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Abstract Human excrement (faeces and urine) contribute only small volume in domestic
wastewater but are one of the main causes of water pollution. On the other hand, they contain very
valuable nutrients to be reused as anthropogenic fertilizer through proper collection, treatment and
hygienisation process. To know the potential of nutrient recovery and reuse in Indonesia, a pilot
scale source separation domestic wastewater system has been built in Surabaya and has showed so
far promising results. Using urine diverting toilets, up to 86 % Nitrogen, 21% Phosphorous and 69
% Potassium from urine and 12 % of Nitrogen, 68 % of Phosphorous and 20 % of Potassium from
the faecal matter respectively can be recovered.

The separated urine was stored for 6 months before usage as fertilizer for hygienic reasons, while
the separated faecal matter was composted with worms (vermicomposting). In order to investigate
the fertilizing effect, a preliminary cultivation experiment has been done on baby rose plant using
different fertilizers for two months.

Keywords anthropogenic fertilizer; Ecological Sanitation; brownwater; greywater; yellowwater;
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INTRODUCTION

Domestic wastewater constitutes mostly of organic and inorganic matter, pathogenic bacteria and
heavy metals. In high concentration, these substances cause problems in surface water. On the other
hand, domestic wastewater also contains valuable nutrients that would be valuable for agricultural
purpose (Esrey et al., 2001), especially nitrogen (N), phosphorus (P) and potassium (K) that are
contained mostly in human urine and faeces (Jonsson et al., 2004). These nutrients would be
unrecoverable if they are diluted with large amount of wastewater.

Case Study in Indonesia

Large-scale municipal (centralized) wastewater treatment is not a feasible option for Indonesia. It is
costly and resource-consuming to construct, maintain, and upgrade sewerage systems and treatment
plants to satisfy ever increasing requirements for effluent and sludge quality. On-site treatment such
as septic tank or pit latrine is also not recommended because of groundwater pollution if it is not
properly designed and well managed. It is especially problematic for densely populated areas in
Indonesia. The partially-treated or untreated effluent from household sanitation facilities in
Indonesia typically flows into open drains or directly into water bodies. Therefore, Indonesia is in
urgent need for a new domestic wastewater treatment system.

As a preliminary study to implement Ecological Sanitation concept in Indonesia, a pilot plant with
urine diversion toilet was built in a densely populated urban area in Surabaya, Indonesia. Surabaya
is the second largest city in Indonesia and has a population of about 3 million people.
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In the pilot plant, household wastewater was separated into brownwater, yellowwater and
greywater. One unit of squatting pour-flush urine diversion toilet was installed and used to separate
the yellowwater and brownwater. The following flowchart shows how the pilot plant works. It has
a circular flow of water and nutrients to reuse the nutrients for agricultural purpose.
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Figure 1. Circular flow of water and nutrient at the pilot plant in Surabaya

The urine diversion toilet was built in an office building with 10-15 employers. It was used daily by
the workers during working hours. During the night, it was used by 2-3 workers. Table 1 below
shows the nutrient’s proportion from the pilot plant based on the assumption that every person
produces 107 1 greywater, 3 | yellowwater (including washwater) and 0.25 kg brownwater daily.

Table 1. Characteristics of different wastewater streams at the Surabaya pilot plant, Indonesia

Volume Flow Greywater Urine Faeces
Nitrogen (N) 2% 86 % 12 %
Phosphorous (P) 11 % 21 % 68 %
Potassium (K) 11 % 69 % 20 %

Under the urine diversion toilet, the separated yellowwater was put in a tightly closed storage tank
at room temperature for 6 months for hygienic reasons. Before using the urine as fertiliser, it has to
be guaranteed that the urine is free from harmful microorganisms. From microbiological aspects,
the remaining pathogenic organisms in urine is caused by a faecal cross-contamination (e.g.,
Jonsson et al., 1999; Esrey et al., 2001), which are found to die off during 6 months of storage
(Hoglund, 2001; Vinneras, 2002).

The separated brownwater was collected in a solid-liquid separation tank, where the liquid and solid
part of the brownwater will be separated by a fish net hanging in the tank. The liquid part flows
through towards a small constructed wetland for further treatment. The remaining solid part was
vermicomposted to produce a relatively safe anthropogenic fertilizer. For safe re-use of human
faeces, the destruction of pathogens is compulsory (Peasey, 2000; Esrey et al., 2001) and one of the
methods for pathogen removal is vermicomposting.

MATERIALS AND METHODS
Vermicomposting



A small-scale vermicomposting experiment has been done on the separated brownwater from the
urine diversion toilet. The remaining solid part of the brownwater were taken out from the solid-
liquid separation tank and put into a small bucket. Then worms were put into the buckets for
vermicomposting process. Two worm species were used: Lumbricus rubellus and Eisenia foetida.
Samples were taken on the 30t day of the composting process for nutrient content and
microorganism analysis.

Cultivation experiment
To assess the fertilizing effect from nutrients

contained in urine and faecal matter, a preliminary pabyrose

cultivation was done on baby rose (Rosa - O

multiflora). This plant was chosen because of its ,

rapid growth (2-3 month) and it can be planted in \\

every season (rainy and dry season). h=t15¢ / ] Soil as medium
for growth

In this experiment, three plants were fertilized L JT> Pot:@=15cm

with different fertilizers: . .

1. Urine Figure 2 — Pot for planting

The urine dose was calculated based on the experience of Singh (2003) in India. He planted
tomato and chillies with 200 ml urine without dilution, which was given to the plant once at the
beginning. Since the users of urine diversion toilet in this research use cleansing water, it is
assumed that the collected urine is 8 times diluted, which makes a total dose of 1600 ml. As the
planting time is 8 weeks, the urine dose of 200 ml/week was applied.

2. Compost from faecal matter
The amount of faecal compost added should be based on the current recommendation for the
use of phosphorous-based fertilizers (Vinneras et al., 2003), which is the same dose as the
phosphate content in synthetic fertilizer (14%). The normal dose for Indonesian synthetic
fertilizer is 1000 kg/ha or 0.1 kg/m* (Wiryanta, 2002). Since the small pot used in this
experiment has an area of about 0.018 m? the total synthetic fertilizer dose is equal to 1.8 gram.
Thus, the compost from vermicast that should be added to the pot will be 1.8 grams multiplied
by 14%, which is equal to 0.252 gram. Hence, a dose of 140 kg/m” of faecal compost are added
to the soil. In addition, the plant were watered with tap water regularly.

3. Combination of urine and vermicast
The fertilizer dose was a mixture of 200 ml/week for urine and 140 kg/m? for faccal compost.

Growth of babyrose plants was analysed based on two parameters: plant’s height and number of
leaves.

RESULTS AND DISCUSSIONS

Converting pathogenic faecal matter into valuable compost

After 1 month of vermicomposting for wet faecal matter without toilet paper, a good quality of
compost was produced, which has already complied with the Indonesian National Compost
Standard. It had a C/N ratio of 11-12 and contained very low amounts of E.coli (100-200 MPN/gr).
The smell was already similar to soil and it has no faecal appearance anymore. The final compost
characteristics were shown in the following table and visualised in figure 3 (a) and (b).



Table 2. Compost characteristic from the Ecosan pilot plant in Indonesia after vermicomposting treatment

Because Indonesian people use wet anal cleansing instead of toilet paper, the compost product
contains less C/N ratio compared to other composting studies done in developed countries. A
laboratory analysis of carbon content in toilet paper revealed that it contains 42 % of Total Carbon.
Therefore, the absent of toilet paper and other bulk material in this research could be the reason for
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Figure 3.

composted

composted

(a) Faecal matter (without toilet paper) +
Eisenia foetida after 30 days

(b) Faecal matter (without toilet paper) +
Lumbricus rubellus after 30 days

Parameter Indonesian Compost National Standard Eisenia foetida Lumbricus rubellus
C(%C) Min. 9.8 17.11 14.6
N (%Kjeldahl) Min. 0.40 1.48 1.22
P (%P,0s5) Min. 0.10 3.36 3.08
K (%K,0) Min. 0.20 3.51 2.98
E.coli (MPN/gr) Max. 1000 MPN/gr 120 230
CIN Min. 10 11.56 11.97

the low C/N ratio.

Table 3. Comparison of compost characteristic with other researches

Parameter Other investigations on composting with faecal matter
Naudascher, 2001 Gajurel, 2003 Shalabi, 2005*
C(%C) 48.6 —50.2 39.5-45.8 46 — 52
N (%Kjedahl) 1.60-2.24 2-28 1,8-4
C/N 22.2-31.9 16.4 - 19.75 20-22

* = not published yet

Reusing human urine as fertilizer and faecal compost as soil conditioner

Planting baby rose with different fertilizers showed significant differences in plants given urine

fertilizer (figure 4 and 5).

o

ight (cm)

Hei
(3
(=]

o

(%3
o
L

S
L

S
L

11 16 21 26 31 36 41 46 51 56
Day

Vermicast (dose 140 kg/m2)
—0— Urin 200ml/week

—>— Urin 200ml/week + vermicast 140 kg/m2

3
1S

=
o

Number of leaves
— (3} (%) S
(=} (=3 (=1 (=}

o

=
IS
L

%3
=)
L

11 16 21 26 31 36 41 46 51 56
Day
Vermicast (dose 140 kg/m2)
—<o— Urin 200ml/week

== Urin 200ml/week + vermicast 140 kg/m2

Figure 4 Height of tomato’s stalk

Figure 5 Number of leave of tomato




Figure 6 below shows that after two months, urine application gave better and faster growth to baby
rose. In this experiment, only baby rose fertilized with urine had flowers. Possible reason for this is
because urine is a quick-acting fertilizer (Jonsson et al. 2004) and has higher nitrogen content
compared to other fertilizers. Nitrogen found in abundance in urine is good for plant growth
because it helps to build protoplasm, protein, promotes leaf and other components of plant growth
(Morgan, 2004).

Figure 6. Different growth rate of baby rose

Plant given faecal compost had approximately similar number of leaves with plant given a mixture
of urine and faecal compost. But the former did not have any flower. Possible reason for this is
because urine and faecal matter supplement each other and because faecal matter is a slower acting
fertilizer. Nutrient content of faccal matter is considerably lower than urine, especially the amount
of plant-available nitrogen. Main contribution from faecal matter is the content of phosphorus and
potassium and increase in buffering capacity of the soil (Vinneras et al, 2003).

Potential of nutrient reuse from human excreta on agriculture
Nutrients collected from the urine diversion toilet proofed that the majority of potential fertilizer
was found in urine.

Table 4. Estimated calculation of yearly nutrient excretion per person in different countries
(adapted from Langergraber and Muelleger, 2004)

Nutrient
Country Nitrogen Phosphorus Potassium
% inurine % infaeces % inurine % infaeces % inurine % in faeces
China 87.5 12.5 66.7 33.3 72.2 27.8
Haiti 90.5 9.5 66.7 33.3 75.0 25.0
India 85.2 11.1 75.0 25.0 73.3 26.7
South Africa 88.2 11.7 60.0 40.0 75.0 25.0
Uganda 88.0 12.0 75.0 25.0 71.4 28.6
Sweden* 88.0 12.0 66.7 33.3 71.4 28.6
Indonesia** 87.6 12.3 23.5 76.5 77.3 22.7

* =Jonsson and Vinneras, 2003
** = data obtained from the Ecosan Pilot-Plant in Surabaya, Indonesia

The nutrient content of collected urine and faecal matter in this study were similar to other
investigations, except for phosphorous content. In this study, urine contains less phosphorous than
faecal matter, while the others had contrary condition. Different diet behaviors are considered as the
reason for this difference. Dairy products (including yoghurts and milk), meat, and fish are
particularly rich sources of phosphorus. These kinds of food are not very common to low-income
population in Surabaya because they simply can not afford it. People living in the case-study area



mostly eat tofu, tempeh (both are made from soybean which have a high protein content), and
sometimes eggs or fish. Proteins from these foods contain high amounts of amino acids which are
the biggest source of Nitrogen.

Assuming that the entire Indonesian population separates their domestic wastewater and nutrients
are collected, high amounts of fertilizers could be produced. However, the estimated total nutrient
content of urine and faecal matter from Indonesia total population could not fulfill the
corresponding fertilizer demand, in particular for phosphorous and potassium fertilizer (see table 5)
due to less phosphorous and potassium content in the anthropogenic fertilizer from the Surabaya
pilot plant.

Table 5. Average consumption and estimated production of fertilizer in Indonesia

Fertilizer Estimated production from separation Average consumption (data
(1000 tonnes/year) wastewater system from 1995-1999)*
Nitrogen 2842,62 1690,58
Phosphorous 136,51 280,11
Potassium 176,67 187,31
TOTAL 3155,8 2158

* = after Suhadi, 2002

CONCLUSIONS

Although produced in a small daily amounts, human excreta contains high amount of nutrients
which can be recovered as valuable resources for agriculture. By using a urine diversion toilet, urine
and faecal matter were collected and treated separately in a pilot-plant scale in Surabaya, Indonesia.
Small-scale cultivization experiments with baby rose plants have been carried out, and it revealed
that human excreta (urine and faecal) which has undergone hygienization process showed a good
potential to be reused as anthropogenic fertilizer.

In this case study, urine contained up to 31 kg Nitrogen, 0.4 kg Phosphorous and 1.7 kg Potassium
per person annually. The second largest nutrient content was found in faecal matter which contained
4.4 kg Nitrogen, 1.3 kg Phosphorous and 0.5 kg Potassium per person annually. The
vermicomposting experiment on wet faecal matter without toilet paper produced good quality of
compost, which has already complied with Indonesian National Compost Standard.

If human excreta could be used as nutrient source for agricultural purposes, then it is possible to
substitute the use of synthetic fertilizers. However, more research is still needed to optimize the
implementation of Ecological Sanitation Concept in Indonesia.
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