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Abstract
Microplastics are man-made pollutants which have been detected in surface water and groundwater.
Research on microplastic concentration in aquatic environment is an emerging �eld for developing
countries. Nepal despite having rich water resources no information regarding microplastic in freshwater
system is available. Therefore, this study investigate the presence and abundance of microplastic in lake
surface water of Phewa Lake, the second largest lake of the country. A total of 16 sampling locations
were selected for surface water sample to cover the area of 5.72 km2. The average concentration of
microplastic for surface water was 2.96±1.83 particles/L for winter season and 1.51 ±0.62 particles/L for
rainy season. Signi�cance difference in microplastic concentration were observed in two different
seasons. Fibers was the commonly found microplastic type in lake water and transparent as the
dominant color for the two seasons. Almost all the detected microplastic were found to be <1 mm in size.
Polymer identi�cation was not possible due to small size of microplastic and unavailability of advanced
technique. Phewa Lake, the heart of Pokhara is an important tourist destination so proper waste disposal
plan can only maintain the lake’s beauty from further deterioration.

1. Introduction
COVID-19 pandemic has emphasized the essential role of plastic in modern society especially in
healthcare sector and public health safety (Parashar & Hait, 2021). As plastics are lightweight, �exible
and durable, global plastic production has increased drastically to 368 million tons in 2019 (Plastics
Europe, 2020) and by 2050 it is predicted that around 12000 metric tons of plastic debris will end up in
dumping ground and in the surrounding environment (Geyer et al., 2017). With the widespread
indiscriminate use of plastic products and improper disposal of plastic litter (Silva et al., 2020) during
COVID-19 pandemic it has become a global and emerging pollution crisis that must be addressed by
powerful and effective plan of action (United Nations Environmental Program, 2021). Recent research
predicted that around 14.4 million tons of microplastic have made its way into the world’s ocean �oor
Barrett et al. (2020).

Microplastic are plastic fragments with a diameter <5 mm as de�ned by U.S. National Oceanic and
Atmospheric Administration in 2008 (Betts, 2008). In the natural environment, microplastic are released
as primary or secondary microplastic. Primary microplastic are discharged into the environment in their
original form which may be from washing of clothes and as microbeads which are used in beauty and
personal care products. Likewise, secondary microplastic are formed by the fragmentation of
macroplastic items which may be generated from the weathering of plastic debris or disintegration of car
tire (UNEP, 2018). Microplastic are ubiquitous in the aquatic environment. This is of increasing concern as
it is associated with various ecotoxicological effects (Akdogan & Guven, 2019) which includes reduction
in food intake (Cole et al., 2015; Watts et al., 2015) decline in reproductive capacity (Au et al., 2015;
Sussarellu et al., 2016), growth delay (Au et al., 2015; Watts et al., 2015), and enzyme alteration (Avio et
al., 2015; Gambardella et al., 2017; Jeong et al., 2017).
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Likewise, Green (2016) demonstrated that when benthic fauna was exposed continuously to a higher
concentration of microplastic, it decreased the overall abundance of benthic assemblage structure and
triggered the species accumulation. Similarly, microplastic are medium for transferring toxic chemicals to
the biota and other contaminants into the aquatic ecosystem (Brennecke et al., 2016; Koelmans et al.,
2019). Microplastic enter the freshwater environment through domestic wastewater e�uent (Browne et
al., 2011), runoff from agricultural lands and over�ow of drains during storm or rain event (Eriksen et al.,
2013; Galgani et al., 2015), factory spillage (Gasperi et al., 2014) and atmospheric fallout (Allen et al.,
2019; Negrete Velasco et al., 2020). Microplastic is an emerging pollutant which has been intensely
studied in marine environment (Thompson et al., 2004), but recently only freshwater studies have
received scientists attention (Campanale et al., 2020). Freshwater bodies act as a carrier of microplastic
and transport network of microplastic to the marine environment (Jiang et al., 2018). The country Nepal
is blessed with rich water resources which have been providing important services (like drinking water
source, generation of hydropower, irrigation, aquaculture and recreation) but due to weak implementation
of pollution law and poor waste management strategy, freshwater resources are fast degrading.

The study area, Phewa Lake is the second largest lake and one of the main tourist destinations of Nepal.
The panoramic view of Manaslu and Annapurna Mountain range and the refection of Machhapuchhre
Mountain on the lake attracts tourist. The lakeshore is encroached by hotels and restaurants to capture
the scenic beauty of the lake which has increased the pollution load of the lake. Till date no study on
microplastic has been reported previously from the proposed study area. Therefore, the objective of this
study was to compare the microplastic concentration in different seasons for Phewa Lake with regards to
surface water. Thus, this study will bridge the gap to generate abundance and spatial distribution of
microplastic from lake surface water for the �rst time. Further, this study will provide a baseline data on
microplastic so the local authority could take action to protect the lake ecosystem before it is too late.

2. Materials And Methods

2.1. Study area and sample collection
Pokhara valley consists of nine lakes among which Phewa Lake is the largest in lake cluster. Its elevation
ranges from 763 m to 2482 m (MoFE, 2018). The area of Phewa Lake covers 5.72 km2 with 122.53 km2

as the watershed region. The average depth of the lake is 8.6 m and maximum depth recorded as 23.5 m
(Gurung et al., 2010). Phewa Lake is fed by Harpan Khola (stream), the main inlet of water to lake
whereas at the outlet a dam is situated through which the water �ows out. The lake has multipurpose use
such as drinking water source, �shery and cage culture, irrigation, hydropower generation and boating.
However, the lake is threatened from siltation, pollution from nearby city area and eutrophication by water
hyacinth (MoFE, 2018).

Surface water samples were collected in the beginning of February, 2021 for winter season and in third
week of July, 2021 for rainy season. A total of 16 sampling site were located by global positioning
system (GPS) for equal distribution of the lake area (Fig. 1). The sites were divided into 8 sections as inlet
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and outlet area of the lake, dense, moderate and less populated area, center lake, temple area and mixing
area where drainage from city is discharged. At each location, 5 L of surface water (0-20 cm in depth)
were collected by using bucket and was �ltered through a 75 µm sieve on site. The �lter materials on the
sieve were carefully transferred into the bottle (Mao et al., 2020) using 18.2 MΩ water (Millipore, Milli-Q).
At each site 2 replicates of sample were collected and was stored at 4 0C before analysis. Furthermore, 1
L of surface water were collected from each site to measure the water quality.

2.2. Extraction of microplastic from water sample
Extraction of microplastic from the surface water were performed with reference to National Oceanic and
Atmospheric Administration (NAOO) (Masura et al., 2015) with slight modi�cation. Brie�y, the water
sample were treated with 20 mL of 30% H2O2 and 20 mL Fe (II) solution as a catalyst to degrade the

organic matter. After about 5 minutes it was heated on hot plate at 50 0C until it boils and kept for
additional 15 minutes. Then, the digested sample was �ltered through 1 mm sieve. The �ltrate collected
in a beaker was again carefully �ltered through 47 mm diameter glass micro�ber �lter (Whatman
GF/CTM) under a vacuum. The beaker was rinsed 2-3 times with Milli-Q water to ensure complete removal
of microplastic. The �lter paper was immediately kept in a clean petri dish and dried at room temperature
for further examination (Yuan et al., 2019). If any microplastic was visible in the sieve it was picked with
tweezer washed and kept in petri dish for visual identi�cation separately.

2.3. Identi�cation of microplastic
The petri dish along with �lters were visually inspected under a stereomicroscope (SZ2-ILST, Olympus,
Japan) at 40x magni�cation. Microplastic were identi�ed according to their morphological characteristic
into shape and color. Based on their shape microplastic were divided into 4 categories such as �lm,
�ber/line, foam and fragment (Liu et al., 2019). Criteria described by Hidalgo-Ruz et al. (2012) were
followed to identify microplastic in addition, hot needle test was done to con�rm whether the suspected
particles were plastic or non-plastic (De Witte et al., 2014). Plastic piece melted when a very hot needle
was brought in contact if the sample piece under examination was plastic. This test was carried out due
to small size of the collected microplastic. Number, shape and color were also recorded for each
microplastic.

2.4. Control of contamination
Preventive measures were taken during sampling and laboratory analysis to avoid possible
contamination. Cotton laboratory coat and nitrile gloves were worn during sampling and processing of
the sample. Sample processing was conducted on the laminar �ow hood, which was frequently cleaned
with 75% ethanol. As far as possible glassware was used in the laboratory and before use it was rinsed
with Milli Q water. Samples and glassware were covered with aluminum foil to minimize contamination
during sample processing. After �ltration, �lter paper was immediately kept inside petri dish to avoid
contamination. To �nd out air borne contamination, �lter paper was �rst examined under
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stereomicroscope and then kept open on petri dish in the working environment for 24 hours. Results
indicated negligible amount of contamination. Field blanks were also conducted.

2.5. Data Analysis
The mean abundance and standard deviation of microplastic were measured at different areas. The
abundance of microplastic was expressed as the number of particles/L. The distribution of abundance
according to different color and type of microplastic were also expressed. To test the signi�cance
difference among the various section of the lake, �rst the normality and homogeneity test was done
using Shapiro-Wilk test for normality and Levene’s test for homogeneity. Since the data did not follow the
normality and homogeneity, Kruskall-Wallis H test was adopted to test the signi�cance abundance
among the different sections. Similarly, Dunn-Bonferroni post hoc test was used for comparison of
different pairs. To test the signi�cance difference of mean abundance between two seasons students’ t
test was adopted.

3. Results And Discussion

3.1. Abundance and spatial distribution of microplastic in
Phewa Lake.
Microplastic were present in all surface water collected from 16 sampling locations of Phewa Lake for
winter and rainy seasons. The concentration of microplastic range from 0.8 - 8 particles/L for winter
season and 0.4-2.8 particles/L for rainy season. The mean concentration of microplastic in rainy season
(1.51 particles/L) was signi�cantly lower than in winter season (2.96 particles/L) with t=4.687 (p<0.01).
This could be due to recent �ood that occurred before the sampling event which might have washed
much of the microplastic from the surface water. For comparative study, the freshwater lake that
expressed the abundance of microplastic as items/L were selected. This result showed that Phewa Lake
has twice as much microplastic load than Rawal Lake, Pakistan (1.42 items/L) in winter season (Irfan et
al., 2020) and almost equal amount of microplastic load in rainy season. Similarly, Red Hills Lake, India
(Gopinath et al., 2020) has nearly two times more microplastic concentration (5.9 items/L) than Phewa
Lake in winter season. Urban sewage drainage, solid waste disposal, runoff from agricultural land,
laundry activities are the sources of contaminations of Phewa Lake (Pokharel, 2009) which may be
loaded with microplastic. Fishery is another source of microplastic to the lake.

The whole lake was divided into 8 sections as inlet (IN-S1), outlet (OU-S2), mixing area (MI-S3), temple
area (TE-S4), dense populated area (DE-S5-S8), moderate populated area (MO-S9-S10), less populated
area (LE-S11-S12) and center lake area (CL-S13-S16). To �nd out the signi�cance of abundance in
different sections of the lake, Kruskall-Wallis H test was adopted. It was found that the average
abundance of microplastic in different sections was signi�cantly different (H=18.727 with p<0.01) for
winter season while it was not signi�cantly different in rainy season (H=13.825 p=0.054). Further to
con�rm which pair had a signi�cance difference in winter season, Dunn-Bonferroni post hoc test was
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adopted (Table. S1). The result showed that there was a signi�cance between the mean abundance of
dense populated area with center lake area (p <0.01) and outlet with center lake area (p <0.1). Both the
sections of lake (DE-S5-S8 and OU-S2) have more anthropogenic activities resulting high microplastic
abundance than other sections of the lake.

In winter season, the lowest mean abundance of microplastic was found at the center lake area (1.375 ±
0.494 items/L) where human activities are negligible followed by less populated area (mean = 2.15 ±
0.640 items/L) as shown in Table 1. This section is located on southern side of the lake which is covered
by forest area with sparse rural settlement. Similarly, at the lake outlet mean microplastic concentration
was found to be highest (5.3 ± 0.989 items/L). This is probably due to direct discharge of untreated
sewage from urban areas near the outlet of the lake and also by Phikre Khola which drains huge load of
sewage and solid waste close by the outlet of Phewa Lake. Likewise, wind may have also transferred
microplastic from nearby residential area (Liu et al., 2019). Hence, this could be the reason from higher
concentration of microplastic at the dam outlet of Lake. Irfan et al. (2020) reported similar �nding of
Rawal Lake where the concentration of microplastic was highest at the outlet. Jian et al. (2020), Gopinath
et al. (2020) and Jiang et al. (2018) also noted higher microplastic concentration at the lake outlet
compared to the other area of the lake. Likewise for rainy season a slight variation in the mean
concentration of microplastic were observed than in winter season in different location of lake (Table 1).
Temple area (TE-S4) which lies in the center of the lake at southeast site was found to have the lowest
concentration of microplastic. This could be due to closed down of temple area as a result of COVID
pandemic. Studies have shown that the concentration of microplastic is related with anthropogenic
factors such as density of population and the land use pattern (Cole et al., 2011; Hendrickson et al.,
2018). Hence, dense population section of the lake has three times high microplastic concentration than
the center lake area as this section of the lake is surrounded by hotels and restaurants which is one of the
main tourist hub. In rainy season, the concentration of the microplastic in dense population section of the
lake was reduced as all the hotels and restaurants around the lake surrounding were closed due to
lockdown from summer season to the beginning of rainy season. Therefore, this study supports that
densely populated locality and residential area close by the lake has high microplastic concentration
(Xiong et al., 2018). Similarly, the highest mean abundance of microplastic concentration in rainy season
was recorded in mixing area (MI-S3) which may be linked with direct discharge of untreated domestic
e�uent and surface run-off carrying microplastic from road side by Phikre Khola which drains into
Phewa Lake at this section of the Lake. Field observation and lab analysis further strengthen that the
sources of microplastic in the Phewa Lake is due to sewage and drainage discharge near the dam outlet,
dry deposition and unmanaged sewage �ow from hotels and restaurants surroundings the lake, �shing
and �sh cage culture, laundry activities, tourism and agricultural run-off from nearby land. Dry picnic with
friends and families around the periphery of Phewa Lake is another potential source of micoplastic
pollution to the lake.
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Table 1
Area wise distribution of microplastic (particles/L)

  Winter season   Rainy season  

Area-Code Mean SD Mean SD

DE-S5-S8 4.63 2.10 1.68 0.41

MD-S9-S10 2.95 1.04 1.90 0.89

LE-S11-S12 2.15 0.64 1.35 0.30

CL-S13-S16 1.38 0.49 1.03 0.41

TE-S4 2.40 0.28 1.00 0.85

OU-S2 4.90 1.56 1.60 0.28

MI-S3 2.40 0.00 2.70 0.14

IN-S1 3.50 3.25 1.60 0.28

Total 2.96 1.83 1.51 0.62

3.2. Morphological characterization of microplastic
Photographs of typical microplastic items observed in surface water of Phewa Lake is given in Fig. 2.
Fibers, �lm and fragments were the type of microplastic identi�ed from Phewa Lake in winter season
whereas foam was also detected in rainy season Fig. 3. Fibers were the most dominant shape for both
season accounting for 93.04% and 96.69% of the total microplastic observed in lake surface water for
winter and rainy season respectively. This result was similar with previous freshwater studies like 20
major lake, China (52.9 - 95.6%) (Wang et al., 2017), Taihu Lake, China (48 - 84%) (Su et al., 2016),
Dongting Lake Chain (12.17 - 77.42%) (Jiang et al., 2018), Lake Kallaveshi, Finland (64%) (Uurasjarvi et
al., 2020), Lake Naivasha, Kenya (81%) (Migwi et al., 2020) which also reported surface water dominated
by �bers. Therefore �bers in the lake surface water may be associated with domestic wastewater (Browne
et al., 2011) which is directly discharged into the lake, ageing �shing rod and nets (Yuan et al., 2019) and
washing clothes (Browne et al., 2011) at the lake bank. However, further extensive research are required to
disclose the dominance of microplastic �bers in the lake system. Films and fragments are produced by
the fragmentation of plastic debris thrown away by tourist and local residents (Eerkes-Medrano et al.,
2015), which was also con�rmed by �eld observations as plastic waste were littered around the periphery
of the lake. Foam probably originated from thermocol box which are used for �sh storage and
transportation.

Microplastic were identi�ed and classi�ed into seven colors in winter season and eight colors in rainy
season as shown in Fig. 4. Transparent was the predominant color of microplastic for both seasons
accounting for 40.51% and 31.41% in winter and rainy season respectively. In winter season, all the
microplastic detected were found to be less than 1 mm in size from sixteen sampling locations. Whereas
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in rainy season, 98.78% of the microplastic were of size less than 1 mm and 1.2% were of size 1-5 mm.
Color and size of microplastic is linked with ingestion by aquatic organism if it resembles prey (Wright et
al., 2013)

4. Conclusion
This study determines the �rst report on microplastic occurrence in lake system of Nepal and �ll the gap
by providing data on microplastic pollution. This further attracts researchers to explore this emerging
environmental pollutant with the limited resources available in the country as water resources acts as a
driving force for overall development and economic progress of the country. Phewa Lake serves as an
important tourist site. Therefore, high concentration of microplastic in surface water is raising an
ecological concern that must be addressed. Large number of hotels, resorts and restaurants around the
lakeside, direct disposal of drainage into the lake, activities like washing clothes, �shing, tourism and
recreation are the cause of microplastic concentration of Phewa Lake. Future research should focus to
assess the risk of microplastic on aquatic organism to protect the lake diversity.
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Figures

Figure 1

Sampling points of study area
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Figure 2

Photographs of typical microplastic found in surface water of Phewa Lake (a) �ber, ( b) fragment (after
melt test) and (c) �lm.

Figure 3

Percentage distribution of microplastic by shape in Phewa Lake.
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Figure 4

Percentage distribution of microplastic by color in Phewa Lake
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