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Abstract

In 2015, it was estimated that 2.4 billion people globally still use unimproved sanitation facilities, among
which 40% live in Southern Asia (WHO 2015). Ecological sanitation could be the best alternative to solve the
problem of sanitation and to improve livelihood. The study was conducted in one of the Village Development
Committee (VDC) of Bhaktapur district where ecosan toilet was constructed for the households with the
financial and technical help from Environment and Public Health Organization (ENPHO). The present study
investigated ecosan users’ and non-users’ attitudes towards ecosan toilet through questionnaire survey. Fifteen
ecosan users and 15 non-users were interviewed. Five ecosan users were selected from abovementioned
15 users for microbial contamination. Fecal contamination on hands, shoes back, soil sample and ecosan
manure sample was measured by monitoring Echerichia coli as a fecal indicator bacteria. The results from
the questionnaire survey suggested that all ecosan user farmers agreed with the positive effects of ecosan
manure in terms of fertilizer use and have not mentioned any problems on use of ecosan toilet. Although
majority of the non-ecosan users are aware of the benefits of ecosan toilet but only few are willing to install
ecosan toilet due to its drawbacks such as need of ash, user unfriendly and unsuitability for large size family
(> 5 family members). Need of proper management of ecosan toilet and awareness campaign on self-hygiene
was found to be necessary to promote effective use of ecosan toilet. The E. coli tests suggested that only
ecosan manure is not the source for fecal transmission. However urine and ecosan manure from ecosan toilet
might get contaminated by fecal microorganisms through other sources. Proper attention is necessary to
reduce such contamination which is generally neglected by the users.
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Introduction

In low- and middle-income countries, 38% of health care facilities do not have an improved water source, 19% do
not have improved sanitation, 35% do not have water and soap for handwashing (WHO 2015). About 663 million
people lack access to improved drinking water sources, among which 34 million falls under Southern Asia (WHO
2015). In 2015, it was estimated that 2.4 billion people globally still used unimproved sanitation facilities, 40% of
whom lived in Southern Asia (WHO 2015). To overcome this situation, ecological sanitation (ecosan) could play an
important role. Ecosan is the practice of converting human urine and excreta into liquid fertilizer and compost for
beneficial reuse of the nutrients contained in the urine and excreta. Materials such as ash, sawdust, and rice husks
are used to cover fecal material, to eliminate odors and to absorb moisture from the excreta. Combination reuse of
the fecal compost and stored urine can supply nutrients to vegetables as well as chemical fertilizers (Hijikata et al.
2014). As one type of ecosan toilet, urine diverting dry toilets (UDDT), which can separately treat human excreta

and urine, have advantages for saving flushing water and sewer pipe networks (Winblad and Simpson-Hebert
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2004). The wastewater reuses would be an attractive option for rural areas in developing countries where poverty,
poor infrastructure, low efficiency, government/political instability, and severe environmental condition are
challenges (Ushijima et al. 2015). Many advantages such as water conservation, recycling of nutrients, affordable
sanitation are associated with ecosan toilet. Ecosan practices is effective at reducing the fecal contamination of
the surrounding water environment, thereby liming the health risk from unavoidable accidental ingestion of water
(Harada and Fujii 2020). Yet, there is a risk of transmission of bacteria during handling of ecosan manure for
which better treatment and management is necessary. These resources potentially contain microbial pathogens
that mainly cause gastrointestinal infections (WHO 2006). Fecal contamination of incompletely treated excreta
and other frequently contacted objects (i.e., handheld tools, toilet pits) strongly influenced hand contamination,
and influenced ingested dose of fecal microorganisms, governed by hand-to-mouth contact frequencies (Julian et
al. 2018). Further, overapplication of untreated wastewater and excreta can also lead to runoff and overflow after
rainfall events, which can result in the contamination of surface water.

Improvement of water and sanitation in Southern Asia has been one of the most critical issues, especially in
rural areas. Improving the sustainability of water and sanitation supplies has potential for both gains in health
and economic development (Montgomery et al. 2009). Social attitudes and perceptions towards excreta vary with
age, sex, religion, education, employment, region and physical capacity (Mariwah and Drangert 2011). Also,
people’s behavior towards the urine-diverting toilet and in utilizing human excreta as fertilizer is guided by their
perception towards it. The respondents’ attitudes and perceptions toward excreta and their decision to use excreta
for agricultural purpose, however, differ to their socioeconomic characteristics (Nimoh et al. 2014). The study
conducted by Andersson (2015) in Uganda reported that the supportive attitude of farmers for urine fertilization
was due to its ability to ensure food and economic security given that they have few other options for soil nutrient
management. The study conducted by Lienert et al. (2003) to analyze the perception of Swiss farmers indicated
that 57% liked the idea of using urine based fertilizers with 42% stating their willingness to buy such products.

The main factors that motivated farmers to respond positively to reuse of urine were improved soil quality and
potential of cost savings with reduced use of chemical fertilizers (Simha et al. 2017). However, limited studies on
socio-technological perspective on farmers and consumers attitudes about the design and use of urine diverting
toilets have been conducted till date. The re-use of human excreta and organic waste as fertilizer is not new in
Nepal. Many communities have developed systems for collecting waste and using it in their fields. In mountainous
regions where open defecation is difficult due to the very cold weather condition, toilets are made inside the house,
generally in the ground floor which is connected with the pig shelter in the basement (Poudel and Adhikari 2015).
Similarly, knowledge on using urine and feces as agriculture fertilizer is not new for Newar community in Nepal.
However, these traditional practices are slowly diminishing as the younger generations hesitate to adopt it in the
name of modernization (Poudel and Adhikari 2015). Those waste and excreta which were being used as fertilizer
are now disposed off through sewer systems.

The concept of ecosan in its modern sense was first introduced in Nepal in year 2002 by the Department of Water
Supply and Sewerage and WHO (ENPHO 2006). Since its introduction in Nepal, there are several modifications
in ecosan toilet pans in terms of materials and types in order to suit local culture and ecology and have been
constructed in difference parts of the country. There were 36 toilets in 2003 with rapid increment upto 517 toilets
in 2006 (ENPHO 2006). Majority of ecosan toilets have been built in the peri-urban areas of Kathmandu valley,
with few constructed outside the Kathmandu valley. A total of 2,095 ecosan toilets till 2014 have been installed
in 19 districts in different regions showing potential for scaling up in diverse socio-cultural setting and geography
(Aryal et al. 2015). Nepal is a potential area for ecosan approach as its numerous areas are reported lack of enough

water for sanitation and under supply of chemical fertilizer for agriculture. Nepalese economy is still dominated
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by agriculture sector and agro-based industries. More than 80% of people (4.2 million) depend on agriculture and
agriculture provides net employment to 60% of people (FAO 2017). Development of improved technologies like
improved seeds, fertilizer pesticides, farming techniques and use of agricultural tools and instruments and trianed
human resource have contributed largely to the agriculture production (MoF 2016).

The studies to understand ecosan users perceptions after installation of an ecosan toilet is unclear. To fully utilize
hygienic human excreta, UDDT projects are also being introduced in Nepal. And most of the projects currently
launched are in communities with long-standing traditions of using human waste on crops and UDDT acceptance
reported is 71% (WaterAid Nepal 2008). In order to extend an ecosan toilet and to identify the target group
for dissemination, perception of both ecosan users and non-ecosan users should be incorporated. Ecosan users
perception will help to understand the drawbacks associated with ecosan toilet and to minimize those drawbacks in
future. Non-ecosan users perception will help to understand their concept towards ecosan technology, willingness
to install such technology and to have modification in the system as per needed.

This study also tried to evaluate the risk of excreta reuse due to handling of ecosan manure. Escherichia coli is
a member of the fecal coliform group and is a more specific indicator of fecal pollution than other fecal coliforms.
To understand the fecal transmission, only E. coli tests was conducted in this study due to limitation of resource.
Generally, due to the long tradition of urine and excreta reuse in Nepal, most ot the users think that it is safe to
use urine and excreta in agriculture. However, studies showed that the waste produced from those ecosan toilets
is unsafe for use in agriculture and increases the health risks to the communities (Morgan and Mekonnen 2013).
The addition of ash and lime reduces smell, covers the excreted material which in turn reduces the risk for flies
and improves the aesthetical condition, decreases moisture content and promotes pathogen die-off through the
elevated pH effect (Schonning and Stenstrom 2004). But, if an ecosan toilet is not well managed, it may increase
the transmission of diseases like diarrhea and helminthis in the community (Jimenez et al. 2007; Schonning et al.
2007). The risk of fecal matter to the ecosan users varies depending upon the handling behavior or the application
practices. The use of human excreta in agriculture is beneficial if it is composted well and did not associate
risks with the use of composted excreta if it was dry and lacked odour (Jensen et al. 2008). Hence in this study,
risk perception of users and E. coli tests were combined so as to understand the handling behaviours and fecal

contamination associated due to such practices.

1. Methodology
1.1. Study Area

The study was conducted in a village (21.39° North and 85.25° East) of Bhaktapur district in October 2018.
The district is surrounded by Kathmandu (Capital city of Nepal) in the west and North. The population of the
district is 304,651 (The total population of the village is about 5,689 with households 1,257) (CBS 2011) with an
annual population growth rate of 2.96%. About 54% area of the district belongs to urban areas due to the access
of road, transportation, health, education facilities and due to boundary with Kathmandu. The district is an ancient
agrarian town with a predominantly Newar population. The houses are traditionally made of clay and bricks.
The traditional houses were well adapted to the local climate with the use of local building materials (Gautam
et al. 2019). However, traditional houses are being replaced by the contemporary ways of construction, modern
design and technology including aritificial materials (Rijal 2012). Agriculture is the primary occupation of the
households in the district and is considered as the pocket areas for wheat crops, commercial vegetable production,
cereal production, and organic agriculture. Livestock is one of the primary sources of income for the rural areas in

the district and is associated with agricultural farm. Ecosan toilets for 60 households were installed in the village
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by the financial and technical help from Environment and Public Health Organization (ENPHO) in 2007/2008.
During that time, ecosan was the new term in the study area. ENPHO informed the households with no toilets
about the benefits and use of ecosan toilet. The main aim of ENPHO was to motivate to use toilet and to help
households technically and financially to construct toilet was to meet the country’s agenda to make a country open
defecation free (ODF). There was no hard and fast rule for the households to choose and construct ecosan toilet.
The households were given options of biogas toilet, normal pit latrine and ecosan toilet. The decision to choose
the type of toilet was with the households head (some might discuss with the households members). Depending
upon the land availability, households preferences, ecosan toilet was constructed for 60 households. After several
years, a sanitation campaign was started in 2011 to declare the district ODF and became the first ODF district in
Kathmandu valley. This village was chosen as a study area because the area represented an example of both ecosan

and non-ecosan toilet and hence the perception of ecosan users and non-ecosan users would be well understood.

1.2. Population sampling, data collection and compliance

This study was based on questionnaire survey and E. coli tests. Ecosan toilet users’ in the community of the
study area were listed from the data of ENPHO. The respondents were randomly selected for questionnaire survey
from the list mentioned above. Interviewing and sampling for E. coli tests were conducted only after people’s
consent with explanation of study objectives, anonymous data handling, and a publication way.

The total number of respondents was 30 comprising 15 households (25% of ecosan toilet installed) with ecosan
toilet in their house and 15 households (same number as ecosan users’) from 1,193 households with toilet other
than ecosan. As this study tried to focus on perception of households about ecosan use, the number of interviewed
households was limited because many of the ecosan users gave up ecosan at the time of survey. The major
reasons for giving up ecosan were building of new house with flush toilet, destruction of house and toilet due to
earthquake of 2015, difficulty to get ash and inconvenience to use by new members. All interviewed households
(except one) belonged to the Newar communities, who in ancient days used toilet wastes collected from several
households outside of their village. The questionnaire for the study was comprised of three main sections. The
purpose of section I was to establish the socio-economic and cultural profile of the respondents, section II sought
details of their farms and the type of farming they pursued, livestock reared, section III looked for insights into the
respondents’ perceptions, attitudes, inclinations, and willingness to shift towards use of ecosan toilet and human
excreta based fertilizers.

Five households with ecosan toilet were selected to conduct E. coli tests. The sample was taken from both hands
and both shoes back of the member handling ecosan manure. The samples were collected two times by using a
swab test kit (ST-25 PBS; ELMEX, Japan). The first sample was collected before touching ecosan manure, i.e.
before ecosan manure was applied in the field. The second sample was collected from the washed hand after
the application was completed. Similarly, the soil before and after the application of ecosan manure was tested
to understand the difference in presence of E. coli on soil before and after application. Urine samples were not
collected for E. coli tests because in the study area very few households (13.3%) were found collecting urine

separately for agricultural use.

1.3. Microbiological analysis

The collected soil samples and ecosan manure samples were analyzed for fecal indicator (E. coli). In this
study, E. coli was considered to be the faecal indicator bacterium to infer the presence of fecal microorganisms,
potentially including fecal pathogens. E. coli has been widely applied in risk assessment studies in the form of

faecal indicator ratio. E. coli were cultured following a method 9215A in Standard Methods (Clesceri et al. 1998)



Sanitation Value Chain Vol. 4 (3) pp.003-019, 2020 7

using XM-G Agar (Nissui, Japan). This is one of the essential indicators when evaluating microbial risk from
various fertilizer products including faeces (Feachem et al. 1983; Sidhu and Toze 2009). Soil sample (10 g) and
ecosan manure sample (10 g) were homogenized using a minishaker separately in 100 ml of buffer phosphate
solution. After this 10-fold dilution series with buffer solution was prepared as extract liquid. The extracts were
filtered through a membrane filter with pore size of 0.47 um, upon which the bacteria were trapped. The filter
was then placed on petri dish with XM-G Agar and incubated at 37°C for 24 h. According to the colar profile of
colonies, the number of E. coli colonies on each petri dish were counted and the results were expressed as colony-
forming units per gram of sample (CFU/g) according to FAO (2001).

The sample in the swab test kit was mixed properly before pouring into the membrane filter with pore size of
0.47 um. The filter was placed on petri dish with XM-G Agar and incubated at 37°C for 24 h. According to the
color profile of colonies, the number of E. coli colonies on each petri dish were counted and the results were

expressed as colony-forming units (CFU/hand or CFU/shoes’ back).

1.4. Calculation and statistical analysis
E. coli concentration data were normalized by log transformation before analysis of variance (ANOVA).
Statistical analysis was conducted using IBM SPSS Statistics 20.0 (IBM, USA), where a significant difference

was reported at a 5% significance level.

2. Results and discussion
2.1. Socio-economic characteristics of respondents

The results of the socio-economic characteristics of respondents for ecosan users and non-ecosan users are
presented in Table 1. During the questionnaire survey, 53% respondents were female in the households with ecosan
toilet and 47% respondents were female in the households with no ecosan toilet. The average age of respondents
was 46.6 years and 40.1 years in ecosan users and non-ecosan users respectively. The average household size was
5.5 and 4.9 in ecosan users’ and non-ecosan users, respectively. The average size of family in Nepal is 4.6 with
17.1% nuclear households (family size 1-2) (CBS 2014). The transition from joint family to nuclear family is
found increasing in the study area. The average farm size was similar (0.10 ha) in both types of households. The
largest amount of vegetable producer among three districts in Kathmandu valley is Bhaktapur with an average
landholding size of 0.15 ha for crop farming (MoAC 2006). Land holding size per family and field size have
both decreased markedly in recent years (Deshar 2013). All households in the study area were found using LPG
for cooking purpose. The study area in previous days used to use firewood for cooking purpose but gradually
shifted from traditional cooking practice to use LPG due to lack of firewood and high availability of LPG with
additional benefits such as its convenience, smoke free and time saving nature. All non ecosan users have pour
flush toilet facilities in their house. Poor households are less likely to use the improved sanitation facility whereas
most of the rich households have access to improved pour/flush toilet (MoH et al. 2017). The study conducted
in Nepal by Budhathoki (2019) reported that poor households are less likely to have piped water connection in
their home which limits access to the improved flush toilet. The principal occupation of both households was
farming where rice, green vegetables, cauliflower were cultivated. Less than 7% of the farmers belonged to the
age category < 30 years, showing consistency with the result from Sharma (2007) and Rajan (2003), reflecting the
ongoing demographic crisis in Indian agriculture in which young people are increasingly less inclined to look to
farming for their livelihood. Nepal’s agriculture is also facing labor crisis, resulting in barren lands due to youth’s

migration either to the city or to abroad in search of quality living and to earn money. In Nepal, the proportion
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Table 1. Socio-economic characteristics of respondents.

. Frequency (%)
Variable
Ecosan users Non-ecosan users
Gender Male 8(53.3) 7 (47.0)
Female 7 (47.0) 8 (53.3)
Age 20-29 1 (6.6) 1 (6.6)
30-39 3 (20.0) 7 (46.6)
40-49 6 (40.0) 5(33.3)
50-59 3 (20.0) 2 (13.3)
60 and above 2(13.3) 0 (0.0)
Household size 5 and below 10 (66.6) 9 (60.0)
6 and more 5(33.3) 6 (40.0)
Source of income Farming only 2(13.3) 1 (6.6)
Farming + service 10 (66.6) 10 (66.6)
Farming + casual labor 3(20.0) 2(13.3)
Farming + family business 0 (0.0) 1 (6.6)
Farming + remittance 0(0.0) 2(13.3)
Landholding size Below 0.1 ha 9 (60.0) 10 (66.6)
0.1-0.5 ha 6 (40.0) 5(33.3)
Livestock Cow 3 (20) 2(13)
Goat 11(73) 9 (60)
Chicken 8 (53) 10 (67)
No livestock 0 (0) 3 (20)

of economically active population depending on agriculture had fallen from 81 percent in 1991 to 60% in 2011
with significant drop in GDP (CBS 2014). Most of the household members of rural Nepal have been abroad for
foreign employment. Remittance has become the major part of the national economy as it shares 26.9% in GDP in
2016/17 (Sapkota 2018). After returning home, only a few of them have been engaging in agriculture (Chaudhary
2018). Almost all respondents surveyed did not wish to disclose their income whereas most of them mentioned
no savings from their income.

Higher number of households (11 ecosan users, 13 non-ecosan users) have land less than 0.1 ha. The study
conducted by Maltsoglou and Taniguchi (2004) in Nepal concluded that the househods that have the average largest
herd size (3.5 Tropical Livestock Unit (TLU)) are located in the mountains compared to rural hills (3.1 TLU),
Terai (2.7 TLU), urban areas in Kathmandu (1.0 TLU) and in other urban areas (1.5 TLU). Fewer households own
livestock in the urban areas in Kathmandu and in other urban areas (FAO 2004). The higher number of livestock
in the households with ecosan toilet (0.85 TLU) might reflect the need of manure to use in their farm no matter
through any source, chemical fertilizer or cattle manure or ecosan manure. Farm size and livestock number reared
were related to each other among non-ecosan users (higher the landholding size higher is the livestock number, r
=10.988 (p <0.01)) as in other parts of the country but the result was contrast in the households with ecosan users
with low land holding size (Figure 1).

Landholding size and TLU was negatively correlated among ecosan users with low landholding size. Ecosan
user households with low landholding size prefer to have more cattles in order to fulfill fertilizer demand for
their land. Because the available land size is small, ecosan manure in addition to cattle manure is preferred as a
substitute to chemical fertilizer. This is the reason that even after the collapsing of the house due to devastating
earthquake of 2015, households would like to keep their ecosan toilet by repairing the damage. In contrast, the

non-ecosan user households whose house was collapsed by the earthquake of 2015 built new houses and did
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Figure 1. Relationship between landholding size
and number of livestock of each household in the study area.

not want to keep cattles because of their thought that livestock decrease the aesthetic value of modern house.
Non-ecosan users more likely depend upon chemical fertilizer to fulfill the fertilizer demand. Recently, people
are selling land in the high price and interested to construct so called modern building or sophisticated house. The
young generations do not want to engage in the activies like farming and livestock rearing. Most commonly used
chemical fertilizers in the study area are urea, di-ammonium phosphate and murate of potash. The price of these
fertilizer are NPR 18, 45, and 32 per kg (100 NPR = 0.83 USD as of 2020/08/09) respectively (MoAD 2016). In
addition, sea freight, port clearance and the cost of transportation can accout for as much as 20% of the cost of
delivered fertilizer. Being the study area is not far from the Kathmandu valley, there is no constraint of chemical
fertilizer as in other rural hilly areas. The households involved in agriculture does not have pressure to seek for the
alternavites of chemical fertilizers in terms of availability. These might be the reasons of having lesser livestock

number in the households.

2.2. Ecosan toilet in the study area and users perception

Table 2 presents the results of the facts in today’s scenario of ecosan toilet in the study area. All interviewed
ecosan users mentioned that the motivating factor in installing ecosan toilet in their house was the campaign
started by ENPHO during 2007/08. The financial and technical help from ENPHO was the attraction to install
ecosan toilet in their house at that time. The decision to construct either pit latrine, ecosan toilet or biogas toilet
was decided by the family members depending upon the choice and need. Cultural and social norms play an
essential role in deciding which type of sanitation system to use. According to Harada and Fujii (2020), even
without cultural background of human excreta use, a high demand for feces use could be successfully created
through association with a perception of the value of feces in agriculture.

There are many traditional examples of wastewater and excreta management in several parts of Nepal. Sherpas
in mountainous regions still feed their feces to pigs, Newar of Kathmandu valley still use feces in producing
vegetables, a farmer in middle hill still uses greywater in their kitchen garden (Poudel 2015). Local people are
worried about the use of chemical fertilizers, as they believe that these fertilizers cause soil compaction, which
hinders other farming operations (Poudel 2015). Human excreta are considered to be the richest manure and are
collected in a special dry latrine pit. Such systems are accepted in those communities not only because people are
poor but because of the long traditions of using human waste in crops. However, these traditional practices are

slowly diminishing as the younger generations hesitate to adopt it in the name of modernization. Thapa and Kattel
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Table 2. The facts associated with ecosan users.

Level of agreement (%)

Variable

Yes No
ENPHO as a motivator to install ecosan toilet 100 0
Continuous use of urine and excreta as fertilizer till date 100 0
Urine is collected separately to use as a fertilizer 133 86.6
Use protective measure while handling urine and excreta 46.6 533

(2019) mentioned moderization as a regular process of change that happens by adopting new tools and technology.
It provides opportunities for people to leave the village and joint family system and shift to the industrial areas.
It has affected the family structure, marriage system, prevailing social norms, values and cultures in Nepal. The
study also reported that in the rural areas of Nepal where the impact of modernization is less, the joint family is
practiced whereas in the cities and urban dewllings, nuclear family system is in existence. A similar culture of
using human waste in farm was adopted in ancient days in the study area. The use of human excreta as a fertilizer
has a history of more than 200 years in Nepal (Ho and Mathew 2002). They mentioned in their book that sanitation
systems in cities, where night soil was collected door to door and taken to surrounding farms for crop fertilization
can be dated as far back or further.

According to the ENPHO personnel, because of the long tradition of using human waste, 60 households agreed
to construct ecosan toilet in their house in 2007/08. All ecosan users interviewed during this study were using
ecosan toilet continuously till date. All users were found using urine and excreta as a source of fertilizer. After
years, majority of the households (86.6%) (Table 2) changed the habit of urine collection. Although similar result
of using urine by lesser households compared to the households using feces was reported in Malawi in the study
by Harada and Fujii (2020) the reason for not using urine is different. According to Harada and Fujii (2020), no
use of human urine from ecosan toilet in Malawi was related with no use of animal urine leading to psychological
constraint for use of human urine. In contrast, in this study the respondents mentioned that they do not collect
the urine from the ecosan toilet separately but use them by mixing with the kitchen waste and cattle manure.
Although the respondents are aware of the positive effects of urine as fertilizer value, the reason for not collecting
urine is related to the fast filling of the collecting tank, problem associated with storage of urine and difficulty to
carry out urine in the field because of its large volume after dilution. The study area is located in the hilly region
and terrace farming is common practice. Because majority of the farms are located farther from the house, the
family members found it difficult to carry the urine jar to the field. Instead, to recover the fertilizer value of urine,
the households mix urine with the households” manure (kitchen waste and cattle manure collected outside of
the house). They believe that the urine accelerates the manure decomposition rate and manure could be utilized
whenever necessary. It also solved the problem of storage, carrying urine to the field and need of water for dilution.

It was found from the survey that after defecation, ash was used as an additive to sanitize fecal matter. All
interviewed households mentioned that they wait for six months to use excreta as a fertilizer. The ash had a higher
effect on the operational parameter (increase pH and decrease moisture content) during storage compared to the
sawdust (Niwagaba et al. 2009). Demonstration on urine and feces use for agriculture enables the participants to
recognize the effects of human waste on agriculture (Harada and Fujii 2020). However the perception of people
on agricultural value of urine and feces is associated to the continuous use. In this survey we found that the ecosan
users are not much conscious about health risk, which was justified by the result that 53.3% respondents were
found not using any protective measures while handling ecosan manure (Table 2). All interviewed respondents

agreed on the positive effect of ecosan toilet in terms of fertilizer use of urine and excreta. Eighty percent of the
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respondents mentioned that they do not have any problem caused by ecosan toilet and is the reflection of positive
side of ecosan toilet. Majority of the respondents mentioned that they could harvest 220-250 kg of ecosan manure
in one year (half in six months period). Being majority of households have land less than 0.1 ha, the amount
of ecosan manure harvested is enough if cattle manure incorporated with urine is applied together with ecosan
manure. In the case if number of cattle reared is small or zero, the farmers need to supply chemical fertilizers to
meet the fertilizer demand. Among 15 respondents, 2 household (13.3%) had 6 members in the family and 13.3%
had more than 6 members in the family. No complaints or burdens regarding emptying pit was explained by the
respondents during the survey. Despite of awareness about the use of ecosan manure, construction of modern
house, interest on employment activies other than farming, less availability of land size, water availability, and
easy accessibility of chemical fertilizers were observed as factors that distract households to adopt or to continue

ecosan toilets.

2.3. Perception of non-ecosan users toward excreta reuse for agricultural purpose

This section presents the results on the respondent’s (non-ecosan users) perceptions and knowledge towards
using urine and excreta for agricultural purpose, their willingness to construct ecosan toilet and their attitude
towards the products grown by using ecosan manure (Table 3). Among the respondents, it was found that
although these non-ecosan users are using either pit latrine or flush toilet, 87% of the interviewed respondents had
experience of ecosan toilet use (Table 3). Twenty-seven percent respondents (4 households) mentioned that they
had used ecosan toilet in their previous house (old ecosan users’) and 60% (9 households) respondents replied
that they had used ecosan toilet in their neighbors’ house. Among 15 respondents, only 13% (2 households)
respondents were found who has not used ecosan toilet till date. It was understood from the survey that
during the devastating earthquake in 2015, 3 households lost their houses along with their ecosan toilets.
Once the house was recovered after earthquake, the households switched from ecosan toilet to the ordinary or
flush toilet. The reason for not constructing an ecosan toilet in the new house is due to the perception that such
ecosan toilet is suitable only for old and traditional house. Availability of large space around the house, use of
firewood for cooking in those houses making ash available to use in ecosan toilet and engagement of household
members in agriculture best suited to ecosan toilet in traditional houses. In contrast, lack of space in the newly
constructed house as a result of increased land price, family members wish to install toilet inside the house,
gradual decrement of agricultural land tended to make the ecosan toilet unsuitable for modern houses (Table 4).
Construction of a new house with modern toilet is the necessity of new generation. One of the previous users
among the interviewed respondent mentioned that they shifted from ecosan toilet to modern toilet due to the
wish of the younger family members. The respondents also mentioned that people gradually started nuclear
family and seek other income generating sources giving up farming.

Among the total respondents, 83% replied that they had tasted the products grown from ecosan manure
which represented that the respondent consumers do not mind consuming products grown from ecosan manure.
They got those products from their neighbours who had an ecosan toilet in their house and raised the crops
or vegetables using ecosan manure. It is common mostly in the village of Nepal to share or exchange newly
grown vegetables among the neighbours. Among those respondents who tasted products from ecosan manure,
60% mentioned better taste of product grown compared to the one grown from chemical fertilizer while 33%
mentioned no difference on taste in the product grown from ecosan manure and other fertilizer. This result
showed the possibility of ecosan toilets still exists if toilet could be served with some modification and if it
could be adjusted to modern toilets. The market for organic vegetable is gradually growing in Kathmandu

valley but not all the farmers have the access to that market. Since the vegetables grown in this study area are
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Table 3. Non-ecosan users’ knowledge on ecosan and products grown from ecosan manure.

Statement Yes No Need to think
Willing to install ecosan toilet at home 20 67 13
Tasted products grown from ecosan manure 93 7

Aware of positive effect of human waste 74 26

Ever used ecosan toilet 87 13

Knowledge of ecosan toilet 93 7

Table 4. Non-ecosan users statement to no interest for ecosan toilet construction.

Reasons for not having willingness to construct ecosan toilet Respondents No (%)
No space/ No ash 6 (40)

Not user-friendly 1 (6.6)
Already have toilet 3(20.0)

No idea 2 (13.3)

less in amount, the farmers sell the vegetables together with the vegetables grown by using chemical fertilizers.
It would be an advantage for the farmers if the market for the products grown from ecosan manure worth more
monetary value based on the taste and quality. It is also interesting to note from this study that even though the
respondents did not have ecosan toilet in their house, they were seen irrigating their farms with sewage and
greywater, pipes linked from their toilet to farm. They would like to use it as an agricultural value on their farm.
This will save their money necessary to pay for the disposal of toilet waste and add nutrients to their field.
Generally, in the Kathmandu valley with pour flush toilet, the toilet waste is collected in a septik tank. Once the
tank is filled, the designated authority will visit the house to remove the toilet waste after paying the specified
amount (money). They have mentioned that the authority charges around NPR 5,000 (100 NPR = 0.83 USD as
0f 2020/08/09) to remove the waste from their toilet.

In Nepal, farmers take raw (fresh) excreta from latrines to their vegetable gardens and grow good quality
vegetables, which are tasty and are in high demand (Mishra 2003). In Siddhipur village of Nepal, most of
the farmers use animal manure and raw human excreta as fertilizer for crops and vegetables. They have been
doing this practice since ancient days, although it was considered unhygienic by the villagers (Mishra 2003).
In our study area, although the respondents are aware of positive effect of ecosan toilet and do not hesitate
to consume products grown from ecosan manure, the willingness to construct an ecosan toilet is less (20%)
(Table 3). Ishii and Boyer (2016) also mentioned that 84% of students in the university of Southeastern region of
United States would demand source separation systems to be installed in their halls of residence although their
demand declined significantly when the respondents were asked their willingness to pay for it by themselves. In
contrast, Lamichhane and Babcock (2013) reported that more than 60% of their test sample of 132 people from
the University of Hawaii indicated their willingness to pay an extra $50 to install a urine diverting toilet. One
reason that discourages interviewed respondents (40%) from constructing an ecosan toilet is the need of ash to
sprinkle after defecation. People living in the outskirt of Kathmandu valley shifted from firewood to gas stove
to cook their food. It became challenging to manage ash for ecosan toilet. Only few people (6.6%) mentioned
that such type of toilet is suitable for the family with 4—5 members in their house. They mentioned that if the

household size is large, the toilet pit fills earlier before six months’ time frame, storage time will be less, and
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frequent emptying of vault would be additional work. Building a ecosan toilet for a family of 5-7 members
is ideal but in case that household members are more, the faeces collection chamber should be designed to
accommodate higher number of users (UNICEF 2011). The number of pathogens in fecal material during
storage will be reduced with time due to natural die off, without further treatment (Schonning and Stenstrom
2004). Less storage time of excreta than recommended (six months) increase health risks for farmers due to the

incomplete sanitization of feces.

2.4. Microbial risk assessment and existence in collected samples

Farmers and consumers exposure to ecosan manure was analyzed for risk assessment and are presented in
Table 5. Majority of the farmers who planted crops three times in a year refers to the fact that they deal with
ecosan manure for at least three times in a year (Table 5). Compost amending, plowing, seeding, weeding
and harvesting are the major works that have direct or indirect contact with ecosan manure. Some farmers
were found irrigating their field with the greywater using the pipe linked from their toilet to the farm. During
irrigation, farmers did not wear protective clothing and were in direct contact with the irrigation water. Accidental
ingestion of irrigation water and consumption of irrigated vegetables are the exposure paths. According to
Julian et al. (2018), E. coli contamination of excreta and other frequently contacted objects strongly influence
hand contamination and E. coli contamination of excreta and hand-to-mouth contact frequency influence
ingested dose. The effects of contaminated soil on health were lower than direct handling of greywater and
compost (Hijikata et al. 2017). Mostly Nepalese people consume green vegetables or other crops after cooking.
The risks and existence of fecal microorganisms might be lower if consumed cooked, compared to vegetables
consumed raw. Regarding the risks in compost reuse, it is recommended to store human manure for 6—12
months for adequate handling of UDDT (Schonning et al. 2007). The ecosan user households in the study area
were found adopting a similar storage period of at least six months before applying to the farm as instructed by
ENPHO. All interviewed ecosan user used ash as an additive after defecation. The ash or lime is added after
each defecation to lower the moisture content and raise the pH to 9 or higher thus creating dryness (Winblad
and Simpson-Hebert 2004).

Regarding the use of personal protective equipment (PPE), it was confirmed from the ENPHO staffs that
during the installation of ecosan toilets in the study area they had instructed to use gloves and masks while
taking out the ecosan manure from the filled pit and while using ecosan manure as a fertilizer. Though proper
instruction was delivered, from the questionnaire survey result it was observed that more than 50% respondents
(Table 2) did not use any precautions like gloves or masks while dealing with ecosan manure. It reflects the
respondents are less concerned about health risks due to handling of ecosan manure or do not want to invest
money on those precautions. As reported in Knudsan et al. (2008), personal ptotective equipment, although
perceived to be beneficial, is often neglected due to costs and/or perceived convenience. The households did
not hesitate to touch the ecosan manure with the bare hands. It was also observed that after finishing their work
on the farm, they are conscious of washing hand but not conscious of washing legs or shoes. From the survey,
it was found that ecosan users in the study area believe that it is safe to use human urine and ecosan manure as
a fertilizer and did not show more concerns for health risk. This perception about ecosan manure came from
older generations who used to use these products in their farm. In rural India, farmers have been observed to
rely on the advice of people they know, family members, and in many cases, helpful neighbouring farmers
rather than expert advice (Simha et al. 2017). Proper guidance and knowledge about possible health risk due to
mishandling and improper management of ecosan toilet and ecosan manure should be delivered to the locals so

as to minimize the health risks.
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Table 5. Exposure scenario of farmers and consumers for risk assessment.

. . . Event no.
Target Event Ingestion means Ingestion scenario
/year
Compost amending Direct contact with compost Handling of compost with bare hands 3
Plowing Soil contaminated by compost  Soil touching after applying compost 3
Seeding Soil contaminated by compost ~ Soil touching after plowing 3
G Handling of a watering can or bucket
reywater . . 6
o or pipes running through greywater
Farmers Irrigation ) .
Soil contaminated by compost Soil touch twice or thrice for weeding
and greywater
Greywater on leaves and stems  Touching of plant leaves containing greywater 3
Weeding : :
Soil contaminated by compost Soil touching for removing vegetables
and greywater
Harvesting Greywater on leaves and stems  Touching of plants 3
Consumers ~ Eating Raw eating vegetables Eating vegetables raw or not properly washed

Microbial contamination in soil and ecosan manure

For soil samples collected from five households before and after application of ecosan manure, E.coli
concentration (CFU/g) was measured. E.coli was detected in the all the soil samples. Presence of E. coli in
soil in the initial state before applying ecosan manure suggested that the source of fecal microorganisms in the
soil was not only the ecosan manure (Figure 2). Besides ecosan manure, other sources such as irrigating water,
cattle manure, chicken manure might be the contaminating source of fecal microorganisms, including E. coli, in
soil. Several factors such as temperature, moisture, nutrients either alone or in combination with soil organisms
influence the growth and survival of E. coli in soil (Ishii et al. 2010).

Among 5 ecosan manure samples collected, E. coli (CFU/g) was detected in samples of 3 households (HH 1,
4, 5) whereas no E. coli was detected in ecosan manure samples of 2 households (HH 2, 3) (Figure 2). No E. coli
detection on 2 households might suggest that proper management of an ecosan toilet could play a role to sanitize

the excreta, lowering the health risks of using excreta.

Microbial contamination in hands and shoes back

For all 5 households, 10 hand samples (5 right hand, 5 left hand) and 10 shoes back samples (5 right shoes, 5
left shoes), E. coli concentrations was measured. Although the households are concern of washing hands after
dealing with ecosan manure, higher concentration of E. coli (log,, CFU/hand) even after washing hand (Figure 3)
was observed. Although there was no significant change in E. coli concentration in hand before and after handling
among the housholds, no E. coli concentration in hand samples was found in HHs 2 and 4. Higher concentrations
of E. coli on hand before handling ecosan manure might also indicate that only ecosan manure is not the source
for fecal contamination on hand. E. coli counts in the faeces with ash decreased with decreasing moisture content
and gradual increase in pH during the storage period (Niwabaga et al. 2009). No change in E. coli concentration
even after washing hand suggests that the concentration could be affected by water used for washing hand and the
way of washing.

Among 5 shoes back samples, in HHs 3, 4, and 5, no E.coli (log,, CFU/shoes) was detected on shoe sample even
before and after dealing with ecosan manure (Figure 4). Significant difference in E. coli concentration on shoe

back before and after washing was observed with high concentration of E. coli in shoes back after dealing with
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ecosan manure or after coming back to home from outside. It is related with the facts that household members
were conscious on washing hand but not for washing legs and shoes after finishing their work. It also reflects to the
fact that if we give proper attention to the washing not only while dealing with the ecosan manure but during other
households activities, it might have positive effects on reducing fecal contamination on hands, leading less fecal
exposure and better human health. Along with sanitation, proper hygiene management training and provision of
clean drinking water might be the components necessary to achieve the health improvement in the area. Farmers
need to be educated on precautionary measures to avoid health hazard from excreta reuse (Cofie et al. 2010).
The current situation about locals’ perception might help to address health risk issues associated with ecological
sanitation technology and can play a role in dessimination and expansion of such technology. Simha et al. (2017)
indicated that for farmers in India to adopt human waste as a fertilizer, they must know someone who uses/used it

and/or must be convinced of its crop productivity potential.

Conclusion

This study investigated both ecosan user and non user households’ attitudes, and perceptions toward human
excreta reuse for agricultural purpose in the study village of Bhaktapur district in Nepal. Farming is the
predominant occupation in the study area, and ecosan toilet was disseminated for several households by the
financial and technical help from ENPHO. The study found that majority of the respondents in the study
community disagreed that excreta is the waste. However, some households were found continuing ecosan toilet
till date while some previous users already shifted from ecosan to other toilets due to the choice of younger
generation to build modern toilet. This result reflects that though non-ecosan users are also motivated to use
products from ecosan manure as an fertilizer amendment, the desire of the new family members in the house
and concept that ecosan toilet is not suitable in modern house is the factor that disable users to continue it.
To minimize the rate of discontinuation after the dissemination of new technology, it is necessary to monitor
the condition of toilet and provide suggestions for the bettermentof the toilet, to increase ecosan users and to
promote excreta reuse in farming. Open discussions on the benefits and risks associated with excreta reuse
in agriculture could enrich farmer’s knowledge on the handling and appropriate use of excreta as fertilizer.
The study concluded that ecosan manure is not only the source of fecal microrganisms. Ecosan manure might
get contaminated by fecal microorganisms through other sources if handled unappropriately. Proper attention
should be done to reduce such contamination which is generally neglected by most users. Further research on
the factors that influence farmers decision on excreta reuse for agricultural purpose and perceptions on health
risks is recommended to avoid contamination of ecosan manure and associated negative health impact by fecal
microorganisms. Time to time and door to door supervision on toilet management and modification to meet the

need of younger generation is also recommended for the long-term sustainability of the ecosan.

Acknowledgments
This study was supported by JSPS KAKENHI Grant Number JP 18H02312. The authors would like to thank Mr.
Rajendra Shrestha and all staffs of ENPHO, Kathmandu for providing valuable information and the laboratory.

Finally, we are deeply grateful to the residents of the village for their participation in the research.



Sanitation Value Chain Vol. 4 (3) pp.003-019, 2020 17

References

Andersson, E. 2015. Turning waste into value: Using human urine to enrich soils for sustainable food production
in Uganda. Journal of clean production 9: 290-298. https://doi.org/10.1016/j.jclepro.2014.01.070

Aryal, B., Adhikari, K. and Panthi, S. 2015. Assessment of ecological sanitation approach in Nepal. Technical
Journal of Water, Sanitation, Health and Environment (Issued on the occasion of World Water Day — 22 March
2015) 13(1): 7-10.

Budhathoki, 2019. Water supply, sanitation and hygiene situation in Nepal: A review. Journal of Health Promotion
7: 65-76. https://doi.org/10.3126/jhp.v7i0.25513

CBS (Central Bureau of Statistics) 2011. National population and housing census. National Planning Commission

Secretariat, Government of Nepal, Kathmandu.

2014. Population monograph of Nepal. Nepal planning commission secretariat, Government of Nepal, Kathmandu.

Chaudhary, D. 2018. Agriciltural policies and rural development in Nepal: An overview. Research Nepal Journal
of Development Studies 1(2): 34—46. https://doi.org/10.3126/rnjds.v1i2.22425

Clesceri, L. S., Greenberg, A. E. and Eaton, A. D. (eds) 1998. Standard methods for the examination of water and
wastewater, 20th ed. American Public Health Association, Washington DC.

Cofie, O.,Adeoti, A., Nkansah-Boadu, F. and Awuah, E. 2010. Farmers’ perception and economic benefits of excreta
use in Southern Ghana. Resources, Conservation and Recycling 55(2): 161-166. https://doi.org/10.1016/].
resconrec.2010.09.002

Deshar, B. 2013. An overview of agricultural degradation in Nepal and its impact on economy and environment.
Global Journal of Economics and Social Development 3(1): 1-20. https://www.ripublication.com/gjesd/
gjesdv3nl O1.pdf

ENPHO (Environment and Public Health Organization) 2006. Assessment of ecosan toilets in Nepal: Final
report. ENPHO. Online. https://sswm.info/sites/default/files/reference attachments/ENPHO0%202006%20
Assessement%200f%20Ecosan%20Toilets%20in%20Nepal.pdf (Accessed March 3, 2016)

FAO (Food and Agriculture Organization) 2001. Manual of food quality control: Microbiology analysis, 10th ed.
FAO, Rome.

2004. Poverty, livestock and household typologies in Nepal. Agricultural and Development Economics

Division, FAO, Rome.

2017. The future of food and agriculture: Trends and challenges. FAO, Rome.

Gautam, B., Rijal H. M. and Shukuya, M. 2019. Regional differences of wintry indoor thermal environment of

traditional houses in Nepal. IOP Conference Series: Earth and Environmental Science 294: 012034. https://doi.
org/10.1088/1755-1315/294/1/012034

Feachem, R. G., Bradley, D. J., Garelick, H. and Mara, D. D. 1983. Sanitation and disease health aspects of excreta
and wastewater management. John Wiley & Sons, Chichester.

Harada, H. and Fujii, S. 2020. Challenges and Potentials of Ecological Sanitation: Experiences from the Cases in
Vietnam and Malawi. Sanitation Value Chain 4(1): 3—16. https://doi.org/10.34416/svc.00015

Hijikata, N., Sangare, D., Sou/Dakoure, M., Toure, I., Ushijima, K., Ito, R. and Funamizu, N. 2014. Evaluation of
vegetable yields for income estimation using human urine and compost originated from on-site resource oriented
sanitation system, a case of Burkina Faso. Proceedings of IWA Specialist Conference on Global Challenges:
Sustainable Wastewater Treatment and Resources Recover; 15-25.

Hijikata, N., Sou/Dakoure, M., Sossou, S. K., Brou, A. L., Maiga, A. H. and Funamizu, N. 2017. Microbial risk
assessment for agricultural production cycle of on-site resource oriented sanitation systems: A case of Burkina

Faso. Sanitation Value Chain 1(1): 15-25. https://doi.org/10.34416/svc.00002


https://doi.org/10.1016/j.jclepro.2014.01.070
https://doi.org/10.3126/jhp.v7i0.25513
https://doi.org/10.3126/rnjds.v1i2.22425
https://doi.org/10.1016/j.resconrec.2010.09.002
https://www.ripublication.com/gjesd/gjesdv3n1_01.pdf
https://sswm.info/sites/default/files/reference_attachments/ENPHO%202006%20Assessement%20of%20Ecosan%20Toilets%20in%20Nepal.pdf
https://doi.org/10.1088/1755-1315/294/1/012034
https://doi.org/10.34416/svc.00015
https://doi.org/10.34416/svc.00002
https://doi.org/10.1016/j.resconrec.2010.09.002
https://www.ripublication.com/gjesd/gjesdv3n1_01.pdf
https://sswm.info/sites/default/files/reference_attachments/ENPHO%202006%20Assessement%20of%20Ecosan%20Toilets%20in%20Nepal.pdf
https://doi.org/10.1088/1755-1315/294/1/012034

18 Sanitation Value Chain Vol. 4 (3) pp.003-019, 2020

Ho, G. and Mathew, K. 2002. Sustainability of water resources. Preceedings of the International Conference at
Murdoch University on 13—14 November 2002; 91-101.

Ishii, S., Yan, T., Vu, H., Hansen, D. L., Hicks, R. E. and Sadowsky, M. J. 2010. Factors controlling long
term survival and growth of naturalized Escherichia coli populations in temperate field soils. Micorbes and
Environments 25(1): 8-14. https://doi.org/10.1264/jsme2.ME09172

Ishii, S. K. L.and Boyer, T. H. 2016. Student support and perceptions of urine source separationin a university
community. Water Resource 100: 146—156. https://doi.org/10.1016/j.watres.2016.05.004

Jensen, P. K. M., Phuc, P. D., Knudsen, L. G., Dalsgaard, A. and Konradsen, F. 2008. Hygiene versus fertilizer:
The use of human excreta in agriculture: A Vietnamese example. International Journal of Hygiene and
Environmental Health 211(3—4): 432-439. https://doi.org/10.1016/j.ijheh.2007.08.011

Jimenez, B., Austin, A., Cloete, E., Phasha, C. and Beltran, N. 2007. Biological risks to food crops fertilized with
ecosan sludge. Water Science & Technology 55(7): 21-29. https://doi.org/10.2166/wst.2007.122

Julian, T. R., Vithanage, H. S. K., Chua, M. L., Kuroda, M., Pitol, A. K., Nguyen, P. H. L., Canales, R. A., Fujii,
S. and Harada, H. 2018. High time-resolution simulation of E. coli on hands reveals large variation in microbial
exposures amongst Vietnamese farmers using human excreta for agriculture. Science of The Total Environment
635: 120-131. https://doi.org/10.1016/j.scitotenv.2018.04.100

Kundsen, G., Phuc, P. D., Hiep, N. T., Samuelsen, H., Jensen, P. K., Dalsgaard, A., Raschid-Sally, L. and Konradsen,
F. 2008. The fear of awful smell: Risk perceptions among farmers inVietnam using wastewater and human
excreta in agriculture. The Southeast Asian Journal of Tropical Medicine and Public Health 39(29): 341-352.

Lamichhane, K. M. and Babcock, R. W. 2013. Survey of attitudes and perceptions of urine diverting toilets and
human waste recycling in Hawaai. Science of The Total Environment 443: 749-756. https://doi.org/10.1016/j.
scitotenv.2012.11.039

Lienert, J., Haller, M., Berner, A., Stauffacher, M., Larsen, T. A. 2003. How farmers in Switzerland perceive
fertilizers from recycled anthropogenic nutrients (urine). Water science & technology 48(1): 47-56. https://doi.
org/10.2166/wst.2003.0013

Mariwah, S. and Drangert, J.-O. 2011. Community perceptions of human excreta as fertilizer in peri-urban
agriculture in Ghana. Waste Management Resource 29(8): 815-822. https://doi.org/10.1177/0734242X10390073

Maltsoglou 1., Taniguchi K. 2004. Poverty, Livestock and Household Typologies in Nepal (ESA Working Paper
No. 04-15). Agriculture and Development Economics Division, FAO, Rome.

Mishra, N. K. 2003. Ecosan in past and present effort in Nepal. Proceedings of the 2nd International Symposium
on Ecological Sanitation; 277-278.

MoAC (Ministry of Agriculture) 2006. National Agriculture Policy. Government of Nepal, Kathmandu.

MoAD (Ministry of Agriculture Development) 2016. Statistical information on Nepalese agriculture 2072/73
(2015/16). Government of Nepal, Kathmandu.

MoF (Ministry of Finance) 2016. Economic survey. Government of Nepal, Kathmandu.

MoH (Ministry of Health), New Era and ICF 2017. Nepal Demographic and Health Survey 2016. Ministry of
Health, Kathmandu.

Montgomery, M. A., Bartram, J. and Elimelech, M. 2009. Increasing functional sustainability of water and
sanitationsupplies in rural Sub-Saharan Africa. Environmental Engineering Science 26(5): 1017—1023. https://
doi.org/10.1089/ees.2008.0388

Morgan, P. and Mekonnen, A. T. 2013. Paving the way to scaling-up: Factors contributing to the adoption of
ecosan toilets and safety of humanure in Malawi. Department for International Development, London. Online.

https://assets.publishing.service.gov.uk/media/57a08a42¢5274a27b20004¢9/Morgan_and Mekonnen 2013


https://doi.org/10.1264/jsme2.ME09172
https://doi.org/10.1016/j.watres.2016.05.004
https://doi.org/10.1016/j.ijheh.2007.08.011
https://doi.org/10.2166/wst.2007.122
https://doi.org/10.1016/j.scitotenv.2018.04.100
https://doi.org/10.1016/j.scitotenv.2012.11.039
https://doi.org/10.2166/wst.2003.0013
https://doi.org/10.1177/0734242X10390073
https://doi.org/10.1089/ees.2008.0388
https://doi.org/10.1089/ees.2008.0388
https://assets.publishing.service.gov.uk/media/57a08a42e5274a27b20004e9/Morgan_and_Mekonnen_2013_Paving_the_Way_to_Scaling_Up_Ecosan.pdf
https://doi.org/10.1016/j.scitotenv.2012.11.039
https://doi.org/10.2166/wst.2003.0013

Sanitation Value Chain Vol. 4 (3) pp.003-019, 2020 19

Paving_the Way to_Scaling Up Ecosan.pdf (Accessed June 10, 2020)

Nimoh, F., Ohene-Yankyera, K., Poku, K., Konradsen, F. and Abaidoo, R. 2014. Farmers’ perception on excreta
reuse for peri-urban agriculture in southern Ghana. Journal of Development and Agricultural Economics 6(10):
421-428. https://doi.org/10.5897/JDAE2014.0575

Niwagaba, C., Kulabako, R. N., Mugala. P. and Jonsson, H. 2009. Comparing microbial die-off in separately
collected facces with ash and sawdust additivies. Waste Management 29(7): 2214-2219. https://doi.org/10.1016/j.
wasman.2009.02.010

Poudel, B. and Adhikari, K. 2015. Ecological sanitation: Solution for the public places and mass events, experiences
from Nepal. Paper presented at the 5th International Dry Toilet Conference, August 8-21, 2015. Tampere, Finland.

Rajan, S. 1. 2003. Internal migration and youth in India: main features, trends and emerging challenges (Discussion
paper). UNESCO, New Delhi.

Sapkota, K. B. 2018. Labour market, foreign employment and remittance in Nepal. Tribhuvan University Journal
32(1): 237-250. https://doi.org/10.3126/tuj.v32i1.24790

Schonning, C. and Stenstrom, T. A. 2004. Guidelines for the safe use of urine and faeces in Ecological sanitation
systems. EcoSanRes, SEI (Stockholm Environment Institute), Stockholm.

Schonning, C., Westrell, T., Stenstrom, T. A., Arnbjerg-Nielsen, K., Hasling, A. B., Linda Hoibye, L. and Carlsen,
A. 2007. Microbial risk assessment of local handling and use of human faeces. Jounal of Water & Health 5(1):
117-128. https://doi.org/10.2166/wh.2006.049

Sharma, A. 2007. The changing agricultural demography of India- evidence from a rural youth perception survey.
International Journal of Rural Management 3(1): 27—-41. https://doi.org/10.1177/097300520700300102

Sidhu, J. and Toze, S. 2009. Human pathogens and their indicators in biosolids: A literature review. Environment
International 35(1): 187-201. https://doi.org/10.1016/j.envint.2008.07.006

Simha, P., Lalander, C., Vinneras, B. and Ganesapillai, M. 2017. Farmer attitudes and perceptions to the reuse of
fertilizer products from resource oriented sanitation systems: The case of Vellore, South India. Science of the
Total Environment 581-582: 885-896. https://doi.org/10.1016/].scitotenv.2017.01.044

Thapa, B. K. and Kattel, S. P. 2019. Impact of modernization on family and marriage system of Nepal. World
Wide Journal of Multidisciplinary Research and Development 5(12): 6-9. http://wwjmrd.com/upload/impact-
of-modernization-on-family-and-marriage-system-of-nepal 1576653035.pdf

Ushijima, K., Funamizu, N., Nabeshima, T., Hijikata, N., Ito, R., Sou/Dakoure, M., Maiga, A. H. and Sintawardani,
N. 2015. The postmodern sanitation: Agro-sanitation business model as a new policy. Water Policy 17(2): 283—
298. https://doi.org/10.2166/wp.2014.093

UNICEF (United Nations International Children’s Education Fund) 2011. Ecological Sanitaiton, Practitioners
handbook. Online. http://web.iitd.ac.in/~chariarv/files/EcologicalSanitationHandbook.pdf (Accessed June 13, 2020)

WaterAid Nepal 2008. Assessment of urine-diverting ecosan toilets in Nepal. WaterAid, Kathmandu. Online.
https://www.ircwash.org/sites/default/files/WaterAidNepal-2008-Assessment.pdf (Accessed July 11, 2016)

WHO (World Health Organization) 2006. WHO Guidelines for the safe use of wastewater, excreta and greywater:

Volume 4. Excreta and greywater use in agriculture. WHO, Geneva.

2015. Water, sanitation and hygiene in health care facilities: Status in low- and middle-income countries
and way forward. WHO, Geneva.
Winblad, U. and Simpson-Hebert, M. 2004. Ecological sanitation, revised and enlarged ed. SEI (Stockholm

Environment Institute), Stockholm.


https://doi.org/10.5897/JDAE2014.0575
https://doi.org/10.1016/j.wasman.2009.02.010
https://doi.org/10.3126/tuj.v32i1.24790
https://doi.org/10.2166/wh.2006.049
https://doi.org/10.1177/097300520700300102
https://doi.org/10.1016/j.envint.2008.07.006
https://doi.org/10.1016/j.scitotenv.2017.01.044
http://wwjmrd.com/upload/impact-of-modernization-on-family-and-marriage-system-of-nepal_1576653035.pdf
http://wwjmrd.com/upload/impact-of-modernization-on-family-and-marriage-system-of-nepal_1576653035.pdf
http://wwjmrd.com/upload/impact-of-modernization-on-family-and-marriage-system-of-nepal_1576653035.pdf
https://doi.org/10.2166/wp.2014.093
http://web.iitd.ac.in/~chariarv/files/EcologicalSanitationHandbook.pdf
https://www.ircwash.org/sites/default/files/WaterAidNepal-2008-Assessment.pdf
https://assets.publishing.service.gov.uk/media/57a08a42e5274a27b20004e9/Morgan_and_Mekonnen_2013_Paving_the_Way_to_Scaling_Up_Ecosan.pdf
https://doi.org/10.1016/j.wasman.2009.02.010



