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Poorly managed solid waste disposal in the Sagarmatha National Park, Nepal, (SNP) is
causing considerable degradation of major rivers and drinking water in the region. This
research began as a study to: (1) identify sources of water contamination; (2) better
understand the breadth of this problem; and (3) begin to develop technical solutions for
resolving these problems. The remoteness of the study site and rugged terrain challenged the
equipment used to collect and store samples and caused us to modify our protocols. Further,
the complex interactions among natural resource management issues, increasing tourism, a
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struggling economy, climate change, and the risk of natural disasters (e.g., earthquakes) in the
SNP triggered a change in our initial approach to the problem. We decided to broaden our
research goals to include community-based resource management efforts designed to inform
how resources are protected and governed in the SNP. Understanding communities, residents,
and other stakeholder’s attitudes and perceptions of the social, economic, and environmental
risks is necessary to help community leaders develop and sustain a useful governing
framework to support water quality risk mitigation. This manuscript is an effort to
communicate the evolving nature of our methodology over time and make a case for flexible
research design, particularly in areas where geography, culture, and resource management
potentially pose substantial challenges to traditional research methods. The methodology we
eventually adopted is generalizable to similar remote mountainous regions around the globe.

Keywords: Drinking water, Fecal coliform, Nepal, human dimensions of resource
management, Sagarmatha National Park, Tourism

1. Introduction

The combination of unrestricted tourism and the lack of waste management is resulting in the
contamination of much of the surface and drinking water in the Sagarmatha National Park
(SNP), Nepal (Ghimire et al., 2013a; Nicholson et al., 2014, 2016). Tourists, their porters and
guides, and their concurrently generated refuse are causing aggressive anthropogenic pressure
with serious environmental consequences to the SNP and SNP Buffer Zone ecosystems
(Ghimire et al., 2013a). Open defecation and poorly managed solid waste disposal (sewage
and toilet waste can be found piped into nearby streams and rivers (Carovello et al., 2007)) is
causing considerable degradation of major rivers in the region (Ghimirie et al., 2013a,b) and
drinking water (Nicholson et al., 2016).

Field work began in May 2014 to identify sources of water contamination, better understand
the breadth of the problem, and to determine appropriate solutions and actions to address
water quality and quantity issues. This article documents the numerous unexpected issues
encountered during our field research, including challenging site characteristics (e.g., rugged
and remote geography) and a catastrophic geological event (2015 earthquake) as well as the
realization that solving the water contamination problem is not only related to proper waste
disposal, sanitation, and drinking water treatment, but connected to how drinking water is
protected and governed in this rural mountainous region (Figure 1). Because of these issues,
our research methodology was forced to evolve. Through describing this process, we suggest
the need for using open and adaptable approaches to research design, particularly in areas
where geography, culture, and resource management can potentially pose significant
challenges to traditional research methods.
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Figure 1. lllustration showing the relationships between contaminated drinking water,
economics, governance, health and hazards in the SNP

2. Background
2.1 Place and Tourism

For most people the classic trek to Mt. Everest Base Camp (EBC) begins at the township of
Lukla and extends beyond the township of Gorek Shep to EBC (Figure 2). The SNP was
declared a World Natural Heritage Site in 1979 and is the highest altitude protected area in
the world. The region has experienced a 100,000% increase in the number of tourists over the
past 50 years: from 20 in 1964 to peak numbers of >32,000 in 2009 and 2010 (Salerno et al.,
2013; Ghimirie et al., 2013a). Recent disasters in the region, such as the 2015 earthquake,
caused a decrease in tourist numbers.
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Figure 2. Sketch map the location of the SNP and SNP Buffer Zone, the Dudh Koshi
drainage basin in Nepal (inset) and the location of major townships, rivers, glaciers and
mountains within the area

Currently, there are approximately 6,000 people, primarily of the Sherpa ethnic group, living
in the SNP and SNP Buffer Zone. Though agriculture is an important component of resident’s
lives, increased dependence on tourism has reshaped the local economy and social structure
(Nepal 2000; Manfredi et al. 2010; Panzeri et al., 2013). While tourism has brought
prosperity, it also resulted in significant changes to the Sherpa culture through a complex
interplay of effects on lifestyle and livelihood practices, resource governance systems,
development interventions, and technological innovations (Stevens 1996; Rogers et al 1998;
Stevens 2003; Byers 2005; Ives 2005; Panzeri et al., 2013; Mukbherji et al., 2015). Within the
Sherpa community, there is much debate about how to develop a sustainable economy
without exacerbating environmental and cultural degradation (Nyaupane et al. 2006).

Nepal’s State of Environment Report (2000) identified water pollution as the most significant
public health issue in the country, with much of the pollution load tied to human activities
(e.g., domestic sewage) (Devotka and Neupane 1994; Manfredi et al. 2010). Previous studies
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by Ghimire et al. (2013) and Nicholson et al. (2016) began to track and characterize water
contamination issues in the SNP, beginning with major rivers and streams and smaller,
community and family owned drinking water sources, but none addressed the issues around
governance and management.

2.2 Water Contamination

Recent studies of E. coli and coliform bacteria in the SNP were conducted by Ghimire et al.
(2013a) and Nicholson et al. (2016); confirming earlier work from Caravello et al. (2007).
Collectively, these studies concluded that all rivers contained E. coli and coliform bacteria.
The work of Nicholson et al. (2016) showed similar trends in drinking water, whereby many
drinking water sources were contaminated with E. coli and/or coliform bacteria and
contamination rates increased with decreasing altitude. Finding that bacterial contamination
increased from the higher altitude portion of the SNP to the lower altitude regions. The results
indicate increased development in anthropogenic and socio-cultural activities in the lower
stretch were responsible for the increased bacterial contamination. Further, shifts in climate
and the associated changes in precipitation patterns and snowpack were also changing water
availability in a clear and noticeable way (Alford and Armstrong 2010).

2.3 Water Management and Governance

Increasing competition for water resources, the impacts of climate change, tourism, and
shifting water availability due to a wide variety of issues is driving the need globally to better
coordinate water resources management. Integrated Water Resources Management (IWRM)
is a process that encourages the coordinated development and management of water resources
to maximize economic and social welfare without compromising ecosystem sustainability.
The core principles of IWRM include integration, participation, decentralization, and water
management according to hydrological boundaries (Global Water Partnership (GWP), 2000).
With IWRM the management and decision-making power rests with the community.
Community residents understand the socio-cultural and environmental context of place better
than any outsider. Many developing country governments in Latin America, Asia, and Africa
have incorporated IWRM as a guiding principle for their national water policy programs
(Suhardiman, 2015).

IWRM however is not without its challenges. Most often the way IWRM has been
implemented in past contexts has been the cause of significant problems (Biswas, 2004, 2008;
Molle, 2008; Varis et al. 2008). Fundamental to this research will be what aspects should be
integrated, how, and by whom. Identifying institutional barriers to IWRM application should
be an early priority for research and outreach teams.As well, careful consideration must be
given to making sure all sections of society are included and represented in any
decision/management effort. The onus of managing SNPs drinking water quality, and of
managing sewage and waste, has devolved from the national government to citizens and
communities across Nepal, including the SNP and SNP Buffer Zone. The first Park
Management Plan was implemented in 1976 (Garratt 1981), giving the state control of many
resources and largely centralized tourism revenues. However, the national government
struggled to support, maintain, and monitor environmental standards (Suhardiman et al.,
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2015). Thus, in 2002, the Buffer Zone Policy was created to increase community-based
management of resources and allocated 30-50% of park revenues for investment in local
development.

Toward implementation of IWRM and community-based management in the SNP, the
recently redeveloped Park Management Plan (Department of National Parks and Wildlife
Conservation (DNPWC) 2005, 2006) emphasizes community self-governance, and support of
local economic development, including local stewardship of natural resources (primarily
forests), the growth of a self-regulated tourism industry, local natural resource production
systems (such as hydroelectric generation), and a multi-stakeholder governance system
(Daconto and Sherpa, 2010). Shortly after the adoption of this new plan, Daconto and Sherpa
(2007) met with Sherpa community leaders, DNPWC staff, and SNP Buffer Zone Committee
members to identify topics of key interest regarding the future of the SNP. Key issues
identified for long-term strategic analysis included: tourism management, changes in the
agro-pastoral economy, and linking research and learning through adaptive park management.
Of major importance to SNP stakeholders were the impacts of tourism. As well, they
identified the need to develop and support self-regulation and governance of both tourism and
natural resources.

3. Unexpected Challenges and Evolving Methodology

During our first visits to SNP we used the EPA approved field-testing methods for E.coli and
coliform bacteria (Nicholson et al. 2016). Sites were selected based on drinking water
availability for local populations and tourists. Samples were collected in sterile 100 mL
Whirl-pak bags containing a non-nutritive pill with 10 mg sodium thiosulfate and kept at
temperatures below 20°C prior to analyses. Analysis of fecal coliform followed the EPA
approved method 9222D in Standard Methods (APHA, 1998) by using a standard Hach®
portable water test kit. Samples were filtered in temporary facilities using a vacuum pump to
filter sample through sterile 0.45 micron filter, placed into a petri dish treated with Hach®
m-ColiBlue24® broth medium and placed in a Hach® portable field incubator at 35°C +
0.5°C for 24 hours. Sample counts were done quantitatively, in duplicate, using a magnifying
glass.

Unfortunately, employing these methods proved inappropriate for a variety of reasons. For
example, in 2014 we used a helicopter to bring a generator, fuel, and six rechargeable 12V
batteries to the field area, all of which were carried by porters for the remainder of the trip
(>100kg). However, it was impossible to keep the incubator within % 0.5°C because of
fluctuations in air temperature and because we moved every second day. The generator had to
be watched continuously and the batteries would not hold their charge due to the extreme
cold. Essentially, we discovered it was not possible to meet the EPA standards of maintaining
35°C +0.5°C for 24 hours.

Further, the EPA approved test kits proved difficult to use in a true “field” based setting. In
order to filter samples we had to set up a temporary laboratory. Tourists often complained
about laboratory facilities in the teahouse dining rooms, hence we were occasionally limited
to a windowsill or flat ground surface outdoors. Another complication occurred as the
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Whirl-pak bags often leaked when carried by backpack, potentially causing cross
contamination such that samples were discarded. In addition the test kits alone added an
additional 30kg of supplies, which, importantly, generated a similar amount of waste that was
carried throughout the trip and returned via airplane to Kathmandu for disposal.

Late in 2014 we began testing other fecal coliform test kits and settled on those produced
through Micrology Labs®. These test kits were field useable, lightweight, and generated less
waste. Samples were filtered directly onsite, using a lightweight plastic filter rinsed with DI
water, and sterile 0.45 micron filters. The filters were placed in a petri dish, Coliscan® MF
medium was added, the petri dishes were sealed with Parafilm® and placed in a small
insulated cooler bag. In 2016 we tested and adopted pre-treated test cards produced by
Micrology Labs®. The test cards are even easier to use as they already contain the Coliscan®
MF medium. The filtration method remains the same, but now the filters are placed onto the
test cards, each test card is placed into a sealed plastic bag (to eliminate possible cross
contamination) and placed into the incubator. Coliscan® MF medium (manufactured by
Micrology Laboratories LLC) is a nutrient liquid formulation containing a growth medium
that includes color producing enzyme substrates specific for the target organisms (E. coli and
other coliforms), such that these organisms grow as differently colored colonies that are
easily differentiated. And, we now used a small, insulated cooler to incubate the samples. By
placing 2-6 hand warmers (commercially mass produced) wrapped in a small towel inside the
cooler we could maintain temperatures over 16°C for over 24-48 hours. This was warm
enough to allow bacterial growth. This new method may not meet approved EPA standards
but it was easy, effective, and can be used successfully when there is no power or vehicular
access to the study area.

3.1 Earthquake

In April 2015, a magnitude 7.8 earthquake occurred approximately 80km northeast of
Kathmandu (USGS). Since the initial earthquake, the region has experienced over 100
aftershocks greater than magnitude 2.5 (USGS). Personal communication with people living
in the SNP suggested many springs were affected by the earthquake and subsequent
aftershocks. The earthquake activity further complicated the conflicting interests between the
need for economic growth, through tourism, and the ability of current infrastructure to handle
human waste disposal. As a result, our focus on the characterization of water contamination
shifted to include basic water access, availability, and management.

Our original research goal was to determine the effects of human waste on surface and
groundwater, as well, to determine the contribution of glacial melt waters to surface and
groundwater. However, the effects of the earthquake on Nepal’s physical, social, and political
systems and our realization that maintaining a sustainable and accessible supply of drinking
water for everyone required us to consider how water was being managed and to make sure
all community members had a voice in the process. Toward this end, we brought on two new
team members - a human dimensions specialist and education specialist. Our project goals
shifted to include strategies to:

- Enhance local governance: Develop a land-use, water-use, and sanitation governance
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framework that stakeholders created and were able to continue after this project.

- Enhance education and outreach: Develop methods/practices to help educate the
populace and tourists as to the importance of land, water, sanitation rights and
privileges.

With this new focus we felt it essential to better understand the contextual factors informing
current water management practices. As park management is increasingly decentralized, the
SNP community’s ability to adapt and address long-term challenges, such as access to potable
water, will become more dependent on governance and local resource management.
Frameworks that allow the public and other community actors to play an integral part of the
development and operation of the process are gaining popularity in Nepal (Acharya 2005;
Suhardiman et al., 2015)). A collaborative and participatory design is needed to achieve a
regional balance among local and extra local needs and interests as they relate to tourism
development, sustainable land-use management, and regional economic viability (Solerno et
al. 2010).

Our data collection methods will focus on Key Informant (KI) interviews, household
interviews, and community facilitated dialogue throughout the four largest towns in the
region. Each method will reflect an inclusive dialogue to assess public perceptions, attitudes
and beliefs and promote learning about and understanding environmental issues faced in the
SNP. In this manner we hope to be inclusive of underrepresented groups and form a more
completed view of community perspectives (Gaventa 1980; Luloff and Swanson 1995).

Our plan to engage the community in discussions of water management and governance will
take place over a three year time period. Year 1 will focus on interviewing Kls concerning:(1)
the impacts of tourism in their respective community; (2) values and perspectives concerning
water quality, water access, and sanitation; (3) ideas about significant areas to be conserved;
and (4) ideas on what they think would work to protect the long-term integrity of the region.
Kls are community leaders, Park Management Board employees, local politicians, business
owners, long term residents, individuals working in water supply and waste removal. Kl
interviews will serve to better contextualize our understanding of water quality and waste
management issues in the SNP and the social realities that govern community engagement
and activeness there.

During years 2 and 3 we will continue to collect KI data until we reach data saturation (15-20
Kl interviews per large town and areas proximate) (Elmendorf and Luloff 2001). As well, we
will expand communication with households, teahouse owners, tourists and more through
interviews to capture regular citizen’s perspectives and broaden our understanding of the
contextual factors influencing water quality and waste issues in SNP.

Year 3 we will host four facilitated community dialogue sessions (in each of the four largest
towns) with the purpose of gaining broader input. We will invite all stakeholders (i.e., KI and
household interviewees, community leaders, teahouse owners, and residents) to facilitated
community dialogue sessions and share what we’ve learned from KI and household
interviews, as well as other parts of the project (e.g., water sampling). Input from the Kls and
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household surveys will be critical in framing discussion questions and creating a context for
interacting with stakeholders to pick up on new and/or additional data that was missed during
the interview phase, but to also assess general citizen concerns about the SNP and how
communities and others might address issues related to water quality, waste, and tourism.

Group discussions at these meetings will focus on broad parameters of concern and act as the
springboard for conversation with and among those in attendance. These discussions will
assess general citizen-stakeholder concerns about water and sanitation in the SNP and how
communities and others might address them. The objectives of each facilitated community
dialogue are to: (1) assess stakeholder willingness to be involved in activities designed to
maintain and enhance quality of life; (2) help identify ways to move forward; and (3) develop
strategies to begin to collectively manage and govern water resources and waste, and
appropriate tourist education about these issues.

Using interviews, surveys, community dialogues, and group activities, we hope to help local
residents establish a regional Land and Water Conservation Council. This council will begin
to develop land, water, and sanitation education strategies. This process will help ensure
inclusion of the local communities in land-use and water quality decision making, increase
transparency in processes related to water use and waste disposal, and make use of a shared
vision based on a co-developed framework.

4. Conclusions

This article highlights two methodological modifications to our research regarding water
quality in the NSP, Nepal. First, the difficult terrain and the physical remoteness of the study
area demanded modify modification of extant EPA protocols to find appropriately sized fecal
coliform test kits that were less cumbersome and did not produce excessive wastes. As well,
despite EPA protocol, we abandoned the use of incubators. Instead, we employed hand
warmers in small, insulated coolers, which produced similar and accurate results.

Second, the 2015 earthquake shifted our approach to solving water quality issues. For
example, many water sources dried up because of the earthquake and new ones become
available. Instead of just focusing on drinking water quality, the immediate need was to
engage Nepalese communities in the SNP on water management, governance, and education
and how they can be active participants in how this is done. This new focus was important as
drinking water access and rules surrounding how drinking water is governed are, and will
continue to be, important for resident’s and tourist’s well-being.

The ideas presented here suggest the realities of site characteristic (i.e., rugged terrain,
remoteness, and unexpected geomorphological events) having a significant impact on
research goals and objectives. In our case, it became necessary to change the field testing
procedures we were following. As well, to consider more deeply the drinking water needs of
SNP residents in the aftermath of the earthquake, and how we can help address those needs in
an inclusive and collaborative way. We hope this narrative provides some modicum of
confidence for others engaging in research in areas that have high proclivity to shifting
biophysical and/or socio-cultural contexts, that shifting research priorities and focus do not
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need to be the death of a project, but can open the door to other ways of engaging people,
communities, and the resource risks they face.
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