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Abstract \ -

A Stored human urine can be used as a balanced fertilizer in agri-

bSt ra Ct culture. However there are some challenges related to field ap-
plication of urine. Using urine as a liquid fertilizer through drip
irrigation could help overcome some of these challenges. In this
report we describe the results of a field study aimed at testing
two possible ways of combining urine fertilization and drip irriga-
tion. The main finding is that a system in which the water / urine
mix is allowed to settle in the tank of the irrigation system for
45 minutes does not lead to more work for the farmer in terms
of inspecting and unblocking the emitters in the drip lines than
using only water. A second system, where irrigation with urine
and water was done in sequence, did not function well. The most
likely reason for this problem is a lack of pressure in the system
when pure urine was used.

For situations where a different type of drip irrigation system is
used and for places with hard water (high calcium content) we
recommend further small scale testing before investing in a large
system.
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Introduction \ -

Applying urine as liquid fertilizer through drip irrigation systems

can be a cost-effective way of fertilization in agricultural areas

where fertilizer availability is low, for example in the highlands

of Nepal (Bastakoti et al., 2011). At the same time, the collection

of human urine helps to promote sanitation in rural areas and

. prevents open defecation. However, there are concerns that the

I ntrOd u ctlo n drip irrigation equipment will get blocked as a result of mineral
precipitates formed when urine and water are mixed (Von Miinch

et al., 2009). With this research project, we wanted to determine

whether it is possible to combine urine fertilization and drip ir-

rigation without excessive clogging of emitter holes in the drip

Urine fertilization through irrigation system.

drip irrigation lines Based on our own experience with struvite precipitation and ear-
lier experiments with urine in drip systems within Eawag's STUN
project (STUN: struvite recovery from urine in Nepal), two meth-
ods were proposed to combine urine and drip irrigation. In the
first method urine and water were mixed and then the solids were
allowed to settle before the urine-water mixture was allowed to
flow through the irrigation system. The second method used se-
quential irrigation with urine and water to prevent mixing of the
two inside the drip lines. These methods were tested in a field
experiment using drip irrigation equipment available in Nepal and
compared with a reference experiment using water only. To ob-
tain reliable data, each method was tested in duplicate and each
drip set was used 25 times. Further, some small experiments
were done to try to explain some of the effects found in the study.

The research includes measurements to determine the compos-
ition of the urine and water used in order to provide more insight
into the chemistry of the mixing process. To further frame the
boundary conditions of the experiment basic meteorological data
are also presented.

The research was carried out in Khotang District in the hill zone
of Nepal, approximately 100 km east of Kathmandu. Khotang
is characterized by steep hills with terraces for agriculture Nor-
mally, there is sufficient rainfall, but there is an increasing deple-
tion of nutrients in the soil. Agriculture is mainly on a subsistence
level as lack of road access reduces agricultural inputs, such
as chemical fertilizers and high yielding seeds. Also the terrain
is not suitable for large-scale mechanization. Khotang was se-
lected because our local partner, Khotang Development Forum
(KDF), has a research facility where water, land and urine were
available to carry out the experiments.
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background

Precipitates may cause

clogging in drip lines

2.1 The STUN project

During a two-year research project, the Struvite recovery from
urine in Nepal (STUN) project has developed a low-tech way of
recovering phosphate from human urine through struvite precipi-
tation (Etter, et al., 2011). As part of this research, different treat-
ment and re-use options for the effluent of the struvite reactor
were also investigated (www.eawag.ch/stun). One of the inves-
tigated methods was the use of the struvite reactor effluent as
nitrogen fertilizer in a drip irrigation system. This research com-
pared the behavior of source-separated urine and struvite efflu-
ent in the drip irrigation pipes. The hypothesis was that struvite
effluent would cause less clogging problems, because nearly all
phosphate was removed. Due to the short duration of the experi-
ments, the results were not conclusive, but the research led to
some ideas on how to combine urine fertilization and drip irriga-
tion without excessive clogging of the drip lines.

2.2 Urine fertilization

Among other substances urine contains nitrogen, potassium,
phosphate and sulfur in plant available forms. Because these
minerals are all essential for plant growth, urine can be a good
fertilizer (Richert et al., 2010), if applied correctly and if the hy-
gienic safety is ensured, i.e. storage of 6 months according to the
WHO guidelines (WHO, 2006). In Nepal, farmers in many remote
areas do not have access to synthetic fertilizers or only have
access to urea, which does not provide a well-balanced nutri-
ent supply to the plants. Urine, which contains all three major
plant nutrients is available to every farmer. Thus, urine can play
an important role in improving food security and sustainable soil
management in Nepal and other countries.

When using urine as fertilizer, some challenges have to be ad-
dressed:

+ Using watering cans to spread urine on the field is labor inten-
sive and urine has an unpleasant smell, which makes using
watering cans unpopular.

+ Urine has a low nutrient to weight ratio, which makes trans-
port difficult or labor intensive.

» There may be traditional taboos on excreta use.

- If urine is not incorporated into the soil after application, there
will be nitrogen losses due to evaporation of ammonia.

+ Urine storage and application has to ensure that no hygienic
risk is created.



2.3 Drip irrigation

The main benefit of drip irrigation, especially in dry and hot cli-
mates, is water savings: up to 50% less water is needed com-
pared to other irrigation practices like: spraying or flood/furrow
irrigation (Palada et al., 2011).

Through a network of drip lines and emitters, water is delivered
close to the plants, so there are no losses from over-spray and
there is little evaporation. Other advantages include: less growth
of weeds between plants, less nutrient leaching and reduced soil

Project background \ -

erosion compared to spraying (lbid.). Furthermore, in compari-
son with sprinkler systems, drip irrigation can reduce the spread
of plant diseases as mildews and anthracnose. Many areas in
Nepal experience increasing water scarcity, so drip irrigation
could be very beneficial there. Adding fertilizer to the water used
in drip irrigation is a logical step; it saves time, water and fertilizer
(Marr, 1993). The combination of drip irrigation with fertilization
is known as fertigation (ibid). In India, fertigation with synthetic
fertilizers through large drip systems is quickly gaining popularity.

2.4 Combining drip irrigation and urine fertilization

2.4.1 Advantages

At the site where we did our research, urine is mixed with water
and then applied to the soil with watering cans or buckets; this is
a widely recommended practice (Richtert et al., 2010). The use
of urine trough drip irrigation has the following potential benefits
over the existing practice:

» Reduced urine transport, because urine only has to be
brought to the drip irrigation tank.

* Much less time spent with the “smelly” urine, no need to walk
around the field with a watering can.

» Much less chance of urine spilling on the body, which is not
a health hazard if the WHO guidelines are followed but the
smell and the connotation with excreta is unpleasant.

+ Itis a modern technology, which can help farmers to over-
come the stigmas connected to excreta use.

» Unless the urine is covered with soil after manual application,
ammonium losses due to evaporation are higher with bucket
application than with drip irrigation (John Kashekya, 2009).

2.4.2 Threats

Urine contains: ammonium, potassium, phosphate, magnesium,
sulfate and other dissolved minerals (mainly salt, NaCl) (Ud-
ert et al., 2006). During storage of urine, nearly all magnesium
precipitates as struvite (MAP, MgNH,PO,-6H,0) crystals, while
calcium precipitates as calcium phosphate (e.g. hydroxyapa-
tite, Ca,(PO,),OH (Udert et al., 2003). When urine is mixed with
water, the addition of calcium and magnesium (contained natur-
ally in the water) results in the formation of additional struvite and
calcium phosphate particles.

There are concerns that these minerals will block the emitters
of drip irrigation sets when urine fertigation is attempted. Some
researchers described a successful combination of urine and
drip irrigation (Comoe in Richert, et al., 2010 and Gensch et al.,
2011), but to our knowledge, no systematic research regarding
blocking of emitter lines during urine fertigation with drip irrigation
equipment has been reported so far.
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Materials &
methods

Use water and urine
simultaneously or

consecutively?

3.1 Location

The research was carried out at the Nahima agricultural research
facility of the Khotang Development Forum (KDF), near Diktel,
Khotang, Nepal. The location was chosen because urine separa-
tion is practiced by the students and staff living at the KDF hostel
and sufficient land and water for the experiments were available
at Nahima. The research also had linkages with KDF's own work
on urine use and their promotion of vegetable, fruit and tea grow-
ing in the area. Therefore, the project included knowledge trans-
fer to the students and teachers of KDF.

3.2 Field, urine and water used for
the experiments

3.2.1 Field used for experiments

Nahima is in the hill-region of Nepal and the land is terraced.
For the experiment, the drip lines were laid out parallel to the
terrace rim. At the time of the experiments, no crops were grown
on the selected field but the soil was covered with grass (Fig. 1).
A fallow field was selected for fear of over-fertilizing any crops
that may have been growing. The experiment required a large
number of repetitions in a short time, therefore a high amount of
urine was put on the field. The fact that the field was covered with
grass had the additional benefit that during rains very little mud
splashed onto the drip lines. Mud may also contribute to emitter
clogging, which would have interfered with the aim of specifically
determining the risk of clogging by mineral precipitation.

Figure 1: Field with drip sets.



3.2.2 Urine

At Nahima, urine is collected from simple uni-sex urinals (Fig. 2)
and with chamber pots, which are normally sold for hospital use
(Fig. 3). At KDF, urine collection and use is practiced both by
the male and female students. This practice was started after
the founder of KDF discovered the value of urine as a fertilizer
from own experience and various on-line sources. Declining soil
fertility is one of the major challenges in this area (Rai, 2011). At
present, no urine diversion toilets are in use. Though more urine
could be collected in urine diversion toilets (UDTs) the advantage
of this system is the elimination of fecal cross contamination. The
urine used for the experiments was usually between 12 and 36
hours old, sometimes mixed with urine from a long-term storage
tank. For a later application of urine fertigation we strongly rec-
ommend to consult the WHO guidelines for safe excreta usage
(WHO, 2006) or to analyze the urine regularly for pathogens. If
urine from UDTs is used, longer storage times will be necessary.

3.2.3 Water

The water was supplied from a small natural spring at Nahima.
Normally the water was clear, samples were taken and later ana-
lyzed at the Eawag laboratory in Switzerland (see chapter 4).
After heavy rains the water was slightly cloudy. Whenever pos-
sible, the particles in the water were allowed to settle overnight
in a storage tank. Some dirt accumulated in the storage tank and
it is likely that some of the particles ended up in the drip systems
during the filling of the drip sets.

Materials & methods \-

Figure 3: Chamber pots.

Figure 4: Urine collection tank.
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3.3 Drip irrigation equipment

The drip equipment used for the experiments was a standard
model sold in Nepal by: “Thapa mould and die, Ltd., Kathmandu,
Nepal”. The design of the drip sets was developed by Internation-
al Development Enterprises (IDE) in India. A typical set consists
of the following parts:

+ 60 liter drum, with a hole for the tap (Fig. 5)
+ Tap with a filter and a level indication tube (Fig. 6)

+ Main and lateral lines (the tube between the tap and the drip
lines) (Fig. 7)

+ Drip lines with nozzles (Fig.8).

The critical elements for this study are the drip lines and the
nozzles (Fig. 7 and 8). The drip lines in the Nepalese set are
round (Outer diameter is approximately 8 mm and wall thickness
0.5 mm.), with emitter holes pre-punctured at 60 cm intervals.
Every hole is covered with a “nozzle”; a horseshoe-shaped piece
of plastic that covers the hole. Because there is a small groove
inside the nozzle (Fig. 8), the hole is not completely covered and
thus the water drips slowly from the nozzle. The main functions of
the nozzles are to keep dirt from blocking the hole and to prevent
the water from jetting out of the drip-line, so that the water drips
close to the line. The combination of hole and nozzle is referred
to either as emitter or nozzle in this report.

Other drip irrigation equipment may use different models of emit-
ters, such as micro tubes or “drippers” integrated in the tube.
The latter have a very small “labyrinth” style emitter inside the
drip line (for more technical information see websites of com-
mercial suppliers). We expect that for micro tubes there should
not be much difference with the results presented here, but for
integrated dripper types of emitters, more extensive testing is
recommended.

T

Figure 5: Tank with main line.

The Nepalese drip set comes with four drip lines and each line
has 20 emitters. Due to space constraints, only 2 lines per drip
set were used in the experiments. Figure 6: Tap with filter and level tube.

At the research location, bamboo stands were made for the
drums, so that the tap of each set was 1.10 meter above the field.
This height provides the pressure that pushes the water through
the whole length of the drip-line and out of the emitters.

Figure 8: Nozzle.
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drip set 4

drip set 2

drip set 6

drip set 3

drip set 1

drip set 5

Figure 9: Schematic of experiment layout.

3.4 Experiment plan

3.4.1 Number of tests and repetitions

During the experiment, three different “drip regimes” were tested.
Each regime was tested in duplicate, therefore a total of six drip
sets were used (Fig. 9). With each drip set, 25 tests, or runs, were
done. As far as practical, one test (for each drip set) was done
every day; this does not correspond to normal farming practice,
where water-only irrigation will be done between fertigation runs.
We chose to do daily fertigation runs to enforce the differences
between the different methods.

3.4.2 Different drip regimes
Three different drip regimes were tested:

A. Water only
B. Water and urine mixed
C. Urine and water sequential

For a overview on each strategy see the column to the right.

A. Water only

In drip sets 1 and 2, 40 liters of water were used for each
run. The data from these sets were used as control for the
fertigation strategies (B and C).

B. Water and urine mixed

In sets 3 and 4, a mix of 10 liters of urine and 36 liters
of water was used (this specific mix was used because of
the tank geometry), which corresponds to a 1 to 3.6 urine
water mix and was therefore close the 1 to 3 dilution which
is usually recommended in Nepal by various sanitation pro-
moting NGOs, such as Enpho and Wateraid. The urine and
water were mixed inside the tank for 1 minute. The mixture
was then allowed to rest for 45 minutes to let newly formed
precipitates and other small particles settle to the bottom of
the tank. Since the outlet of the tank was about 5 cm above
the bottom, we assume that almost all of the settled precipi-
tates remained in the tank during emptying. After the test,
the remaining liquid with the precipitates (the part below
the outlet) was removed from the tank.

C. Urine and water sequential

In drip sets 5 and 6, a method without mixing urine and
water was tested. In this regime, 10 liters of urine were run
through the drip set followed by 30 liters of water. With this
experiment, we wanted to determine whether consecutive
application of urine and water could lead to increased pre-
cipitation due to small scale mixing in the drip lines or at
the emitters.

For a detailed description of each strategy, see appendix A.
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3.5 Analytical methods in the field

3.5.1 pH measurements

pH Measurements were done with a hand held pH meter; pHep+
(Hanna instruments, Woonsocket, USA.)

3.5.2 Electric conductivity measurements

Electric conductivity (EC) was measured with a portable meter;
LF 330/Set with a Tetracon 325 probe (WTW, Weilheim, Ger-
many) including temperature measurements. EC was corrected
for temperature according to the formula:

EC,.=EC/(1+a(T-T))

With: EC,,: EC compensated to reference temperature 25°C
EC: measured EC
a: temperature correction coefficient = 0.02*
T.: reference temperature 25°C
T: measured temperature of solution

* Value for water samples according to (Standard Methods, 2006)

3.5.3 Phosphate measurements

Orthophosphate was measured with a spectrophotometer
DR/2000 (Method 8048, Hach-Lange, Denver, USA). Before an-
alysis, samples were filtered through at 0.4 um pore size paper
filter (Macherey-Nagel, Diren, Germany).

Analytical deviations were corrected by measuring standard
solutions (Appendix B). The method's standard deviation is
0.0336 mg-L". Samples were diluted 1:250, so the final standard
deviation is: 0.0336-250 = 8.4 mg-L™". All results are presented as
the phosphate fraction (PO,-P).

3.5.4 Emitter blocking verification

The blocking of emitters was verified by putting pieces of paper
(approximately 6X8 cm) under each nozzle (Fig. 11). If the emit-
ter worked, the paper became wet. However, an emitter was also
considered to be blocked if only a small amount of liquid dripped
out of the emitter. In practice, there usually was a period of lesser
efficiency (flow) of an emitter before it was fully blocked; the point
at which an emitter was considered blocked was therefore some-
what arbitrary.

3.5.5 Drip set flow rate

The drip sets have a level indicator tube attached to the tap. Be-
hind each of the indicator tubes, a scale was drawn on the tank
(Fig. 12). The zero point of the scale was taken as when the tank
only contained the dead volume (approximately 6 L below the
tap) (Fig. 10). Unless stated otherwise, the zero point is meant
when stating that the tank is empty. The mark intervals for the
tank volume were 2.5 L. The end time of the run was taken as
the moment in which the last liquid disappeared out of the indica-
tor tube.

___|IRED

3.6 Analytical methods in the lab

During the field work, some urine and water samples were col-
lected. These were later analyzed at the Eawag lab. Due to logis-
tical constraints, the samples could only be transported and ana-
lyzed 5 months after the field work. The samples were kept under
refrigeration (appr. 6°C) for these 5 months. The samples were
analyzed at Eawag following standard lab procedures (Table 1).

Table 1: Analytical methods at the Eawag lab.

_ Analytical method

NH,*, NO,, NO_, lon chromatograph (IC 881 Compact IC

PO ¥ SO > pro, Methrom, Zofingen, Switzerland)
4 4
K, Ca, Mg Optical emission spectroscopy (OES)
with inductively coupled plasma (ICP)
(ICP-OES, Siros, Spectro Analytical
Instruments, Kleve, Germany)
Pt Digested samples with Oxisolve to

dissolve crystals, then analyzed photo-
metrically with a flow injection analyser
(FIA) (Foss, Hillerad, Denmarky)

Tank volume
before 0-mark
(6 liters) \\

Figure 12: Scale on tank.



3.7 Measurement plan

3.7.1 Urine data and urine/ water mix data

Before each test, the following properties of the urine were
measured:

» Phosphate content

+ Electric conductivity

« Temperature

. pH

For tanks 3 and 4, we tried to determine the precipitation rate

of phosphates in the urine water mix. The following data were
measured twice; after mixing and before opening the tap.

. pH
« Electric conductivity and temperature

» Phosphate content

Measurements and samples were taken near the top of the tank.

3.7.2 Drip set flow rate and emitter clogging

At 5 minute intervals the liquid levels in the tanks were recorded,
also total run times and the number of blocked emitters were re-
corded every run for every drip set at the end of every run.

Materials & methods \-
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Results &
discussion

4.1 General observations on drip
irrigation equipment

The new sets exhibited some differences with respect to the in-
dividual emitter flow (no data available). The differences were
caused by variations in the nozzles, i.e. the placement over the
hole and tightness of the connection to the tubing. Furthermore,
the nozzle sizes and the tubing diameter varied slightly. As a re-
sult of the small size differences some nozzles could easily move
away from the hole. When this happened, too much water came
out of the emitter.

4.2 Meteorological data

The experiments were carried out during the pre-monsoon sea-
son, which in Khotang meant daily maximum temperatures just
above 25°C and average minimum temperatures of around 15°C
at dawn. Because there is no weather station in the area no ex-
act data for minimum and maximum temperatures are available.
On average, the start temperature was 25 + 2.0°C and the end
temperature was 26 + 3.0°C. In appendix C, a table with the tem-
peratures at the start and end of each experiment are given.

Because the experiments were carried out in the morning and
early afternoon, the end temperatures give a good indication of
the maximum daily temperatures. The pre-monsoon season in
Khotang was relatively wet this year, with an afternoon thunder-
storm approximately every 3 days and 1 rainy day on which no
experiments could be done. One day, the experiment was inter-
rupted by a thunderstorm and completed late in the afternoon.



4.3 Urine and water data

4.3.1 Characterization of urine from the field
During the experiment, regular measurements were made of the

urine that was used. The results are summarized in table 2, for
the complete data set refer to appendix D.

Table 2: Urine properties, data from field experiments.

pH 15 9.0 +0.2
Temperature 25 22.1°C +1.9°C
EC, 25 26.9mS/cm  +2.0 mS/cm
PO,-P 20 226 mgP-L'  +40 mgP-L"

The pH values measured correspond well with values found in lit-
erature for stored urine. Therefore, we assume that all urea was
hydrolysed. The phosphate levels are at the lower end of what
is usually reported in literature, but correspond well with STUN
experience in Nepal (Etter at al., 2011). It should be noted that
the phosphate measurement does not include phosphate that
already precipitated as struvite or calcium phosphate during stor-
age. The total phosphate in the urine (including crystalline forms)
could be up to 30 % higher than the measured values (Ibid).

4.3.2 Characterization of urine from lab analysis

Table 3 summarizes the concentrations of the five urine samples
analyzed at Eawag. Note that as a result of the long storage time,
ammonia and sulfate concentrations possibly decreased. The full
data for all samples are presented in appendix E.

Table 3: Urine properties, data from lab analyses.

Parameter Average m

omgL] — [mg-L]
Nitrogen (NH,-N) 2777 +172
Phosphate (PO,-P) 185 +26
Total phosphate (P) 239 +37
Potassium (K) 812 +83
Sulphate (SO,?) 603 =131
Calcium (Ca) 10 +3.9

Though the urine was practically undiluted, the nitrogen values
(as ammonium) are much lower than for fresh urine. Similar val-
ues have been found by other Eawag researchers, both in Switz-
erland and in Nepal (Etter, et al., 2011 and Udert, et al., 2011).
As the urine collection drums in Khotang always contained some
old urine, it is likely that even within 12 hours, the urea was fully

Results & discussion \ -

hydrolyzed to ammonium and carbonate (the measured pH sup-
ports this assumption). Because the tanks had no proper cover-
ing for most of the experiment, we assume that some ammonia
volatilized.

The values for phosphate content are similar to those found in
the reports referenced above. The PO,-P measured at Eawag is
lower than the field measurements, possibly as a result of further
precipitation.

For potassium Udert found higher values in stored urine in
Switzerland and Etter also reports higher values in fresh urine
in Nepal, though the latter ones have a large standard devia-
tion indicating large differences between samples. For a table
comparing urine properties measured by Etter, Udert and this
research, see appendix F.

It is also interesting that there is still 10 mg-L" calcium left in the
urine after the samples were stored for 5 months. This seems to
indicate that calcium phosphates form only very slowly, at least
at these low calcium concentrations. As shown below, the cal-
cium concentration in the water samples analyzed is even lower.
Therefore, calcium phosphates are not very likely to have formed
during the fertigation experiments.

4.3.3 Results of water analysis

Three water samples were analyzed at the Eawag lab. In table 4,
the results are summarized:

Table 4: Analyses of water used for experiments

Paameter [0~ | verage —[Staev. |

[mg:L’] (mg:L]
Chlorine (Cl) 3 2'3 +0.1
Nitrite (NO,N) 1 5.2
Nitrate (NO,N) 3 &3 +4.6
Ammonium (NH,N) 1 6.5
Sulphate (SO,?) N/A
Sodium (Na) 2 16.7 +2.1
Calcium (Ca) 2 3.7 +0.0
Magnesium (Mg) 2 1.3 +0.3

For this research, the most interesting values are the magnesium
content and the calcium content. Both calcium and magnesium
content are very low. Udert et al. (2003) for example reported
80 mg-L" and 10 mg-L", respectively, for tap water at Eawag.
It is possible that the results of this research are therefore not
representative for a place with water with a high calcium content.

s [
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4.3.4 Precipitation during mixing and settling

To investigate the phosphate precipitation during mixing water
and urine, phosphate and EC were analyzed. EC and temper-
ature (for EC correction) were measured for both drip sets and
phosphate only for set 3. Measurements were taken twice; just
after stirring and after the settling time.

For both tanks, no difference of EC after stirring and after set-
tling was observed (see appendix G). This means, that if there
was a difference in phosphate concentration between the two
measuring times, it must have been very small. The results of the
phosphate measurements varied more and were inconsistent.
The accuracy of the method is not sufficient to draw conclusions

4.4 Drip set performance

In this paragraph, the measurement results for total elapsed time
per run and the number of blocked emitters are given. They are
presented as graphs indicating an overall trend throughout the
experiment. For the exact data, refer to appendixes | and J.

It was found that the filters sometimes collected dirt to the point
that it started to influence the run time. All filters were cleaned
after experiments: 3, 10 and 17.

4.4.1 Regime A, water only

In drip sets 1 and 2, water only was used to provide a basis
for comparison with the urine drip regimes, these sets will be
referred to as Water 1 and Water 2. The total elapsed time

regarding the amount of phosphate that reacted during the set-
tling time. Though it could not be measured, we assume that
all magnesium reacted with phosphate to form struvite during
stirring because this reaction is fast in stored urine (Udert et al.
2003b). Based on the magnesium content of the water and the
assumption that at pH 9 all magnesium in the urine had precipi-
tated as struvite during storage, we estimate that during stirring
about 470 mg struvite was formed in each tank (see appendix H).

One interesting observation is that scaling of the storage tanks
with a layer of either struvite or calcium phosphates could be
observed. However, no scaling was observed in the tanks of the
drip sets or the ends of the drip lines.

(time from start to finish) for each experiment is shown in figure
13 (top); further in figure 13 (bottom) the total number of blocked
emitters for each run is presented. The total elapsed times for all
runs with Water 1 and Water 2 were similar. For Water 1, they
were between 15.8 and 24.0 minutes and for Water 2 between
17.9 and 22.6 minutes.

Figure 13 (bottom) shows a slowly increasing number of blocked
emitters for Water 1, with a maximum of 4 blocked emitters at the
end of the experiments. For Water 2, there is a stronger increase
with a maximum of eight blocked emitters. Sometimes blocked
emitters started to function again; this could have been due to
rainwater cleaning the emitters. However, it seems more likely
that blockages were just washed out by irrigation water going
through the drip line.

Figure 13: (top) run times and (bottom) number of blocked emitters for "Water 1" [l and "Water 2" I
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4.4.2 Regime B; Urine water mix

In this method, urine and water were mixed in the tank of the drip
set. After mixing, particles were allowed to settle on the bottom
of the tank. The results for the sets used with a mix of urine and
water (referred to as Mix 1 and Mix 2) are presented in figure 14.

For Mix 1, the elapsed times per run varied between 19.5 and
21.1 minutes. For Mix 2, the elapsed times varied between
19.2 and 21.8 minutes. As can be seen from figure 14 (top), the
elapsed times for Mix 2 were usually a little higher than those for

Results & discussion | -

Mix 1. This reflects the larger amounts of blocked emitters, as
can be seen from figure 14 (bottom).

For Mix 1, the highest number of blocked emitters was 5 during
test 24. For Mix 2, the highest number was 10 during run 25.
For both tanks, there was an occasional decrease in the number
of blocked emitters. Also, sometimes one emitter would unblock
while another one would get blocked; this does not show in the
graphs, but can be seen in appendix H. In most cases, once an
emitter was blocked, it stayed blocked.

Figure 14: (top) run times and (bottom) number of blocked emitters for "Mix 1" M and "Mix 2" N
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4.4.3 Regime C, Urine and water sequential

In this system, 10 liters of urine were sent through the drip set
first, followed by 30 liters of water. The drip sets used for this
regime are referred to as Seq. 1 and Seq. 2. The total elapsed
times for both urine and water are given in graphs 15 and 16.
The elapsed times for water were consistent, but those for urine
showed large variations. For Seq 1, the times were usually be-
tween 3 and 5 minutes with occasional longer runs of up to 17
minutes. For Seq. 2, the picture was reversed; most runs were
longer than 15 minutes, with occasional run times around 4 min-
utes. For Seq 2, there is no elapsed time for run 3, because after
25 minutes, there was still more than 5 liters in the tank (probably
because the filter in the tank was blocked) and the experiment
was stopped.

The number of “blocked” emitters show a similar pattern; for
urine, the number of emitters without flow were high (around 13
to 20) for those runs with long run times. However, for the water
run that followed the urine, the number of blocked emitters was
comparable to those in the water only and mixed tanks. The con-

clusion is that during a 10 liter urine run, the liquid may not al-
ways flow through the whole system and that the non-functioning
emitters during these runs were not actually blocked. Possible
reasons for the lack of flow with urine are discussed below. In the
rest of the report, if the blocked emitters for these two tanks are
mentioned, this indicates the number of blocked emitters during
the water run. The reasons for the limited flow during some of
the urine runs were further investigated in two experiments. The
initial suspicion was that the filters had become blocked by im-
purities in the urine. Therefore, after run 3, some measures were
taken to eliminate or at least reduce this effect:

» The filters were cleaned (also after run 10 and 17).

+ From experiment 3 onwards, the urine was pre-filtered
through a funnel with a strainer to make sure that the filter did
not get clogged by large impurities in the urine.

» The urine collection tanks and toilets were cleaned to get rid
of dirt and flies accumulated over time.

+ A settling time of 45 minutes was observed between pouring
the urine into the tank and opening the tap, to allow solids to
settle like in regime B.

mal
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Figure 15: Sequence 1, (top) run times and (bottom) number of blocked emitters for "Urine" [ and "Water"
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Figure 16: Sequence 2, (top) run times and (bottom) number of blocked emitters for "Urine" " and "Water"
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None of these measures improved the situation. Therefore, two
theories were proposed to explain the problem:

1.Urine has some properties, for instance viscosity, that restrict
its flow through the pipes.

2.1f there is only 10 liters of liquid in the tank, the pressure (head)
above the filter is not enough for the flow to get started ad-
equately at all times.

A third theory, that the flow did not go through the whole length
of the drip lines because the volume of liquid is too small in com-
parison to the drip-line volume, was rejected on the basis that a
significant amount of liquid remained in the tank for a long time
and the fact that often times the urine flowed freely.

Since theory 2 was easier to test, some experiments were con-
ducted to verify this idea. At nine occasions, after the 30 liter
water run, tanks 5 and 6 were filled with water to the 10 liter
mark and then a run was done to simulate the water flow under
the same pressure as for urine. We assume that the additional
amount of water (i.e. about 20 % more liquid) did not influence
the final outcome with respect to emitter blocking. In figure 17,
the total run-times for the 10 liter water checks are presented, the
results show a similar wide variation in elapsed times as the 10
liter urine runs. In table 4, the average time for all 10 liter runs,
urine and water, are given in Table 5.

Table 5: Averaged run times for 10 L water and urine runs with
Sequence 1 and Sequence 2.

Experiment ____|n _|av. runtime fst.dev. |
[ [

[min] [min]
Seq. 1, urine 10 L 25 7.6 +4.7
Seq. 1, water 10 L 9 8.0 +5.0
Seq. 2, urine 10 L 24 15.4 + 8.1
Seq. 2, water 10 L 9 5.4 +5.0

A t-test of the data showed that in Seq. 2-with urine is the only
significantly (p=0.05) different data set. This makes the check
inconclusive, one set shows no significant difference between 10

Figure 17: 10-litre water tests for sequence 1
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L water or urine and one does. It is not possible to say why Seq.
2 behaves different with 10 L urine, especially because with 10 L
water it does not behave significant different than Seq. 1..

Based on this analyses we think that the pressure in the system
was somehow not sufficient when starting with only 10 liters of
water in the tanks. It seems that the reduced pressure makes
the force of the liquid too small to push remaining liquid and air
bubbles or possibly particles through or out of the drip lines. Fur-
ther support for this theory can be found in Appendix J, where an
overview of the working emitters is given. For the 10 liter urine
runs that took a very long time there were also a large number
of not working emitters. In those cases, one could see that the
liquid came to a certain point in the line and then no further, be-
cause after that point all emitters were blocked. It is interesting
that with 10 liters of water set 6 (Seq. 2) worked better than set 5
(Seq. 1), which with urine was the reverse.

A second experiment to verify, whether the properties of urine
were responsible for the varying run times was done after the 25
regular experiments. This experiment was only done with set 6,
which had the longest run times for urine during the regular ex-
periments. The tank was filled with urine to the 30 liter mark and
then the run was started. This experiment was only repeated 3
times; the run times are given in the table 6.

Table 6: Run times for 30 L urine runs with Seq. 2

[ [min]
1 Jun 2011 14.6
2 Jun 2011 13.8
3 Jun 2011 141

The elapsed times for these 3 runs corresponded well with the
time required for 30 liters of water to go through the set and were
consistent. Though 3 repetitions are not sufficient do draw con-
clusions, these experiments gave additional evidence that the
results with 10 liter were affected by the lack of head rather than
the properties of urine.

and sequence 2 N

13 14 15 16 17 18 19 20 21 22 23 24 25

experiment number

o [



STUN \Rskohm@ngMdﬂpmwsdwmgummfmm&mmn

4.5 Discussion of drip set performance

In figure 18, the total number of blocked emitters per regime are
compared. From the graph, we can see that the total numbers of
blocked emitters for Water 1 and Water 2 combined and for Mix
1 and Mix 2 combined are not very different.

The largest difference is 5 blocked emitters after 16 runs, which
is lower than the difference between Mix 1 and Mix 2 (6 blocked
emitters) after 25 runs. From the comparison, it seems that water
quality and coincidence play a bigger role than whether urine is
added to the mix. For a complete overview of the numbers of
blocked emitters, see appendix J.

Regime C has the problem with the 10 liter urine runs. The low
volumes do not allow for sufficient pressure to ensure even flow

through the drip lines. If we look at number of blocked emitters
during the water runs (Appendix J) Seq. 1 is similar to the Mix 2,
which is the most blocked of regime B. Seq 2 has less blocked
emitters but in this set, the urine did often not flow through the full
length of the drip lines. The low number of blocked emitters could
therefore be an experimental artifact.

In none of the methods used, complete blocking of the emitters
or drip lines occurred after 25 runs. In the worst case, the frac-
tion of blocked emitters was 25%. In every setup, including water
only, regular checking and unblocking of emitters is necessary.
The urine water mix did not perform substantially worse than
water only. Therefore, this system can be used without causing
extra work inspecting and unblocking emitters.

Figure 18: Comparison number of blocked emitters between regimes: Water 1 & 2 —®— Mix1&2 —®— Seq. 1&2
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4.6 Precipitation of minerals for Mix 1 and 2

4.6.1 Observation of precipitates

After each run, there was an amount of yellowish-white pre-
cipitate left in the tanks used for Mix 1 and Mix 2 (Fig. 19). No
thorough analysis of the precipitates was done, but some simple
washing in a beaker revealed that there were larger grains of
sand and a finer off-white powder. The sand probably entered
the urine collection system via the toilets. The fine white powder
is assumed to consist of phosphate-based crystals. It was not
possible to determine how much of this precipitate was formed
when urine and water were mixed in the drip set and how much
had already been formed in the urine collection tanks. Since the
amount of precipitates formed during mixing and settling is prob-
ably fairly constant and not very large (because of the low Ca
and Mg levels in the water), it seems that most of the precipitates
are already present in the urine.

4.6.2 Filter efficiency

It is important to observe a settling time, as the amount of pre-
cipitates in the tank was often considerable. A simple test was
done to see if the precipitates could go through the filter and into
the drip lines. The precipitates were collected in a beaker and
poured through the filter (Fig. 20). This way the filter was used in
the opposite direction of normal flow but since the pore size re-
mained the same the result gives a good indication of how much
of the precipitates could go through. A conservative estimate was
that at least 80% of the precipitates went through the filter. This
means that the settling time is important to prevent them from
going into the drip lines, even though it is not sure if they would
have actually block the emitters or just passed through.

Figure 20: Filtering precipitates.

4.7 Distribution of blocked emitters along drip lines

Usually, the emitters at the end of the drip line got blocked first.
This makes sense, because the amount of fluid going through
the hose, and with it the flow rate, decreases along the length of
the hose. Therefore, solids had the best chance to settle at the
end of the line. Another explanation could be that particles aggre-
gate and cannot pass through the emitter holes. As a result, they
would accumulate at the end of the drip-line. After the 25 tests,
the ends of the drip lines were checked for scaling on the inside
walls and for particle accumulation, but none could be found.

For every test, it was recorded which emitters were blocked,
the full data can be found in appendix J. Figure 21 presents the
situation for Water 2 after 21 runs and can be considered as a
representative case.

Most blockages occurred at the end of the line, with blockages
progressively moving towards the tank as more emitters at the
end got blocked. Also, there were some blocked emitters further
away from the end, usually about mid-way of the line.

drip set 2

X = blocked emitter

Figure 21: : Schematic blocked emitters, drip set 2 after 21 experiments.
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Conclusions &
recommendations

Further publications

Brochures explaining the process have been made in
Nepali and English (see appendix L). They have been
printed by Enpho (Environment and public health organ-
ization, www.enpho.org) in Kathmandu and are available
through there office. Soft copies can be downloaded at
www.eawag.ch/stun.

[

5.1 Conclusions

Blocking of emitters happened with all 3 regimes, also if only
water was used. Therefore farmers always have to check for
blocked emitters when using this type of drip equipment.

For Regime B, where water and urine are mixed, the total
number of blocked emitters is not significantly higher than for
water only. This means that the amount of work for farmers
to check and unblock emitters is comparable to normal drip
irrigation. This is especially true when we consider that in
normal practice, water-only runs will be done in between the
fertigation runs. Therefore, quality of the water, in terms of
being free of solids that may block the emitters, seems to be
more important than precipitates formed as a result of mixing
urine and water.

It could not be determined whether the mixing of water and
urine actually leads to significant amounts of extra struvite

in the mix. In Khotang, there was not sufficient calcium in
the water for the formation of calcium phosphates, which in
other places may happen. Also the magnesium concentra-
tions were very low, we estimate that approximately 470 mg
struvite was formed in the tanks of the drip-set during each
run. Even if no significant amounts of new crystals are formed
when mixing water and urine, there is always a certain
amount of dirt and crystals already present in urine. There-
fore, it is good to observe a waiting time between stirring the
mix and opening the tap.

5.2 Recommendations

Based on our findings, we recommend using urine in drip ir-
rigation according to Regime B; which means to mix the water
and urine at an approximate 1:3 ratio, stir briefly and then let
the mix settle for 45 minutes. This method will be most effect-
ive if the tap is mounted a few centimeters above the bottom
of the tank, as is the case with the Nepalese sets.

Regime C, where urine and water are used in sequence, did
not work well. When only 10 liters of liquid (urine) are present
in the tank, the pressure is too small for the system to work
properly. As a result, fertilization would be very uneven with
this method. It is likely that if larger amounts of urine could be
used, this problem would be solved, but at the risk of over-
fertilization. Further, there is as much blocking of emitters with
this system as with the other methods tested. Therefore, we
do not recommend this method.

The tests were performed with a specific type of drip setin a
particular climate and with soft water. It is advisable to repeat
the tests with other drip equipment and especially with water
that contains more magnesium and calcium before imple-
menting large drip irrigation systems with urine fertigation.
Especially for larger drip systems using “integrated drippers”
(where the emitter is a micro scale labyrinth that reduces flow
to a drip), the results of this research may not be applicable
due to differences in emitter design. However, such systems
usually have a much better filter between the mixing tank and
the drip lines.

The liquid that remains in the drip tanks with the recom-
mended mixing system contains phosphate rich precipitates.
This liquid should preferably be used to water plants that
need more phosphate, or very young plants.


http://www.enpho.org
http://www.eawag.ch/stun
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Appendix A — Detailed work plan for each drip regime

A.1 Regime A, Water only

Step 1 Fill tank with water — up to the 40 liter mark.

Step 2 Open tap

Step 3 Record water level in tank every 5 minutes and check which emitters are blocked.
Step 4 Note total time elapsed for drum to empty.

Step 5 Empty the remaining liquid out of the drum after flow has stopped. For water only this would normally not be necessary but
it was done to minimize the differences between the regimes. In normal practice, we would also recommend this step to
prevent accumulation of dirt and growth of algae in the drum, both of which may contribute to blocking.

A.2 Regime B, Urine and water mix

Step 1 Fill tank up to the 30 L mark with water (note: this means the actual amount of water in the tank is 36 L).
Step2  Add 10 liters of urine.

Step3  Stir and mix for 1 minute.

Step 4 Measure electric conductivity, temperature and pH of mixture and take sample for phosphate measurement.
Step 5 Leave the mix for 45 minutes to allow all solids to settle on the bottom.

Step 6 Measure electric conductivity, temperature and pH of mixture and take sample for phosphate measurement.
Step7  Open tap.

Step 8 Record water level in tank every 5 minutes and check which emitters are blocked.

Step 9 Note down total time elapsed for drum to empty.

Step 10  Empty the remaining liquid and solids out of the drum. This liquid is high in phosphates, so it can be used on plants that
need extra phosphates.

As mentioned above there was always 6 liters liquid in the tank before the zero level was reached. The mixing ratio was not 1 part urine
and 3 parts water, as is usually promoted in Nepal, but 1 part urine and 3.6 parts water. It was decided not to try to mix as close as
possible to 1 to 3 because the measuring scale on the drum was not sufficiently accurate. This way, the mixing ratio was as consistent
as possible for all experiments.

A.3 Regime C, urine and water sequential

Step 1 Fill drum to 10 liter mark with urine.

Step2  Open tap.

Step 3 Register remaining liquid level in tank every 5 minutes and check which emitters are functioning.
Step 4 Note down total time elapsed for drum to empty.

Step 5 Empty remaining urine out of tank (back into storage jerrycan).

Step 6 Fill drum to 30 liter mark with water.

Step7  Open tap.

Step 8 Register remaining liquid level in tank every 5 minutes and check which emitters are functioning.
Step 9 Note down total time elapsed for drum to empty.

Step 10  Empty remaining water out of drum.

2 [




STUN \ Risk of clogging of drip lines during urine fertilization

Appendix B — Correction of phosphate data from field experiment

B.1 Introduction

During research into the combination of urine fertilisation and
drip irrigation, orthophosphate measurements were taken from
urine samples used. During experiments to validate the data with
measurements of standard solution, it was found that there was
a large discrepancy between the measured data and the calcu-
lated concentrations. This note presents the way in which the re-
sults were corrected based on ISO norm 8466 with linear correc-
tion and determines a standard deviation for the corrected data.

B.2 Materials and methods

Analytical methods

PO,*> was measured with a spectrophotometer; DR/2000 (Hach-
Lange, Denver, USA). The method used (number 8048) works
with powder pillows; orthophosphate reacts with molibdate and
ascorbic acid to create a blue colour in the sample.

The standard solution used was Merck, Certipur phosphate stan-
dard solution, concentration: PO,* = 999 mg-L™" £ 2.
The samples were diluted in 2 steps:

1. Dilution of standard solution to stock solution = 1:50. (concen-
tration PO,* = 20 mg-L")

2. Dilution of stock solution to different concentrations according
to the table below:

vol. stock solution | diluted volume final concentration

mL mL mg PO,-L"
0.200 50 0.08
0.800 50 0.32
1.600 50 0.64
2.400 50 0.96
3.200 50 1.28
4.000 50 1.60
5.000 50 2.00
6.000 50 2.40
Calculations

It was found that the results of the spectrophotometer tests were
quite different from the calculated values, but that the variation
was close to linear (see results section). A second test was done
with the same dilutions and yielded similar results. Based on
data, it was decided that a linear correction for the measured
values should be possible; the formula for corrections was de-
termined according the method described in the ISO 8466 norm.

Bl 2

1.For each dilution the measured values for both series of stan-
dard tests were averaged, resulting in a table with the theor-
etical concentrations versus the average measurements of
both series.

2.1S0 8466 describes a standard method to calculate a relation
between a series of measurement signals and the know con-
centrations of the samples from which the measurements were
taken. In this note the a linear relation is used. The measure-
ment signal is taken as the average of both series.

3. The standard deviation of the method is calculated according
to the same ISO standard, also based on the linear calculation
methods.

B.3 Results

Measurement results

The results of both sets of measurements with standard solution
are presented below, both as a table and a graph.

final concentration measured concentration PO,
[ |14.June2011 16 June 2011

mg PO,-L" mg PO,-L" mg PO,-L"
0.08 0.15 0.04
0.32 0.24 0.29
0.64 0.42 0.44
0.96 0.67 0.72
1.28 0.99 0.82
1.60 1.12 1.07
2.00 1.42 1.35
2.40 1.63 1.60
3.00

—¥— Final concentration
2.50 —— 14/06/11
—— 16/06/11

2.00

1.50

1.00

concentration [mg/l]

0.50

0.00

00 08 16 24 32 40 48 56 64

Volume of standard solution [ml]



Calculation of correction curve

The next step was to create a table of the actual concentrations
and the averaged measurement results and determine the rela-
tion between the two.

Actual sample concentration | Average values of 2 tests

mg PO,-L’ mg PO,-L"’
0.080 0.10
0.320 0.27
0.640 0.43
0.960 0.70
1.280 0.91
1.600 1.10
2.000 1.39
2.400 1.62

The relation between the measurement signal and the actual
concentrations is described by the formula:

f(x)=1.509 x — 0.070
With:
f(x) = Actual concentration

x = Measured concentration

The table below gives the actual concentrations and the cor-
rected measurement values:

Actual sample concentration | Average values of 2 tests

mg PO,-L" mg PO,-L’
0.080 0.08
0.320 0.34
0.640 0.58
0.960 0.99
1.280 1.30
1.600 1.59
2.000 2.03
2.400 2.37

Appendices \ -

Determination of standard deviation

The standard deviation for the process was calculated according
to the method described in the referred ISO standard. In the table
below the most important parameters of the calculation method
are summarised:

Working range 0.080 - 2.400 mg/L

Number of concentration levels 8

Calculated blank (first intercept)  a, 0.0461
Slope of calibration line a, 0.66
Correlation coefficient R? 0.9985
Residual standard deviation s, 0.02 mg/L
Standard deviation of method S0 0.0336 mg/L
Rel. standard deviation of o 2.90%
method

Lower limit of calibration X 0.29 mg/L

As can be seen from the table above the standard deviation for
the method is 0.0336 mg/L. Because we know the deviations are
bigger at the lower ranges we will use this value for all measure-
ments in the range and thus have a larger uncertainty for lower
values.

Results
The orthophosphate concentrations measured during the field
trials can be corrected with the formula:

POf =PO/j -1.509-0.070
With:
PO = Corrected concentration of orthopohosphate

PO = Measured orthophosphate concentration.

The values derived from the formula above have a standard
deviation of 0.0336 mg/L

Al
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Appendix C — Meteorological data

m Temp at start Temp at end General observations:

[°C] [°C]
03.05.11 26 31 Sunny throughout experiment
04.05.11 24 29 Sunny at the start, later low clouds
05.05.11 24 29 Sunny throughout experiment
06.05.11 20 28 Sunny first, partially cloudy later
07.05.11 26 29 Sunny first, partially cloudy later
08.05.11 27 27 Sunny first, partially cloudy later
09.05.11 24 27 Sunny first, partially cloudy later
10.05.11 22 19 Cloudy, later heavy clouds
11.05.11 26 27 Sunny first, partially cloudy later
12.05.11 25 28 Sunny throughout experiment
13.05.11 23 25 Sunny with clouds
14.05.11 28 31 Sunny throughout experiment
16.05.11 24 29 Cloudy with occasional sun
18.05.11 24 25 Cloudy
19.05.11 23 24 Cloudy
20.05.11 22 25 Sunny throughout experiment
21.05.11 28 24 Cloudy, later heavy clouds
22.05.11 27 29 Sunny throughout experiment
23.05.11 29 30 Sunny throughout experiment
24.05.11 21 23 Cloudy
25.05.11 27 27 Sunny first, partially cloudy later
26.05.11 23 24 Cloudy
27.05.11 28 19 Experiment interrupted by thunder storm
30.05.11 22 26 Sunny throughout experiment
31.05.11 Cloudy with occasional sun

Bl 25



Appendix D — Urine data from field experiments

Appendices \ -

1 9.0
2 9.3
3 9.3
4 -
5 o
6 &
7 o
8 =
9 o
10 -
11 -
12 -
13 -
14 9.2
15 9.0
16 9.0
17 9.0
18 9.0
19 8.9
20 9.0
21 8.6
22 9.1
23 9.0
24 9.0

[°ci
229
20.2
20.9
21.8
22.3
20.4
19.1
20.6
222
22.7
222
21.3
20.2
20.8
21.2
225
22.1
23.9
28.5
21.5
23.2
21.6
26.1
22.1
23.0

[mS]
285

28.8
30.9
27.5
25.2
26.0
27.5
27.3
26.7
25.6
25.2
28.9
28.1
25.8
31.9
28.4
25.7
24.7
26.1
24.3
26.0
24.4
24.8
25.9
28.6

[mg/l]
224

208
170
259
162
259
263
271
221
190
173

208

328

253

215
253
219
229
207

S T T T

2 [
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Appendix E — Data from Eawag lab analyses for urine

sample date ortho- total
phosphate | phosphate

NH,*N PO-P S{e)s Ca?*

[mg N-L] [mg'L"] [mg P-L"] [mg'L"] [mg-L7] [mg-L7] [mg'L"] [mg'L"]
08/05/2011 2850 820 153 248 211 11 4020 2490
21/05/2011 2903 880 181 314 207 10 4000 2553
02/06/2011 2934 900 180 252 207 13 4022 2660
02/06/2011 2530 760 225 238 194 15 4023 2585
02/06/2011 2670 700 186 249 187 4 3846 2456

Note:

Five samples were analyzed at the Eawag lab in Switzerland, for logistical reasons the samples could only be analyzed 5 months after
they were taken in the field. The first two samples were taken on day 6 and 17 of the experiment, while the last 3 samples were taken
at the last day of the experiment. At the KDF hostel there is no refrigeration available and the first 2 samples were stored in water of
around 15 °C until the last day of the experiment. After the field work was finished the samples were kept under refrigeration at around
6 0OC.

Appendix F — Comparison of plant nutrient concentrations

Based on:

1.Etter, B., Tilley, E., Khadka, R., Udert, K. M. (2011): Low-cost struvite production using source-separated urine in Nepal, Water Re-
search 45-2, 852-862.

2.Udert, K.M., Waechter, M. (2011) Complete nutrient recovery from source-separated urine by nitrification and distillation, Water
Research (2011), doi:10.1016/j.watres.2011.11.020

3.Findings in this report

ortho- total
phosphate | phosphate

NH,*-N PO >-P SO />
z mg-L? mg-L? mg-L? mg'L" mg'L" mg-L? =
Etter et al., 2011; Siddhipur, 4450 + 438 + 207 388 + 251 - 1870 +976 878 +379 56+0.4
Nepal, fresh urine, 1730
14 samples
Etter et al., 2011; Siddhipur, - - 195 + 65 - - - 9.0 +0.1
Nepal, stored urine,
10 samples
Udert et al., 2011; Stored - 2390 +250 - 208 + 49 1410 +320 778 +184  8.96 +0.11
urine, Dubendorff, Switzerland
This report, Khotang, Nepal, = = 226 +40 = = = 9.0+0.2
field data
This report, Khotang, Nepal, - 2777 £172 185+ 26 239 + 37 812 +83 603 + 31 -

Lab analyses.

Bl o



Appendix G — Electric conductivity data set 3 and 4

Analyses of Conductivity data for drip set 3 (Mix 1)

Experi-
ment #
[-] -

03.05.11
04.05.11
05.05.11
06.05.11
07.05.11
08.05.11
09.05.11
10.05.11
11.05.11
12.05.11
13.05.11
14.05.11
16.05.11
18.05.11
19.05.11
20.05.11
21.05.11
22.05.11
23.05.11
24.05.11
25.05.11
26.05.11
27.05.11
30.05.11
31.05.11

Average delta EC

Standard deviation

1

© 00 N O o »~ O N

25

EC,, after
mixing

[mS]
7.01

7.21
7.59
6.99
6.22
6.40
6.81
6.72
6.53
6.42
6.19
7.01
6.93
6.18
7.79
6.83
6.20
6.28
6.53
5199
6.88
6.29
6.54
6.40
7.34

EC, after
waiting

[mS]
7.00

7.20
7.56
6.98
6.22
6.43
6.78
6.72
6.53
6.42
6.19
7.02
6.91
6.16
7.80
6.81
6.23
6.31
6.54
6.00
6.93
6.32
6.55
6.35
7.30

Delta EC
(EC,-EC))

[mS]
-0.013

-0.010
-0.034
-0.011
0.004
0.031
-0.033
0.003
-0.001
-0.006
-0.003
0.006
-0.017
-0.010
0.013
-0.016
0.026
0.027
0.016
0.011
0.049
0.030
0.009
-0.055
-0.035

o0s
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Analyses of Conductivity data for drop set 4 (Mix 2)

Experi-
ment #
-] -

03.05.11
04.05.11
05.05.11
06.05.11
07.05.11
08.05.11
09.05.11
10.05.11
11.05.11
12.05.11
13.05.11
14.05.11
16.05.11
18.05.11
19.05.11
20.05.11
21.05.11
22.05.11
23.05.11
24.05.11
25.05.11
26.05.11
27.05.11
30.05.11
31.05.11

Average delta EC

Standard deviation

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

EC,, after

mixing
[mS]
no data
7.72
7.58
7.07
6.42
6.39
6.84
6.65
6.84
5.73
6.65
7.44
7.63
6.37
7.93
7.00
6.26
6.44
6.47
5.99
6.40
6.40
6.57
6.37
7.35

EC,, after

waiting
[mS]
no data

7.70
7.55
7.02
6.42
6.39
6.81
6.66
6.83
5.73
6.65
7.44
7.61
6.37
7.94
6.86
6.63
no data
6.47
6.00
6.42
6.42
6.57
6.37
7.30

Delta EC
(EC,-EC))

[mS]

0.021
0.031
0.043
-0.001
-0.008
0.030
-0.002
0.005
0.007
-0.006
0.004
0.015
0.002
-0.012
0.140
-0.370

0.010
-0.011
-0.016
-0.016
-0.002
0.003
0.051
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Appendix H — Estimate of amount of MAP formed during mixing in tanks

Magnesium content water 1.3 mg-L*
Percentage Mg used 100 %
Volume water 36 L
Total magnesium present 47 mg
Magnesium molar weight 24.31 g-mol”
Total mol magnesium 0.0019 mol
Chemical formula MAP (struvite) MgNH,PO,-6H,0

Therefore 1 mol magnesium: => 1 mol struvite

Struvite molar weight: 245.41 g-mol!
Weight of struvite formed 472 mg

I
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Appendix | — Total run-times for all drip sets

— I
<

© 0o N o o A~ 0N

D D NN DD NN & a4 a4 4a a A A e a a
a o W M = O © 0O N O o » W DM —+ O

[mm:ss]
15:45

17:29
18:48
17:46
18:21
18:23
17:45
17:50
18:25
24:02
19:37
19:03
17:45
18:41
19:43
19:36
20:25
19:29
20:14
18:52
18:29
20:08
18:56
19:12
19:53

[mm:ss]
16:22

17:52
20:17
18:37
18:32
19:37
19:08
19:53
19:12
22:09
19:06
18:52
19:17
19:08
19:36
20:49
19:43
20:34
20:14
21:23
20:42
21:12
21:17
19:56
22:41

[mm:ss]
19:47

19:57
19:36
21:09
19:35
19:42
20:43
19:46
19:34
19:35
19:41
19:24
19:57
19:51
19:52
19:41
19:47
20:27
19:55
19:55
19:27
20:08
20:14
20:37
20:25

[mm:ss]
19:25

19:40
19:22
18:28
19:25
19:37
19:12
19:49
19:12
19:42
20:09
19:35
21:48
21:47
20:23
21:09
21:08
20:56
20:42
21:00
19:44
20:37
20:14
20:56
21:32

10 Lurine 30 L water

[mm:ss]
02:55

17:35
14:55
06:21
11:45
04:47
03:50
03:28
10:28
02:52
13:02
03:48
03:56
05:41
07:13
03:32
04:03
04:02
04:39
04:21
13:05
13:07
16:04
08:21
06:35

[mm:ss]
12:05

12:20
13:05
13:40
12:19
12:26
12:40
12:43
13:48
13:18
13:18
15:47
15:26
14:12
13:32
13:03
14:13
15:17
13:54
13:36
13:39
14:08
13:54
13:47
12:37

10 Lurine 30 L water

[mm:ss]
02:47

04:24
stopped
19:05
19:15
21:32
18:25
19:35
27:37
24:17
21:55
17:18
27:43
15:52
19:26
06:08
19:53
19:38
04:39
09:42
20:54
05:35
05:36
07:31
06:35

[mm:ss]
11:48

12:50
12:37
13:10
12:48
12:18
12:05
11:55
11:55
11:26
12:09
11:41
13:37
12:42
12:44
12:07
12:55
13:03
12:55
13:09
13:09
14:00
11:56
13:08
13:55

10 L water
[mm:ss]

03:09

08:49
03:28

13:44
13:33
15:03
03:31

06:26
03:46

10 L water
[mm:ss]

03:22

03:24
04:11

04:08
03:47
03:46
03:58

18:35
03:12

/[
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Appendix J — Blocked emitters

J.1 Emitter status set 1

Experiment ___ |t 1 2 | s § s ¥ sQ el 7dadofwlnlefufulisficlv]wloloofo)zo]oa]o]os)
IIEIEIIEIIEIIEIIEIIEIIEIIEIIEIIEIIEIIEIEIIEIIEIIEIIEIEIIEIIEIIEIIEIEIIE

Emitter 1 0 o 0 o 0 0 o0 0 0 o 0 0 o 00 0O 0 o
Emitter 2 0O 00O0OOOOO®©OOO OO OOO O OOO©OO® O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OGO®OOGOGOOO0O0
Emitter 3 0O 00O0OOOOO® OOOOOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO OO O©OOO©OOOOOGOOO0O0
Emitter 4 0O 00O0OOOOO® OOOOOO® OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOO©OO®O©OOOOGOGOOO0 O
Emitter 5 0 00O0OOOOO® OOO OO OOO©OOO©OOO O OOO©OOO©OOO©OOO©OOOOOO©OOO©OOOOO0GOO0O0O0
Emitter 6 0O 00O0OOOOO® OOOOOOOOOOOO O OOO©OOO©OOOOOO©OOO OO OO OO O©OO®O®©OXTOIXO0TOOO0 O
Emitter 7 0O 00O0OOOOO®©OOO©OOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOOO0O0GO OO0 X 0
Emitter 8 0O 00O0OOOO® OOOOOO®OOOOOO® OOO®©OOO©OOOOOO©OOO©OOO©OO®O©OO®OOOGOOO0O
Emitter 9 00 0O0OOOOO®©OOO©OOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOOOOGO OO0O0O0
Emitter 10 0O 00O0OOOO® OOO®OOO® OOOOOO O OO OO OOO©OOOOO®O©OOOOOO©OO®O©OOOOOGOOO0 O
Emitter 11 0O 00O0OOOOO®©OOOOOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOOOOGO OO0O0O0
Emitter 12 0O 00O0OOOOO®©OOOOOO©OOO©OOO©OOO®©OOO©OOO©OOO©OOOOOO©OOO©OOOOOGOOO0O0
Emitter 13 0O 00O0OOOOO® OOOOOO O OOO©OOO OO OOO©OO®O©OOO©OOO©OOO©OO®O©OOO©OGOOOGOGOOO0O0
Emitter 14 0 00O0OOOOO®©OOO©OOO©OOO©OOO O OOO©OOO©OOO©OOO©OOOOOO©OOO©OOOOOGOO0O0O0
Emitter 15 0O 00O0OOOOO®OOOOOOOOO©OOO®©OOO©OOOOO®O©OO®O©OOO©OOO©OOO©OGO®OOOGOOO0O0
Emitter 16 0O 00O0OOOOOOOOOOO®OOOOOOOOOOOOOO©OOOO©OOOOO®OOOOOOO0OGOGO0O0O0O0
Emitter 17 00 0O0OOOOO®OOO®OOO O OOOOOO O OOO©OOO OO OOOOO®O©OOOOOO©OO®ONXOGO O OOGOOO0 O
Emitter 18 0O 00O0OOOOO®©OOO OO OOO©OOO©OOO O OOO©OOO©OOO©OOO©OO OO OO OO O©OOO®©OGO OO ONXTOXO0 00
Emitter 19 0O 00O0OOOOO® OOO® OO OO OOOOOO O OOO O OO® OO OO OO OO OO O©OOROIXONXOXOXXXO0 X 0 X 0 X
Emitter 20 O 0O0OOOOOO OO O®OOO® OO OO OO OIX X X X X X X X X X X X X X X X X X X X X X X X X X O0XO0 X X X X

[Cloggedemitters ] 0o JoJoJoJojJoJoJoJij2]ofJ2fo)2]2]2]2]3]a]al]a

J.2 Emitter status set 2

I

Line _JiJaf1Ja)1]20 Jaf1 ]2 1faf 1020 1faf 10201 0af 10201 faf1 2 10a01 210201210201 ]2F10201]2F10201]2)1]2]1]2]
Emitter 1 0O 0O0OO0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOOOO® OO OO OO OO OO OO OO OOOOOOOOOOO OGO OGO OO
Emitter 2 0O 00O0OOOOOOOOOOOOOO®OOOOOOO©O® OO OO©OOOO©O®OOOO®OOOOOOOOGOGO0OO OO0
Emitter 3 0O 0O0OO0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOOO OO OO OO OO OO O® OO OO O®OOOOOOOOOOO OGO OO
Emitter 4 0O 00O0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOOO OO OO OO OO OO OO OO OOOOO OO OOOOOOTO OGO OO
Emitter 5 0O 0O0OO0OOOOOOO® OO OO OO OO OO OOOOOOOOOO©OOOO® OO OO OO OO O® OO OO O®OOOOOOOOOO OO OGO OO
Emitter 6 0O 00O0OOOOOO® OO OO OO OO OOOOOOOOOOOOOOO OO OO OO OO OO OO OO OOOOOOOOOOOOTO OGO OO
Emitter 7 0O 00O0OO0OOOOOO OO OO OO OO OO OO OOOOOO©OOOONXOOOO OO OO OO OO OO OO OO OO OO OO OO O OOOOOOTO OO
Emitter 8 0O 00O0OOOOOO® OO OO OO OO O®OOOOOOOOOOOOOOO® OO OO OO OO OO OO OO OOIXOO OO O OOXTOO0O0
Emitter 9 0O 00O0OO0OOOOO OO OO OO OO OO OO OOOOOOO©OOOOOOO OO OO OO OO OO OO OO OO OO OO OO OO ONXOOOOO0O 0O
Emitter 10 oflofelelolaleolelob el el e b el de b debAaecb e e b e b e bde b e e b e b e e b e e pbde )«
Emitter 11 0O 00O0OO0OOOOO OO OO OO OO O®O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OO OIXOIXONXO0XO0 X 0
Emitter 12 0O 00OO0OOOOOOO® OO OO OO OO OOOOOOOOOO OO OO OO OO OO O® OO O® OO O® OO OXOOOO O O ONXOXOX O
Emitter 13 0 00O0OOOOOO® OO OO OO OO O®OOOOOOOOOOOOOO OO OO OO OO OO OO OO OOOOO OO O OOOOOTO OGO OO
Emitter 14 0O 0O0OO0OOOOOO® OO OO OO OO OO OO OOOOOOOOOOOOOO® OO OO OO OO OO OO OO O®OOOOOOOOOOO OGO OO
Emitter 15 0O 00O0OO0OOOOO® OO OO OO OO O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OOOOOOOOOOOOTO OGO OO
Emitter 16 0O 00O0OOOOOOOOOOOOOOOOO©OOOONX®OOONXOXO0XO0XO0XOoOO0O0O0OO0OO0OGOGO0O0GO OO0
Emitter 17 0O 00O0OOOOOO® OO OO OO OO O®OOOOOOOOOOOOOOO® OO OO OO OO OO OO OOOOOOOOOOOO OGO OXO
Emitter 18 0 00O0OO0OOOOOO OO OO OO OO OO OO OOOOOO©OOOOOOO OO OO OO OO OO OO OO OO OO OO OO OO O OOOOOO OGO OO
Emitter 19 0 00O0OOOOOO OO OO OO OO OO OO OOOOOOOOOO OO OO OO OO OO OXO OO OO OO OIXO0XO0XXO0X X X X X X X X
Emitter 20 0O 00OO0OOOOOO OO OO OO OOO0O0 O 0O 00O0OO0OOOOXNXO0XO0 X O0 X 0 X X X X X X X X X X X X X X X X

n-mmmmumm-___mmmmmmmmm--mm
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J.3 Emitter status set 3

[T TN (T N0 NI (NN (N (N 70 T JNC TN [RCE P EE (T A (ST I T T T (T 2 [

nalanananananananananananalananananalananananalana
Emitter 1 o o o o o o0 o o o 00 o0 00 o 0 00 0O
Emitter 2 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOO OGO OO
Emitter 3 0O 00O0OO0OOOOO® OO OO OO OO O® OO OOOOOOOOOOOOOO OO OO OO OO OO OO OOO®OOOOOOOOOOGO OO
Emitter 4 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO O® OO OO OO OO OO OO OOOOOOOO OGO OO
Emitter 5 0O 00O0OO0OOOOO® OO OO OO OO O®O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOOGO OO
Emitter 6 0O 00O0OOOOOOO OO OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOO OGO OO
Emitter 7 0O 00O0OO0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOOOO® OO OO OO OO OO OO OOOOOOOOOOOOTO OO
Emitter 8 0O 00O0OOOO® OOO® OOOOOOOOO OO OOO©OOO OO OO O©OOO©OO®O©OOOOO®O©OO® OOGOGOOO0 O
Emitter 9 0O 00O0OOOOOOO® OO OO OO O®O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO®OOOOOOOOOTO OGO OO
Emitter 10 0O 00O0OO0OOOOOO OO OO OO OO OO OO OOOOOOO©OOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOGO OO
Emitter 11 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO®OOOOOOOOOTO OGO OO
Emitter 12 0O 00O0OOOOOOOOOOOOOOOOOOOOO OO OOOOOOO©OOOOOOOOO®OOO0OGOGO0O0O0O0
Emitter 13 0O 00O0OOOOOOO OO OO OO OO OO O®OOOOOOOOOOOOO OO OO OO OO OO O® OO OO OO OO OO OO OOOOOOONXOO
Emitter 14 0O 00O0OO0OOOOOO OO OO OO OO O®OOOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOTOTO OO
Emitter 15 0O 00O0OOOOOOO® OO OO OO OO O®OOOOOOOOOOOOOOO® OO OO OO OO OO OO OO O®O®OOOOOOOOOTO OO
Emitter 16 0O 00O0OO0OOOOOO OO OO OO OO O®O®OOOOOOOOOOOOO OO OO ONXOO OO OO OO O®O®O®OOOOOOOOOTO OO
Emitter 17 0O 0O0OO0OOOOOOO OO OO OO OO OO O®OOOOOOOOOOO© OO OO OO OO OO OO OO OO OO OO OO OO OOOOIXO0OOTOTO OO
Emitter 18 0O 00O0OO0OOOOOO OO OO OO OO O®O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO®OOOOOOOOOTOTO OO
Emitter 19 O 00O0OOOOOO OO O®O®OOOO®O® OO OOO OO OO ONX©OOOX®O®O0XO0O0XO0XXO0XO0XO0 X X X 0 X X X X X X
Emitter 20 8] [l [a] [©] (e @] [E] [E] [E] (e [E] B4 (el B4 (e (@] 1E] 1e) B 1E B B BG BG BG Bd B B B B B Bd B B4 B B4 B4 B4 B4 B4 B4 B4 BE BG B B B B B X

[ Cloggedemitters __J 0o JoJoJoJoJ+ )i JoJoJiJa]2a]s]?2]

J.4 Emitter status set 4

-
=

(e 2zl el el b Dbz b e b e e G e D e Lz 2 e e e T2 Lz T2
Emitter 1 0O 00O0OOOOOO® OO OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO O® OO OO OO OO OO OOOOOOOOO OGO OO
Emitter 2 0O 00O0OOOOOO® OO OO OO OO O®OO®OOOOOOOOOOOOO OO OO OO OO OO OO O®OO®O®OOOOOOOOTOTO OO
Emitter 3 0O 00O0OO0OOOOOO OO OO OO OO OO OO OOOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOGO OO
Emitter 4 0O 00O0OOOOOOO OO OO OO OO O®O®OOOOOOOOOOOOOOO® OO OO OO O® OO OO OOO®OOOOOOOOTOTO OO
Emitter 5 0O 00O0OO0OOOOO® OO OO OO OO OO O®OOOOOO©O©OOOOOOOO OO OO OO OO OO OO OO OO OO OOOOOOOOOGO OO
Emitter 6 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOOOO©OOO OO OO OO OO O® OO OO OO®OOOOOOOOOOTO OO
Emitter 7 0O 00O0OO0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OOO®OOOOOOOOOOTO OO
Emitter 8 0O 00OO0OOOOOOO® OO OO OO O® OO OOOOOOOOOOONXOO® OO OO O® OO O® OO OO OXOOOO OIXOXO0 X 0 X
Emitter 9 0O 00O0OO0OOOOOO OO OO OO OO O®O®O®OOOOOOOOOOOO OO OO OO OO OO OO OO OO OO OO OO OOOOOOOOOTO OO
Emitter 10 0O 00O0OOOOOO® OO OO OO OO OO O®OOOOOOOOOOO©OOOO® OO OO OO OO OO OO OO OO OO OO OOOOOOOO OO0 X
Emitter 11 0O 00O0OO0OOOOO® OO OO OO OO O®O®OOOOOOOOOOOOO OO OO OO OO OO OO OO O®OO®O®OOOOOOOOTOTO OO
Emitter 12 0O 00O0OO0OOOOOO OO OO OO OO OO OO OOOOOOO©OOOOOOOOOOOOO OO OO OO OO OO OOOOOOOOOO OO
Emitter 13 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOO OO OO ONXONXONXONXO0IXO0XO0XO0XO0XO0XO0 X 0 X
Emitter 14 0O 00O0OO0OOOOOO OO OO OO OO OO O®OOOOOOOOOOOOO OO OO OO OO OO OO OO OXOOOOOOOOOOOOO
Emitter 15 0O 00OO0OOOOOOO® OO OO OO O® OO OOOOOOOOOO OO OO OO ONX®ONXONXO0IXO0XO0XO0XO0XO0 X 0 X X X
Emitter 16 0O 00O0OOOOOOO®OOOO®OOOOOOOOOOOOOO©O® OO OO©O® OO OX®OOOOOG® OO OOGOGOTOGO OO0
Emitter 17 0O 00O0OOOOOOO® OO OO OO O® OO OOOOOOOOOOOOO OO OO OO OO OO O® OO OO OO OO OOXOOO OGOOTO OGO OO
Emitter 18 0O 00O0OO0OOOOO OO OO OO OO OO O®O®OOOOOOOOOOOONXO OO ONXOXO0IXO0O0O0XO0XO0XO0XO0O0 0 X
Emitter 19 0O 0O0OOOOOO® OO O® OO OO OO O® O® OO OO OO OO OOIXOXXXXXONXNXNXO0XO0XO0XO0XO0 X X X 0 X X X X X
Emitter 20 O 0O 0OOOO X X X O X X X X X X X X X X X X X X X X 0 X X X X X X X X X X X X X 0 X X X X X X X X X
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\ Risk of clogging of drip lines during urine fertilization

J.5 Emitter status set 5
Urine experiments
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Line _JiJafaf2]4f2]10201faf1f2 1 f20 102010201 ]2 ]2 f20 102010201 ]2 ]2 201020102 1f2f1f2]4]201]2])1]2]
Emitter 1 00 0O0OOOOO®©OOO OO OOO O OOO©OOO O OOONXOO©OO® OO OOO©OOO OO OO OO O©OOO©OGOOOGOGOO0O0O0
Emitter 2 0O 00O0OOOOO® OOOOOO®©OOOOOO O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOOOOGOOO0 O
Emitter 3 0O 00O0OOOOO®©OOO OO OOO©OOO©OOO OO OOO©OOO©OOO©OOO©OOO©OOO©OOO©OGOOOOGOO0O0O0
Emitter 4 0O 00O0ODOOO® OOO® OO OO OOOOOO O OO O OO® OO OOOOO®O©OOOOOO©OO®O©OO®OOGOGOOO0O
Emitter 5 0O 00O0OOOOO®©OOOOOO©OOO©OOO O OOO©OOO©OOO©OOO©OO®O©OOO©OOO©OGOOOOGOO0O0O0
Emitter 6 0 00O0OOOOO®©OOO®©OOO®©OOO©OOO O OOO®©OXONXO0O0O0O0O©OGOIXO0O0O0XO0XO0XO0O0O0O0O0O0O0
Emitter 7 0O 00O0OOOOO® OOOOOO®OOO©OOO©OOO®©OO® OO OO OO OXO©OO®O©OO OO O©OO®O©OGO®OOOGOOO0O0
Emitter 8 0O 00O0OOOOO®©OOOOOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO OO O©OOO©OOOOO0GOO0O0O0
Emitter 9 0O 00O0OOOOO® OOOOOO® OOOOOO OO OOO©OOO©OOO©OOO©OOO©OOO©OO®O©OOOOOGOOO0O0
Emitter 10 0O 00O0OOOOO® OOOOOO©OOO©OOO O OOO©OOO©OOO®©OOO©OOO OO O©OOO©OOOOGOGOO0O0O0
Emitter 11 0O 00O0OOOO OO OOO® OO OO®OOOOOO O OOO©OOO©OOOOOO©OO®O©OOO©OOO©OO®OOOGOOO0O
Emitter 12 0O 00O OO X O XO X O XOXO0 XO0XO0XOXO0XO0XO0XO0XO0XO0XO0XO0XO0XO0XO0XO0 X 0 X 0 X
Emitter 13 0O 00OOOOOO OO O®©OOOOO® OO OOOOO® O®©OOOXOO®©OOOO OO O®©O®ONXO0O0O®©OOOO0GO® OO OO0O0 X X 0
Emitter 14 0O 00O0OOOOO®©OOO OO OOO©OOO©OOO O OOO©OOO©OOO©OOO©OOO©OOO©OOO©OOOOGOGO OOO0O0
Emitter 15 0 00O0OOOOO®©OOO OO OOO©OOO©OOO OO OOO©OOO©OOO©OOO©OOOOXO©OOOOGOOOO0GOO0O0O0
Emitter 16 0O 00O0OOOO OO OOO OO OOO®OOO OO OOO O OOXXOXXXO0XO0XO0XO0XO0XO0XO0XO0 X X X X X 0 X
Emitter 17 0 00O0OOOXOOOO OO OO OO OOO©OOO©OOO©OOO©OOO©OOO©OOO OO O©OOO©OOOOO OGO OO0 X 0
Emitter 18 0O 00O0OOOOO® OOOOOO® OOONXONXOXOOOOOONXO0O0O©OO® OO OONXOXNXO0O0O0XO0 X 00 0
Emitter 19 0O 00OOOOXOX®OOO0O0UO® O ® OOOXO0 X X X X X X O X X X X X X X X X X X X X X X X X X X X 0 X 0
Emitter 20 8] &l [©l [l (€] @] [©] €] €] [E] ©] G 1G] (€] [E] [E] 1G] B X EG B B4 B B B4 B4 B4 1G] B B B4 BG B B4 EG B B4 BG BY B4 BY BG B4 ES B4 B4 BG4 B4 EX
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J.6  Emitter status set 6
Urine experiments

[Experiment 1 1 | 21314 ls Vel 708l oltolnli2lisfralshielz]te]iofoo]or]2]2s]o2]

Line _Ji]2]1]2] ]2 1fof1fof1 )20 1021020120 1f2f1fof1faf1fah 1001201 2 1f2)1f2af1]af102) 10201 201]2]1]2]1]2]
Emitter 1 0 0O0OOOONXOO O OO OO OONXOXXO0O0OOOO® OO O©O® OO OOO® OO OO©O® OO OO®©O® OO OO®©O® OGO OOOGOGO0O0 0
Emitter 2 0 0O0OO0OOXOOOOOO OXO0OOOOOOOOOO® OO OO OOO©OOOXO0OO0O0OO® OO OOG®OOOOGOGO0O0 0
Emitter 3 0 0O0OO0ODOXOOOOOO OO OO O®OO OO OO OO OO OO®O® OO OO OO OOOOOOO® OOOO® OO OO®OOGOOOGOGO0O0 0
Emitter 4 0 0O0OO0OOXOOOOO® OOO®©OOOO®©OOXO0OO OO OO O®OO©O® OO OONXOO0O0OOOOOO® OGO OOOGOGO0O0 0
Emitter 5 0 0O0O0ODOXXOXOOOOOO OO OXO0O0OXO0O0OOO® OO OOOO OO OOO® OO OOO® OO O©OO® OGO OOOGOO0O0 0
Emitter 6 0 00OO0OOXXOXO0OOOOOO OXO0O0XXO0O0OOO0O0OO OO OO O©O® OOO©O®OOOO® OGO OOOGOGO0O0 0
Emitter 7 00 0OO0OOXXOXOXOXOXO0XXOXXO0XO0O0O0OOXO0O0O0O0O0XO0O0O0XO0XO0O0UO0O0TOGOGO0O0 0
Emitter 8 0 00O0OOXXOXO X O XO0 XO0XXOXXO0XO0XO0XO0XO0O0O0XXXO0O0O0O0O0O0GO0O0GO0OO0OGOGO0O0 0
Emitter 9 00 0O0OOXXOXO X O XOXO0XXOJXXO0XO0XOO0O0XO0O0O0XXXO0O0O0O0O0O0O0O0O0O0O0GOGO OGO OO0
Emitter 10 0 00O X X X0 X O XOXO0O0O0XXOXXXXO0XXO0O0XXO0O0O0XJXXO0O0XO0XO0O0O0TO0TO0GO0TO0 O0 0
Emitter 11 0O 00O X X X 0O X 0 X O0OXO0 XX XX X X XO0XO0XXO0O0XXO0O0O0O0XXO0O0JXO0XO0XO0TO0O0O0O0O0O0
Emitter 12 0 00O X X X0 X O XOXO0O0 XX XXX XO0XO0XXXO0XXO0O0XO0JXXO0O0XO0XO0O0UO0O0TO0GO0TO0 O0 0
Emitter 13 0O 00O0OO0OX X O XO0 X O0OXO0XO0 XXX X X O0XO0 XX XO0XXO0O0XO0XO0O0TO0JXO0NXSO0GO0TO0O0O0O0O0O0O0
Emitter 14 0 00O X X X0 X0 XOXO0 X X X X X X X O0OXXXXO0OXXO0O0XO0JXO0O0O0XO0XO0O0UO0XO0UO0O0 0 0
Emitter 15 O] 161 €] €1 B4 B4 B4 ©1 B4 18] B (€] Bd B B €] B9 B4 Bd B B4 B4 Bd B B4 B4 B4 (@1 B4 B (€] 1€] B4 €] BY B4 B (€] BY [©] B (€] [©1 B4 (€] BY (Gl B fel G
Emitter 16 0000 X X X X X 0 X O X X X X X X X X X X X X X X X X X X X O0XXXXXO0XXXXXO0XO0 X X X 0
Emitter 17 G 161 €] €1 B4 B4 B4 [E1 B4 1G] BY BY B4 B4 B4 BY B4 B4 Bd B4 B4 B4 B4 BS B4 B4 B4 BS B4 B (€1 €] B4 B BY B4 €l €] BD B4 B B (@l i€l el K@l el B fel (G
Emitter 18 0000 X X X 0 X 0 X X X X X X X X X X X X X X X X X X X X O XXX X XOXXXXXO0XO0 X 0 X 0 X
Emitter 19 0 000 X X X X X X X X X X X X X X X X X X X X X X X X X X 0O XXJXXO0O0XXXXXO0O0O0 X X 0 0
Emitter 20 0 000 X X X X X X X X X X X X X X X X X X X X X X X X X X 00 X X X X X 0 X X X X X X 0 X 0 X X X
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Emitter 1 0O 00OOOOOOOOOOOOOOOO® OOO®©OOO®©OOO®©OOO©OOO O OOO®©OOO®©OOOOOGO OO OO0O0 0
Emitter 2 0O 00O0OOOOOOOOOOOOOOOOOOO©OOO®©OOO©OOO©OOO®©OOO©OOO®©OOOOO0OGOOO0O0 0
Emitter 3 0O 00OOOOOOOOOOOOOOOO OO OOOOOO®©OOO O OOO©OOO®©OOO©OOO®©OOO®OOGOTOGO0O0 0
Emitter 4 0O 00O0OOOOOOOOOOOOOOOOO OOO©OOO®©OOO OO OOO©OOO®©OOO©OOO®©OOOOOOOO0O0 0
Emitter 5 0O 00OOOOO OO OO OO OO OOO® OO OO OOO® OOO®©OOO® OOO©OOO OO OO OO OOO®©OOO OO OOGO OO X 0 X
Emitter 6 0O 00O0OOOOOOOOOOOOO®OOO OO OOO®©OOO®©OOO O OOO©OOO®©OOO®©OOO®©OOOOOGOOO0O0 0
Emitter 7 0O 00O0OOOOOOOO OO OO OO OO OO OO OOO® OOO OO OOO O OOO©OOO®©OOO®©OOO®©OOO OO OOGOTO OGO O0 O
Emitter 8 0O 00O0OOOOOOOOOOOOOOOO OO OOO®©OOO®©OOO O OOO©OOO®©OOO®©OOO®©OOO®OOGOOO0O0 0
Emitter 9 0O 00O0ODOOO® OOOOOO® OO OO OO OO OOO® OOO OO OO OO OOO©OOO OO OOO®©OOO OO OGOO OO OOGOTOGO0O0 O
Emitter 10 0O 00O0OOOOOOOOOOOOO®OOO OO OOO OO OOO® OOO©OOO®©OOO O OOO©OOO®©OOO OO OOGO OO OO0 O0 0
Emitter 11 0O 00O0OOOOOOOOOOOOO®©OOOOOO©OOO®©OOO OO OOO©OOO®©OOO®©OOO®©OOXO0O0GOOO0O0 0
Emitter 12 0O 00O0OOOOOOOOOOOOOOOOOOO O OOO®©OOO©OOO©OOO®©OOO®©OOO®©OOO®OOGO OO OO O0 0
Emitter 13 0O 0O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOO®OOO©OOOOOOOOOOGOOOGOO0O0 0
Emitter 14 0O 00O0OOOOOOOOOO® OO OO OOO® OOOOOO OO OOO® OOO©OOO OO OOO®©OOO®©OOO OO OIXTOTOGOO0 0
Emitter 15 0O 00O0OOOOOOOOO OO OO OO OO OO OO OO OO OOIXO OO O ONXO0O0ONXOXO0XOXO0XO0XO0XO0XO0 X 0 X
Emitter 16 0O 00O0OOOOO OO OO OO OO OO OO OO OO OO OOOXOXOOOIXOXOXO0XO0O0O0XO0JXO0XO0XO0X 0 X 0
Emitter 17 0O 00O0OOOOOOOOOOOOO®OOO OO OOO®©OOO®©OOO O OOO®©OOO®©OOO®©OOO©OOO®OOGO OO OO0 O0 0
Emitter 18 0O 0O 0OOOOOO®OOOOO®O®©OOOXOO®©OOOXO®OOXO0O0O0OONXXO0XO0O0XO0XO0X 0X X X 0 X
Emitter 19 0O 00O0OOOOOOOOOOOOO®OOO OO OOO® OOOIXOOIXO0OIXO0O0O0OO®©OOO®©OOXO0O0XO0O0 0 0
Emitter 20 0O 0O0OO0OOOOOOOO®OOOOOOO®OOOO®OO OO ONX®OXO0O0O0XX XX X X X X O0XO0O0XO0O0O0 X X X
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STUN \ Risk of clogging of drip lines during urine fertilization

Appendix K — Overview numbers of blocked emitters

un [Bociogemmes
~[woerr [worz [t [z Jsear 5oz [wmeriaz]wciez [searez]
1 0 0 0

0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 1 0 0 0 1
4 0 0 0 2 3 0 0 2 3
5 0 1 0 1 2 0 1 1 2
6 0 1 1 2 1 0 1 3 1
7 0 1 1 2 1 0 1 3 1
8 0 1 0 2 1 0 1 2 1
G 1 1 0 2 3 1 2 2 4
10 2 1 1 2 5 0 3 3 5
11 2 1 3 3 6 0 3 6 6
12 2 1 2 3 8 3 3 B 11
13 2 4 3 4 8 3 6 7 11
14 2 2 2 6 6 3 4 8 €
15 2 3 3 5 7 2 5 8 9
16 2 4 4 7 7 4 6 11 11
17 2 3 3 6 6 5 5 9 11
18 3 5 3 7 8 5 8 10 13
19 3 6 3 7 8 4 9 10 12
20 3 5 3 6 8 4 8 9 12
21 4 5 4 6 8 4 © 10 12
22 4 7 4 8 7 6 11 12 13
23 4 7 4 7 8 5 11 11 13
24 4 8 5 7 8 6 12 12 14
25 4 8 4 10 7 6 12 14 13

Bl s



Appendices \ -

Appendix L — Drip irrigation brochures

A full PDF version of the brochure can be downloaded in either Nepali or English on www.eawag.ch/stun.

Dosing: When fertigate?

Irrigation:

Use water in your drip system as often as your plants
need water.

Fertigation:
Use the urine & water mix (1 part urine per 3 parts of
water) three times during one cropping season, i.e. from
the planting until the harvest. As a general rule of thumb,
use 0.7 L/m? of urine at every fertigation stage:

1. One week after planting
2. Half-time between planting and flowering
3. When the crops are flowering

For crop-specific urine dosing, refer to the publications
indicated to the right (Further readings).

Calculation example:
Field size:
12 m length by 3.5 m width = 42 m2 area
Urine volume (per fertigation stage):
42m2-0.70L/m2=29L
The urine volume may be applied in three runs of 10 litres
of urine mixed with 30 litres of water. Spread the runs
over two days. Repeat the runs at every fertigation stage
(1, 2, 3, as described above).

Suppliers of drip systems

Further readings

+ Zandee, M. (2011): Basic urine use guidelines for Nepal. Eawag:
Swiss Federal Institute of Aquatic Science and Technology,
Dubendorf, Switzerland.

« Zandee, M., Etter, B., Udert, K.M. (2011): Clogging of drip-line
emitters during urine fertilisation through drip irrigation equipment.
Project report. Eawag: Swiss Federal Institute of Aquatic Science
and Technology, Dibendorf, Switzerland.

* Richert, A., Gensch, R., Jénsson, H., Stenstrém, TA.,
Dagerskog, L. (2010): Practical guidance on the use of urine in
crop production. EcoSanRes Programme, Stocholm Environment
Institute, Sweden.

Palada. M., Bhattarai, S., Wu, D., Roberts, M., Bhattarai, M.,
Kimsan, R., Midmore, D. (2011): More crop per drop: Using simple
drip irrigation systems for small-scale vegetable production. The
World Vegetable Center, Shanhua, Taiwan.

> Download the publications from www.eawag.ch/stun

Internet resources

+ www.eawag.ch/stun

+ www.ideorg.org/OurTechnologies/Driplrrigation.aspx
« www.kdf.org.np

* WWw.ecosanres.org

* www.sswm.info

Contact information

Eawag
Swiss Federal Institute of Aquatic Science and Technology
Department for Water and Sanitation in Developing Countries

Uberlandstrasse 133, 8600 Diibendorf, Switzerland

Phone +41 44 823 50 48, Fax +41 44 823 50 28
www.eawag.ch/stun, struvite.nepal@eawag.ch

ENPHO

EE LIS

How to use urine in

drip irrigation

Urine contains valuable nutrients; it is an excellent
fertilizer if applied to crops.

With a drip irrigation system, a maximum of water
reaches the crops directly: you save time and water used

With drip irrigation:
- you use less water, because the water reaches the
plants directly through a hose and does not evaporate.

« you save time used for irrigation, because you only
have to fill the tank and open the tap, once the system
is installed.

e

2. Mix urine & water
briefly with a stick.

1. In a 50 litre tank add:
10 litres of urine +
30 litres of water.

Urine: Fertilization

By using urine in your drip system:

= your crops receive a balanced nutrient supply,
including nitrogen, phosphorus, potassium, and sulfur.
« the urine reaches the root zone directly, avoiding
leave contact, which might damage the plants.

- nitrogen does not evaporate as ammonia, which
would cause bad smell and nutrient losses.

Fertigation

4. Open the the
irrigation outlet.

3. Let the sediments
settle during 30 min.

Harvest urine

5. Let the tank drain

In Nepal: Environmental and Public Health Organization
for irrigation.
Thapa Mould and Die GPO Box 4102, 110/25 Aadarsha Marg
Gwarkho New Baneshwor, Kathmandu, Nepal From time to time, you may add urine to your irrigation
) Phone +977 1 44 68 641/44 93 188, Fax +977 1 44 91 376 system to provide your crops with a balanced nutrient
Lalitpur www.enpho.org, enpho@mail.com.np supply.
+977 152 03 688 KDF
Outside Neoal Khotang Development Forum
utside Nepal: PO Box 354, Patan Dhoka, Lalitpur, Nepal
Check the IDE website for contacts: Phone +977 155 70 187, Fax +977 155 70 187
www.ideorg.org/OurTechnologies/Driplrrigation.aspx www.kdf.org.np, khotangdev@gmail.com
Eawag: Swiss Federal Institute of Aquatic Science and Technology
© Eawag, 2011 KDF: Khotang Development Forum
Water: Irrigation Maintenance
Drip irrigation & urine fertilization = Once a week:

« remove and clean the cloth filter at the tank outlet.
- while running your drip irrigation kit, check if any
emitters have become blocked. If so, remove the
precipitates with a ballpoint pen to unblock the
emitters.

6. Invert the tank to remove the
completely before sediments — use them as a

closing the valve. nutrient-rich fertilizer.

irrigation tank:
+ 50 L polypropylene drum (or larger)

screen filter (inside):
« prevents particles from entering lines

outlet valve:
« about 5 cm above the tank's bottom

main distribution line:
- 12 mm hose connecting tank and drip lines

drip line:
+ 8 mm hose extended over the field

- from urine diverting toilets
« from urinals
« in public buildings, e.g. schools

drippers/emitters:
+ small holes spaced 60 cm

Recommendation:

« Store the urine for 1 month.

+ Use gloves and a face mask when
handling urine.



http://www.eawag.ch/stun

Risk of clogging of
drip-line emitters during
urine fertilization through
drip irrigation equipment

www.eawag.ch/stun
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