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Abstract

Knowledge and understanding of land use and water quality nexus is an important precursor for assessing
the human-water interactions and sustainable freshwater management. In this study, the land use/cover
change (LUCC) and water quality assessment with respect to drinking and irrigational purposes were carried
out in Phewa Lake, Nepal. A total of 20 water samples were collected during the winter and summer seasons
in 2017 and were analysed for major hydrochemical variables. The water quality index of Phewa Lake was
found to be 5.15 and 2.57 during the winter and summer, respectively, indicating the suitability of water for
drinking purposes. The results revealed that the electrical conductivity, sodium percentage, and sodium
adsorption ratio were found to be 38.80 uS/cm, 16.99, and 0.10, respectively in the summer and 85.06
puS/cm, 14.68, and 0.15, respectively in the winter. Similarly, permeability index, Kelly’s ratio, magnesium
hazard, cation ratio of soil structural stability, and Wilcox diagram exhibited that the water was suitable for
irrigation in both seasons with relatively better quality in the summer. The dynamic pattern of LUCC in the
Phewa watershed exhibited an increase in the spatial extent of forest, shrub-land, grassland, and built-up
area, whereas decreasing trend of agricultural land, barren land, and water bodies. Irrespective of the
seasonality, the LUCC-water quality nexus showed elevated concentrations in the proximity of the urban
settlements. The present study could be helpful for the restoration of water quality by sustainable land-use
practices in the Himalayan region.
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Introduction
The freshwater chemistry is controlled by both natural and
anthropic factors. The natural factors include precipitation,

municipal effluents and agricultural runoff in developing
countries like Nepal. The aquatic buffer areas including

rock weathering, and evapo-crystallization whereas, the
anthropic factors are agricultural runoff, domestic and
municipal effluents (Paudyal et al., 2016a; 2016b; Pant et al.,
2019a; Pal et al., 2019). Previous studies demonstrated that
the lake water quality has been deteriorated noticeably in
many parts of the world during the last few decades owing to
the unmanaged land use practices (Li et al., 2009; Davids et
al., 2018). These studies have revealed a strong relationship
between water quality deterioration and expansion of urban
settlement and industrial areas. Additionally, anthropic
activities including land use/cover changes (LUCC) have
dramatically reduced the natural restoring capacity of the
aquatic ecosystem. The LUCC analysis of the aquatic
environment in basin-scale was a better indicator of water
quality, especially in the urban-based aquatic system
(Hunsaker & Levine, 1995). Therefore, the current research
pattern has been paying more attention to the appraisal of
LUCC and water quality nexus, especially contamination of
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undisturbed vegetation, natural land topography, and
swampy areas, have a great role in neutralizing the
pollutants by detoxification of its natural processes (Singh
et al,, 2016). Likewise, the wetland ecosystems have a vital
role in improving the water quality (Pant & Adhikari,
2015; Sharma et al., 2015; Pant et al., 2019b).

Phewa Lake is one of the major water sources in the
Pokhara Metropolitan City, Nepal, where more than 0.5
million inhabitants are using water resources from the lake
basin (CBS, 2011). The water is widely used for domestic,
irrigation, industrial, recreational, and commercial
purposes (Gurung et al., 2005). The lake is formed by a
natural process and regulated by an artificial dam. Being a
Ramsar site (No. 2257), Phewa lLake is a wetland of
international importance. As the Phewa Lake falls under
the heavy monsoon regime in Nepal, it receives an
enormous water influx from June to September, and the
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rest of the months, the lake receives water from the
tributaries and groundwater seepage (Watson et al., 2019).
The lake is fed by two perennial streams: namely the Harpan
Khola and Andheri Khola, as well as several other seasonal
streams, and the water of the lake exits through an outlet at
the Dam site area throughout the year. In order to keep the
Phewa Lake from being affected by exogenous pollution, no
special controlling devices have been set up at the inlets and
other locations of the lake, so there is still a huge amount of
sewage continuously discharging into the lake from the
surrounding settlements, hotels, urban areas, and farmlands.
The Phewa Lake also has immense importance in terms of
socio-economic values and livelihood supports. Besides, the
famous temple (Ta/ Barahi) situated in the middle of the lake
representing high cultural and religious values. Nevertheless,
the massive flow of pilgrims is responsible for
contamination in the lake water.

There are several studies conducted in Phewa and associated
lakes of the Pokhara valley (Gurung et al., 2005; Khadka &
Ramanathan, 2013; Heyojoo & Takhachhe, 2014; Pant &
Adhikari, 2015; Sharma et al., 2015; Rupakheti et al., 2017).
Sharma et al. (2015) has confirmed the presence of mercury
contamination due to moderate chemical weathering of
surrounding rocks and rapid urbanization in the
surrounding areas of the lake. However, most of the
previous studies are primarily focused on general
hydrochemistry, trace elements, aquatic biodiversity, etc.,
but none of them were focused on water quality assessment
particularly with respect to LUCC. Thus, the objective of

this study is to assess the drinking and irrigational water
suitability of Phewa Lake, Gandaki Province, Nepal,
concerning the LUCC.

Materials and Methods

Study area

The Phewa Lake is one of the most important lentic
ecological features, located in the mid-hills (28°12°N,
82°56’E) at an altitude of 782 m asl in the Gandaki
Province, Nepal (Fig. 1). It has a surface area of 4.35 km?
and a maximum depth of 22.5 m (Sharma et al., 2015). The
region has a humid climatic condition with a maximum
temperature peak at 25.5°C in July-August and falls to a
minimum at 13.2°C in January (Pant & Adhikari, 2015; Pant
et al.,, 2019b). It has a watershed area of ~150 km? By land
use pattern, the lake features have sparse rural settlements
on the southern side, agricultural land with dense urban
areas on the northeast side, and a river channel zone on the
western side of the lakeshore (Fort et al., 2018). The rock
distribution in the watershed is predominated by
sedimentary and metamorphic rocks, whereas igneous rock
has a limited distribution. The watershed consists of
geological features of lesser Himalayan rocks, ie., slate,
dolomite, limestone, siltstone, quartzite, schist, muscovite,
and carbonaceous shale (Dhital, 2015). The soils in the basin
are mostly formed from the lacustrine deposit, including
patent rock weathering with medium to high organic matter
contents (Khadka & Ramanathan, 2013).
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Figure 1 Location map of the study area (a): Phewa Watershed in Nepal, (b): Elevation map of Phewa Watershed, and (c):
Sampling locations in the Phewa Lake, Gandaki Province, Nepal.
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Sample collection and analysis

The water samples wete collected from 10 different
locations in two seasons, ie., winter (January 2017) and
summer (July 2017) (Fig. 1c). The sampling locations are
selected in such a way that the major sources of pollutants,
inlet, center, outlet, and major land use pattern were
considered (Fig. 1). Due to time and tesource constraints,
only ten sampling locations were studied in each season. A
total of 20 water samples were collected (per location one
sample in two seasons) in polyethylene sampling bottles of
1 liter (L) size, using disposable plastic gloves. The samples
from each site were collected at 20 cm below the surface
and stored in polyethylene plastic bottles at 4 °C before
laboratory analyses. In order to have consistent data,
sampling was performed at the same sites, and a handheld
GPS was used to determine the locations of the sampling
sites. The surface water quality was assessed by analysis of
seven hydrochemical parameters, including electrical
conductivity (EC) and total dissolved solids (TDS), which
were directly determined in-situ using a multi-parameter
water quality monitoring instrument (HI-98129, HANNA,
Romania). HCO3 was analysed by titration method (APHA,
2005). The major cations such as Ca?*, Mg?*, K*, and Na*
were analysed at the Institute of Tibetan Plateau Research,
Chinese Academy of Sciences, Beijing, China using ICP-MS.
The LUCC of Nepal (the year 2000, the year 2010)
published by ICIMOD (30 m resolution) were used to
analyse the land use changing pattern of the Phewa
Watershed in the ArcGIS environment.

Water quality assessment

The drinking water quality of the lake water was assessed by
Water Quality Index (WQI) based on seven hydrochemical
vatiables including EC, TDS, major cations (Ca?*, Mg?*,
Na*, K*), and HCO;s~ using standard permissible limit
recommended by World Health Organization (WHO) (Sahu
& Sikdar, 2008). The weight assigned for the drinking water
quality in the range of 1-5 to each of the chemical variables
according to their relative importance for drinking purposes
as suggested by different standards and previous studies
(Sahu & Sikdar, 2008; Wu et al.,, 2009; Tripathee et al.,
20106). Similarly, the assessment suitability of the lake water
for irrigation was performed by using the standard
parameters such as electric conductivity (EC), sodium
percentage  (Na%), sodium adsorption ratio (SAR),
magnesium hazard (MH), Kelly’s ratio (KR), permeability
index (PI), cation ratio of soil structural stability (CROSS),
and Wilcox diagram (Alavi et al., 2016; Kumari, 2017).

Results and Discussion

Drinking water quality

The drinking suitability of Phewa Lake water during the
winter and summer seasons had been evaluated and
presented in Table 1. The WQI of the lake water during
winter and summer was 5.74 and 3.05, respectively, with an
average of 4.39 indicating the ‘excellent’ category for the
drinking purpose. The seasonal variation of WQI showed
comparatively better quality during the summer season. The
less contamination in lake water during the summer season
might be due to the rise in water level, which causes the
chemical dilution (Pant et al., 2019b). During both seasons,

P9 had the highest WQI (7.12 and 5.37 during the winter
and summer seasons, respectively) indicating the anthropic
interferences, including hotels and polluted areas.
Meanwhile, the WQI was observed lowest in P5 (4.62) and
P2 (2.07) during the winter and summer seasons,
respectively. While comparing the water quality of Phewa
Lake with other freshwater environments of the Himalayas,
the results of this study indicated that the lake water can be
used for drinking purposes (Tripathee et al., 2016).
However, some of the previous studies conducted in the
same lake suggested that the markedly high values of WQI,
which could be due to the additional evaluation of
potentially toxic trace elements such as As and Hg (Sharma
et al,, 2015; Rupakheti et al., 2017). The overall WQI of all
the sampling points exhibited suitable for drinking purposes
to the specific chemical parameters that were chosen in this
study in both the summer and winter seasons (Table A2).

Irrigation water quality

The irrigation suitability of the Phewa Lake water during the
winter and summer seasons had been evaluated using
different methods, and the computed value has been
presented in Table 1. The water used for irrigation with high
Na* and low Ca?" contents will adversely affect the soil
structure due to the dispersion of the clay particles (Fipps,
1995). The higher concentration of Na* in the irrigation
water not only affects the ion exchange in the soil, such as
Ca?" and Mg?* but also reduces its permeability, causing
calcium deficiency, deflocculation, and impairment of the
tilth (Singh et al, 2012). The chemical and physical
characteristics of lake water used for irrigation purposes are
the basic consideration for the irrigation water quality
evaluation.

The average value of EC during winter and summer was
86.71 uS/cm and 36.52 uS/cm, respectively, with an average
of 61.62 uS/cm indicating excellent for irrigational uses. Na
%, also known as sodium hazard, is an indication of the
soluble sodium content of the irrigation water (Doneen,
1954). The Na% in the Phewa Lake during winter and
summer was 14.62 and 18.21, respectively. The SAR values
of Phewa Lake during both seasons (winter: 0.15 and
summer: 0.10) were less than 1. The Magnesium Hazard
(MH) in irrigation water less than 50 is acceptable for
irrigational purposes (Raghunath, 1987). Based on MH
values, the lake water was suitable for irrigation in both
seasons. Moreover, KR wvalues of both seasons were less
than 1 belonging to the safe category. Similarly, CROSS
values of all the samples during the winter and summer
seasons were also calculated less than 1. All the measured
parameters were within the recommended guidelines
exhibiting the Phewa Lake water as safe for irrigational uses.
The Wilcox diagram illustrated that all the sampling points
plotted into the C1S1 section (low salinity and conductivity),
consistently indicating the suitability of lake water for
irrigational uses (Fig. 2). During the winter season, the EC,
SAR, KR, PI, and CROSS values reflected the relatively
poor condition in the P9. The Na% and MH value were
observed the highest in P3. The poor irrigational water
quality index in P9 during the winter season was mainly due
to the anthropic pressure from the nearby settlements.
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Table 1 Results of drinking and irrigation water quality analysis of the Phewa Lake, Gandaki Province, Nepal
Winter Summer Average
Parameter
Value (Category) Value (Category) Value (Category)
WQI 5.15 (Excellent) 2.57 (Excellent) 3.86 (Excellent)
EC (uS/cm) 85.06 (Excellent) 38.80 (Excellent) 61.93 (Excellent)
Na% 14.68 (Excellent) 16.99 (Excellent) 15.83 (Excellent)
SAR 0.15 (Excellent) 0.10 (Excellent) 0.12 (Excellent)
MH 18.22 (Suitable) 21.51 (Suitable) 19.86 (Suitable)
KR 0.12 (Safe) 0.12 (Safe) 0.12 (Safe)
PI 99.87 (Class I) 127.45 (Class I) 113.66 (Class I)
CROSS 0.19 (Excellent) 0.15 (Excellent) 0.17 (Excellent)
Likewise, the Na%, MH, and KR were found relatively =~ major land-use types were observed mainly forest,

higher in P5, whereas the SAR and CROSS were found to
be higher in P3. Interestingly, Na%, SAR, KR, and CROSS
were found to be relatively better quality in P9 during the
summer season. The intense changes in irrigational water
quality during the summer season in the P9 might be due to
the less human disturbances and high surface flow by
monsoon driven climatic pattern.

LUCC and water quality nexus
The land use/cover change (LUCC) of the Phewa Lake
watershed is presented in Fig. 3 and Table 2. The seven

agricultural land, water bodies, grassland, barren land, shrub-
land, and built-up area. The pattern of LUCC of the Phewa
lake watershed demonstrated an increase in the spatial
extent of forest, shrub-land, grassland, and built-up area,
whereas decreasing the spatial extent of agricultural land,
barren land, and water bodies (Table 2). The expansion of
forest and a notable decline in agricultural land in 2010
indicated the effectiveness of community-based forest
management and increased dependency on liquefied
petroleum gas rather than on wood.
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Figure 2 Wilcox diagram illustrating the irrigational water quality based on SAR and EC of the Phewa Lake, Gandaki

Province, Nepal.
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Figure 3 Land use/cover change (LUCC) map for the Phewa Watershed in 2010 and 2000 (Source: Uddin et al., 2015)
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Table 2 Land use/cover changes in the Phewa Watershed in the year 2000 and 2010

Area (km?) in 2010 Change in the area (%)

Land use Area (km?) in 2000
Forest land 61.98
Shrub-land 2.10
Grass land 0.56
Agriculture land 75.49
Barren land 0.55
Water bodies 4.23
Built-up area 8.93

66.03 2.64
2.57 0.31
2.47 1.24
69.85 -3.66
0.04 -0.33
3.65 -0.38
9.21 0.18

The increase in the built-up area could be attributed to
population growth and urbanization. The encroaching
pattern of Phewa Lake was mainly due to anthropic
activities surrounding the lake area. The study by Heyojoo &
Takhachhe (2014) assessed the lake area shrinkage through a
geospatial approach and concluded that the lake area is
shrinking annually with the rate of 0.46 % (2 ha per year),
which also supported the land encroachment in the vicinity.

In the Phewa watershed, the water quality is relatively better
in the summer season than that of the winter season.
However, the LUCC has a paramount role in both the study
seasons for determining the overall water quality of the lake
basin. For instance, the catchment/land use in P1 and P5
sampling sites were characterized by the dense forest, i.e.,
the Raniban area, and had low concentrations of total
dissolved solids during both winter and summer seasons.
On the other hand, some sampling points, for instance, P9
is located in the proximity of settlements with commercial
areas including hotels, were characterized by the elevated
concentration of TDS (Table A1). This indicated that LUCC
has a pivotal role in determining the water quality of the
aquatic environment irrespective of sampling petiods. The
forest coverage and vegetative region adjacent to the aquatic
environment can greatly mitigate nutrients and sediment
contents, which have a crucial role in the controlling
mechanism of hydrochemistry (Li et al., 2009). Although the
major cations display marked spatiotemporal differences,
the sampling sites nearby the dense forest area had more or
less similar concentrations.

Conclusion

This study analyses the water quality of the Phewa Lake in
association with land use/cover change (LUCC) and
revealed that relatively better water quality was found in the
summer as compated to the winter season. The EC, Na%,
and sodium adsorption ratio results implied that the water
quality of the Phewa Lake lies in the excellent category in
both sampling periods with relatively better quality in the
summer season. At the same time, magnesium hazard and
Kelly’s ratio indicated that the water lies in the category of
suitable and safe, respectively, in both the seasons.
Additionally, the WQI of Phewa Lake indicates the
suitability of water for drinking purposes in both seasons,
respectively, indicating the suitability of water for drinking
purposes in both seasons based on measured chemical
parameters in this study. While comparing the variables with

the WHO guidelines, the water quality parameters are found
within the standard limits for drinking purposes.

The analysis demonstrates that the forest area, shrub-land,
grassland, and built-up area in the watershed were increased,
whereas agricultural land, surface area of the lake, and
barren land were decreased. Moreover, the sampling sites
located in the proximity of built-up area, urban area, and
municipal drainage sites are characterized by the elevated
concentration of hydrochemical vatiables, and thus relatively
poor drinking and irrigational water quality were observed in
the respective sites. Interestingly, the increasing trend of
forest coverage could be a good indicator of restoring the
watershed area during the last few decades and is a positive
symbol for environmental perspectives. The results of this
study could be useful for the academia, policymakers, and
other concerned stakeholders for the sustainable water
quality management and livelihoods improvements of the
local people. The authors recommended that further in-
depth study should be conducted incorporating microbial
parameters.
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Annex
Table Al Hydrochemical variables of the Phewa Lake Basin duting winter and monsoon season (all are express in mg/L
except EC (uS/cm)

Seasons Sampling ID EC TDS Ca?* Mg?* K+ Na* HCO5
P1 86.00 61.80 13.36 1.66 1.36 2.38 35.47
P2 83.70 64.40 11.66 1.58 1.23 1.97 31.32
P3 75.60 53.30 10.97 1.88 1.59 2.23 32,65
P4 80.30 56.80 11.92 1.60 118 1.90 32.38
P5 67.90 47.90 11.40 1.48 1.25 1.90 30.50
Winter P6 83.50 59.20 11.82 1.60 1.28 2.09 32.29
Season P7 83.50 59.20 11.42 1.50 1.24 1.96 30.58
P8 84.70 60.30 12.08 1.55 1.22 1.88 32.48
P9 120.40 89.00 15.99 1.98 1.67 3.34 43.60
P10 85.00 54.00 10.96 1.53 1.25 2.01 30.32
Average 85.06 60.59 12.16 1.64 1.33 2.17 33.16
PL3 30.00 15.00 467 0.80 1.01 0.88 10.97
PL5 29.00 15.00 462 0.80 0.98 0.87 10.87
PL7 32.00 16.00 490 0.94 1.04 1.09 11.45
PLY 32.00 16.00 499 0.83 0.99 0.92 11.64
PL11 32.00 15.00 439 0.91 117 0.97 10.36
Monsoon  PL12 31.00 15.00 476 0.82 0.99 0.87 11.16
Season PL13 39.00 20.00 6.29 0.89 1.10 1.09 14.43
PL15 32.00 16.00 471 0.84 1.01 0.92 11.06
PL17 36.00 17.00 477 0.81 0.96 0.91 11.18
P21 84.00 42,00 16.72 1.82 1.44 1.53 36.68
P25 42,00 22.00 5.62 0.91 138 1.00 12.99

Average 38.09 19.00 6.04 0.94 1.10 1.00 13.89
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Table A2 Irrigational water quality analysis of Phewa Lake water during winter and monsoon season
Seasons fla)mp]ing WQI  Category EC Category Na%  Category SAR Category MH Category KR  Category PI Category CROSS  Category
P1 5.51 Excellent 86.00 Excellent 14.69  Excellent 0.16  Excellent 17.01  Suitable 0.13  Safe 95.52 Class I 0.20 Excellent
P2 5.19 Excellent 83.70 Excellent 1413 Excellent 0.14  Excellent 18.27  Suitable 0.12  Safe 100.60  Class I 0.18 Excellent
P3 512 Excellent 75.60 Excellent 16.40  Excellent 0.16  Excellent 22.04  Suitable 0.14  Safe 103.71  Class I 0.21 Excellent
P4 4.98 Excellent 80.30 Excellent 13.45  Excellent 0.14  Excellent 18.13  Suitable 0.11  Safe 100.28  Class I 0.17 Excellent
P5 4.62 Excellent 67.90 Excellent 14.24  Excellent 0.14  Excellent 17.64  Suitable 0.12  Safe 102.14  Class 1 0.18 Excellent
Winter season P6 511 Excellent 83.50 Excellent 14.63  Excellent  0.15  Excellent 18.25  Suitable 0.13  Safe 100.76  Class I 0.19 Excellent
P7 4.97 Excellent 83.50 Excellent 14.44  Excellent 0.14  Excellent 17.81  Suitable 0.12  Safe 101.91  Class I 0.18 Excellent
P8 511 Excellent 84.70 Excellent 13.40  Excellent 0.14  Excellent 17.47  Suitable 0.11  Safe 99.94 Class I 0.17 Excellent
P9 712 Excellent 120.40  Excellent 16.37  Excellent 0.21 Excellent 16.96  Suitable 0.15  Safe 89.58 Class I 0.25 Excellent
P10 4.77 Excellent 85.00 Excellent 15.08  Excellent 0.15  Excellent 18.72  Suitable 0.13  Safe 104.25  Class 1 0.19 Excellent
Average 5.25 Excellent 85.06 Excellent 14.68 Excellent 0.15  Excellent 18.23  Suitable 0.13  Safe 99.87 Class I 0.19 Excellent
P1 2.10 Excellent 30.00 Excellent 17.67  Excellent 0.10  Excellent 22.03  Suitable 0.13  Safe 137.16  Class 1 0.14 Excellent
P2 2.07 Excellent 29.00 Excellent 17.51  Excellent 0.10  Excellent 2221  Suitable 0.13  Safe 137.65 Class1 0.14 Excellent
P3 2.24 Excellent 32.00 Excellent 18.70  Excellent 0.12  Excellent 24.04  Suitable 0.15  Safe 130.18  Class 1 0.16 Excellent
P4 2.18 Excellent 32.00 Excellent 17.08  Excellent 0.10  Excellent 21.53  Suitable 0.13  Safe 133.47  Class1 0.14 Excellent
P5 2.19 Excellent 32.00 Excellent 19.71  Excellent 0.11 Excellent 2548  Suitable 0.14  Safe 135.17  Class 1 0.16 Excellent
Summer season PG 2.59 Excellent 39.00 Excellent 16.33  Excellent 0.11 Excellent 18.92  Suitable 0.12  Safe 122.86  Class1 0.15 Excellent
P7 2.15 Excellent 32.00 Excellent 17.80  Excellent 0.10  Excellent 22.73  Suitable 0.13  Safe 13537  Class1 0.15 Excellent
P8 2.15 Excellent 36.00 Excellent 17.40  Excellent 0.10  Excellent 21.88  Suitable 0.13  Safe 135.88  Class 1 0.14 Excellent
P9 5.38 Excellent 84.00 Excellent 9.51 Excellent 0.09  Excellent 15.22 Suitable 0.07  Safe 80.15 Class I 0.13 Excellent
P10 272 Excellent 42.00 Excellent 18.16  Excellent 0.10  Excellent 21.08  Suitable 0.12  Safe 126.63  Class1 0.16 Excellent
Average 2.58 Excellent 38.80 Excellent 16.99  Excellent 0.10 Excellent 21.51  Suitable 0.12  Safe 127.45 Class 1 0.15 Excellent




