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ABSTRACT

The aim of this research was to analyze physical and chemical characteristics of high altitude lakes (Gokyo lake series,
Imja lake, Pyramid lake) of the Sagarmatha National Park, Khumbu region located above 4500 m altitude. The lake
water was studied for three years (2008, 2009 and 2010) to compare the annual changes in the parameters. The findings
created a database for present status of high land lakes of Nepal, which can be used for the management of lakes as well
as to study the impact of tourism on water quality. The lake water quality in general still stands good in terms of stan-
dards for drinking water (WHO, Nepal standard) but degradation process has started. Total nitrogen in water samples
was lower than the WHO standard but an increase in the nitrate nitrogen has been recorded. Similarly, total phosphor-

rous quality was also found increased.
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1. Introduction

The Sagarmatha National Park (SNP), established in
1976 and declared as a world Natural Heritage site in
1979, is located in the District of Solukhumbu, Nepal.
The world’s highest peak Mount Everest (8848 m) is lo-
cated here. It is a popular eco-touristic destination for
international community. Since the first ascent of Everest
in 1953, around half a million trekkers (national & inter-
national) visited the SNP. The number of tourists in the
Khumbu region was 20 in 1964, which rose to peak num-
ber 32,123 in 2009 and 32,084 in 2010. In addition to in-
ternational trekkers, a large number of people visit the
SNP as porter and guide. On one side, there is economic
gain through tourism in the Khumbu region; on the other
it has produced some environmental concern [1]. Nepal-
ese high altitude lakes are considered as relatively un-
polluted and are oligotrophic [2]. Limnological studies in
high altitude lakes of the Himalayas have been carried
out [3-8] in the north west Indian himalaya. In Nepal,
Loffer [9], Aizaki et al. [2] added useful information on
the morphometry, physico-chemical and biological fea-
tures, primary productivity, trophic status etc in the east-
ern Nepalese Himalayas. Loffer (1969) studied in 24 la-
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kes between 4500 and 5600 m altitude in the Mount Ev-
erest area (Khumbu Valley), producing the first data on
morphometry, chemistry and biology of these systems.

Nowadays, several studies have focused on the water
chemistry of the highland [2,10-12]. They provided the
data on morphometry, bathometry and pollution levels
for management and protection of the high altitude wet-
lands of Nepal. Limnological survey (including chemis-
try, biology and sediment core studies) of lakes located
between ca. 4500 and 5500 m a.s.l. has been performed
since 1992 in the Kumbhu Valley, Nepal. Lake water
chemical surveys reveal a constant increase of the ionic
content of the lake water probably related to glacier re-
treat [13].

Gokyo lakes have been protected as Ramsar site since
2007, Imja lake has been taken as the risk of GLOFs. So,
the main objective was to analyze the physio-chemical
characters of the Gokyo lake series (1%, 2™, 3¢ and 4"
Gokyo lake), Imja lake and Pyramid lake, which contrib-
ute to understand the present status of water of the dif-
ferent remote highland lakes in the Himalayan region. So
that, these lakes can be protected or managed well. Thus,
the parameters; temperature, pH ,conductivity, total dis-
solved solids, nitrogen and phosphorous were analyzed
in different year (2008, 2009, 2010) were analyzed to
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note the ecological status and annual changes in aquatic
ecosystem of lake water in SNPBZ.

2. Materials and Methods

2.1. Study Sites

The Sagarmatha National Park (SNP) covers 1148 sq km
area. This park lies about 140 km east of Kathmandu. It
ranges between 27°30'19"N and 27°06'45"N latitude,
86°30'53"E and 86°99'08"E longitude. The park is char-
acterized by rugged topography, altitude of park ranges
from 2845 m at Jorsella to 8848 m at the top of the Mt.
Everest (The World’s highest mountain). It comprises
three villages Development Committees (VDCs) namely
Namche, Khumjung and Chaurikharka. The mountains of
Sagarmatha National Park are geologically young and
broken up by deep gorges and glacial valleys (Figure 1).
Tourism is major source of economy of Khumbu region
and many local residents still depend upon agro-pastoral
activities. Tha population residing in the park is around
6000 and the area is inhabited mainly by Sherpa, fol-
lowed by Tamang, Rai ethnic groups.

2.2. Sample Collection

Thirty three water samples from eleven (11) locations
were collected and analyzed in three consecutive years
2008, 2009 and 2010. The criteria of selection of sam-
pling points were based on outflow region of lakes.

2.3. Field Measurements, Sample Preservation
and Lab Analysis

Parameters: temperature, pH, conductivity, total dissol-
ved solids (TDS), nitrogen and phosphorous were analy-
zed in different years (2008, 2009, 2010) between May-
June to record the physical and chemical characters of
different lakes to understand the status and annual
changes in aquatic ecosystem of rivers water in SNPBZ
during the hours 9:00 am to 11:00 am.

Water samples were collected from the lakes in acid
rinsed polythene bottle of capacity 125 ml. Three drops
of concentrated nitric acid were used to adjust the pH of
the samples below 2 (acidic medium) to preserve it. The
samples were brought to Kathmandu and analyzed in
Ecology lab, Central Department of Botany, Tribhuvan
University, Kathmandu. Nitrogen and phosphorous con-
tents in lake water samples were measured by colorimet-
ric method by making the standard curve method fol-
lowing Trivedy and Goel [14].

2.4, Statistical Analysis

Statistical analysis was completed using one way analy-
sis of the variance (ANOVA) for compare mean by using
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the SPSS 16.0 version.

3. Result and Discussion

3.1. Physical Parameters (Temperature, pH,
Total Dissolved Solids and Conductivity)

Water temperature varied from 8°C to 12°C with mean
temperature 10.15°C. The average temp was noted high-
est in Gokyo 3™ Lake (11.33°C), Gokyo 2™ lake
(11.50°C) where as minimum temperature showed by
Imja lake (near outlet) was 8.43°C (Table 1). This varia-
tion in temperature was due to altitudinal difference be-
tween different lakes and surround geology. All lakes are
situated more than 4500 m altitude (Table 2). Similar
trend of temperature (nearly range of 8°C) was observed
in all Gokyo series by Sharma et al. [12].

The temperature of Gokyo 3™ lake was record 6°C and
7.5°C by 2™ Gokyo lake. 3.7°C - 5.5°C by Pyramid lake
[10]. The average temperature 3™ Gokyo lake was 10.4°C
where as 6°C previous by Tartari et al. [10]. Similarly 2™
lake Tartari et al reported 7.5°C where as the mean value
was found 10.2°C. Sharma et al. [12] also record the
temperature of surface water of Gokyo 3™ lake was 8°C
and 2™ lake, was 7°C for the surface water. Glacier re-
treat in the Everest region was found very rapidly (5.5 -
8.7 m/annum) which accelerated (5.56 - 9.1 m/annum)
during the 1997-2001 [15] which may be the Climate
change [16]. So, there was found the increasing trend of
temperature of the water bodies of SNPBZ. Minimum
temperatures (4°C to 16°C) were recorded in alpine lakes
in Italy [17].

The pH values were noted between 7.0 - 8.1, which
indicated well buffer capacity. The highest value was
noted in Gokyo lake (8.1) where as lowest in Imja lake
(7.0). But in some year some plots shows very high pH
value, Gokyo lake in 2008 (8.7), Gokyo 3™ lake in 2008
(9.3). More than 8 value of pH was noted in 2008 in six
samples (Table 3).

pH of lake water was found within the range between
6.0 to 8.0 in study year. pH value of 3" lake in 1998 was
7.2, 2™ lake was 7.3, the lake above the pyramid ranged
between 7.2 to 7.9 [10], where as the present study Go-
kyo 3" lake 7.8, Gokyo 1% lake 7.9 and Gokyo 2™ lake
7.4. In case of streams, different streams showed the
same range than the previous report, lobuche khola at
Pheriche; 7.5 [10] where as the present study it was re-
corded the 7.2. Lami et al. [13] also recorded the pH
range between 6.2 to 8.2 in the high altitude lake of
Khumbu valley. Antoninetti et al. [18] also recorded the
range between 7.4 to 8.2 pH in the lake water of Khumbu
himal area. For pH point view, the all water bodies are
still good for drinking as well as other purpose. So, pH
values were found in the decreasing trend (Figure 2).
Although all the present data were found below the
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Figure 1. Location of Sagarmatha National Park in South Asia and position of lakes in the SNP.
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Table 1. Physical and chemical characteristics of water in different lakes in Sagarmatha National Park.
Temp (°C) pH TDS (ppt) Conductivity (mS) TN-NO; (mg/1) TP-PO4 (mg/l)
>N 2008 2009 2010 08 09 010 08 09 010 08 09 010 08 09 010 08 09 010
A22 9.5 10.3 7.6 86 7.1 83 0.02 0.02 006 003 003 0.09 125 0.72 1.03  0.09 0.14 0.61
A23  11.2 10 8 77 75 65 002 0.01 0.02 003 002 003 08 0.87 1.4 0.28 0.14 0.03
A24 10 10.6 8 7 7 76 0.02 001 002 0.03 0.02 003 126 0.11 0.8 0.11  0.26 0.4
A26 122 10.3 9.4 87 7.8 7.8 0.02 0.02 002 003 0.03 0.03 02 0.71 1.82 024 097 033
A27 14.2 10.3 10 85 6.7 7 0.02 0.02 0.02 0.03 0.03 0.03 0.68 1.18 1.03 027 054 032
A28 13.5 10.3 10.2 83 7.7 75 002 0.01 0.02 003 0.02 001 02 0.41 0.77 0.02 0.17 0.54
A29 144 10 10 7.7 7.1 72 0.01 0 0 0.02 0.01 0.01 0.72 0.81 021 0.03 022 0.28
A30 144 10.2 9.7 81 68 69 001 0.01 001 002 002 0.02 065 0.21 097 0.08 0.3 0.08
A3l 9.8 10.3 10.1 93 6.7 68 002 0.02 0.02 003 003 003 02 2.79 092 0.11 0.1 0.68
AS8 4.5 10 10.8 7 6.7 73 0.01 0 0.02 0.01 0.01 0.03 072 0.15 0.01 039 0.12 0.4
A59 4.9 10.3 10.2 76 6.7 74 0.01 0 0.01 0.01 0.01 0.02 0.68 0.17 2.6 042 0.08 2.64
Table 2. Description of the sampling sites in the Sagarmatha National Park.
S. code Name of Site Latitude Longitude Altitude (m)
A22 Gorekshep lake 27.98278 86.83073 5145
A23 Between Pyramid and Gorekshep lake NA NA 5100
A24 Pyramid lake 27.96185 86.81293 5053
A26 1* lake of Gokyo (outlet) 27.93088 86.70663 4661
A27 2" Jake of Gokyo (outlet) 27.94033 86.69785 4716
A28 3" Jake of Gokyo outlet 27.94887 86.7125 4720
A29 4™ lake Gokyo (mid of lake) 27.971933 86.6866 4850
A30 4" Jake Gokyo (outlet) 27.97383 86.6868 4860
A31 3 lake of Gokyo (inlet) 27.95375 86.69333 4740
AS8 Imja lake near outlet 27.89873 86.91375 5011
AS59 Imja lake outlet 27.89967 86.90692 5007
NA = Not available.
Table 3. Average value of lake water in 2008, 2009 and 2010 in the month of (May-June).
Parameters 2008 2009 2010
Temp (°C) 10.748" + 3.492 10.239*+£0.177 9.455*+1.08
pH 8.047"°+0.719 7.082°+0.414 7.301°+0.503
Conductivity( mS) 0.025"+0.008 0.021* +0.008 0.030 +£0.021
TDS (ppt) 0.016"+0.005 0.011*+0.008 0.020*+0.015
TN-NO; (mg/lit) 0.675*+0.373 0.739* £ 0.767 1.050°+0.714
TP-PO4 (mg/lit) 0.185*+0.141 0.276" + 0.264 0.574*+0.714
Copyright © 2013 SciRes. JEP
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WHO standard.

The quality of total dissolved solids (TDS) was found
between 0.01 to 0.03 ppt (Table 1). In the first year
(2008 May), all the samplings showed TDS between 0.01
and 0.02 ppt. In the next year it value ranged the same
0.00 to 0.02 ppt, where as in 2010, Goreskshep near lake
near to Gorekshep settlement (5100 m) altitude showed
0.06 ppt (Table 1).

The average conductivity value was recorded 0.01 to
0.05 mS (Table 3). Gorekshep lake showed the highest
conductivity 0.05 mS among other water bodies of the
lake system. Imja lake and 4™ Gokyo lake recorded the
lowest conductivity due to presence of low TDS and
other compound. In 2010, (0.09 mS) conductivity was
recorded in Gorekshep lake which also showed the
highest TDS. Among the other lakes 2™ lake Gokyo lake
(0.03 mS) in 2010, Pyramid lake (0.03 mS), 1* Gokyo
lake (0.03 mS), 3" Gokyo lake (0.03 mS), Imja lake
(near outlet) (0.03 mS) values of conductivity were
recorded (Table 1). In average , the conductivity of water
of water in different lakes were 0.025 mS, 0.021 mS and
0.03 mS in 2008, 2010 and 2010 (Figure 3).

Conductivity and TDS of all the water samples of
lakes were very low and did not show any significant
change during the study period (Figures 3 and 4). TDS
and conductivity data of lake in SNPBZ reveal that thses
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Figure 2. Average pH of water in lakes in 2008, 2009 and
2010. “F = (degree of freedom beteween the group, within the
group) (p=level of significance, a, b, c represent the annual
variation).
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water bodies are still unpolluted. 0.01 to 0.004 s/cm by
Gokyo lake series by Tartari et al. [10] and between 0.01
mS to 0.04 mS were found in the Gokyo lake series in
the present study (Tables 1 and 2).

Similarly result was found by earlier researchers
(0.008 - 0.067 s/cm by Lami et al. [13] for high altitude
lakes of Khumbu valley, 0.011 to 0.51 s/cm by Anto-
ninetti et al. [18] for Khumbu lake water. 0.019 to 0.057
s/cm in the streams of upper khumbu valley by Renold et
al. [19]. The conductivity range in the alpine lakes in
Italy was found between 0.01 to 0.17 s/cm in Italy [17].

3.2. Chemical Parameters

Nitrrate-Nitrogen (TN-NO3) and
Phosphate-Phosphorous (TP-PO,)

The average nitrate-nitrogen quality in lake water ranges
between 0.29 mg/l and 1.30 mg/l. lowest value (0.29
mg/l) was recorded in Imja lake water due to no sewage
discharge and no any agricultural land around the lake
(Figure 5). Very less amount of nitrate nitrogen was re-
corded due to presence of only natural nitrogen. Highest
value of nitrate-nitrogen in 3" Gokyo lake was 1.30 mg/I.
This lake is very near to settlement and garbage pit as
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Figure 4. Average TDS in lake water in 2008, 2009 and 2010.
“F = (degree of freedom beteween the group, within the
group) (p = level of significance, a, b, ¢ represent the annual
variation).
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Figure 3. Average conductivity of lake water in 2008, 2009
and 2010. “F = (degree of freedom beteween the group,
within the group) (p = level of significance, a, b, ¢ represent
the annual variation).
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Figure 5. Average nitrogen in lake water in 2008, 2009 and
2010. "F = (degree of freedom beteween the group, within the
group) (p = level of significance, a, b, ¢ represent the annual
variation).
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well as septic tank of toilets is very close to the Gokyo
lake. Some variations were recorded in TN-NOj; value in
different sampling sites 2.79 mg/l in 2010 by 3" lake,
1.82 mg/l in 2009 1* lake outlets (Tables 1 and 2). But,
overall, nearly average value of nitrate-nitrogen was in-
creasing in Gokyo lakes when compared with the earlier
reported [10].

Total nitrogen as nitrate in the lake was recorded be-
tween 0.4 mg/l and 1.03 mg/l. Imja lake (outlet), 4™ Go-
kyo lake showed higher value of TN-NO;. Previously
nitrate in Gokyo 3" lake 0.056 mg/l nitrate was recorded
where as 0.21 mg/l as total nitrogen. Similarly, in 2™
Gokyo lake, 0.065 mg/1 as nitrate and 0.31 mg/l TN were
recorded by Tartari et al. [10] and 0.18 to 0.75 mg/l by
Antoninetti et al. [18] for lake water but in the present
study 0.86 mg/l average Nitrogen as nitrate was recorded
(Table 3). Present result showed higher nitrate-nitrogen
than the earlier reports. Pyramid lake showed 0.86 mg/l
average nitrogen as nitrate where as 0.11 mg/l - 0.301
mg/l nitrate-nitrogen were recorded between 1990-1997
by Tartari et al. [10]. Lami et al. [13] reported that TN
was 0.12 mg/l to 0.75 mg/l with mean value was 0.29
mg/] for high altitude lake but present study revealed that
the average value of TN as nitrate was found 0.82 mg/l
which is more than the maximum value reported earlier.

The averages phosphorous as phosphate was recorded
between 0.18 - 1.05 mg/l in different lakes (Figure 6).
The higher value of phosphorius were recorded as: 1%
Gokyo lake (0.51 mg/l), 2™ gokyo lake (0.38 mg/l), Imja
lake (1.05 mg/l) where as the lower value recorded by 4"
Gokyo lake (0.18 mg/l), Pyramid lake (0.26 mg/l) (Table
2). In the first year (2008), lower amount of phosphorous
was recorded (0.02 and 0.03 mg/l) and higher were upto
0.42 mg/1 in Imja lake, where as in 2009, minimum was
upto 0.08 mg/l and maximum was 0.97 mg/l in 1* Gokyo
lake. In the final year (2010), the values ranged between
0.03 and 2.64 mg/l. Highest value of phosphorous was
found in Imja lake (2.64 mg/l) (Table 1). Hence little
change was found from 2008 to 2010 at almost all the

<

average TP-PO4 (mg/l)
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Figure 6. Average phosphorous of lake water in 2008, 2009
and 2010. 'F = (degree of freedom beteween the group,
within the group) (p = level of significance, a, b, ¢ represent
the annual variation).
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sampling sites (Figure 6).

Lami et al. [13] analyzed the lake water chemistry and
concluded that phosphorous contained lower than 0.005
mg/1 in more than 50% samples where as the present ave-
rage phosphorous as phosphate value was found 0.345
mg/l. Antoninetti et al. [18] recorded between 0.002 to
0.011 mg/l in lake water of Khumbu Himal which was
less than that obtained 2007 by our team. Comparatively
there is a trend of increasing of phosphorous in water
bodies. The annual variation also showed that there was
increasing trend but all the values were found between
the standard limits.

4. Conclusion

Changes in the value of pH, increased quantity of TN-
NOs, TP-PO, were noted in the lakes in SNPBZ. There is
increasing trend of anthropogenic activities that added
pollutants. Human waste (toilet) disposed to the water
bodies, different types of litter employed in the agricul-
ture field, and human wastes (excreta) and solid waste
disposal are major sources of nitrogen and phosphorous.
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