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Abstract
Human urine is a valuable resource which has good potential to be used as a fertilizer all over
the world. In the developing countries sanitation and food security are both issues that need
urgent attention. A urine separation toilet can be constructed with minimal investment in the
Nicaraguan context, and the usage of the urine as a fertilizer can help establish higher yields
and is a good alternative to chemical fertilizers. This field experiment is trying this in practice
in the context of rural Nicaragua, to determine the effect of urine on two plants on. For this
study, the common bean (Phaseolus vulgaris) and the Chaya (Cnidoscolus aconitifolius) was
selected and the results confirm that urine has potential as a fertilizer in the Nicaragua
context. The common bean yield was twice as large after urine fertilization and the Chaya
reacted positively to urine fertilization. For urine separation purposes, two different
separators were constructed on the site to showcase the benefits with separating the urine
from the faeces, creating lower latrine volume and better sanitation in the outhouse. The risks
associated with human urine are low if the urine is separated securely to avoid crosscontamination from faeces. If a safety-barrier system is adopted, the overall risks with using
urine as a fertilizer are negligible. The spreading potential of urine separation and fertilization
in rural Nicaragua is high, but more experiments and demonstrations are needed to reach
adopters of the technology.

Title: Diverting human urine from outhouses into agriculture in Nicaragua – for sanitation, fertilizer and
recycling purposes
Keywords:Nicaragua, Human urine, Urine diversion, Fertilization, Phosphorous.

Resumen
La orina humana es un recurso valioso que tiene un buen potencial para ser utilizado como
fertilizante en el mundo entero. En los países en vías de desarrollo, el saneamiento y la
seguridad alimentaria son dos temas que necesitan atención urgente. Un inodoro de
separación de orina puede ser construido con una inversión mínima en el contexto
Nicaragüense, y el uso de la orina como fertilizante puede ayudar a establecer mayores
rendimientos y es una buena alternativa a los fertilizantes químicos. Este experimento de
campo está probando esto en la práctica en el contexto de Nicaragua rural, para determinar
la diferencia en crecimiento entre dos cultivos con y sin fertilización de orina. Para este
estudio se seleccionó el frijol común (Phaseolus vulgaris) y la Chaya (Cnidoscolus
aconitifolius) El rendimiento de frijol fue dos veces mayor después de la fertilización de la
orina y el Chaya reaccionó positivamente a la fertilización de la orina. Para fines de
separación de orina, se construyeron dos separadores diferentes en el sitio para mostrar los
beneficios con la separación de la orina de las heces, creando un menor volumen de letrina y
un mejor saneamiento. Los riesgos asociados con la orina humana son bajos si la orina se
separa con seguridad para evitar la contaminación cruzada de las heces. Si se adopta un
sistema de barrera de seguridad, los riesgos generales con el uso de orina como fertilizante
son insignificantes. El potencial de propagación de la separación de orina y la fertilización en
Nicaragua rural es alto, pero se necesitan más experimentos y demostraciones para llegar a
los usuarios de la tecnología.

Título: Desviar la orina humana de las letrinas a la agricultura en Nicaragua - para fines de saneamiento,
fertilizantes y reciclaje
Palabras clave :Nicaragua, Orina humana, Desviación de orina, Fertilización de la orina, fósforo

Sammanfattning
Mänsklig urin är en värdefull resurs som har god potential att användas som gödningsmedel
över hela världen. I utvecklingsländer är både hygien och livsmedelsförsörjning frågor som
behöver uppmärksammas. En urinsepareringstoalett kan konstrueras med minimal
investering i det Nicaraguanska sammanhanget och användningen av urin som gödningsmedel
kan bidra till att skapa högre skörd och som ett konkurrerande alternativ till konstgödsel.
Denna fältstudie undersöker möjligheten för separering och gödsling med urin i praktiken på
den Nicaraguanska landsbygden. Målet är att undersöka skillnader i tillväxt mellan ogödslade
och uringödslade lokala grödor. För denna studie valdes två grödor ut: Bönor (Phaseolus
vulgaris) och Chaya-spenat (Cnidoscolus aconitifolius) och resultaten bekräftar att urin har
potential som gödningsmedel i den Nicaraguanska kontexten. Bönskörden i experimentet
fördubblades med uringödsling och Chaya reagerade positivt på uringödslingen. Två olika urinseparatorer konstruerades på gården för att visa upp fördelarna med att separera urinen från
exkrementerna. Separeringen minskade volym av latrinens innehåll och bidrog till bättre
hygienförhållanden i uthuset. Riskerna med användningen av humanurin är låg så länge man
undviker korskontaminering från avföring och om urinen separeras och hanteras rätt. Om ett
säkerhetsbarriärsystem används så är de totala riskerna med att använda urin som
gödningsmedel försumbara. Spridningspotentialen för urinseparering och uringödsling på
landsbygden i Nicaragua är god, men fler experiment och demonstrationer behövs inom
området för att nå och övertyga användare av tekniken.

Titel:Urinseparering från uthus till småskaligt jordbruk i Nicaragua - för sanitet, gödningsmedel och
återvinning
Nyckelord:Nicaragua, Humanurin, Urinseparering, Gödsling, Phosphorous
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1. Introduction
1.1 Background
Around 2.5 billion people in the world today lack access to adequate sanitation facilities, and
over 1 billion people still defecates out in the open (Makaya, Savadogo, Somda, Bour, Barro &
Traoré, 2014; WHO, 2015; WHO, 2016). This situation is undermining the recent success of
drinking water availability and child survival, and is a contributor to the spread of diseases.
Millions of people die yearly as a direct or indirect consequence of lack of sanitary systems
and clean water. Several severe diseases derive from lack of sanitary system or latrines and
diarrhoea alone kills approximately 1,5 million people each year (WHO, 2013).
Besides sunlight, water and carbon dioxide, the growth of plants requires the nutrients
naturally available in minerals occurring in soils. If the soil is poor in nutrients, or if higher
yields are to be achieved, manual fertilization of the soil needs to be performed (Heckan, 2013;
Sattari, 2013). The use of human excreta and urine as a fertilizer in agriculture has long been
practiced and promoted (King, 1911) and via development projects and local initiatives the
use of urine fertilization have been spread worldwide (Mallapaty, 2012).
The modern flush toilet is standardized in most of the developed world, and its
implementation is the goal for large parts of the developing world. But the infrastructure of
sewage systems in rural parts are costly and the progress of implementation slow (Pulla,
2014). The flush toilet also makes it difficult to maintain a cyclic use of available nutrients in
human urine (Hammer & Clemens, 2007). Urine separation and urine fertilizing has previously
been tested in the developing countries, mostly in Africa and Asia and by fertilizing the soil
with human urine, the nutrients are put back to its natural cycle, and valuable amounts of
scarce phosphorous is recycled (Mihelcic, Fry & Shaw, 2011).
1.2 Problem
Forests provide several ecological functions that are crucial for life on earth; absorbing carbon
dioxide, providing oxygen and habitats for most biodiversity on land and regulating the climate
and counteract the impacts of climate change (Klein, 2000). The global forest cover as well as
in Nicaragua is still shrinking (Mygatt, 2006; Butler 2016) and the growing human population
together with its growing demand for food production is putting further pressure on the
forests. To avoid the expansion of agricultural or farming land into forests or other vulnerable
ecological habitats, methods are needed to keep the soils fertile and high-performing,
maximizing the yields on current land (Sanchez, 2002).
According to the Food and Agriculture Organisation (FAO), climate change threatens the
future food security of rural Nicaragua, creating a need for interventions to both combat
climate change and to secure that the current land use is maximized to provide more food
(FAO, 2013). The fertility of the soils found in Chontales, where this study was conducted, is
low and crop agriculture is not viewed as profitable compared to livestock husbandry. If ways
for better fertilization are presented and implemented, it has a potential to make agricultural
practices more beneficial for the local farmers and households both as a business opportunity
and to provide food security for the households while needing less land use than the current
activities (Kent, 2006; Klein, 2000).
Chemical fertilizers are relatively expensive in Nicaragua and its use is lower than in other
Central American countries in terms of kilograms per hectare of arable land (World Bank,
2014). Urea is imported from Venezuela for fertilizer purposes but the supply is irregular and
can currently not be guaranteed (CAD, 2016). A problem with the use of chemical fertilizers is
that it increases the risk for leakage of nutrients to land and water leading to eutrophication
and algal blooms (Glibert, Anderson, Gentien, Granéli & Sellner, 2005). Chemical fertilizers and
its manufacture is also a major contributor to the release of greenhouse gases. Besides the
chemical fertilizers, manure is regularly used from livestock or chicken while organic certified
fertilizers are rare.
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1.3 Purpose
The main aim of this experiment is to test the potential for urine separation and fertilizing in
the Nicaraguan context, and collect data to determine the consequences of urine fertilization
in the local context. Demonstrations of urine fertilization has been concluded to be a useful
method to spread the technology as they are cheap and easy do conduct (Richert, Gensch,
Jönsson, Stenström & Dagerskog, 2010).
By separating urine from outhouses, the hygiene and sanitation situation could be improved
and the use of outhouses be popularised. At the same time, the urine that is diverted can be
used as a fertilizer for potential higher yields and economic profit.
This study revolves around a field experiment and a series of observations to evaluate if urine
diversion and fertilization is possible and an effective way to improve sanitation and food
security in the context of small scale agriculture in rural Nicaragua. The aim is also to
determine the potential of spreading these technologies and how to achieve acceptance by
farmers and households in adopting the methods. A small-scale permaculture farm was
selected since the principles of recycling are already practiced on the farm and the use of
chemical fertilizers and pesticides is absent. The goal is that the experiments will provide data
that can be analysed to help determine the effects of diverting and reusing urine under the
Nicaraguan conditions, and ultimately under the prevailing conditions in rural areas of
developing countries today.

1.4 Objectives
The main objective is to study the potential of urine separation and the use of urine as a
fertilizer. The theoretical studies include results from previous studies as well as frameworks
for spreading innovations and technologies.
This study can be presented in three objectives:
Objective 1:
Create a prototype of a urine separator and a toilet base with local materials and building
technics to evaluate the local potential to create low cost urine separation systems.
Objective 2:
Plant two different crops to evaluate the local potential for using urine as a fertilizer and its
ability to create better food security.
Objective 3:
Evaluate the potential for spreading the above urine separation & fertilization methods to
Nicaraguan households and small-scale farms as per Roger diffusion of invention theory.

1.5 Limitations
This study is limited to the experimental site at Casa Montesano. The experimental site was
chosen partly because it is an established place for field experiments of this size and purpose.
The organisation Centro Integral para la Propagación de la Permacultura (CIPP) that operates
on the farm provides courses and sessions for farmers where permaculture principles and
food security technologies are demonstrated and spread.
The collection of data from the urine fertilization experiment was limited to observations,
weighing and measuring of the plants and the yield. No deeper chemical analysis of the
nutrient-content in the crops was included.
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2. Method
This field experiment was divided into two different sections: Urine diversion and the usage
of urine as a fertilizer. Literature studies were included for the discussion of the implications
of diverting urine to use in small-scale agriculture. Results and conclusions from previous
studies conducted on this subject from all over the world are presented and the potential
hazards with using urine as a fertilizer is also discussed.
By including the “Diffusion of innovation”- theory (Rogers, ,2003) the potential for successful
spreading of urine separation and fertilization in small scale farming in Nicaragua and similar
developing countries are discussed. Rogers’s theory will give clues to how to meet the
potential widespread resistance towards the use of human urine in food-agriculture and
determine the potential for social change and change of attitudes.
2.1 Local context
2.1.1 Nicaragua
Nicaragua is located in the middle of Central America and is the largest country in the region
in terms of land area (130.373 km2). Population wise, Nicaragua is a medium-sized country for
the region with more than 6 million inhabitants (WHO 2016). Nicaragua has a rich variety and
high amount of natural resources, but despite this it is still one of the least developed countries
in Latin America (World Bank, 2016; UNDP, 2016).
According to the Foundation for Sustainable Development (FSD), Nicaragua has a deficiency
of safe drinking water even though it possesses the largest fresh water resources in Central
America (FSD, 2016). This could contribute to health problems and a higher risk of diseasespreading (WHO, 2013). Because of economic development and with the help of new
infrastructure projects the access to sanitation has increased in the country, but despite this,
differences remain between urban and rural areas when it comes to access to clean water and
sanitation (WHO, 2015; FSD, 2016).
Around 75% of Nicaragua's forests have already been converted to pasture ground or is being
used for large-scale mono agriculture (Alves Milho, 1996; FSD, 2016). There are still large areas
of forest left in Nicaragua, and to slow down the effect from climate change such as erosion,
it is vital that the remaining forests are kept intact. Large-scale farms and plantations in
Nicaragua also has a history of heavy pesticide use which has led to contamination of people
and the environment (Corriols, 2010). Livestock farming, cotton and banana plantations
require large amounts of land and freshwater which both claim resources and potentially
outcompete smaller and more sustainable agriculture and permaculture farming.
2.1.2 Chontales
The region of Chontales was once part of the largest rainforest in Central America, but has
now been significantly reduced (INEC, 2001). The forests of Villa Sandino which is the
municipality where the experiments were conducted, have gone from 29 % of the land in the
year of 1963 to only 1% in year 2001 (CIPP, 2009, INEC, 2001). The yields in Chontales are
much lower than in the lowlands near the Pacific Ocean and many farmers in the area have
abandoned the agriculture practices to engage in large scale cattle farming, a practice that
generates low vegetation landscapes that is prone to flooding, mudslides and erosion during
wet season, and wind-erosion in dry season. The expanding of cattle farming into the second
growths forests is the main reason for deforestation in Chontales today (Klein, 2000;
Yamamoto, Ap dewi & Muhammad, 2007).
2.1.3 Casa Montesano
This field study was carried out at the experimental agroecological permaculture farm Casa
Montesano (11˚59ˊ70˝ N 84˚53ˊ06˝ E). The farm is located at 349 m above sea level in the
area around Villa Sandino, in the Chontales region, central Nicaragua. The annual average
temperature at the site is between 25 and 28 degrees Celsius and the climate can be described
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as humid tropical and the yearly average precipitation is around 2000 mm (Haller, 2011; INEC,
2011). The land use of the areas around Villa Sandino is dominated by either cattle farming or
large-scale agriculture. Nearly half of the residents of Villa Sandino live under the poverty line
per the UN definition, with many people working for large farm owners and livestock
producers to be able to afford to purchase food (CIPP, 2009). The area mostly lacks sanitary
infrastructure and water flush toilets and sewage systems are not widespread. Basic latrines
are the common practice for deification.
CIPP is a Nicaraguan non-profit organization whose purpose is to support sustainable
development in rural Nicaragua. The organisation informs and educates people and farmers
in different permaculture projects to steer away activities from those sectors that contribute
to continued deforestation. CIPP have provided courses in permaculture design and practices
and initiatives have been taken to promote sustainable occupations such as beekeeping and
small-scale farming (CIPP, 2009).
2.1 Urine diversion
There are several different methods to separate urine in latrines and outhouses to avoid
mixing urine and excreta. For this study, the separating solution was selected, where a
separator is placed on a current toilet base, leading the urine to storage outside of the
outhouse via a PVC tube (Figure 1).

Figure 1. The process of the selected urine separation method showed complete with the
separator, PVC-tube and jerry can.

When implementing urine separation, a storage solution for the urine is needed. The storage
method and size could vary but for this experiment a 25-litre plastic jerry can with a sealed lid
was chosen. This will ensure easy handling of the urine and the urine can be poured directly
into a watering can or such. The use of a Jerry can also reflect the urine levels produced by a
small-scale farm or a household (Sattari, 2013).
2.3 Experiment site
The experiment was performed on the experimental agroecology permaculture farm Casa
Montesano, in the region of Chontales. The soil at the experimental site is classified as ultisol
per the USDA definition (USDA, 2016) and it has a pH of 5.15 (Haller, 2011). Samples of the
soil from the experiment site has previously been collected and analysed at the agriculture
university laboratory in Managua. These results can be viewed in table 1.
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Table 1. Physical and chemical characterization of the soil at the experimental site (Haller,
2011, approved for publishing).

To ensure that the influences from external elements such as weather, pests, livestock and
diseases on the experiment are kept to a minimum, consulting local competence, including a
gardener, was an important part when choosing the site, the crops and the methods for
planting and watering. After consultation, the crops were planted directly in the soil and the
experimental site was fenced off to keep any larger animals from entering.
2.4 Preparation and planting
The experiment site (Figure 3) is a lot of near 35 m2 that had been unused for over one year
prior to the experiment. Before planting, the site was manually cleared of all vegetation with
a machete. The experiment site was divided into two plots where one was to be fertilized with
urine and the other not fertilized. Both plots received the same amount of added water.
At the experimental site, in total 12 different squares were created with an area of 1 m2 each.
Each m2 was separated by 50 cm alleys on all sides, to allow easy access and avoid
contamination from the surrounding squares. A 100 cm separation alley was created in the
middle of the field to create a clear divide between the six squares that was being fertilized
with urine, and the six squares that was not fertilized (Figure 2).

Figure 2. Planting scheme for the Beans and Chaya. The left half, coloured in grey, was not
fertilized while the right half, coloured in yellow was fertilized with urine.

5

Figure 3. A picture on the planting process from the experimental site at casa Montesano.

In this experiment, a triplicate was used. For the beans, each square meter was prepared with
6 holes with the depth of 2 cm. The holes were lined up in two rows with approximately 20
cm spacing between the holes and 40 cm spacing between the rows. In each hole 3 pre-soaked
beans were planted with a layer of surrounding topsoil for protection. In total 18 beans were
planted per square meter. For the Chaya, 9 cuttings were planted in each m2, at a depth of 2
cm. The cuttings were lined up in 3 rows with 20 cm spacing between the holes and 20
between the rows. In total 108 beans were planted in 36 holes and 42 Chaya cuttings were
planted (table 2).

Table 2. The quantities and codes for the planted beans and Chaya.
Name + code
P. vulgaris 1
P. vulgaris 2
P. vulgaris 3
P. vulgaris 1U
P. vulgaris 2U
P. vulgaris 3U
C. aconitifolius 1
C. aconitifolius 2
C. aconitifolius 3
C. aconitifolius 1U
C. aconitifolius 2U
C. aconitifolius 3U

Code
P.V-1
P.V-2
P.V-3
P.V-1-U
P.V-2-U
P.V-3-U
C.A-1
C.A-2
C.A-3
C.A-1-U
C.A-2-U
C.A-3-U

name
Beans
Beans
Beans
Beans
Beans
Beans
Chaya
Chaya
Chaya
Chaya
Chaya
Urine

Quantity
6(18)
6(18)
6(18)
6(18)
6(18)
6(18)
9
9
9
9
9
9

Ferrlizer
No
No
No
Urine
Urine
Urine
No
No
No
Urine
Urine
Urine
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3.Background
3.1 Crops
When selecting the crops for this experiment several aspects were considered. One important
aspect was that the crop should be locally occurring and could be utilized as a food crop. Other
aspects considered were growth cycle, pest and disease resistance.
The common beans were selected since it is locally occurring and one of the most important
source of food in Nicaraguan cuisine and eaten daily by many Nicaraguans. The plant has a
relative short growing-cycle and creates seeds which is beneficial for comparing results.
In previous fertilization-experiments where the common bean was studied, damage from
pests and insects has been reported (Haller, 2011). The beans furthermore respond
moderately to Nitrogen fertilization (Maingi, Shisanya, Gitonga & Hornetz, 2001).
For those reasons, a second crop was selected, which would give the experiment a higher
chance of showing effects of urine fertilization on crops. The second crop chosen is the
perennial shrub Cnidoscolus aconitfolius henceforth referred to as Chaya, which is commonly
used in Central American cooking as a spinach and is known to have strong resistance to pests,
insects and weather. Both types of crops were locally available and could be traced back to
the source ensuring no pesticides or modifications in the genealogy had been done. Seeds
from recent harvested bean plants on a close by farm together with Chaya cuttings of similar
thickness from Casa Montesano was collected.
3.1.1 Beans - Phaseolus vulgaris
A species of the bean, (Phaseolus vulgaris), and henceforth referred to as the common bean
was sourced from a local family to ensure high quality and traceability. The common bean is,
beside corn and rice the most important commodity for local food security and it is eaten
almost every day (Munguía, Sotelo & Viana, 1996; Haller, 2011). It was also chosen since it can
be important from a diffusion perspective if one of the most important commodities would
show gains from urine fertilization. The common bean also has a relatively short growth cycle
of under 2 months which is a requirement to be able to monitor the results of the experiment
and if necessary in replanting crops that gets affected from external elements. The common
bean has a long cooking time, which further eliminates risks that could be associated with
urine fertilization.
3.1.2 Chaya - Cnidoscolus aconitifolius
The second crop chosen for the field study were the Cnidoscolus aconitifolius, commonly
known as Chaya which is a leafy shrub that grows in Central America. The leaves can be used
as a spinach and it is rich in protein, calcium and iron. It is known for being fast-growing, can
survive harsh conditions such as drought and heavy rain and it has a good resistance to insect
damage due to its content of a hydrocyanic acid in the leaves. Seeds from the Chaya plant is
not normal, instead cuttings are the common method for plantation (CTA, 1999; CIPP, 2016).
Due to the mildly poisonous acid in the raw Chaya, it is recommended for it to be cooked
before eating, which is corresponding well to recommended risk handing barriers for urine
fertilized commodities (Richert et al, 2010).
3.2 Urine as fertilizer
The use and characteristics of urine as fertilizer has been thoroughly researched in previous
studies from around the world. Spångberg from Sweden’s university of agriculture (SLU)
studied different rest- and by-products as fertilizers in the study “Plant Nutrients from Waste
and By-Products – A life Cycle Perspective”. Human urine was one of the resources tested and
is was deemed to be the best performing alternative to chemical fertilizers in many
parameters (Spångberg, 2014). The use of urine as a fertilizer was also deemed to lower the
energy use and the emissions of greenhouse gases compared to chemical fertilizers.
Spångberg also states that one of the most important benefits from using organic instead of
chemical fertilizers is that phosphate mining is not utilized and that instead phosphorous is
recycled back into the soil (Spångberg, 2014).
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Human urine as fertilizer is normally diluted to avoid burning the plants. According to
Spångberg, 1 part urine with 10 parts of water is a good dilution rate (Spångberg, 2014), But
anything from 1:0 to 1:15 would be possible depending on the local conditions and the amount
of available urine (Richert et al, 2010). For successful implementation of the technology of
urine fertilizing, clear and easy recommendations on the applications should be practiced. It
is important to consider the plants different needs and cultivation stages: Some plants have
greater need for nutrients in their early stages of cultivation and when entering their
reproductive stage the take up of nutrients heavily declines. As a rule, the fertilization should
be focused on the first ¾ of the time from sowing (Richert et al, 2010).
There are several different methods for applying urine fertilizers. It is not recommended to
apply the urine directly on the plant and its leaves since this could lead to foliar burning due
to the high content of ammonia in the urine (Richert et al 2010; Spångberg, 2014). If the
fertilization is done during sunny days or when rain is absent, a small ditch can be created next
to the plants were the urine could be poured. This method would help avoiding evaporation
of the urine and prevent salination build-up in the soil (Rodhe, Richert-Stintzing, Steineck,
2004; Richert et al, 2010).
A good way to introduce urine as a fertilizer in new regions may be to start with experiments
and demonstrations on local level. This will potentially show that the benefits of urine as a
fertilizer is applicable on the local agriculture practice or in a household. The experiments
could be simple demonstrations of the application and difference in yield between use of urine
fertilizer and no fertilizer. It can also be more scientific performed experiments that can
establish results in nutrient value and perfect application rate of urine to maximize the yield.
If looking at urine fertilization from a eutrophication point of view, the leaching from reusing
urine as a fertilizer is normally small compared to letting the urine stay in the pit latrine. It is
also safer to use the urine as a fertilizer than letting it out in sewage systems since the soil
both absorbs the nutrients and is better on degrading potential risks such as pathogens
(Hammer & Clemens, 2007; Jönsson, et al, 2013).
3.4 Urine diversion
Urine diversion in the context of this study refers to the separation of urine from the human
excreta in an outhouse or similar rural toilet. There are several methods for how this can be
done: It can be via a separate urinary or outhouse just for urine, or it can be done by just not
urinating at all in the outhouse and instead urinate in a container such as a watering can or
outside.
The potential benefits from urine diversion are many. When urine is separated from excreta,
the volume of the latrine will fill up at a slower rate and the emptying frequency of the latrine
will be reduced. Lower emptying frequency ensures easier handling of the excreta. According
to Heimonen-Tanski & Wijk-Sijbesma it can also reduce the social stigma that is associated
with the implementation and use of outhouses in the development world (Heimonen-Tanski
& Wijk-Sijbesma, 2005). A lower emptying frequency also reduces risks with pathogens
spreading, which is most critical during the emptying process.
Heimonen-Tanski & Wijk-Sijbesma’s study also concludes that urine diversion outhouses can
have a positive effect on the hygiene with reduced smells and less manual labour with
emptying the latrine. It is also a positive consequence that by separating the urine from the
excreta you get a liquid fertilizer that can be used to get higher yields in small scale agriculture.
It is also beneficial that the phosphorus in the urine is reused for planting instead of using
chemical fertilizers were phosphate rock has been harvested in the creation of the fertilizer
(Heimonen-Tanski & Wijk-Sijbesma, 2005; Cordell & White, 2011).
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Human excreta and urine are rich in nutrients which is the reason why systems to collect and
distribute it as a fertilizer has existed throughout history (Richert et al, 2010). If the excreta
and urine are separated the excreta will be more concentrated due to not being mixed with
the high amount of water that urine contains. In the composition of human waste, most of
the nitrogen and phosphorous is available in the urine, while most of the bacterial pathogens
and other hazards are to be found in the excreta (Richert et al, 2010). If the human excreta
are being composted and used as manure, it should however be taken in to consideration that
the lack of the nutrients in the excreta when the urine has been separated will affect the
overall nutrition value of the compost. However, when mixed with excreta, most of the
nitrogen in urine is transformed into nitrogen gas or ammonia and not suitable for soil
fertilization, which would be an argument that it is better utilized in urine fertilizer than in
compost (Kirchmann & Pettersson, 1995; Schönning, 2001)
Urine separating toilets can be a valuable investment, primarily in developing countries and
foremost in rural areas were the standard water flush toilets not yet has been implemented.
A urine separating toilet investment does not have to include any real expenses but can be
implemented in different ways depending on the materials and practices available in the local
contexts. Another important benefit with implementing urine separating systems is that no
claim on freshwater is needed. Also, contrary to water flush toilets, a urine separating system
means that valuable nutrients don’t get lost or deteriorate in sewage systems.
In Nicaragua, several different implementations of urine separation were discovered during
the field experiments. In a Permaculture farm, called Bona fide and located on the island of
Ometepe. A system is implemented with an outhouse with two toilets, one for human excreta
and one for urine only, making it easy for both sexes to use sitting down. The urine is led out
via a pipe and stored in a container for use as a liquid fertilizer on the farms plants and nursery
(Figure 4). In another permaculture farm and combined eco-hostel, also on the Ometepe
Island, a system was put in place were users are requested to use a separate urinal instead of
urinating in the many outhouses on the farm. The urinal is a squat toilet, which leads to
unequal use between the sexes were men stands up and women must squat. It also is some
distance between the urinal and the other toilets making it tediously for proper separation.

Figure 4. Storage solution for urine at the permaculture farm Bona fide, on Ometepe island.

To separate the urine with the urinal method or physical separation has its benefits with low
to no implementation cost and a straight forward use. The drawbacks with voluntary urinary
is that it makes it harder to control that no urine is mixed with the excreta since it is easier to
ignore the separation process if not proper understanding or motivation for the system is
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shared by the users, for example in a public toilet. With a urine separating device that
separates the urine in the outhouse, the separation will be constant and automatic, and both
sexes can use the toilet in the same way as if there were no separating to be done at all.
3.5 Other studies
Today, results from studies and projects around the world where the use of urine fertilization
has been tested are widely available. Even though the amount of results coming in are growing
there is still knowledge gaps existing, leading to the need of more studies in different parts of
the world and to reach out with the available results to a broad spectre of people, both
professionals and the public (Richert et al, 2010). Training sessions in Nepal in 2011 that
consisted of 4 whole day sessions for the local farmers increased the rate of urine separating
households from 37% to 65%. The training included information about the benefits of urine
application. One example that was used to convince the farmer was a local who grew spinach
that when it was fertilized with urine grew in a faster rate and turned out both greener and
when it was cooked it had a better taste.
Human urine has for a long time been utilized as fertilizer frequently in small scale farming
and its likes, but its practices has not been much documented. In South Africa, diluted urine
was used as a fertilizer for corn, tomato, cabbage and spinach cultivation. It was found that
urine was a good source of nutrients for the crops.
In South Africa, the effects were tested of very high levels of urine being applied to vegetables.
The results show that, under the local conditions, very high rates of urine led to increased
salinity in the soil and lower yields (Richert et al, 2010). In another study conducted in South
Africa the cost and benefits of using separated urine as a fertilizer compared to using chemical
fertilizer and no fertilizer on crops showed that even though the construction costs of urine
separating toilets was higher, it had the greatest total economic benefits and it was
recommended as the solution for improving soil fertility. A similar study in Niger compared
the cost of constructing a urine separating toilet to the value it created in terms of fertilizers.
The results showed that the advanced construction would pay for itself within 2 years from
only the value of the fertilizers that could be sold on the local market for less than the chemical
fertilizers (Richert et al, 2010).
In Sweden, urine was tested as a fertilizer on Barley in a study in the end of the nineties. The
study concluded that the N effect of urine was corresponding to around 90% of that of
chemical fertilizers. Studies in Germany also on Barley showed that the fertilizing effect of
urine was higher than that of mineral fertilizers (Richert et al, 2010).
A study on sanitation in Bangalore, India concluded that urine diverting toilet systems was a
contributor to better sanitation and at the same time, reusing the urine as a fertilizer helped
the local farmers to save money and achieve better food security. Studies in Ghana during
2004-2005 investigated the nutrient efficiency of urine compared to chemical fertilizers. It
concluded that, as a source of nutrients the efficiency of the urine was at a minimum the same
as to chemical fertilizers (Richert et al, 2010). In Zimbabwe urine fertilization was applied to
plants grown in cement basins and compared to unfertilized plants.
The application was 0,5 liters of a 3:1 water/urine mix which was added three times a week.
The results showed larger plants when urine was added.
Urine fertilization compared to both no fertilizer and chemical fertilizer on cabbage was
studied in Finland and the results showed that the growth and size was higher in the urine
fertilized cabbage compared to non-fertilized and chemical fertilized cabbage (Pradhan,
Nerg, Sjöblom, Holopainen & Heinonen-Tanski, 2007). The study also concluded that damage
from insects was lower on the urine fertilized compared to the chemical fertilized cabbage.
The study also found that using urine as a fertilizer did not affect the taste or the hygienic
quality of the cabbage (Richert et al, 2010). Cucumber was chosen in another Finnish study
where urine separation was used to create fertilizer value. The urine fertilization was leading
to slightly larger yields than its chemical counterpart. The cucumber was also tested for
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pathogens and none was find. In a blind test on the taste more than 50% of the testers could
identify the urine fertilized cucumber but did not prefer one over the other.
In Mexico urine was tested as a fertilizer to be used inside greenhouses on lettuce.
Compared to no fertilizer at all and chemical fertilizers, the urine was concluded to give the
highest cultivation and had the best availability of Nitrogen for the crops, it was also tested
in Mexico on amaranth were the results showed that together with different types of
manure, human urine was giving the highest yields, while standalone urine gave around 40%
more yield than the non-fertilized control (Richert et al, 2010). In India, urine from
separating toilets was used on banana plants and at the rate of 50 liters per plant the
average bananas per plants was 185 compared to 110.3 for the chemical fertilized plants. If
potassium was added to the urine fertilization scheme, the average went up almost 50%
compared to the results of the chemical fertilized plants (Richert et al, 2010).
Burkina Faso was the place for a test where urine from the households were collected and
treated by being stored for certain times. After storage, the urine is sold as a liquid fertilizer
to the farmers in the area. To avoid the stigmatization of urine to be a factor the collection
from the household were done in yellow jerry cans and after storage the now fertilizer was
poured in green jerry cans (Richert et al, 2010). Projects in Burkina Faso also included
building 1000 urine diversion toilets both for households and public uses.
3.6 Nutrient value in urine
Human urine contains the three important nutrients of traditional fertilizers (NPK). It also
includes small amounts of other important nutrients such as calcium, magnesium, sodium
chloride and sulphites. General calculations show that the yearly urine from a person contains
11 kilograms of Potassium and 4,5 kilograms of Phosphorous (Mihelcic et al., 2011), and
according to Tom Ericsson, scientist at SLU, diluted human urine can be used in the same way
as common liquid fertilizer and with equal or more positive results on garden plants (Hansson,
2012).
Around 95% of the content in urine is water and the nutrients are available in the last 5%.
There are three major nutrients that are needed for the growth of plants: Nitrogen (N),
Phosphorus (P) and Potassium (K). These nutrients are available in the form of ions, which
means that they are readily available for the plants, compared to other biologic fertilizers,
where the nutrients first need to be mineralised before they will be available for the plants
(Schönning, 2001; Sattari, 2013).
The three major nutrients are also naturally occurring in soils but the concentration and
composition varies depending on the type of soil. For good fertilization practice an analysis of
the soil should be done, together with maintaining a good balance of the supply of fertilizers
to avoid leakage and over fertilization. In sandy soils, there are generally a low potassium
content while clay soils normally have low content of both Potassium and Phosphorus.
Nitrogen is almost always needed in the soil since it is easy leached (Jordbruksverket, 2015).
Human urine is argued to be one of the most well-balanced fertilizer available (Richert et al,
2010), and it also includes small amounts of micronutrients such as creatine, sulphur, chloride
and sodium but the exact composition and quantity of the nutrients in urine varies depending
on the person’s habits and intake of food and water and the precipitation (Vinnerås,
Palmquist, Balmér & Jönsson, 2006).
According to Schönning’s study, the yearly nutrient value of a Swedish person’s urine was 4 kg
of Nitrogen, 0,9 kg potassium and 0,37 kg of phosphorus (Schönning, 2001). Richert et al. find
the values to be similar with slightly higher value of 1 kg of Potassium and 0,4 kg Phosphorous.
When comparing the Swedish values to developing countries, the values are lower than
Sweden, except in Potassium (Richert et al, 2010).
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3.7 Chemical Fertilizers
Fertilizers are a major contributor to higher yields of plants and crops and its usage are crucial
to be able to get higher yields without expansion into new land which is important to supply a
growing population (Stewart, Dibb, Johnston & Smyth, 2005). The use of chemical fertilizer
has been important for sustaining the population growth and the increase in food production.
But the production of commercial chemical fertilizers includes several energy intensive
processes and the extraction of valuable nutrients like phosphorous via mining (Cordell &
White, 2011). The usage of chemical fertilizers is relatively young, starting in the 20th century,
and since its launch the chemical fertilizers has outcompeted organic alternatives since it is
more concentrated and easily available in the developed world. According to Fowler et al
(2013), the successful spread of chemical fertilizers can also be contributed to that it is a
popular and easily obtained commercial commodity with high sales margin (Fowler, Pyle,
Raven and Sutton, 2013).
While chemical fertilizers started as a cheap, welcome compliment to manure, both the use
and the cost of the chemical fertilizers have since increased more than twentyfold (Granstedt,
1998). The global use of chemical fertilizers grew steadily since the 1950s from 14 million
tonnes to the current rate of 100 million tonnes (Jenkins, 2006). Before the introduction of
chemical fertilizers, animal manure was the most common source for fertilization. Since cattle
was part of the farms and horses were a means of transportation, it was a natural way of
disposing of the waste and at the same time get higher yields. It was a closed loop system
were the nutrients in the manure was recycled to the plants. Spånberg’s study, for example,
concludes that the use of chemical fertilizers is a contributor to the emissions of greenhouse
gases and promotes the use of fossil fuels and phosphate rock in its creation process
(Spångberg, 2014). Another downside with the chemical fertilizer is energy-consuming
transportations to the seller and the end customer. Even though chemical fertilizers are more
concentrated and less bulky than organic fertilizers, from an environmental aspect it would be
better for fertilizers to be locally sourced to avoid transportations.
3.8 Peak phosphorus
Phosphorous is a key nutrient for all living things and a vital building stone for the growth of
the plant. Phosphorous is a non-metal element normally mined from phosphate ore. The
availability of phosphate rock is finite and phosphorous is hence a limited resource which is
becoming more inaccessible. Phosphorous is assumed to be in shortage in the future and
some studies predict this shortage could be realized as early as 2030 and the consequences
will be serious (Spångberg, 2014; Cordell & White, 2011). This is one of the reasons that
recycling the already freely available phosphorous is important, and recycling urine which
contains phosphorous could be one part of addressing the issue of future shortage.
The known deposits of phosphate ore in the world is concentrated to four countries, making
it an uneven distributed resource which benefits few. The extraction and processing of
phosphorous from phosphate ore is a dirty process that creates around five times as much byproducts as readily phosphorus. The by-products, normally waste clay and Phosphogypsym, is
barely useable today and can contain high amounts of Cadmium and radioactive substances
like Radium and Uranium. The normal destination for the Phosphogypsym is landfill.
Propositions for potential use for the Phosphogypsym exists however, and studies done on
using it as an addition in cement in Syria shows that it improves the properties of the cement
and stays within the acceptable limits for radiation exposure (Shweikani, Kousa & Mitzban
2013).
Cordell & White argues that today’s consumption of meat contributes to phosphorous scarcity
since a large amount of the available chemical fertilizers are used for growing food for
livestock. If the consumption of meat were exchanged for a vegetarian diet, the phosphorous
usage would be nearly cut in half on a per capita level. Cordell & White also highlights the
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importance of reusing the phosphorus in human urine for agriculture purpose to lower the
dependence of chemical fertilizers. To reuse the phosphorus in urine also integrates well in
the philosophy of recycling and permaculture where caring for the earth and people, as well
as its principles of working with nature and the elements instead of against them (Jenkins,
2006; Cordell & White, 2011).
3.9 Risks with urine fertilizer use
3.9.1 Traces of pharmaceutical and pesticides in urine
Urine is practically sterile when it leaves a healthy body (Schönning, 2001; Richert, 2010) but
can be contaminated by bacteria and pathogens when it is excreted. Hormones such as
estrogen and pharmaceutical residues is excreted via the urine. The consequences of these
residues and their impact on the environment is not completely mapped and the complexity
of several individual residues mixed together is hard to analyse since the combinations is
different from case to case (Livsmedelsverket, 2016).
A method has been developed at Lund university to analyse traces of pesticides in human
urine to create an understanding of the quantities and types of pesticide. (Littorin, Amilon &
Maxe, 2011; KRAV, 2014). Together with samples taken by the national food agency in
Sweden, the study from Lund university gives a good picture of the human exposure to
pesticides and it also gives a hint of what type of pesticides that might remain in the urine and
if it could spread when it is being utilized as a fertilizer (Hedlund, Hellström, Linderholm &
Linderoth, 2014). The samples showed that most of the test persons had traces of insecticides,
herbicides, growth regulators and all the test persons had traces of chlormequat chloride
(CCC) which is used commonly in growing fruits, grains and ornamental plants (Littorin et al,
2011; Hedlund et al, 2014). The studies were made in Sweden on Swedish test persons, and
the results cannot completely be applied on the Nicaraguan or development context, since
the lifestyles, consumption of food and edibles could be profoundly different between the
developing and developed world in the same way as the nutrient values in the urine are
different (Schönning, 2001; Richert et al, 2010).
It is important to put the risks with urine fertilization in perspective and compare them to the
risks of pharmaceutical residues and pesticides that may be present in manure from animals,
or the risk associated with pesticide use. It is also important to compare these risks to the risks
that are associated with a normal sewer system where pharmaceuticals and micro pollutants
can reach and pollute groundwater and harm freshwater animals. When the urine is used as
a fertilizer it poses as less threat to animals and amphibians since it is safer to use it in the soil
than in the freshwater (Richert et al, 2010).
When urine is flushed down the drain it can be used with the sludge that is created. But since
the sludge originates from a lot of different sources it is possible that it contains pathogens,
heavy metals and environmental toxins such as PCBs and DDT. In studies done in the U.S., it
was even fond that engine oil and chemicals in a systematic way was poured into drains
(Jenkins, 2006). Since most of the potential hazards associated with human faeces is contained
in the dry excreta, it is higher risk to let the nutrients of the urine be used in products such as
sludge rather than using the nutrients directly from the urine as a standalone fertilizer. In small
scale use from controlled sources, the risks with using urine are low and if the correct
precautions and barriers are put in place, the usage of urine as a fertilizer is deemed safe
(Höglund, 2001; Jenkins, 2006; Richert et al, 2010).
According to Hammer & Clemens, separated urine is one of the safest and cleanest fertilizers
available today and even though pharmaceuticals and hormones are excreted in urine, the
risk for humans and crops is low (Hammer & Clemens, 2007; Richert et al, 2010). If cross
contamination is avoided and storage time before use is implemented, the risks with using
urine as a fertilizer are none to zero (Schönning, 2001). Caution and more safety barriers might
be needed before separating and reuse urine from public places like hospitals, since residues
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of pharmaceuticals and pathogens are more likely to be occurring in, for example, hospitalized
patients.
3.9.2 Pathogens
Health risks with using urine as a fertilizer are in general low. According to the world health
organisation’s barrier system (Richert et al, 2010), the source separating between faecal
matters and urine is a good barrier for avoiding the spreading of pathogens. Risks with using
urine from a separating system is most likely connected to cross contamination from the
faeces or diarrhoea (Richert et al, 2010).
Most of the contamination of sterile urine comes from the faecal matter, mostly in the form
of diarrhoea. Salmonella and other diseases could be spreading via urine but the bacteria are
short lived and disappears after a short storing period. Höglund concludes that urine
fertilization is a good way to higher yields, if attention is paid to the potential risks of
pathogens, pesticides or pharmaceutical residues is being spread (Höglund, 2001). To avoid
the spread, there are many methods that can be used, and precaution should be taken to
avoid these potential risks.
To avoid spreading of pathogens from urine separation and fertilization into the food chain
The World Health Organisation (WHO) has created a framework for safety barriers. The
barriers include separating the urine from the faeces correctly as well as maintaining high
sanitary and hygiene through securing good ventilation, protective gloves, and waiting periods
between fertilization and harvesting. Richert et al. also points out the importance of involving
farmers and local stakeholders in the planning and implementation process of the urine
separation and fertilization systems (Richert et al, 2010)
Jönsson adds that safe handling of human urine is easy since the urine has a good hygienic
quality when discharged and that the risks with using the urine is almost exclusively related to
cross contamination from the human faeces. Since the PH level of urine is typically high, most
of the bacteria would die off during storage periods, which confirms that a barrier system, or
just storing the urine before usage, would take away the risks with urine fertilization (Jönsson,
et al, 2013). Local demonstrations and projects are the best way to spread the knowledge
about urine separation techniques and how to avoid risks with spreading pathogens. When
introducing urine as a fertilizer it is important to treat it the same way as any fertilizer, but
with focus on the proper handling of the fertilizer (Richert et al, 2010). Mnkeni & Austin points
out that developing countries are more prone to pathogens being spread from human excreta
because the systems and barriers are less developed and more diseases are circulating
(Mnkeni & Austin, 2009).
When comparing flushing the urine into the sewage system to using it in soil, studies points
out that it is safer to let the urine be applied in soil, since potential pollutants or
pharmaceutical residues in the urine can degrade easier in soil than in water. The risks with
consuming crops that has been fertilized with urine also needs to be compared to the risks
that are related to the use of pesticides or the antibiotics and hormones supplied to livestock.
The pharmaceutical and pathogenic residues from human urine are in general much smaller
than the residues from pesticides, pharmaceuticals and hormones that is found in animal
manure (Hammer & Clemens, 2007; Richert et al, 2010).
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4. Results
4.1 Urine separation
For the urine diversion experiments two prototypes were created to analyse the possibilities
to create a urine separation solution for the Nicaraguan context. The first prototype was a
toilet base made with cob (Figure 5), that can host a commercial urine separator available on
the market today. The main difference between the commercial urine separator from one
created by local materials is that it is more esthetical, and made with the right dimensions to
allow the urine to flow in the front section of the latrine. It is also well designed in terms of
useability and comfort. These are all important aspects for spreading the technology (Rogers,
2003).

Figure 5. Toilet base crated with cob technology. Lime is used to create an aesthetic product
and with a urine separator currently available on the Swedish market.

Since commercial urine separators are not available on the Nicaraguan market, a prototype
was created by local materials such as recycled plastic containers and other by-products that
otherwise would be discarded as waste. It was constructed to have similar dimensions as the
commercial urine separator, but with the possibility to also fit on a standard concrete or
similar latrine base (Figure 6). By reusing products that otherwise would have been
discarded, will also address the growing issue of plastic waste that harms the environment
and at the same time it will meet the permaculture principle of reusing and multiuse of
materials (Holmgren, 2002).

Figure 6. A simple urine separator created by a plastic gallon bottle, a PVC
tube, rope and a metal weight. Displayed in a bucket to simulate the
process.
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Both prototypes are based on the technology to allow the urine to flow down in a separated
part in the front of the toilet base and is then transferred via a falling flexible tube to the jerry
can on the outside of the latrine building. The separation process is automatized with every
user of the latrine separating the urine without taking any extra action. The jerry can ensure a
simple way to handle the urine that has been separated.
4.2 Urine fertilization
For this experiment, the urine was applied directly to the soil, and observations made to
ensure no excess of urine stayed on the surface. This ensured minimum smell coming from
the fertilization, and that the nitrogen losses were kept to a minimum (Rodhe et al, 2004). A
schedule for watering and adding the urine was created to ensure that identical irrigation was
done to all plants. Manual weed control was done based on needs with thorough inspections
scheduled for week 4 and week 8.
To establish a visible result, the weekly amount of urine was set to 0,5 litres per m. However,
since the rainfall during the experiment period was unexpectedly long and heavy, even
containing a hurricane passing over, it is possible that some of the urine and its nutrients was
leached. For future studies with the aim to demonstrate the benefits of urine separation, it is
recommended that the rain aspect is respected and that a demonstration under roof is
considered as an option or that the experiment is performed in the drier months.
4.3 Yield
After planting the crops, the growth rates of the crops were observed weekly over 10 weeks,
by observations and weekly by counting the mass and leaves of the crops. The amount of urine
can be varied depending on the local conditions of the soil and the amount of rainfall. Since
unprecedented heavy rainfall was present during the time of the experiment, including a rare
hurricane passing, increased and repeated applications of urine was used to avoid the loss of
nutrients and hence the effects from the fertilization.
Observations showed damage to the plants from several sources. Damage from leaf beetles
(chrysomelids) and leaf hoppers (not defined species from Cicadellidae) could be viewed and
damage from bean golden yellow mosaic virus was also observed. The occurring pests are
common in the tropical parts of Latin America, and have been present in earlier experiments
in Chontales (Haller, 2011).

Figure 7. Common bean plant from the experiment shown with leaf beetle and the damage
caused.
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At day 53 after planting observations and counting of the plants was done and measurements
of plant and leaf sizes was taken. It was found that for the beans, the urine fertilization gave
larger leaves compared with the non-fertilized ones. The leaves were observed to be more
even in growth and had a darker green colour than the unfertilized beans. There was also a
larger quantity of bean pods available on the fertilized side.
In the case of the Chaya, two of the three largest leaves where found in the fertilized ones,
and the average size on the measured leaves where larger among the urine fertilized side. The
growth was uneven in the urine fertilized Chaya, ranging from small to large leaves, while the
growth was both much smaller and more even in the non-fertilized Chaya. The colour was a
darker green on the urine fertilized than non-fertilized Chaya.
Due to observations of unnormal rainy weather for the season, that lasted for much of the
experiment, the plants received too much precipitation, leading to water accumulating on the
site and affecting the result. This lead to water and insect damage on the plants. There is also
the possibility that the nutrients in the urine to an abnormal level was leached because of the
massive amount of precipitation. In previous experiments with common beans (Haller, 2011).,
the damage from leafhoppers was tried to be minimized with using a neem seed emulsion,
which did not report to help significant lower the damage. For this reason, no action requiring
pest control was taken to prevent the damage
After harvesting from day 80, the bean plants and bean pods were counted, and the beans
was dried and weighted to determine the differences in dry mass between the fertilized and
non-fertilized beans. The damage from leaf hoppers and golden yellow mosaic virus generated
little to significant damage on many plants.
To evaluate the urine contribution to the growth of the common bean plants, several variables
were measured during the harvest.
Variables for experimental results:
A. Number of cultivated plants per square meter.
B. Number of visible bean pods per square meter.
C. The weight of dried beans in grams per square meter.
Experimental results for common beans:
A. The quantity of survived plants was larger in the urine fertilized side with a total of 45
plants versus 33 in the non-fertilized side. The mean quantity of the urine fertilized side
was 15 versus 11 in the non-fertilized side.

Figure 8. The amount of mean quantity of survived plants at the end of the field experiment.

B. The visible bean pods were significantly larger in all three of the square meters of urine
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fertilization compared to the non-fertilized ones. The mean quantity of pods where
over 100% higher on the urine fertilized side.

Figure 9. The amount of mean quantity of visible bean pods found.

C. The weight of the dried beans were significantly larger on the urine fertilized side,
following the same pattern as the number of bean pods with both total and average
numbers being over 100% increase of dried mass. The mean weight was 17 grams for
the urine fertilized side and 8 grams for the non-fertilized.

Figure 10. The quantity of mean weight of dried beans.

To evaluate the urine contribution to the growth of the Chaya, one variable was measured
during the harvest.

A.

A.

Variables for experimental results:
The wet weight of the Chaya leaves where measured in grams per each square meter.
Experimental results for Chaya :
The weight of the wet leaves from the Chaya where slightly larger on the urine
fertilized side. The mean weight was 20,6 grams for the urine fertilized side and 18,3
grams for the non-fertilized.
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Figure 11. The amount of mean weight of the wet Chaya.

4.4 Spreading the technology
According to Rogers diffusion of innovations the success of the adoption of an innovation
depends on its compatibility with socio-cultural values and beliefs, previously introduced
ideas and the need for the innovation (Rogers, 2003). Rogers describes five attributes that
define the rate of an innovation’s diffusion and hence the potential of spreading and
adaptation of the innovation: Compatibility, Complexity, Observability, Relative advantage
and trialability. It is estimated that between 49 and 87 % of the innovations adaptation rate
will depend on these five attributes (Rogers, 2003).
The compatibility aspect of an innovation is depending on how well it is consistent with the
potential adopters set of values and experiences. The urine separation and fertilization
system would need to be implemented as part of a system change for the ranch owners,
since the system is incompatible with the current systems practiced with a tradition of cattle
farming (Haller, 2011, INEC, 2001).
Since a change in production system for the owners of cattle farming can be described as
undesirable, the potential for a urine separating system should be more focused on those
with land that is too small for cattle farming. The crop production is low but existent, which
could indicate that small scale farming can be compatible with the beliefs and values of the
region (INEC, 2001).
An important aspect is the complexity of the product and how easy it is for the adopters to
understand and use the innovation. The urine separation and fertilization system on a local
scale is simple to implement, use and maintain. It can easily be tried with low risk of
investment, and always with a possibility to reverse the implementation. The observability
aspect reflects the factors of how the innovation can be visible for the public and reach the
adopters. In other studies, it has been concluded that the stigma associated with handling
human excreta has been an obstacle for spreading the methods. To gain acceptance by the
farmers and potential adopters the urine fertilizer was renamed and sold as the local name
for liquid or solid fertilizer (Richert et al, 2010).
Relative advantage aspects include how the innovation can viewed as a better alternative to
earlier solutions for the existing problem. The factors that helps determine this is the cost
and social prestige. In the case of urine diversion and fertilization, it would be important to
be able to showcase the increase in sanitation and hygiene together with the aesthetic
appearance of the separating system, and the benefits with using urine as a fertilizer. The
relative advantage factor has shown to have the highest influence on an innovations
adoption rate and is therefore important to consider when developing or promoting a new
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system (Rogers, 2003). To involve the adaptors in early stages, and to explain the purpose
with demonstrations and technologies are vital.
The Trialability aspect can be explained as how well the innovation can be further developed
by its adopters. It is easy for the adapters to do experiments by themselves to see the effects
of urine separation such as the emptying cycles of latrines, the smell and composting
options. It will be easier to see the results if urine is used as a fertilizer, with higher yields.
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5. Discussion
5.1 Experimental results
The results support earlier studies and suggest that urine separation is a simple method to implement
in developing countries to achieve better sanitation. It also suggests that urine as a fertilizer is
beneficial in the Nicaraguan context. Of the two crops investigated, urine had a significant effect on
the common beans yield. The urine initially boosted the size and colour of the Chaya plants, but the
growth was initially more even on the non-fertilized Chaya. It cannot be excluded that external impacts
from heavy weather played a role on the result of the Chaya, and more experiments would be needed
to see the full potential of urine fertilization of the Chaya plants. From the perspective of spreading
the technologies and arranging demonstrations of urine separation results, it would be beneficial to
show the boosted size and colour that the urine gives the Chaya plants. From food security purposes
the urine separation may have a good impact on the Chaya since it generates larger leaves faster than
non-fertilized Chaya.
5.2 Diffusion of innovation
Not that long ago, the norm was merely to view human excreta as a valuable economic
resource and organic fertilizer that naturally should be reused. Today a stigma exists in many
local cultures, accosted with the handling of human excreta. The change from the current
system of livestock production to crop agriculture in Chontales could also be a disadvantage
for the adaptors in social prestige. The current system with livestock production and cattle
ranching has low requirements for labour and achieves economic returns quickly compared
to other options like forestry or large-scale farming (Klein, 2000).
Rogers states that the adaptation rate of innovation packages tend to be higher than single
innovations, which might make it a good idea to promote the urine separation and fertilization
use as a system, or a package of innovations rather than as separated innovations (Rogers,
2003). Observability of the urine separation can be introduced by visiting farms that already
has a system implemented, complete with an introduction to how a latrine base can be either
created to accommodate a market separator or how to create a more temporary urine
separator.
A big part of the available agricultural land in Chontales is concentrated to being owned by
few people. Previous studies concluded that 712 people own over 47% of the agricultural land
(Haller, 2011; INEC, 2001). At the same time 14% of the population in Chontales owns smaller
land composing of 14 hectares or less. The owners of the large land areas are normally seen
as successful with cattle farming, and the realistic potential of them to be early adopters for a
system change to agricultural crop production is low (Rogers, 2003). The owners of smaller
land areas and farming families may have a greater potential to take a positive stance to a new
system, if they are shown the benefits and potentials of a system change. On land that is not
used for cattle farming, and at families’ houses, a urine separation system has many benefits
and not many drawbacks (Richert et al, 2010).
According to Richert et al. (2010) stakeholder analysis is an important tool before
establishing urine as a fertilizer on the local level. To identify and understand the drivers and
restrictions together with including the farmers and adopters in the planning and set up are
important first steps that would make the implementation of urine as a fertilizer. When
letting the adopters, and influence the setup of the urine separation and fertilizer use it
could lead to a higher involvement level and obstacles can be discovered and dealt with in
an earlier stage (Richert et al, 2010).
The economic advantage is likely to be a factor that effect the adaptors behaviours and
might speed up the implementation process for the innovation (Richert et al, 2010). In the
case with urine separation and the usage of urine as a fertilizer the economic advantage is
firstly coming from the extra value of the potential yield and the savings from not having to
buy chemical fertilizers (Richert et al, 2010). Since urine separation and fertilization would
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give quick visible results adaptors can view the benefits such as higher yield and economic
savings on fertilizers. According to Rogers, this is likely to further increase the adaptation
rate of the system.
If the correct safety barriers are set up to guarantee safe handling and usage of the urine, it
can be trialled with just using urine and neglecting the urine separation until satisfactory
results in yield and economic savings are observed. If the system or results are deemed as
not satisfactory after the trial, no investment has been done. An experiment like the one in
this study will be easy to execute and can even be done on a smaller scale by just showcasing
the effect on urine fertilized crops vs a control.
From the observations done by Heimonen-Tanski’s & Wijk-Sijbesma’s study the conclusions
can be drawn that to be able to spread the use of urine separating outhouses, time and
energy needs to be spent on marketing and showcasing the potential and benefits with urine
separation toilets. The approach should be that urine separation can help the sanitation in
the latrine and at the same time become a free fertilizer that saves money for the farmer
and gives value in higher yields. The problem with phosphorous becoming rarer is also
something that people needs to understand (Heimonen-Tanski & Wijk-Sijbesma, 2005).
5.3 Instead of water flushing toilets
In Nicaragua, and other developing countries, there are planned and started projects for
implementing flush toilets in the rural areas. But the progress is often slow, and the projects
sometimes get haltered due to its expensive and resource dependent nature (WHO, 2014).
One could argue that it would be a better idea to spread and implement the use of urine
separating outhouses as a first step on the ladder to better sanitation. Projects could include
mass production of urine separators that fits to the standard outhouses, or involve building
these outhouses or toilet bases where needed.
The use of latrines can be viewed as the first step for basic sanitary health in developing
countries. In many countries, it is still custom for people to defecate out in open fields or in
the cities (Jenkins, 2006), which is not hygienic and can lead to dangers for women in terms of
sexual assault (WHO, 2016). A study from WHO has calculated that for every $1 spent on
better sanitation, the return was a $5,50 in lower health costs and fewer deaths (WHO, 2014).
It should be remembered that the broken cycle of nutrients that flush toilets leads to is
creating a growing demand for chemical fertilizers, and contributes to the decline in available
phosphorus and the increase of its by-products (Shweikani et al, 2013).
5.4 Future studies
The studies with purpose to find solutions that address the problems of loss of phosphorus
and reuse of natural fertilizers in a convenient way is important to combat the potential
scarcity of phosphorous.
The aim should be to involve and inspire the rural populations to modify their own latrines in
the same manner as the prototype to separate their urine, both for hygiene and fertilizer
reasons. It would be interesting to see an aesthetic and mass-produced urine separator
developed for the Nicaraguan market, like the commercial urine separator used in this study.
Since the reuse of plastic containers and other waste products might not fit well with the
stigma already associated with using human waste, it is important to create a system that is
both appealing and functional for the technology to gain traction by end users (Rogers, 2003).
When using a field experiment for growing crops, a longer timespan can be beneficial
depending on the growth cycle of the crops chosen and potential replanting. By spending
more time with the last part of the field experiment, a more in-depth analysis can be done of
the nutrient content and growth rates of the plants. More time could also be spent in the
preparation steps to ensure no water is accumulating on the experiment site and to fence off
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the site with even better fence that ensures no animals or insects can access the project site.
If available, the best demonstration experiments would be done on raised garden beds.
Future studies could also include using varying constellations of diluted urine to determine the
difference in growth and finding the most effective dilution and application rate for the local
context. It can also include combining the urine with other fertilizers such as compost or
additional phosphorous supply. An analysis of other plants that could be used in the
experiment could also be beneficial to find suitable local plants, or to introduce new ones.
Future research relating to financial and sustainability aspects is needed to determine what
effect urine separation can have for the profits and respect for small scale farming in rural
Nicaragua, and how maximum effect can be reached to counteract against forest being
converted in to material and grazing areas.
In Mexico studies have showed that treatment of urine with microbes can lower the smell of
the urine while increasing the nutrient value. Microbial treatment and the use of
microorganisms on the separated urine could be beneficial and could be important for
developing the benefits with urine separation and fertilization even further (Richert et al,
2010). Together with the possibility of solidifying the phosphorous and other nutrients in
urine, microbial treatment could be the subject for further studying to create new alternatives
for utilizing separated urine as a fertilizer.
The experiment was scheduled to start in November due to the beginning of the dry season,
meaning that more control could be achieved over the water levels added. This will also give
better odds to avoid extreme weather and extensive rainfall, that is regularly occurring during
the wet season. However, since this experiment was affected by the unusual weather
patterns, it is proved that bad weather could occur at any season, and that the weather might
be more unpredictable in the future due to consequences from climate change.
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6. Conclusions
The urine fertilization in this experiment had a positive impact on the food security in terms of the
yield of dried weight of the common beans. For the other parameters for the bean harvest and as for
the Chaya, the results suggest that more data is needed. As the result of this field study shows, urine
fertilization can lead to higher yields for both the tested crops in the Nicaraguan context, which
confirms urine as a useable fertilizer that can lead to higher yields that supports food security. If the
urine is sourced and handled with care, there seems to be few limits for what crops and climate that
the urine fertilizer can be used on. If a system with safety barriers is applied in the fertilization system,
the risks with using urine are relatively small. As previous studies show, urine fertilization has its
highest potential in rural parts, where it can contribute to improving both the food security and
sanitation situation. Focus needs to be directed to experiments and education to raise awareness and
adoption levels on local farmers. The highest value and economic benefit of urine separation and its
reuse is the potential increase of yield. When comparing reusing urine and adding it to crops to no
fertilizers used, it will give good incitements for urine separation. If exchanging chemical fertilizers
with urine, there are even stronger incitements since money is saved. When implementing urine
separation devices and establishing urine as a fertilizer the pre-knowledge of the adapters should be
considered. Implementations could include information-sessions about the relation between
sanitation and agriculture and the resource value and economic potential that urine separation and
fertilization will create for its adapters. Since the quality and quantity of the results of this experiment
got compromised by external impacts from extreme weather and from insects, more demonstrations
of the urine fertilization technologies together with information sessions about the benefits of urine
diversion and fertilisation is needed in Chontales, to be able to spread the technologies.
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