53. The mini-
mum value of CaH was found at site SS-3 (44.8mg/l)
and maximum value was found at site SS-6 (319.0mg/
I). The average CaH of both the years was found
187.4mg/1£92.30. Moderate positive correlation of har-
ness was found with TS (+0.40, +0.35) and TDS
(+0.31, +0.26) strong positive correlation with chloride
(+0.72, +0.78) and iron (+0.70, +0.78). Jain et al.
(2010) reported the similar range of hardness (88mg/I
to 438mg/l) in the groundwater of district Nainital, Utta-
rakhand, India.

The minimum value of chloride was found at site SS-10
(43.4mg/l) and maximum value was found at site SS-9
(143.2mg/l). The average chloride of both the year was
found 87.5mg/I+29.26. The minimum value of sulphate
(SO,7) was found at site SS-2 (26.50mg/l) and maxi-
mum value was found at site SS-9 (43.8mg/l). The av-

erage sulphate of both the years was found 34.5mg/
[+5.26 Sulphate was observed positively correlated with
most of studied parameters except temperature, pH
and DO. Similar results of sulphate (20mg/l to 37mg/l)
in the groundwater of Smalkhan in Haryana were re-
ported by Kumari and Rani (2014).

The minimum value of nitrate was found at site SS-1
(1.6mg/l) and maximum value was found at site SS-3
(27.1mg/l). The average nitrate of both the year was
found 6.6mg/I+7.16. The minimum value of acidity was
found at site SS-1 (61.3mg/l) and maximum value was
found at site SS-3 (105.92mg/l). The average acidity of
both the year was found 82.3mg/I+5.10. Iron is an es-
sential element of human nutrition. Adsorption of iron
from the intestine in the form of FA is an important part
of human metabolism. The minimum value of iron was
found at site SS-1 (0.12mg/l) and maximum value was
found at site SS-6 (0.48mg/l). The average iron of both
the year was found 0.3mg/I+0.11. Zaware et al. (2015)
reported similar results (0.01mg/l to 0.97mg/l) of Fe in
the groundwater of Raigad in Maharashtra.

Water quality index of groundwater

Sub index of each parameter and WQI of each site is
given in the Table 5. The results based on the weighted
arithmetic water quality index (WQI) calculated by using
all the parameters and taking Standard values of WHO
(2011) and BIS (2012) as reference values and taking
iron as criteria pollutant at each site because of its high-
est sub index value indicated that from SS-1 to SS-10,
the least concerning parameter was sulphate except at
SS-2 (pH) and SS-10 (Chloride). At SS-1 (Niranjanpur,
Control site), the WQI was 46.46 indicating that water
quality was in good condition.

The WAQI values of the sites SS-2 (Bhikkampurjeetpur,
WQI-78.81), SS-3 (SultanpurAdampur, WQI-54.66), SS
-4 (Bhukkanpur, WQI-68.40), SS-5 (Bahdarpur Khad-
dar, WQI-71.40), SS-6 (Laksar, WQI-150.27), SS-7
(Dabki Kalan, WQI-118.49), SS-8 (Akaudha Aurang-
zebpur , WQI-132.17), SS-9 (KharanjaKutubpur, WQI-
110.56), and SS-10 (Raisi, WQI-94.45), indicated that
water quality of the study area was in poor condition
and not suitable for drinking at these sites. The water
quality of the site SS-10 (Raisi, WQI-94.45) was in very
poor condition. The water of the site SS-6 (Laksar, WQI
-150.27) was most polluted, while that of SS-1
(Niranjanpur- Control site-WQI-46.46) was least pollut-
ed. During site visits, negligible water polluting activities
were observed at Niranjanpur-control site.

Similar observations of groundwater quality based on
WQI in other areas of India have been observed in
Thirumanimuttar sub-basin (WQI:37.94 to 298.96; poor
to very poor) of Tamil Nadu by Vasanthavigar et al.
(2010), in Smalkhan area (WQI: 89.09 to 146.67; poor)
of Panipat, Haryana by Kumari and Rani (2014), in
South Chennai (WQI: 45.62 to 622.10; excellent to
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Table 4. Showing correlation between studied parameters.

fear’same' EC Temp TDS TS pH TH CaH DO Sulphate Nitrate CI  Iron
EC 1.00

Temp -0.31  1.00

TDS 1.00 -0.33  1.00

TS 097 -029 098 1.00

pH -0.06 -026 -0.05 -0.06 1.00

TH 028 -049 031 040 -0.05 1.00

CaH 024 -046 026 035 -002 098 1.00

DO 015 -0.02 -0.18 -0.34 023 -061 -051 1.00

Sulphate 0.15 -0.18 0.15 022 -0.35 051 054 -024 1.00

Nitrate 0.00 038 -004 -009 -016 -052 -039 069 0.14 1.00

cl 032 -036 034 043 -044 072 070 -060 0.65 -0.25 1.00
Iron 0.68 -027 070 080 -005 078 078 -0.55 0.57 0.17 0.68 1.00

poor) of Tamil Nadu by Kumar et al. (2014), in different
parts of Varanasi (WQI: 41.65 to 113.70; poor) by
Chaurasia et al. (2018) and in Bokaro district ( WQI:
38.85 to 228.16; poor) of Jharkhand by Verma et al.
(2020).

Conclusion

The present study concluded that the maximum
concentration of most of the parameters like EC, TDS,
TS, TH, and Fe was observed at SS-6 (Laksar) of Lak-
sar block of Haridwar district in Uttarakhand that may
be due to the direct industrial discharge on the ground
surface mostly from small and large scale sugar indus-
tries, tyre industry and cement industry. The values of
TDS, TH, CaH, and Fe of groundwater at the sites SS-
6 (Laksar), SS-7 (DabkiKalan), SS-8 (Akaudha Aurang-
zebpur), SS-9 (KharanjaKutubpur) and SS-10 (Raisi)
were beyond the standards while that of nitrate, sul-
phate and chloride of the groundwater were below the
WHO and BIS standards at all the sites. Based on WQI
values, SS-6 (Laksar) was the most polluted site (WQI-
150.27), while SS-1 (Niranjanpur) was the least pollut-
ed (WQI-46.46) site. It is suggested that care should be
taken that there is no direct industrial discharge on the
ground surface to avoid contamination of the ground-
water quality of the area. The study may be useful for
managing the groundwater quality of the study area.
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