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| INTRODUCTION

1. HISTORY OF THE BAGMATI RIVER

The Bagmati River is the largest river in Kathmandu Valley. The source of the River is in the
Shivapuri Hill, 25 kilometers north of the city center at an elevation of 2650 meters above sea
level (Figure 1.1). There are 13 tributaries, of which the major ones are the Bishnumati,
Dhobikhola, Manohara, Tukucha, Nakkhu, Hanumante, Dallu and Balkhu (Figure 1.2). The river
flows along a length of 29 km through Kathmandu Valley, and separates the Kathmandu and
Lalitpur districts. It is the main river of the Bagmati basin. The Bagmati is a major tributary of the
Ganges River and has a catchment area of 3610 km? which is 2.25 % of the total area of Nepal

(Health and Environmental Management Society, 2016).

Figurel-1. Location Map

Source: Thakur J.K. et al. (2017)
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Figure 22. Tributaries ofthe Bagmati River
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The Bagmati basin includes eight districts: Kathmandu, Lalitpur, Bhaktapur, Makawanpur, Kavre,
Sindhuli, Rautahat and Sarlahi. Based on morphology and land use, the basin is divided into three
sub-basins: the Upper Bagmati basin (662 km?), the Middle Bagmati basin, and the Lower Bagmati
basin. This study will focus on the Upper Bagmati basin, which is the segment of the Bagmati River
in Kathmandu Valley. The climate in this basin is sub-tropical in the valley and its foothills (20 °C—
30 °C), warm and temperate at mid-elevation (15 °C- 20 °C) and cold in the higher mountains
(10 °C=15 °C). The sources of inflow into the Bagmati Basin are rain and snow. The basin
receives an average rainfall of 1800 mm per year with 90% of the precipitation occurring in the
monsoon season from June—September (Bosch & Hewlett, 1982; Odum, 1971). The river

provides most of the drinking water for the city of Kathmandu from its upper basin.

The valley has a population of 2.5 million with an annual growth of 4.63 per cent (Urban Pathways,

2020). This represents 9.32% of Nepal’s population. The surface water in Kathmandu Valley is
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severely polluted by industrial effluent, domestic waste and untreated sewage discharged from
residential areas. Around 40 million liters of waste water is generated daily in Kathmandu, and
80 percent of it comes from households (Pandey, 2005). Data on solid waste generation are rare.
In 2012, municipalities in Kathmandu Valley generated an estimated 626,700 kg of solid waste
(Kathmandu Upatyaka Khanepani Limited, Ministry of Urban Development, & Government of
Nepal, 2013). A study by the Asian Development Bank and the International Center for Integrated
Mountain Development in 2003 found that the cities in the Kathmandu Valley discharged 21,000
kg of domestic sewage daily into the Bagmati River, accounting for 42 per cent of its total BOD
load (Batra, 2015). Industrial pollution loads were increasing; 3,151 kg of industrial BOD load was

being discharged directly into the river each day (CEMAT Consultants, 2000).

1.2 SIGNIFICANCE OF THE BAGMATI RIVER

The civilization in Kathmandu Valley started with early settlement (between 167 BC and | AD)
along the banks of the Bagmati River near the Pashupatinath Temple and at the bank of the
Dhobhikhola at Hadigaon (Kathmandu Valley Environment OuB0@K). As the valley was fertile

and rich in natural resources, people started living there.

The Bagmati River is considered holy by both Hindus and Buddhists, and numerous ancient Hindu
shrines are located on both banks throughout the length of the river. This river has significant
cultural and economic significance for the people of Kathmandu. But rapid and unplanned
urbanization of Kathmandu Valley has increased water demand. Coupled with the lack of solid
waste and waste water treatment facilities, this has resulted in health hazards. Thus, cultural and
recreational activities, including ritual ceremonies practiced along the river banks, have
deteriorated (Project Administration Manual for Nepal: Bagmati River Basin Improvement Proje

2013).
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2 INITIATIVES FOR BANGMATI RIVER CONSERVATION

There are several initiatives that have been taken to clean and conserve the Bagmati River since
the mid-1990s; most of them have achieved limited results. Some of the main ones are described

below:

2.1 THE BAGMATI RIVER BASIN IMPROVEMENT PROJECT (BRBIP)

The Government of Nepal (GON) has long attempted to address the degradation of the Bagmati
River basin with limited results. The BRBIP included appropriate legal and institutional
frameworks to operationalize integrated water resources management that could be replicated
for other basins in the country. Planning, development and management of water resources in
the Bagmati River basin had been ad-hoc and uncoordinated. Government agencies operated in
isolation, which led to ineffective investments and inequitable allocation of water for human needs
and the environment. These factors greatly affected the government’s development efforts to
improve water security in the basin (Project Administration Manual for Nepal: Bagmati River Basin

Improvement Projer|3). The first phase of BRBIP was from May 2014 to May 2019; its targets

were to:

a. establish systems and capacity for integrated and participatory river basin
management;

b. improve the river bank environment in the urban area;

c. increase water availability in the basin during the dry season and improve watershed
conservation;

d. establish a flood forecasting and early warning system for the Bagmati River basin;

e. increase project management efficiency with effective stakeholder communication.
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The project was partially completed. Targets (b) and (c) are relevant to this report. Target (b)
was to be met by completing 7.2 km of river corridor construction with aesthetic river walls,
green zones, and recreational amenities — of which only | km of corridor in the Sinamangal section
was constructed. Work in other sections is 70% complete. Construction of || aeration weirs
and rehabilitation of 2 regulators was completed. Target (c) was to be met by constructing the
95-meter high Dhap Dam, near the origin of the Bagmati River, further upstream of Sundarijal
(one of the sites used in this study — see Section 4 on Methodology), with a storage capacity of
85,000 m’, partly to help flush the garbage downstream. The Dhap Dam has been only partially

completed.

The second phase of the BRBIP started in December 2019 and will be completed in November
2024. It will complete the construction of Dhap Dam. The project will also complete the
remaining 6.2 kilometers of river corridors, including landscaping and restoration of 23 historic
and cultural monuments located on the river banks; and construct and operate a waste water
treatment plant (WWTP) to clean the polluted water of the Tukucha tributary, which flows into
the Bagmati River. About |7 million liters of treated effluent will be released into the river daily

and contribute to increasing the Bagmati River flow in the dry season (Asian Development Bank,

2017).

2.1 THE BAGMATI RIVER CLEANUP CAMPAIGN

The Bagmati River Cleanup Campaign, a voluntary initiative by the people of Kathmandu, started
in May 2013. It is an independent movement and not a part of BRBIP; volunteers pick up the solid
waste from the river dumped by households and businesses. The ongoing cleanup campaign is
purely a social initiative of organizations that are trying to improve Kathmandu’s livability. The
program has been supported by the GON, Nepal Police, Nepal Army, Kathmandu Metropolitian
City, and international nongovernmental organizations such as Lions International. Celebrities,
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public figures, students, and tourists are also involved. The program has been taking place every

Saturday (a holiday in Nepal) at 7:30 am, and it lasts for 3 hours.

Mr. Leela Mani Poudel, the Chief Secretary in the GON in 2013, led the campaign. On Saturday
April |1, 2015, a human chain was formed from Sundarijal to Chovar to mark the 100" week of
the Bagmati Cleanup Campaign. Thousands of people gathered in early morning to form a 29-km
chain from Sundarijal to Chovar, including the Vice President, Prime Minister, and heads of
political parties. As of July 2017, the cleanup campaign so far has been organized in about 45
different places, and about 20,000 tons of waste has been extracted from the river and its sides
(Vaidya, 2017). By December 2018, more than 350 organizations and 250,000 volunteers were

involved in the campaign.

For example, on October 19, 2019, the river’s 336" week of the campaign, more than 300
campaigners and volunteers from |5 organizations participated. Six metric tons of waste were
taken out of the river below the Tripureshwar bridge. Similarly, the Dhobikhola, Bishnumati,

Manahara, Tilganga, Sundarighat and Gheshwari sections were also cleaned.

Because of the campaign, the sewage system that ran directly into the Bagmati River was modified
by the government in many parts of the city, which reportedly reduced pollution in the river

(Adhikari, 2016).

The Ministry of Water Supply is implementing the Kathmandu Valley Wastewater Management
Project. There are five major wastewater treatment plants (WWTPs) in Kathmandu Valley
(Table I-1) with a total capacity of 32.4 million liters per day (MLD). The Guheshwari WWTP,
the largest among the five, is situated next to the Bagmati River and close to the Guheshwari
sampling site in this study. The plant aims to reduce pollution in the Bagmati River and increase

the flow of the river at the Pashupatinath Temple for religious rituals. Currently, the effluent from
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the Guheshwari is bypassed through a tunnel to downstream of the Pashupatinath temple as the

effluent quality is not suitable.

Table 1. ExistingVWTPs

Parameter WWTP
Hanumanghat Sallaghari Kodku Dhobighat Guheshwari
Year established 1975 1983 1982 1982 2002
Reported nominal 0.5 2 1.1 15.4 16.4
capacity (MLD)
Orriginal GTZ Germany GTZ Germany IDA, IDA, Engineering Government of
supporting agency Engineering Science/USA Nepal
Science/USA
Operator KUKL KUKL KUKL KUKL HPCIDBC
Type of plant Aerated lagoon Aerated lagoon Waste Waste stabilization Oxidation ditch
originally installed stabilization pond
pond

Catchment North-east North & south East Lalitpur Kathmandu and Gokarna &
served Bhaktapur Bhaktapur Lalitpur Chabahil
Existing operation Treatment Treatment Treatment Not operational Treatment
status significantly below | significantly below significantly since 1982 significantly below

design intentions design intentions below design design intentions

intentions

Source: Asian Development Bank (January 2013)

2.2 PASHUPATI AREA DEVELOPMENT TRUST (PADT)

The Pashupati Area Development Trust was established in 1990 to undertake conservation and
management of the Pashupatinath Temple and its surrounding area of 264 hectares (ha). PADT
has come up with a plan for the preservation and development of the Pashupatinath Temple area
to mitigate the effects of urbanization, commercialization, and unplanned construction around

the temple.
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2.3 NATIONAL TRUST FOR NATURE CONSERVATION (NTNC)

NTNC (earlier King Mahendra Trust for Nature Conservation), established in1982, formulated
the Bagmati Action Plan in 2008 with the aim of rehabilitating and restoring the Bagmati River

and its environment (NWCF, 2009).

2.4 UN PARK DEVELOPMENT COMMITTEE

The UN Park Development committee was established in 1995 to undertake the construction of
the UN Park along the Bagmati River. The working committee comprised representatives of
ministries, civil society, and the private sector. The UN Park project was initiated during the 50"
anniversary of the establishment of the UN office in Nepal. They built a green belt, including the

UN Park, along a 3.5 km stretch of the Bagmati River from Shankhamul to the Teku river

confluence (Teku Dovan).

2.5 FRIENDS OF BAGMATI (FOB)

Friends of Bagmati was established in 2000 to raise awareness and organize campaigns on river
cleanup from time to time. FOB includes people from different walks of life who have come
together through their common concern and their wish to restore the environment of the

Bagmati River and other rivers of Nepal.

2.6 NEPAL RIVER CONSERVATION TRUST (NRCT)

The Nepal River Conservation Trust was established in 1995 by a group of guides involved in
river tourism. NRCT has been organizing the Bagmati River festival and other annual river festivals

to raise the conservation awareness of people and to promote environmental sustainability.

MP_DRAFT 8



3 LITERATURE REVIEW AND ANALYSIS OF PREVIOUS RESEARCH

Dahal, Khanal, and Ale (2011) noted that the physicochemical parameters and biological
indicators of the Bagmati River have been studied by many researchers who showed increased
pollution of the Bagmati River and deterioration of water quality with increased population
density in Kathmandu Valley. As a result, the original communities of aquatic fauna have
completely disappeared (Dahal et al., 201 ). More recent studies have shown that the river quality
has improved since 2013. According to Prajapati (2015), turbidity, biochemical oxygen demand
(BOD) and chemical oxygen demand (COD) decreased, while dissolved oxygen (DO) increased,
from September 2014 to February 2015. Similarly, Bhandari, Joshi, Shrestha, and Nakarmi (2017)
reported that “a slight decrease in contamination was observed in 2013 and 2014 data, possibly

a positive impact of Bagmati River Cleanup Campaign”.

3.1 COMPARISON OF CLEANING THE BAGMATI RIVER WITH OTHER RIVERS

3.1 RIVER THAMES IN BRITAIN
The Thames river was biologically dead in 1957. According to Hardach (2015):

Wartime bombings had destroyed some of the old Victorian sewers that had
previously helped keep the river clean. Post-war Britain did not have the resources to
fix the problem immediately. It was only from the late 1960s onwards, when London's
sewage system gradually improved along with the country's wider post-war recovery,
that the river began to breathe again. In the 1970s and 1980s, as part of a general
increase in environmental awareness, concerns grew over pesticides and fertilizer that
were washed into Britain's rivers with every rainfall. Tighter regulations followed,
which made the levels of toxic metals drop in the river. In 2015 there were 125 species

of fish in the Thames, up from almost none in the 1950s.
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3.1.2  RIVER KALLANG IN SINGAPORE

The Singapore River and Kallang basin were cleaned between 1977 and 1987. According to
Singapore Infopedia (2019), the cleanup included the physical cleaning of the heavily polluted
rivers, the removal of various sources of pollution, the provision of proper sewage
infrastructure, new facilities for resettled residents and businesses, and the implementation of

anti-pollution measures to minimize future pollution.

3.1.3  RHINE RIVER IN EUROPE

The Rhine river restoration in Europe is a good example that involved collective action of the
people of Switzerland, France, Germany and the Netherlands. This snow-fed river had a high and
steady flow of water, which for many centuries supported trade, shipping, urbanization and
industrialization along its bank. These developments led to degradation of the river. As 20 million
people were dependent on this river for drinking water, it was essential to maintain the river
water quality and its environment. The four countries coordinated to invest heavily in sewage
treatment plants. Industries along the bank also invested in protecting the river by changing their
production processes and developing effluent treatment facilities. Along with investments by the
governments and industries, multiple solutions were implemented in myriad local communities in
the four countries. With these initiatives, the river once called the “sewer of Europe” was

restored and rediscovered (NWCF, 2009).

3.1.4  QINHUAIRIVER IN CHINA

The Qinhuai river in China is another example similar to the Bagmati River in Nepal. Illegal slums
and squatters’ settlements along the river’s course and the filthy river environment as well as the
foul smell of the river water had severely reduced the quality of human settlement and the urban
environment in the town of Nanjing. In an attempt to improve the river environment, the

government initiated multifaceted approaches of conservation and restoration under Qinhuai
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River Rehabilitation Program at the end of 2002. In 2005, the first phase of the work involved
relocation and resettlement of people in 4356 households in a 380 thousand square meter area
along the river. A total of 22 km of sewer interception pipeline were laid along the river course.
The second phase of river restoration was started in 2006. The Nanjing-Qinhuai river is now a

historical, cultural, and tourism zone (Bajracharya, 2009).
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4 METHODOLOGY

4.1 RESEARCH QUESTION

Considering the significance of the Bagmati River, the deterioration of its water quality, and its
environmental and health hazards, this study attempts to assess the water quality. The research
question is “How does the current water quality of the Bagmati River compare with the previous

measurements?”’

4.2 STUDY AREA

The study area in this report focuses on a 29-km length of the Bagmati River inside Kathmandu
Valley from Sundarijal (27.761830, 85.422604) to Chovar (27.658102, 85.293544). The Bagmati
River catchment drains an area of 595.4 km” with Chovar as its outlet. The altitude of the basin
area varies from 1178 to 2723 m above sea level. The main water sources in the river are the
natural springs and annual rainfall. The average annual rainfall in the study area is 900 mm. About
80% of the rainfall occurs during the monsoon season (July - September). The river basin covers
an area of 650 km? with an altitude ranging from 1220 m to 2800 m above sea level (Khanal et
al., 2007). The basin has a warm temperate climate with summer temperatures ranging from 19°
to 27°C and winter temperatures ranging from 2°C to 20°C (NTNC, 2009). The river’s annual
average flow of 17.7 m*/s is observed at Khokana with a seven-day minimum of .31 m*/s (Kannel,

Lee, Kanel, Kahn, & Lee, 2007).

The river flow declines considerably after the monsoon, but untreated solid and liquid wastes
continue to be dumped into the river under the assumption that the water will still carry them
away. With the number and size of the settlements having grown substantially, the volume of this

waste has also increased. Therefore, the low flow of the river in the non-monsoon months can

no longer flush away the waste (NWCEF, 2009).
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4.3 DATA COLLECTION

4.2.1 SELECTION OF SITES

Ten sampling locations were identified to represent the changing population density and
landscape (Table 3-1, Figure 3-1 and Figure 3-2). The locations are Sundarijal, Gokarna,
Guheshwari Ghat, Gaurighat, Tilganaga, Sankhamul Ghat, Tripureshwar, Teku Dovan, Balkhu
Dovan and Chovar. These 10 sites were monitored twice - during the monsoon (August 2019)
and after the monsoon (December 2019) - to determine the seasonal impacts of human and other

activities.

Table 3 1. Description and sampling locations
Sample site Coordinates Characteristics

Sundarijal 27.761830 | 85.422604 Upper portion of river, just outside the
national park, minimum human influence

Gokarna 27.739223 | 85.387933 Mixing of seasonal rivers and some sewage
pipe, dense human settlement

Guheshwari Ghat 27.711287 | 85.354190 Protected area on one side and dense human
settlement on the other side

Gaurighat 27.712949 | 85.349580 Protected area on one side and dense human
settlement on the other side; upstream of
religious site (Pashupatinath Temple) and
cremation area (Arya Ghat)

Tilganga 27.702621 | 85.349980 Downstream of religious site (Pashupatinath
Temple) with cremation area (Arya Ghat),
human/industrial waste mixed with sewage

Sankhamul Ghat 27.680574 | 85.329980 After joining of the Manahara and Hanumante
Rivers

Tripureshwar 27.691834 | 85.310742 After the squatter settlement, sewage and
garbage dumping into the river in Thapathali
and after joining of the Dhobi River and
Tukucha River

Teku Dovan 27.691236 | 85.301912 Lower stretch of the river after joining of the
Bishnumati River

Balkhu Dovan 27.681765 | 85.299020 Lower stretch of river after joining of the
Balkhu River
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Chovar 27.658102 | 85.293544 End point of the Bagmati River inside
Kathmandu Valley

Figure 41. Sampling locations in Bagmati River
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a. Sundarijal

Sundarijal is 15 km away from the city center. The Bagmati River originates from this region and
the northern side belongs to the Shivapuri National Park. Sundarijal covers an area of 5.18 km?
(2 sq. mi). Shyalmati and Nagmati rivers meet the Bagmati River at Sundarijal. According to the
2011 Nepal Census, Sundarijal had a population of 2552 living in 547 individual households. This
area is the starting point for hikers to the Langtang range and the 22 km Sundarijal-Chisapani

trek.

Figure 43. Aerial view of Sundarijal sampling location
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b. Gokarna

Samples were collected at the bank of the Bagmati River adjacent to the Mahadev Temple, which
was built in 1582. People visit this temple in honor of their deceased fathers from late August to

early September. The municipality has a population of 107,351 according to the Nepali census.
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Figure 44. Aerial view of Gokarna sampling location
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c. Guheshwari Ghat
Samples were collected at the bank of the Bagmati River adjacent to the Guheshwari Temple,
which is an important pilgrimage destination for the Hindus as well as the Buddhists. It is eleven
km east of the Pashupatinath Temple and is in a somewhat protected area. It has an activated
sludge plant that is the only operational plant out of the 5 waste water treatment plants

operational since 2003. This area has a dense population on its northern and eastern sides.
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Figure 45. Aerial view of Guheshwari Ghat sampling location
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d. Gaurighat
Gaurighat is an ancient city on the bank of the Bagmati River. It is north of the Pashupatinath
Temple. It is in a somewhat protected area but is densely populated on the northern and

eastern sides. It is not far from Guheshwari Ghat.

Figure 46. Aerial view of righat sampling location
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e. Tilganga
Tilganga is also a densely populated area. The water contains ash generated by the cremation of
bodies upstream on the bank of the Bagmati where Pashupatinath Temple is situated. Nepal’'s
only international airport is adjacent to the monitoring station on the east side. The south and

west side of the monitoring stations are densely populated.

Figure 47. Aerial view of Tilganga sampling location
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f.  Sankhamul Ghat
Sankhamul Ghat is a half kilometer long embankment near the confluence of the Manohara and
Bagmati Rivers which is upstream of the sampling location. Confluences are regarded as
auspicious locations; therefore, the Sankhamul Ghat serves as the main cremation site of Lalitpur
District and, during the festival of Maghe Sankranti, an important spot for ritual bathing. This is

also a densely populated area.
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g. Tripureshwar
The Dhobikhola River mixes with the Bagmati River upstream of the sampling location. There is
a famous 19" century temple of Mahadev, a Hindu deity, at the bank of the Bagmati River in

Tripureshwar. It is also a densely populated area.

Figure 49. Aerial view of Tripureshwar sampling location
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h. Teku Dovan
The Bishnumati River mixes with the Bagmati River slightly upstream of the sampling location.
Since this is a confluence, people are cremated on its banks. Teku Dovan is also a densely
populated area.

Figure 410. Aerial view of Teku Dovan sampling location
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i. Balkhu
The Balkhukhola River mixes with the Bagmati River upstream of the sampling location. Balkhu

is a densely populated area.
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Figure 411. Aerial view of Balkhu Dovan sampling location

j. Chovar

Chavar is 9 km southwest from Kathmandu city and is a part of Kirtipur Municipality. It is known

for the Chobar gorge from where Bagmati River exits the Valley. This is a densely populated area.

Figure 412. Aerial view of Chovar sampling location
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422  WATER QUALITY PARAMETERS

The tested parameters, their units and test methods are provided in Table 3.2.2. They measure
water pollution caused by human and industrial effluent.

Table 3 2. Water quality parameters and test methods

Parameter Unit Method Used
pH Readings - Electronic, 4500-HB' APHA?
Turbidity NTU Nephelometer, 2130 B, APHA
Dissolved Oxygen (DO) mg/L Winkler Azide Modification (Dilution and

Seeding), 4500 O C, APHA ISO 5815-1989

Biological Oxygen  Demand | mg/L Winkler Azide Modification (Dilution and
(BOD) Seeding), 4500 O C, APHA ISO 5815-1989
Chemical Oxygen  Demand | mg/L Potassium Dichromate Reflux, 5220 B, APHA
(COD)
E-coli CFU/100 ml | Multiple Tube Fermentation, 9221 E APHA

1The gravimetric analysis was carried out in a controlled temperature condition (20°C)
2 American Public Health Association

423 METHOD OF COLLECTION

Pre-monsoon samples were collected on August 22, 2019 in Sundarijal and Gokarna, on August
28 in Guheshwari Ghat, Gaurighat and Tilganga, on August 29 in Tripureshwar, Teku Dovan,
Balkhu Dovan and Chovar, and on September | in Sankhamul. The August 2019 samples were
collected between 6:30 am-10 am and the September 2019 was collected from 3:30 pm-4 pm.
Post-monsoon samples were collected on December |5 (Chovar, Balkhu Dovan, Teku Dovan
and Tripureshwar) and Decemberl|6é6 (Sunderijal, Gokarna, Guheshwari Ghat, Gauri Ghat,
Tilganga and Sankhamul Ghat), 2019, between 7am-5pm. The sample water for all 6 parameters
was collected on the same day for each site. Samples were collected at a depth of 0.5-1 ft. The
collected samples were kept in acid-washed bottles for physio-chemical parameters and in
sterilized glass bottles for bacteriological parameters. The samples for bacteriological purposes
were stored in an insulated box containing ice (to maintain temperature at 4°C) and delivered
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the next day at Nepal Environmental and Scientific Services Pvt. Ltd, an accredited lab for

biological and physico-chemical tests.

4.4 METHOD OF ANALYSIS

The monsoon and post-monsoon data in 2019 at 10 sites were assessed and compared. To assess
a longer-term trend, raw data from 2011-2014 provided by the Environment and Public Health

Organization (ENPHO) was used.'

Trends were analyzed based on raw data collected by Bhandari et al. (2017) for their research
work on Water Quality of the Bagmati River in Kathmandu Valley: 2011-2014. There were 7
sampling locations in their study - Sundarijal, Gokarna, Pashupati, Minbhavan, Thapathali,
Sundarighat and Chovar. Pashupati, Minbhavan, Thapathali and Sundarighat were similar to the
geographic areas and population densities of Gaurighat, Sankhamul Ghat, Tripureshwar and
Balkhu Dovan of this study, and therefore their values were used for these sites. The parameters
they studied were pH, electrical conductivity (EC), total suspended solids (TSS), chloride (ClI),
ammonia (NH;), ammonium nitrate (NOs), total phosphorous (P), BOD, COD and E. coli. Three
of these parameters, pH, BOD, and COD, are in common with this study. E. coli could not be
compared, as this study measured E. coli greater than or less than 1100 but did not give the
absolute value for more than 1100.> The 2012 data was taken as a baseline, a year before the

Bagmati River Cleanup Campaign started.

I' would like to express my gratitude to the Environment and Public Health Organization (ENPHO) for providing me with the
raw data from 2011-14. A summary results and analysis of this data are provided in Bhandari et al. (2017)

2 Specific values of E. coli could not be measured due to time and budget constraints
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5 RESULTS AND DISCUSSION

5.1 RESULTS FOR SEASONAL VARIATION BY SITE

5.1.1 PH READINGS

The pH values ranged from 5.9 to 7.1 and from 6.9 to 7.5 for monsoon and post monsoon
respectively. The overall pH values in the post monsoon are higher than those during the
monsoon in all sampling locations. The pH was slightly acidic in all locations except in Balkhu
during the monsoon, whereas it was slightly alkaline during the post monsoon except for
Gaurighat and Guheshwari Ghat. It ranged from 5.9 - 7.1 mg/L in the monsoon to 6.9 - 7.5 mg/L

post monsoon (see Figure 5-1).

Figure5-1. pHreadings
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5.1.2 TURBIDITY
The turbidity ranged from 26 - 85 NTU in the monsoon, with 26 NTU at Sundarijal and 85 NTU

at Balkhu Dovan. But during the post monsoon it ranged between 5 - 390 NTU at Sundarijal and
Tripureshwar, respectively. In Sankhamul Ghat and Teku Dovan the turbidity was 183 NTU and

182 NTU, almost half that of Tripureshwar (Figure 5-2).
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Figure 52. Turbidity
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5.1.3  DISSOLVED OXYGEN

Water at lower temperatures will have higher levels of dissolved oxygen (DO) while warmer,
polluted waters will have lower levels of DO. Healthy water should generally have dissolved
oxygen concentrations above 6.5 - 8 mg/L. The DO ranged from 4 - 9 mg/L during the monsoon
and | - 16 mg/L post monsoon. For both seasons DO was highest at Gaurighat, 9 and 16 mg/L
respectively. After Gaurighat, Sundarijal had the next highest level of DO; 8 mg/L in monsoon

and 9 mg/L post-monsoon. Shankhamul Ghat and Tripureshwar had DOs of | mg/L (Figure 5-

3).
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Figure 53. Dissolved Oxygen
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5.1.4 BIOLOGICAL OXYGEN DEMAND

BOD is a measurement of the amount of dissolved oxygen (DO) that is used by aerobic
microorganisms when they are decomposing organic matter in water. BOD ranged from 3 - 106
mg/L during the monsoon and less than | - 90 mg/L post monsoon. Sundarijal had the lowest
BOD in both seasons, and Tilganga had the highest of 106 mg/L during the monsoon. Sankhamul
Ghat, Tripureshwar, Teku Dovan and Balkhu Dovan had BODs between 65 - 90 mg/L (Figure

4-4).
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Figure 54. Biological Oxygen Demand
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5.1.5 CHEMICAL OXYGEN DEMAND

COD is a measurement of the oxygen required to oxidize soluble and particulate organic matter
in water. During the monsoon, the COD ranged between 14 - 138 mg/L at Tripureshwar and
Tilganga, respectively. After the monsoon, it ranged from 2 - 200 mg/L at Sundarijal and Teku

Dovan, respectively. From Tilganga to Chovar it ranged between 100 - 200 mg/L (Figure 4-5).

Figure 55. Chemical Oxygen Demand (COD)
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5.1.6 E.COLI

E. coli ranged from 210 to greater than | 100 during the monsoon, with Teku Dovan having 210
and Sundarijal, Gokarna, Tilganga, and Chovar having more than |100. Except for Sundarijal, all

locations had more than | 100 post monsoon. In Sundarijal it was 1100 (Table 5-1).

Table 51. E. coli
Monsoon Postmonsoon
SN Monitoring sites

(CFU/100 ml)|  (CFU/100 ml)

1 | Sundarijal >1100 1100

2 | Gokarna >1100 >1100

3 | Guheshwari Ghat 460 >1100

4 | Gaurighat 1100 >1100

5 [ Tilganga >1100 >1100

6 | Sankhamul Ghat >1100 >1100

7 | Tripureshwar 1100 >1100

8 | Tekhu Dovan 210 >1100

9 | Balkhu Dovan 460 >1100

10 | Chovar >1100 >1100

5.2 DISCUSSION OF SEASONAL VARIATION BY SITE

5.2.1 PH READINGS

The water during the post monsoon was slightly alkaline compared to the monsoon, and that
could be due to the lower water level in the river post monsoon. These pH levels are favorable
for fish to survive, as most aquatic creatures prefer a pH range of 6.5 - 9.0, even though some

can live in water with pH levels outside of this range.

MP_DRAFT 28



52,2 TURBIDITY

Sundarijal being the most upstream site, the water had not mixed with many pollutants, and
Balkhu Dovan, being close to the downstream area, had already mixed with pollutants; therefore,
the turbidity could have been lower in Sundarijal and higher in Balkhu Dovan in monsoon. For
the same reasons, Sundarijal had lowest turbidity in the post monsoon. Tripureshwar in the post
monsoon had the highest turbidity value, which could be attributed to Tripureshwar’s being in a
densely populated area that is slightly downstream from the squatter settlements. In Sankhamul
Ghat and Teku Dovan, the turbidity was almost half that of Tripureshwar, perhaps because the
Manohara River and Bishnumati River were in proximity to the sampling sites and brought in
more water to dilute the pollutant levels in the Bagmati River. The turbidity in Chovar was
comparable to that of Sankhamul Ghat and Teku Dovan, and that higher value could be due to

its position downstream.

523  DISSOLVED OXYGEN

For both seasons, DO was highest at Gaurighat, 9 and 16 mg/L respectively. The higher value
during the monsoon could be due to the Guheshwari WWTP releasing effluent slightly upstream
of the Gaurighat sampling location and settlements being only on one side of the river bank. After
Gaurighat, Sundarijal had the highest DO levels in both seasons, which could be due to the
relatively sparse population of Sundarija. Sankhamul Ghat and Teku Dovan were the lowest during
the monsoon, whereas Teku Dovan had no DO in the post monsoon. Shankhamul Ghat and
Tripureshwar had DOs of | mg/L. These very low DO values could be due to the densely
populated locations of these areas, from which untreated water and solid waste is discharged

into the river.
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524 BIOLOGICAL OXYGEN DEMAND
Sundarijal had the lowest BOD in both seasons, and Tilganga had the highest value in the

monsoon. As explained in earlier sections, Sundarijal is upstream and in a sparsely populated area,
whereas Tilganga, Sankhamul Ghat, Tripureshwar, Teku Dovan and Balkhu Dovan are in densely

populated areas and therefore have higher BOD values.

525 CHEMICAL OXYGEN DEMAND

The higher value at Tilganga in the monsoon could be due to its location downstream of
Pashupatinath Temple, where lot of cremations are performed that release pollutants. In the post
monsoon, Sundarijal had the lowest value, which could be because of its location in a sparsely
populated area. The higher value in Teku Dovan in the post monsoon could be due to the
cremation area located slightly upstream of the sampling location, which is in a densely populated

area.

5.2.6 E. COLI

All the locations were e. coli contaminated and therefore harmful to human beings. The lowest
count of E. coli at Teku Dovan in the monsoon could be attributed to the fairly large tributary
Bishnumati joining slightly upstream of the sampling location and carrying the pollutant away. The
other locations that had E. coli counts of more than | 100 during the monsoon were in densely

populated areas, with the river not large enough to carry the pollutant away.

5.3 TREND IN PARAMETERS DURING 2012 -2019

5.3.1 SUNDARIJAL

Water at Sundarijal was more acidic than the baseline year (2012) in the monsoon. BOD went
up slightly from 2012 and COD rose sharply to 40 mg/L from 2.1 mg/L in 2014. But in the post-
monsoon there is a fluctuation in pH values, a slight decrease in BOD, and a large decrease in

COD. Sundarijal has been urbanizing each year, so there is the possibility that higher values of
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COD could have been observed. But in the post monsoon, both BOD and COD have a

decreasing trend (see Figure 5-6, 5-7 and 5-8).

Figure 56. pH Reading aSundarijal
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Figure 57. BOD & COD in Monsoon Sundarijal
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Figure 58. BOD & COD in Pektonsoon Sundarijal
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532 GOKARNA

Even though the pH values for both seasons have slightly improved in comparison to 2012 values,
they have fluctuated between the years. BOD decreased slightly in the monsoon and post-
monsoon, whereas COD spiked in the monsoon of 2019 but slightly decreased in the post
monsoon. The spike in COD in monsoon could be the sampling being done a few days after the
religious festival of Father’s Day where the devotees throw offerings of all kinds to the river that

could have increased COD level (see Figure 5-9, 5-10 and 5-11).

Figure 59. pH Readings Gokarna
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Figure 510. BOD & COD in monsoon Gokarna
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Figure 511. BOD & COD in pestonsoon Gokarna
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53.3  GAURIGHAT

The pH values have slightly improved since 2012 for both monsoon and post-monsoon. Even
though both BOD and COD have been reduced from 2012, COD sharply increased from 12.5
mg/L in 2014 to 40 mg/L in the 2019 monsoon. But in the post monsoon, BOD and COD have

sharp reductions in 2013 and gradual reductions thereafter. (see Figure 5-12, 5-13 and 5-14).

MP_DRAFT 33



Figure 512. pH Readings Gaurighat
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Figure 513. BOD & COD in Monsoon Gaurighat
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Figure 514. BOD & COD in Paestonsoon Gaurighat
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534 SHANKHAMUL GHAT

The pH values have improved for both seasons. BOD and COD have decreased for both seasons
from 2013, even though they both increased significantly from 2012 to 2013. (see Figure 5-15,

5-16 and 5-17).

Figure 515. pH Readings Sankhamul Ghat
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Figure 516. BOD & COD in Monsoon Sankhamul Ghat
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Figure 517. BOD & COD iRrostmonsoon Sankhamul Ghat
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53.5  TRIPURESHWAR
The pH values have not changed much from 2012, but it took a dip in 2013 in the post monsoon.

BOD and COD have decreasing trends from 2013 in the monsoon, whereas they have a decreasing

trend from 2012 onwards in the post monsoon. (see Figure 518, 519and 5-20).
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Figure 518. pH Readings Tripureshwar
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Figure 519. BOD & COD in Monsoon Tripureshwar
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Figure 520. BOD & COD in Pestonsoon Tripureshwar
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53.6  BALKHU
The pH values in Balkhu Dovan have slightly increased from 2012 for both seasons. During the

monsoon, the BOD and COD were reduced significantly from 2013 onwards. For the post

monsoon the BOD and COD have been reduced significantly from 2012. (see Figure 521, 522

and 5-23).

Figure 521. pH Readings Balkhu
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Figure 522. BOD & COD in Monsoon Balkhu
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Figure 523. BOD & COD in Paestonsoon Balkhu
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53.7 CHOVAR
The pH values have been reduced for both seasons from 2012. For the monsoon, BOD has a

slight decrease, whereas COD has a sharp decrease from 2013 onwards. In the post monsoon,

BOD and COD have gradual reductions. (see Figure 524, 525and 5-26).

Figure 524. pH Readings Chovar
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Figure 525. BOD & COD in Monsoon Chovar
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Figure 526. BOD & COD in Pestonsoon Chovar
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6 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

Upstream sites have better water quality than the downstream sites. The four upstream sites —
Sundarijal, Gokarna, Guheshwari Ghat, and Gaurighat — were less turbid, had higher DO, and
lower BOD and COD in both the monsoon and post-monsoon seasons than the six downstream
sites — Tilganga, Sankhamul Ghat, Tripureshwar, Teku Dovan, Balkhu Dovan, and Chovar. Of the
four upstream sites, Sundarijal and Guheshwari Ghat had the lowest turbidity, BOD, and COD,
and the highest DO in both seasons. Among the downstream sites, Tilganga had the highest BOD
and COD in both seasons and Teku Dovan had the highest COD and the lowest DO post-

monsoon.

Water quality has generally improved since 2013 in most of the seven sites, results of which were
compared with those of ENPHO. Across the five years for which data were compared, there was
not much difference in pH values for either of the two seasons. However, for each year, water
during the monsoon was found to be more acidic than that during the post-monsoon season.
Taking Gaurighat as representative of the four upstream, somewhat protected, areas, BOD
decreased during 2012-2014 and remained almost the same in 2019; COD decreased from 2012
to 2014 but increased in 2019. Taking Tripureshwar as representative of the more disturbed,
downstream areas, both BOD and COD decreased from 2012 onwards. The BOD and COD
values were lower in Gaurighat than in Tripureshwar in the monsoon season every year except
in 2012 and 2019; in the post-monsoon season, they were significantly lower in Gaurighat in every

year.

As many factors impact water quality, it is not possible to attribute the changes across seasons

and years to any specific factor.
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6.2 LIMITATIONS OF THE STUDY

There were several limitations of the study reflecting a paucity of reliable data as well as budget
and time constraints. The yearly data obtained from ENPHO were for 2011 to 2014; data for
other years were not available. Only pH, COD and BOD were common in this study and the
study by ENPHO; therefore, only these parameters were studied. Furthermore, the measure of
E. coli was ordinal - greater or less than |1100; the E. coli data from 201 1-2014 were in absolute
numbers. As such, the two measures could not be meaningfully compared. The current study can
only interpret the Bagmati River water as undrinkable, considering the high e-Coli count, and
cannot do any further analysis. The current study also measured other parameters like turbidity
and dissolved oxygen but the study from 2011 to 2014 did not measure these parameters,
therefore these also could not be compared. The current study did not collect data for the pre-

monsoon as did the ENPHO study, therefore only two samples in a year were compared.

6.3 RECOMMENDATIONS

The general improvement in water quality suggests that the Bagmati Cleanup Campaign should
continue and should be extended to its tributaries. The Dhap Dam, with a capacity of 85000 m’
under the 2™ phase of BRBIP, should be completed on time. It will release water during the pre-
monsoon and post-monsoon seasons, flush away the pollutants in the river, and maintain DO at
the Pasupatinath Temple to a level where people can bathe. Solid waste and wastewater
management is particularly important as shown by examples of cleanup of other previously
polluted rivers such as the Kallang, Quinhua, Rhine, and the Thames. The rehabilitation and
reconstruction of five existing WWTPs that were mentioned in Table |-1 and a stronger

household waste collection system would be important.

Many individuals, groups and organizations have collected data on the Bagmati River’s water

quality. However, data collection appears to be uncoordinated; sample sites and sampling
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frequencies are inconsistent; and data from multiple studies are not comparable. There is an
urgent need to standardize test methods and collect consistent data to allow comparison across
time and sites. It may be helpful if GON establishes monitoring stations along the Bagmati River
to collect and test samples at regular intervals for the key parameters and maintain a database
accordingly. Better data will help researchers to accurately measure water quality and identify

factors that determine changes in the water.
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8 APPENDICES

Water Sampling Pictures
a. Water samplings done during monsoon (August /September 2019) and post-monsoon (December

2019)

Figure 8-1. Sundarijal, Monsoon Figure 8- 2. Sundarijal, Post- monsoon
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Figure 8- 3. Gokarna, Monsoon Figure 8- 4. Gokarna, Post-monsoon
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Figure 8- 5. Gujeshwari Ghat, Figure 8- 6. Gujeshwari Ghat, Post-monsoon
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Figure 8- 8. Gaurighat, Post-monsoon

Figure 8- 7. Gaurighat, Monsoon

Figure 8- 9. Tilganga, Monsoon Figure 8- 10. Tilganga, Post-monsoon
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Figure 8- | 1. Sankhamul Ghat, Figure 8- 12. Sankhamool Ghat,
Monsoon Post-monsoon

Figure 8- 13. Tripureshwar, Monsoon Figure 8- 14. Tripureshwar, Post-monsoon
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Figure 8- 15. Teku Dovan, Monsoon Figure 8- 16. Teku Dovan, Post-monsoon
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Figure 8- 18. Balkhu Dovan, Post-monsoon

Figure 8- 17. Balkhu Dovan, Monsoon
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Figure 8- 20. Post-monsoon

8.1 BAGMATI RIVER CLEANUP CAMPAIGN

3 Famatal

200thWeek near Sankhamul Ghat, April 11, 2015
Photo credit: The Himalayan Times
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Photo credit: Rising Nepal

336th Week Tripureshwar, October 19, 2019
Photo credit: National News Agency (RSS)
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300th week at Guheshwari Ghat, April 22, 2018
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