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Abstract

The management of natural surface water resources needs the understanding of water quality. The present study on the
physico-chemical parameters of water quality of sacred lake Nachiketa Tal of Garhwal Himalaya was undertaken. During the
period from May 2015 to April 2016 at four sampling stations, seasonal variations in air temperature, water temperature, elec-
trical conductivity, turbidity, salinity, TDS, dissolved oxygen, free CO,, hardness, alkalinity, nitrates, phosphates, chlorides,
calcium and magnesium were recorded. The statistical correlation and cluster analysis between the various physico-chemical
parameters of Nachiketa Tal were computed. The results of this study revealed that the concentration of the nutrients, turbid-
ity, electrical conductivity, TDS increased with a decreasing trend of dissolved oxygen in all the sampling stations during
the monsoon season. Thus, degradation in the water quality of the lake was resulted in the monsoon season.
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Introduction

Lakes represent one of the most resourceful ecosystems on
the Earth. In lakes, input and output of materials take place
and therefore represent a continual chemical process like any
other aquatic ecosystem. However, unlike rivers and ocean,
limited mobility of material occurs in lakes. The sediments
received by the lakes through inlets from catchment area ero-
sion get progressively settled to the bottom of the lake. The
water of the lake exits mostly through evaporation and outlet
streams. In lentic ecosystem, there is a rapid interaction of
sediment and water which increases the biological activities
in the lakes (Chakrapani 2002). Lakes are dynamic lentic
ecosystems which are significant inland water resources for
meeting the increasing water demand. However, all these
functions depend on the quality of water, which is based on a
well-balanced environment in terms of its physical, chemical
and biological variables (Yu et al. 2010). Melted water from
the glaciers of Himalaya and seasonal snow covers plays an
important role in the supply of water to the high-altitude
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lakes in Himalayan region (Xu et al. 2009). Chemistry of
both the water and sediments of the lakes acts importantly in
revealing the dynamics of Earth surface (Sheikh et al. 2014).
Weathering of rocks from the catchment generates elemental
ions and act as a natural pollutant source into the lakes (Das
2005). Mud, silt and human activities like washing and bath-
ing mainly change the water chemistry. These water bodies
are the major resource of water for consumption by humans
and livestock, mainly for drinking and domestic purposes
(Jeeji Bai and Lakshmi 1999). In addition to this, water qual-
ity of lakes is also impacted by dumping of religious offer-
ings into the lakes (Dhote et al. 2001). Apart from this, lakes
have significant economic values including supplying water
for irrigation, power generation, providing food via fish and
aquatic products and stabilizing the health and biodiversity
of important life support ecosystem (ILEC 2003). Therefore,
due to the quality of water from these water bodies, they are
not always consumable or useful. So, there is a need for seri-
ous characterization of water physico-chemically before use.
Generally, the lake water chemistry describes the seasonal
variations in the behaviour of dissolved ions and catchment
characteristics (Anshumali and Ramanathan 2007). In this
paper, we have considered the Nachiketa Tal of Garhwal
Himalaya for seasonal physico-chemical characterization of
water. It acts as a natural water hole in the forests of Chau-
rangi khal for the wild animals and the villagers. It receives
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water from surface run-off. The major part of the lake catch-
ment is rich in vegetation of Querecus, Abies, Rhododendron
and Myrica. The water quality of Nachiketa Tal was assessed
in terms of physico-chemical parameters during monsoon,
winter, spring, autumn and summer seasons.

The Nachiketa Tal is one of the most important sacred
lakes of Garhwal Himalaya. It is named after the son of sage
Uddlak (Vajashravasa). He was well known for his curiosity
to know the nature of human soul and the mysteries of death.
Katha Upnishad has a reference that the sage Vajashravasa
started offering to donate all his belongings in anticipation
of gift from the God. However, the young son Nachiketa of
Vajashravasa noticed that his father has donated only the
barren, blind or lame cows. He was very much disturbed
by the act of his father. Nachiketa asked his father, “I also
belong to you, to which God will you offer me?” After ask-
ing several times, Vajashravasa answered in anger, “I will
give you to Yam, the God of death”. Therefore, Nachiketa
left home in search of death. It was believed that Nachiketa
after knowing the mysteries of death came for meditation at
this lake, and the lake gets its name Nachiketa Tal. In Garh-
wal Himalaya, water of the lake is taken home as holy water.
Every year on the day of Baishakhi, in the month of April,
people of the nearby villages visit the lake in large number
to perform various rituals. A temple of Annapoorna Devi
and Nag Devta is also located at the bank of Nachiketa Tal.

Materials and methods
Water sampling

Four sampling stations (S, S,, S5, S4) have been identified
for covering the entire ecosystem for seasonal physico-
chemical characterization of water of the Nachiketa Tal. The
sampling station S, (disturbed site), the S, (highly disturbed
site due to soil erosion) and the S; (least disturbed site) and
the site S, (nearby temple) were identified. Five replicates
of each sample from each sampling stations were taken for
each parameter, and their statistical mean was computed.
Water temperature and air temperature were measured in situ
using the centigrade (0—110 °C) thermometer. However, the
pH was measured by the Mac portable pH meter. Turbidity
was determined using the Electronic India Digital Turbid-
ity Meter (Model-331). Total dissolved solids (TDS) and
electrical conductivity were recorded using the Toshcon
Multiparameter Analyser. Dissolved oxygen, alkalinity,
hardness, nitrates, phosphates, calcium and magnesium were
estimated using the standard methods (Wetzel and Likens
1991; APHA 1998).

Nachiketa Tal is located between latitude 30°38.666'N
and longitude 78°28.362'E at an altitude of 2453 m above
m.s.l. in Garhwal Himalaya. The area of Nachiketa Tal is
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0.49 ha. It is elliptical in shape, measuring about 132 m in
length and 58 m width (Fig. 1). The lake remains occasion-
ally covered with thick sheet of ice during the winter months
of January and February. The lake depth varies from sea-
son to season and has no noticeable inlet as well as outlet.
The depth of the Tal is maximum in rainy season. During
the major part of the year, Nachiketa Tal remains shallow.
The fast run-off from the forest deposited sediments in the
lacustrine environment. Monthly sampling was undertaken
during the morning time between 08:00 and 10:00 h during
the period from May 2015 to April 2016.

Results and discussion

The data on seasonal variations in physico-chemical
parameters at all the four sampling stations (S, S,, Sz, S4)
of Nachiketa Tal of Garhwal Himalaya have been recorded
(Tables 1, 2, 3, 4) (Fig. 2). The air temperature was found
to be maximum (20.90+1.15 °C) in summer at S, and
minimum (7.27 +2.93 °C) during winter at S, in the pre-
sent study. The water temperature of the lake was found
to be maximum (17.73 °C) at S in summer and minimum
(7.27 °C) at S, in winter season. Similar findings were
reported by Iwona and Luari (2003) and Hassan et al. (2015)
in their study areas. Electrical conductivity of the water sig-
nifies the presence of biogenic and abiogenic impurities in
the water (Upadhyay et al. 2012). The significant seasonal
variations in electrical conductivity were observed in the
Nachiketa Tal. Seasonally, conductivity was found to be
maximum (67.05 + 1.63 uS cm™!) at S, in monsoon and min-
imum (31.0+2.0 uS cm™!) at S, and S, in winter season dur-
ing the present study. It was reported from the study on lakes
of Jammu and Kashmir that the water conductivity decreases
with an increase in its altitude (Zutshi et al. 1980). Since
there is elevated temperature during the months of summer
and monsoon seasons, the surface water evaporates result-
ing in an increase in the salt concentration in the waterbody
(Kaushik and Saxena 1999). The high value of electrical
conductivity in lakes also shows the pollution status (Kadam
1990). Nachiketa Tal has high conductivity during monsoon
season, reflected the degraded water quality. pH indicates
the nature of water quality as acidic or alkaline. It plays an
important role in the biological process of all the aquatic
organisms (Welch 1952). Maximum pH (7.31 £0.12) was
recorded in the winter season and minimum (6.76 +0.06)
in the monsoon season at S, in Nachiketa Tal. Higher pH in
winter season was also reported by Virha et al. (2010) in the
water of upper lake of Bhopal.

The concentration of seasonal variation in TDS was found
maximum (39.25 + 1.06 mg 17!) in monsoon at site S, and
minimum (17.35+0.92 mg 17! at S, in autumn in Nachiketa
Tal. The same trend of higher TDS in monsoon season was
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Fig.1 Location of sampling sta-
tions (§,-S,) in Nachiketa Tal,
Garhwal Himalaya
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observed by Rawat et al. (1995) on Deaoria Tal and Surana
et al. (2010) on Chimdi lake. Higher value of TDS in mon-
soon and lower values in post-monsoon seasons were also
recorded by Rahaman et al. (2013). Similarly, the maximum
turbidity (8.1 +0.42 NTU) was recorded at S, in monsoon
and minimum (3.08 £ 0.41 NTU) during the winter season
at §; in Nachiketa Tal. Turbidity in water body may be due
to the suspended solid materials such as clay, silt, colloidal
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organic matter, plankton and other organisms (Dorner et al.
2007). According to Jain et al. (1999), highest sediment
deposition during the rainy season turns the lake more tur-
bid and also threatening the longevity of the lakes. Sharma
and Rawat (2009) found the higher turbidity in the month of
July and lower in the month of December in Asan wetland,
Garhwal Himalaya.
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Table 1 Seasonal physico-

. o Parameters Summer Monsoon Autumn Winter Spring

chemical characteristics of

water at sampling station S, Air temperature (°C) 208+1.06 205+0.71 17.75+£12 112257 1425+46

Ioifigzlc;yﬂ;e‘a Tal, Garhwal Water temperature (°C) 17734137 1665+049  15+071  7.6+2.82 1134509
Electrical conductivity (uS cm™') 55.07+4.02 62.2+0.85 44.1+1.84 31+2 35+4.24
Salinity (SAL) 0.1+0 0+0 0.15+0.07 02+0 02+0
pH 6.79+0.06 6.78+0.04 691+0.01 7.27+0.13 7.16+0.34
TDS (mg 17" 30.47+8.64 382+1.13 17.35+0.92 17.73+0.68 17.4+1.13
Turbidity (NTU) 6.12+038 7.75+049 5.19+151 3.08+041 337+1.75
DO (mg17h 7+0.2 7.5+042 8.25+0.35 891+0.1 8.7+0.71
BOD (mg 17} 1.67+0.12 1.3+0.14 1.08+0.18 0.68+0.08 0.95+0.07
Free CO, (mg 1Y) 1.93+0.51 2.83+0.05 1.65+021 1.05+0.13 0.75+0.43
Alkalinity (mg 17") 77.63+8.35 7625+247 71.5+141 5333+11.55 60+0
Hardness (mg 17") 30.67+4.62 23+4.24 25+1.41 26.07+0.12 25+1.41
Chlorides (mg 171) 4.58+0.96 5.68+0 34+0 3.03+0.32 3.66+0.42
Nitrates (mg 17") 035+0.04 044+0.02 0.36+0.05 0.3+0.02  0.33+0.01
Phosphates (mg 17!) 0.07+0.01 0.1+0 0.07+0 0.06+0.01  0.06+0.01
Sulphates (mg 17" 6.45+0.69 8.63+0.61 644+049 5.88+0.52 5.46+0.2
Calcium (mg 17V 7214212 433+1.13  521+057 6.95+093  5.21+0.57
Magnesium (mg 171) 3.07+028 296+034 291+0 2.12+0.58 291+0

Table‘Z Seasonal RhYSiCO' Parameters Summer Monsoon Autumn Winter Spring

chemical characteristics of

water at sampling station S, Air temperature (°C) 2027+1.08 1954071 17.15+12 10.67+247 13.45+4.31

Io{fi Ezlcgl;e‘a Tal, Garhwal Water temperature (°C) 17174126 16254035 1464057 7.274293 10.75+4.88
Electrical conductivity (uS cm™)  60.47+1.62 67.05+1.63 47.9+2.69 34.43+4.05 37.1+4.67
Salinity (SAL) 0.1+0 0.05+£0.07 0.15+0.07 02+0 02+0
pH 6.78+0.06 6.76+0.09 684+0.05 7.16+0.2 7.13+0.39
TDS (mg 171 32.57+754 3925+1.06 194+1.13 18.07+0.74 18.65+2.62
Turbidity (NTU) 6.77 £0.66 8.1+£0.42 53+1.53 3.52+049 4.59+0.87
DO (mg I 6.77+£0.25 7.15+0.49 7.7+£0.71 8.53+0.06 8.3+0.71
BOD (mg 1 1.37+0.15 1.2+0.28 1+£0.14  0.57+0.21 0.95+0.35
Free CO, (mg 17 1.93+0.51 2.85+0.07 1.8+0.28 1.11+0.25 0.78+0.42
Alkalinity (mg 1Y 80.17+8.37 7824283 73.75+1.77 54.83+939 60.4+0.57
Hardness (mg b 28+0 22+2.83 25+1.41 25.5+0.87 25+1.41
Chlorides (mg I 4.58+096 5.68+0 34+0 3.09+0.44 3.66+0.42
Nitrates (mg 1™ 0.35+0.01 045+0.02 0.36+0.03 0.31+0.05 0.35+0.04
Phosphates (mg I 0.07+0.01 0.09+0.01 0.07+0 0.05+0.01 0.05+0.01
Sulphates (mg 1Y 6.9+043 8.62+1.01 7.12+142 17.33+0.75 6.4+0.05
Calcium (mg 17 6.68+0.46 4.01+1.13 4.81+0 6.95+0.93 5.21+0.57
Magnesium (mg 1) 275+0.28 291+0 3.16+034 1.98+049 2910

Dissolved oxygen in water is necessary for respiratory
metabolism of most aquatic organisms and affects the
solubility and availability of many nutrients and therefore
determines the productivity of aquatic ecosystems (Wetzel
2001). DO was found to be maximum (8.91 +0.1 mg 17}
at S, in winter season and minimum (6.77 +0.25 mg ™Y at
S, in summer season. The dissolved oxygen decreases dur-
ing the summer season and steadily increases in autumn
till maximum in winter following the well-known law of
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solubility of gases (Tian et al. 2012). Kaul and Handoo
(1980) found the similar trend in Kashmir lakes. Dur-
ing the present study, BOD concentration was recorded
higher values in summer (1.67 +0.12 mg 17!) at S, and
lower value in winter (0.57 +0.21 mg 17!) at S, and ;.
Maximum BOD in summer and minimum in winter sea-
sons were also reported by Liu et al. (2010). The free
carbon dioxide in Nachiketa Tal was found to be maxi-
mum (2.85+0.07 mg 17!) in monsoon at S, and minimum
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Table.3 Seasonal Ph}.'SiCO' Parameters Summer Monsoon Autumn Winter Spring

chemical characteristics of

water at sampling station S Air temperature (°C) 20.57+0.81 2045+0.64 17.9+1.56 11.23+248  142+4.67

Iﬁgﬁy‘ﬁe‘a Tal, Garhwal Water temperature (°C) 17674126 16754035 1494085 7374284 1124509
Electrical conductivity (uS cm™) 54.83+4.66 57.5+1.41 40+0.71 31.67+3.06 345+3.54
Salinity (SAL) 0.1+0 0.05+0.07 0.15+0.07 02+0 02+0
pH 6.8+0.05 6.78+0.08 69+0.03 7.22+023 7.05+035
TDS (mg 17" 30.67+7.51 37.6+057 182+1.84 17.5+0.87 17.45+148
Turbidity (NTU) 6.18+0.32 7.8+0.57 52+1.52 3.09+0.39 34+1.82
DO (mg17h 7.0+02  7.45+0.35 8.2+0.42 8.83+0.06 8.7+0.71
BOD (mg 17} 1.13+0.12 1+0 0.95+0.07 0.57+0.21 0.95+0.35
Free CO, (mg 171 1.93+0.51 28+0.07 1.65+021 1.09+0.18 0.75+0.43
Alkalinity (mg 17" 77.4+7.97 7625+3.18 70.25+0.35 53.33+11.55 60+0
Hardness (mg 171 29.33+2.31 22.4+3.39 25+1.41 2547+1.29 25+1.41
Chlorides (mg 171) 4.58+096 5.68+0 34+0 3.03+0.32  3.66+0.42
Nitrates (mg 1) 0.34+0.01 041+£0.02 034+005 03+005 0.37+0.03
Phosphates (mg 171) 0.07+£0.01 0.08+0 0.08+0.01 0.05+0.01 0.06+0.01
Sulphates (mg 17" 6.73+0.8  8.55+0.49 6.35+0.35 6.03+0.2 5.79+0.09
Calcium (mg 17V 6.95+093 4.02+1.12 5.61+1.13 625+0.58 5.37+0.34
Magnesium (mg 171) 291+0 3.01+0.14 2.67+034 24+0.06 2.82+0.14

Table‘4 Seasonal RhYSiCO' Parameters Summer Monsoon Autumn Winter Spring

chemical characteristics of

water at sampling station S, Air temperature (°C) 209+1.15 20.5+0.71 17.75+12 11.13+2.69 14+4.24

o Ezlcgl;e‘a Tal, Garhwal Water temperature (°C) 1774121 16754035 14954078 7.6+2.82 1125+5.02
Electrical conductivity (uS cm™) 55.73+3.31 63.05+0.21 43.95+2.76 31+2 345+3.54
Salinity (SAL) 0.1+0 0+0 0.15£0.07 02+0 02+0
pH 6.78+0.06 6.76+0.06 6.89+0.02 7.31+0.12 7.15+0.35
TDS (mg 171 30.87+7.68 38.25+1.06 17.95+1.48 17.8+0.75 17.45+1.48
Turbidity (NTU) 6.12+0.38 7.72+0.54 5.22+1.52 3.13+041 3.38+1.8
DO (mg I 6.93+0.31 7.5+042 8.25+0.35 8.8+0.2 8.5+0.71
BOD (mg I 1.53+0.06 1.5+0 1.19+0.3 0.77+0.12 1.05+0.21
Free CO, (mg 17 1.93+0.51 2.81+0.08 1.65+0.21 1.06+0.12 0.75+0.43
Alkalinity (mg 1Y 77.53+8.26 76.4+2.26 71+1.41 5333+11.55 60.25+0.35
Hardness (mg 1Y 30.83+4.48 26+4.24 25+1.41 2533+0.92 25+1.41
Chlorides (mg Ih 4.58+096 5.68+0 34+0 3.03+0.32 3.66+0.42
Nitrates (mg 1 0.35+0.02 0.46+0.01 0.4+0.04 0.31+0.05 0.34+0.02
Phosphates (mg I 0.07+0.01 0.09+0 0.08+0.01 0.06+0.01 0.06+0.01
Sulphates (mg 1 6.57+0.73 8.62+0.59 8.25+2.05 5.9+0.52 547+0.21
Calcium (mg 17V 748+185 641+226 5.61+1.13 588+028 5.21+0.57
Magnesium (mg 1 296+0.07 2434034 2.67+034 2.59+0.05 29140

(0.75+0.43 mg 1™!) in spring at S,, S; and S,,. Surana et al.
(2010) also reported maximum free CO, during monsoon
seasons, because of the reduced photosynthesis during
these months. Increased concentration of free CO, in mon-
soon also indicates its influx through rainwater in the form
of carbonic acid (Chakraborty et al. 1959).

The maximum alkalinity (80.17 +8.37 mg 171)
was recorded in summer season at S, and minimum
(53.33+11.55 mg 1! in winter season at §;, S5 and S, in

Nachiketa Tal. Similar trend was reported by Sharma et al.
(2011) in Lake Pichhola, Rajasthan.

Calcium and magnesium occur in all kinds of natu-
ral water. The concentration of calcium was found to
be maximum (7.48 +1.85 mg 1!) in summers at S, and
minimum (4.01 +1.13 mg 1~!) in monsoon season at S.
The concentration of magnesium was found to be mini-
mum (1.98 +0.49 mg 17") at S, in winters and maximum
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Fig.2 Cluster analysis between sampling stations

(3.16 +£0.34 mg 1"!) in autumn at S,. Hardness is the
property of water which prevents lather formation with
soap. Hardness is mainly due to the presence of cations
(calcium and magnesium) and anions mainly bicarbo-
nates and carbonates. Seasonally, hardness was found
to be maximum (30.83 +4.48 mg 17!) in summer season
at S, and minimum (22 +2.83 mg 1~!) in monsoon at S,
in Nachiketa Tal. Maximum concentrations of hardness
in summer and lower in monsoon were also reported by
Hujare (2008). This may be due to the low water level
and high rate of evaporation in the aquatic body. Chloride
concentration in the water of Nachiketa Tal was maxi-
mum (5.68 +0 mg 17") in monsoon season at all the four
stations and minimum (3.03 +0.32 mg 17!) in winter sea-
son at S,. Chemically, the most stable form of nitrogen is
nitrate. In the present study, the values of nitrates were
maximum (0.046 +0.01 mg 1~!) during monsoon season
at S, and minimum (0.030 +0.02 mg 17!) during winter at
S, and S,. Similar results were reported by Abir (2014) and
Wondie et al. (2007) in their respective studies. Season-
ally, phosphates concentration was high (0.10+0 mg 17}
during monsoon at §; and minimum (0.05 +0.01 mg 1=h
in winter at S, and S;. The higher concentration of phos-
phates in monsoon season was also reported by Shukla
et al. (2013) and Krishanmoorthi and Selvakumar (2012).
Sulphates in the Nachiketa Tal were found to be maxi-
mum (8.63 +0.61 mg 1"!) in monsoon at S, and mini-
mum (5.46 +0.2 mg 17') in spring at §,. Similar trend of
higher concentration of sulphates in monsoon season was
reported by Abubakar (2012) in Nguru Lake of north-east-
ern Nigeria, and Latha and Mohan (2010) in Kommagatta
Lake of Bangalore.

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Statistical treatment of data
Pearson’s correlation coefficients

Pearson’s correlation coefficients were calculated for deter-
mining the relationship between the physico-chemical vari-
ables. Cluster analysis was applied to know the similarities
between the sampling sites. The statistical treatment of data
was done by using the PAST software. Pearson’s correla-
tion coefficients calculated between the physico-chemical
attributes of Nachiketa Tal are presented in Table 5. Water
temperature of the lake was directly influenced by the air
temperature (r=0.995, p <0.01). A positive correlation was
found between the TDS and EC (r=0.906, p <0.01). TDS
was also positively co-related with the turbidity (r=0.832,
p<0.01). A negative relation (r=—0.905, p <0.01) between
the dissolved oxygen and water temperature. TDS is a direct
measure of all the dissolved particles, both organic and inor-
ganic in water. Higher TDS in monsoon in Nachiketa Tal
is due to the surface runoff and sediment deposition in the
lake from the catchment area. However, BOD was found to
have positive correlation with water temperature (r=0.955,
p <0.01). Sharma and Rawat (2009) also found a negative
correlation between DO and water temperature in Asan
wetland, Garhwal Himalaya. Photosynthetic activities of
producers in the lakes also governed the pH. Therefore, it
reflects productive nature of the water body (Upadhyay et al.
2012). A negative correlation (r=-0.961, p<0.01) was
found between the pH and water temperature in Nachiketa
Tal. Nitrates in the water of the lake were found positively
correlated with the turbidity (r=0.729, p <0.01).

Cluster analysis

Cluster analysis was applied to know the similarities
between the sampling stations. In the cluster analysis, the
distance ranged from 0 to 6.00. It revealed the similarity
between S, and S, (Fig. 2).

Conclusion

The present study on seasonal physico-chemical charac-
terization of water of Nachiketa Tal revealed that the water
quality of the Nachiketa Tal was degraded during monsoon
season. In monsoon season, the lake receives sediments,
litter and other organic pollutants, consequently increas-
ing the turbidity, TDS, EC and nutrients like nitrates and
phosphates in the lake. Water quality of the Nachiketa Tal
was better during winter season. The highest dissolved
oxygen was found in winter season in Nachiketa Tal dur-
ing its low water temperature. Cluster analysis between
the sampling stations of Nachiketa Tal revealed that the
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sampling stations S; and S, have close similarity, as both
receive the anthropogenic pressures. Therefore, there is
an urgent need to reduce the natural and anthropogenic
pressures on the water of Nachiketa Tal during monsoon
season for providing goods and services including drink-
ing water to the people.
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