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Abstract Satopanth Lake is a glacial lake, located at an

altitude of 4600 m above sea level in Garhwal Himalaya of

Uttarakhand state in India where an attempt was made to

assess the water quality. A total of sixteen physico-chemical

parameters including temperature, hardness, alkalinity, dis-

solved oxygen, conductivity, pH, calcium, magnesium,

chlorides, nitrates, sulphates and phosphates were recorded

during 2014 and 2015 between June and August in ice-free

period.Themeanvalues of pHranged from6.85 to7.10;water

temperature fluctuated from 0.1 to 0.3 �C; dissolved oxygen

varied from 5.90 to 6.0 mg.L-1; free CO2 varied from 8.40 to

8.60 mg.L-1; total dissolved solids varied from 88.0 to

89.5 mg.L-1; calcium from 7.88 to 7.95 mg.L-1; magnesium

from 0.53 to 0.66 mg.L-1. All the physico-chemical values

werewithin the prescribedWHO/BIS limit for drinkingwater.

Water Quality Index (WQI) calculated based on these

parameters also revealed the excellent quality of lake water.

Keywords Water quality � Satopanth Lake � Garhwal
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Introduction

On the planet Earth, mountains cover approximately one-

quarter land surface, which provides home for about 12%

of the global human population. According to the United

Nations Conference on Sustainable Development (UNCSD

2012) which was held in Rio de Janeiro, Brazil, ‘‘mountain

ecosystems play a crucial role in providing water resources

to a large portion of the world’s population’’. Lakes are

vigorous inland aquatic systems of variable size, filled with

water, localized in a basin, and surrounded by land. All

lakes originating by present or past glaciers, in both con-

tinental ice sheets and mountain glaciers, are described as

glacier lakes or glacier-fed lakes (Fairbridge 1968). The

lakes present above 3500 m altitude are considered to be

evolved due to retreat of glaciers and are classified as

glacial lakes (WWF 2005). These lakes are a good and

precious source of clean and fresh water. Most of these

lakes are small and shallow in size, but they tend to connect

to each other and grow into a large conterminous lake

within the glacier ice. The Garhwal Himalaya has several

glacier-fed lakes or glacial lakes above an altitude of more

than 3,500 m above m.s.l. These glacier-fed lakes are the

main source of drinking water for sages, trekkers, wild

animals and local inhabitants. The Satopanth Lake is one of

the most important and biggest sacred glacier-fed lakes of

the Garhwal Himalaya.

Though some works have been done on different aspects

of glacial lakes, such as the works of Ageta et al. (2000) on

glacier lakes of Bhutan, Fujita et al. (2012) on glacier lakes

outburst flood in Bhutan, Raj et al. (2013) on glacial lakes

of Sikkim, Mihaiescu et al. (2013) on glacial lakes of

Romania, Pu et al. (2013) on glacial lake Ximencuo, Che

et al. (2014) on glacial lakes of Tibbet, Westoby et al.

(2014) on modeling of outburst floods from moraine

dammed glacial lakes and Bhambri et al. (2015) on

Inventory of glacier lakes of Uttarakhand. But, no work has

been done so far on the water quality of any glacier-fed

lake of Garhwal Himalaya. Therefore, to provide basic data

on the water quality of Satopanth, a glacier-fed lake of the
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Garhwal Himalaya was used for reference for further

studies.

Study area

Satopanth Lake is one of the important and biggest glacial

lake of Alkapuri glacier of the Garhwal Himalaya in the

state of Uttarakhand, India (Fig. 1). It is located in the

midst of snow-capped peaks at an altitude of 4600 m above

mean sea level (latitude 30044068200 N and longitude

79021046800 E). No documented information is available on

the Satopanth Lake, except the location and type of this

lake (lateral moraine dammed lake), with the help of

satellite images during 2011-2013 by Bhambri et al.

(2015). This lake has religious significance to local people

and it is considered sacred for them. Residents of Mana

village, the last border village of India, immerse the ashes

of their dead ones in this lake. Satopanth Lake is 25 km

away from Badrinath, the world famous temple of Hindus.

Kuber top, Mt. Nilkantha and Mt. Swargarohini are the

important peaks visible enroute to the lake. The lake

remains under snow from the end of September to the end

of May or sometimes up to the end of June. The normal

summer temperature remains around 10 to 12 �C during

day time and 5 to - 5 �C during night, while winter

temperature may drop to - 20 to - 25 �C during day and

– 30 to - 35 �C during night hours.

Satopanth Lake with its emerald blue-green crystal clear

water is triangular in shape with three corners spread

within the circumference of more than one km. This pris-

tine lake is situated at the base of Mt. Nilkantha peak. The

approximate area of the lake is 2553 m2 with the length of

about 358 m and depth is approximately 15–20 m. Geo-

logically, this is a glacial corrie lake or tarn which is

dammed by moraines. The Alkapuri glacier is a huge

glacier and a lot of tarns are formed close to this glacier.

The water of the lake is held by the vast boulders and

lateral moraines of the glacier.

No vegetation is found except few herbs during sum-

mers at and near the Satopanth Lake. However, two plant

species (Betula utilis and Juniperus sp.) are dominantly

found near Laxmivan and Chakratirth enroute to Satopanth

Lake. Betula utilis, commonly known as ‘‘Bhojpatra’’ is a

birch tree native to the Himalaya, growing at elevation up

to 4500 m. Juniperus species is a coniferous plant of the

Cupressaceae family. It is widely used in India by the

Hindus for worshiping the God.

Materials and methods

Water sampling

The lake water was sampled during 2014 and 2015 in two

sampling operations each year. In both the years, sampling

made in the months of June and August, the ice-free

periods, as the lake is accessible only for a limited span of

time. Water samples were collected from three different

sites (S1, S2 and S3) of the lake at about 30 cm below the

surface water using autoclaved thermoflask in the morning

time between 9:00 to 11:00 h. Water quality parameters,

such as pH, air temperature, water temperature and dis-

solved oxygen, were measured at the sampling site. For the

remaining parameters, the water samples were transferred

to the Laboratory of Environmental Microbiology,

Department of Environmental Sciences, H.N.B. Garhwal

University (A Central University), Srinagar-Garhwal,

Uttarakhand, India. All the physico-chemical parameters

and coliform test were analyzed by following the standard

methods outlined in Wetzel and Likens (1991); APHA

(1998).

Coliform detection

For water quality analysis, coliform group of bacteria may

be differentiated by the presumptive test, the confirmed testFig. 1 The study area
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and the complete test. The Presumptive test was done to

confirm the presence of lactose-fermenting gas-producing

bacteria. It was used to determine the Most Probable

Number (MPN) of coliforms in a sample of water beside

their properties of fermenting lactose and producing gas.

The confirmed and the complete test are meant for differ-

entiating the coliform with that of non-coliforms. All these

tests were performed by following the standard methods

outlined in APHA (1998).

Water Quality Index (WQI)

WQI is an abyssal number that combines the various water

quality values into a single number by normalizing values

to subjective rating curves. All these parameters or char-

acteristics occur in variable ranges and expressed in vari-

ous units. The WQI takes the complex scientific

information into a single number. For this purpose, thirteen

water quality parameters were selected. Values used for

each parameter were the mean value of the three sites of

four replicates of each site.

In the formulation of WQI, the ‘standards’ (permissible

values of various parameters) for the drinking water used in

this study were those recommended by the WHO (2004).

The calculation and formulation of the WQI involved the

following steps (Alobaidy et al. 2010).

First step

Each of the thirteen parameters has been assigned a weight

(AWi) ranging from 1 to 4 depending on the collective

expert opinions taken from different previous studies (Prati

et al. 1971; Ramakrishnaiah et al. 2009 and Alobaidy et al.

2010). The mean values for the weights of each parameter

have been shown in Table 1. However, a relative weight of

1 was considered as the least significant and 4 as the most

significant.

Second step

The relative weight (RW) was calculated using the fol-

lowing equation:

RW ¼ AWi

Pn

i¼1

AWi

ð1Þ

where, RW = the relative weight, AW = the assigned

weight of each parameter, n = the number of parameters.

The calculated relative weight (RW) values of each

parameter have been given in Table 2.

Third step

A quality rating scale (Qi) for all the parameters except pH

and DO was assigned by dividing its concentration in each

water sample by its respective standard according to the

drinking water guidelines recommended by the WHO, the

result was then multiplied by 100.

Qi ¼ Ci=Si½ � � 100 ð2Þ

While, the quality rating for pH or DO (QpH, DO) was

calculated on the basis of,

QpH; DO ¼ Ci� Vi

Si� Vi

� �

� 100 ð3Þ

where, Qi = the quality rating, Ci = value of the water

quality parameter obtained from the laboratory analysis,

Si = value of the water quality parameter obtained from

recommended WHO, and Vi = the ideal value which is

considered as 7.0 for pH and 14.6 for DO.

Equations (2) and (3) ensure that Qi = 0 when a pol-

lutant is totally absent in the water sample and Qi = 100

when the value of this parameter is just equal to its per-

missible value. Thus, the higher the value of Qi is, the more

polluted is the water (Mohanty 2004).

Fourth step

Finally, for computing the WQI, the sub indices (SI i) were

first calculated for each parameter, and then used to com-

pute the WQI as in the following equations:

SI i ¼ RW � Qi ð4Þ

WQI ¼
Xn

i¼1

SI i ð5Þ

The computed WQI values could be classified as

\ 50 = Excellent; 50–100 = Good; 100–200 = Poor;

200–300 = Very poor; [ 300 = Unsuitable (Prati et al.

1971; Ramakrishnaiah et al. 2009 and Alobaidy et al.

2010).

Results and discussion

Data of all the sixteen physico-chemical parameters

obtained under two sampling operations during a period of

two years (2014–2015) from the sacred Lake Satopanth of

Garhwal Himalaya have been presented in Table 3. A very

little variation (0.1 to 0.3 �C) in the mean value of water

temperature of Satopanth Lake was observed during the

study period. However, the temperature of the surface

water was about 13 to 14 �C recorded from Ximencuo, a

typical glacial lake on the eastern Qinghai–Tibetan plateau
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(QTP) (Pu et al. 2013). This difference in the water tem-

perature of these glacial lakes may be due to the difference

in the physiography and location of these two glacial lakes.

The glacial Lake Ximencuo is also fed by modern glacier

via shallow small streams (Pu et al. 2013). The pH of

Satopanth Lake water varied from 6.85 to 7.10, indicating

that the water is almost neutral in nature. Similar result was

recorded by Mihaiescu et al. (2013) on glacial lakes in the

Romanian Carpathians. However, the pH value of glacial

Lake Ximencuo water was about 8.9, which is alkaline in

nature (Pu et al. 2013). pH is a key factor that decide the

suitability of water for various purposes. The observed

values of Satopanth Lake show a relative agreement with

pH values of surface water, which lie within the range of

6.5–8.5 given as per WHO standards of drinking water.

The mean values of dissolved oxygen (DO) varied from

5.90 to 6.00 mg/L which never reached the critical values

5.0 mg/L given in WHO standards for drinking water.

Similar results were recorded by Saini et al. (2008) for

three Himalayan lakes and Mihaiescu et al. (2012) for

Balea and Caltun lakes. The reason behind the low con-

centration of dissolved oxygen in the lake water is the

location of the Satopanth Lake in the higher Himalaya. As

we move toward the higher altitude, the concentration of

Table 1 Assigned weight values adopted from the literature (Prati et al.1971; Ramakrishnaiah et al. 2009 and Alobaidy et al. 2010)

Parameters Sampling sites Mean value

S1 S2 S3

pH 3 3 3 3.0

DO (mg/L) 4 4 4 4.0

Conductivity(lS/cm) 3 2 3 2.7

TDS (mg/L) 2 2 3 2.3

Free CO2 (mg/L) 1 1 1 1.0

Total hardness (mg/L) 3 3 3 3.0

Calcium (mg/L) 3 2 3 2.7

Magnesium (mg/L) 2 3 2 2.3

Chlorides (mg/L) 4 4 4 4.0

Total alkalinity (mg/L) 4 3 4 3.7

Nitrates (mg/L) 1 2 1 1.3

Sulphates (mg/L) 1 1 1 1.0

Total coliform 4 4 4 4.0

Table 2 Relative weight of the water quality parameters

Parameters Water quality standard (WHO) Water quality standard (BIS) Assigned weight (AW) Relative weight (RW)

pH (pH unit) 6.5–8.5 (8.0) 6.5–8.5 3.0 0.085714

DO (mg/L) 5.0 6.0 4.0 0.114286

Conductivity(lS/cm) 250 300 2.7 0.077143

TDS (mg/L) 500 500 2.3 0.065714

Free CO2 (mg/L) 250 – 1.0 0.028571

Total hardness (mg/L) 200 200 3.0 0.085714

Calcium (mg/L) 75 75 2.7 0.077143

Magnesium (mg/L) 30 30 2.3 0.065714

Chlorides (mg/L) 250 250 4.0 0.114286

Total alkalinity (mg/L) 200 200 3.7 0.105714

Nitrates (mg/L) 45 45 1.3 0.037143

Sulphates (mg/L) 200 200 1.0 0.028571

Total coliform (100 mL) 10 00 4.0 0.114286

Total 35.0 1.0
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oxygen in the atmosphere goes down. So, less amount of

atmospheric oxygen gets dissolved in the water of the lake.

In any aquatic ecosystem, dissolved oxygen is an important

parameter for the survival of most forms of aquatic life,

besides being the most reliable criterion for assessing the

trophic status and the magnitude of eutrophication (Ed-

mondson 1966).

The electrical conductivity (EC) greatly affects the taste

of water. It is an indirect measure of total dissolved salts

available in the water. Electrical conductivity ranged from

162 to 167.5 lS/cm in the water of Satopanth Lake.

However, a high electrical conductivity (530 lS/cm) was

recorded in the surface water of glacial lake Ximencuo (Pu

et al. 2013). Low electrical conductivity is a characteristic

of good quality of water. Electrical conductivity depends

upon the quantity of dissolved salts present in water. The

mean value is below the range of 250 lS/cm-1 as per

WHO standards. Similar results were recorded by Chacon-

Torres and Rosas-Monge (1998) for high altitude Mexican

lake; Saini et al. (2008) for three Himalayan lakes;

Mihaiescu et al. (2012) for Balea and Caltun lakes and

Singh et al. (2014) for high altitude lakes of Lahaul-Spiti in

Himachal Pradesh.

Salinity of the samples was recorded 0.1SAL throughout

the sampling period. This represents that a very low

quantity of salts is dissolved in the water of the lake.

Salinity is the dissolved salt content of a water body. It is

an important factor in determining many aspects of the

chemistry of natural water and of biological processes

within it.

The mean value of total dissolved solids (TDS) ranged

between 88.0 and 89.5 mg/L in the water of Satopanth

Lake, which is much lower than 500 mg/L as per WHO

standards. Low concentration (44.0 mg/L-1) of total dis-

solved solids (TDS) was also recorded in the glacial Lake

Ximencuo (Pu et al. 2013). Electrical conductivity and

TDS are closely related to each other. Electrical conduc-

tivity and TDS concentration are directly proportional to

each other.

The mean values of free CO2 varied between 8.40 and

8.60 mg/L, which is very less than the prescribed limit of

250 mg/L given by WHO for drinking water. The high

value of free CO2 content is an indication of high degree of

pollution (Coole 1979).

The total hardness is also an important parameter of

water quality for using in domestic, industrial and agri-

cultural purposes. Hardness of water is due to major cations

present in the water body. The mean value of total hardness

varied from 22.0 to 22.5 mg/L against the WHO standard

which is 200 mg/L for drinking water. The main reason for

less amount of total hardness is that the fewer amounts of

cations are dissolved in water. At such, a high altitude,

water body rarely contains more cations, as there is no

collision of water with the rocks and other minerals.

The mean value for calcium varied from 7.88 to

7.95 mg/L against 75 mg/L of WHO standard given for

drinking water. Magnesium varied from 0.53 to 0.66 mg/L,

Table 3 Statistical summary of the Satopanth Lake water quality data

Physico-chemical Parameters 2014 2015

S1 (X � SD) S2 (X � SD) S3 (X � SD) S1 (X � SD) S2 (X � SD) S3 (X � SD)

Air temperature (�C) 1.00 ± 0.28 1.00 ± 0.28 0.95 ± 0.35 1.10 ± 0.42 0.95 ± 0.35 1.00 ± 0.28

Water temperature (�C) 0.15 ± 0.07 0.20 ± 0.14 0.15 ± 0.07 0.20 ± 0.14 0.20 ± 0.00 0.15 ± 0.07

pH 6.85 ± 0.07 6.85 ± 0.07 6.90 ± 0.00 6.85 ± 0.07 7.10 ± 0.00 6.95 ± 0.21

DO(mg/L) 5.90 ± 0.14 6.00 ± 0.00 5.80 ± 0.00 5.80 ± 0.00 5.90 ± 0.14 6.00 ± 0.00

Conductivity (lS/cm) 163.00 ± 2.83 164.00 ± 1.41 162.00 ± 0.00 166.50 ± 4.95 165.50 ± 3.54 167.50 ± 3.54

Salinity (SAL) 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00

TDS (mg/L) 88.00 ± 1.41 88.00 ± 1.41 89.00 ± 2.83 89.50 ± 2.12 88.50 ± 3.54 88.00 ± 2.83

Free CO2 (mg/L) 8.40 ± 0.14 8.40 ± 0.00 8.40 ± 0.00 8.60 ± 0.28 8.50 ± 0.14 8.60 ± 0.28

Total Hardness (mg/L) 22.00 ± 1.41 22.00 ± 1.41 22.00 ± 1.41 22.00 ± 0.00 22.50 ± 2.12 22.50 ± 2.12

Calcium (mg/L) 7.89 ± 0.00 7.90 ± 0.01 7.89 ± 0.00 7.95 ± 0.08 7.95 ± 0.08 7.88 ± 0.01

Magnesium (mg/L) 0.565 ± 0.35 0.56 ± 0.34 0.56 ± 0.35 0.53 ± 0.05 0.65 ± 0.47 0.66 ± 0.46

Chlorides (mg/L) 9.90 ± 0.06 9.90 ± 0.06 9.63 ± 0.16 9.83 ± 0.16 9.14 ± 0.88 9.64 ± 0.17

Total Alkalinity (mg/L) 181.50 ± 2.12 180.00 ± 1.41 180.00 ± 1.41 179.00 ± 0.00 179.00 ± 2.83 179.00 ± 2.83

Nitrates (mg/L) 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.01

Sulphates (mg/L) 0.73 ± 0.01 0.73 ± 0.01 0.73 ± 0.00 0.73 ± 0.01 0.73 ± 0.01 0.73 ± 0.00

Phosphates (mg/L) 0.062 ± 0.38 0.060 ± 0.00 0.060 ± 0.00 0.060 ± 0.00 0.060 ± 0.00 0.62 ± 0.01
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which is less than the WHO standard (30 mg/L) for

drinking water. Similar results were observed by Chacon-

Torres and Rosas-Monge (1998) for high altitude Mexican

lake; Saini et al. (2008) for three Himalayan lakes;

Mihaiescu et al. (2012) for Balea and Caltun lakes and

Mihaiescu et al. (2013) for glacial lakes in the Romanian

Carpathians. Mean values of chlorides varied from 9.14 to

9.90 mg/L. The permissible limit by WHO is 250 mg/L,

which is very high than the concentration observed in the

water of Satopanth Lake.

The alkalinity of water is usually caused by the presence

of carbonates, bicarbonates and hydroxyl ions, and less

frequently by borates, silicates and phosphates. Alkalinity

is not a pollutant. It is a total measure of the substances in

water that have ‘‘acid-neutralizing’’ ability. Alkalinity of

the water of the Satopanth Lake ranged from 179.0 to

181.5 mg/L during the study period. The observed values

of alkalinity were less than the permissible level (200mg/

L-1) recommended by the WHO for drinking water.

Nitrates were the most abundant form of nitrogen

compound. The mean value of nitrates present in the lake

water was 0.13 mg/L. This is very less than the WHO

permissible concentration of 45 mg/L for drinking water.

Sulphates were also found in small amount (0.73 mg/L).

Permissible limit of sulphates for drinking water prescribed

by WHO is 200 mg/L. Phosphorous is generally

Fig. 2 Culture plates for coliform test
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recognized as one of the key nutrients in the productivity of

fresh water, as it is an essential element for determining the

fertility of lakes. The mean value of phosphates in the

water of Satopanth Lake was around 0.06 mg/L. Almost

similar results of water quality were observed by Chacon-

Torres and Rosas-Monge (1998) for high altitude Mexican

lake; Saini et al. (2008) for three Himalayan lakes and

Mihaiescu et al. (2012) for Balea and Caltun lakes.

Water Quality Index (WQI) analysis

The Water Quality Index (WQI) was used to accumulate

diverse parameters and their dimensions in a single value,

that displaying the water quality of Satopanth Lake. It was

observed from the computed data for all the thirteen water

quality parameters that the value of WQI was 28.504.

Therefore, the water of Satopanth Lake can be categorized

as ‘‘Excellent’’ during the sampling period. Detailed

statistics for all the water quality examined during the

assessment are shown in Table 3. To reach a better view on

the water quality of Satopanth Lake, selected results from

the physico-chemical parameters are presented in Table 3.

In the coliform test, no coliform bacterial colony was

shown on the Eosin Methylene Blue (EMB) agar plate

(Fig. 2). All the tubes of lactose broth used in the pre-

sumptive test to ensure the presence of coliform bacteria

showed negative results. No CO2 formation was recorded

in the inverted Durham tubes and no change was seen in

the lactose broth media.

Conclusion

The results obtained on all the physico-chemical parame-

ters of surface water of the glacier-fed Lake Satopanth in

Garhwal Himalaya revealed that the water quality of the

lake is ‘‘excellent’’ following the standards of WHO and

Bureau of Indian Standards (BIS). The value (28.504) of

Water Quality Index (WQI) computed after accumulating

diverse physico-chemical parameters of lake water also

confirms the above assessment of the water quality. The

coliform test also supports these findings of ‘‘excellent’’

water quality of the water of Satopanth Lake. This maiden

study on the assessment of water quality of the sacred

glacier-fed Lake Satopanth of the remote area of the

Himalaya can be a good reference for further study on

Himalayan glacial lakes.
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