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CHAPTER 7

BACKGROUND TO URINE DIVERSION
TECHNOLOGY

“The mundane act of defecation has wrought profound effects on every
aspect of our social history.”

Lewis, D (1996). Kent Privies. Countryside Books,
Berkshire, UK.
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CHAPTER 7: BACKGROUND TO URINE DIVERSION
TECHNOLOGY

7.1 THE NEED FOR AN ALTERNATIVE TO VIP TOILETS

In chapters 1 and 2 the main construction and operational disadvantages of VIP toilets
were described. These can be summarised as follows:

. Adverse geotechnical conditions, for example hard ground or non-cohesive soils,
have a negative effect on the capital cost of constructing VIP toilets, while a
shallow water table presents a danger of aquifer pollution;

. when pits become full, it is not always a feasible option, either physically or
economically, to empty them or to build new toilets;

. a perception exists that this technology is a “poor man's solution” to the sanitation
problem; :
. various socio-cultural, educational and institutional issues associated with VIP

toilets have not been adequately addressed;
. there exists a lack of innovation for people with differing needs and customs; and

. they are unsuitable for densely-populated urban or peri-urban areas.

To address these shortcomings, it has been necessary to think beyond the limitations
imposed by traditional methods of providing dry sanitation. This need has been supported
by increasing awareness worldwide of the environmental issues associated with sanitation.
Furthermore, pressure on land to produce more food to feed the ever-growing populations
of developing countries has made it imperative to utilise natural resources, including
human excreta, wherever possible. The concept of ecological sanitation, or “eco-san” as
itis also known, is seen as an alternative solution to some of the problems associated with
pit toilets, environmental degradation and food shortages.

In chapters 2 and 3 the problems of conventional sanitation approaches were expounded
upon at some length. These vary from the poor status of the sanitation sector, inadequate
institutional capacity to deal with the sanitation process, the fixation with providing either
a full waterborne system or a VIP toilet, the social acceptability of different systems, and
the perception that dry, on-site sanitation systems are inherently inferior. It was also
emphasised that the basic purpose of any sanitation system is to contain human excreta
(chiefly faeces) and prevent the spread of infectious diseases, while at the same time
avoiding damage to the environment. If an alternative sanitation technology can do all
these things with fewer operational and maintenance problems than those associated with
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conventional VIP toilets, and also produce a free, easily accessible and valuable resource
for agricultural use, then the implementation of such a technology should be actively
encouraged.

Ecological sanitation systems are neither widely known nor well understood. They cannot
be replicated without a clear understanding of how they function and how they can
malfunction. They have some unfamiliar features such as urine diversion pedestals or
squatting plates, which raise questions about their cultural acceptability. In addition, they
require more promotion, support, education and training than ordinary pit or VIP toilets
(Esrey et al 1998).

A concern is often expressed that some ecological sanitation systems are too expensive
for low-income households in developing countries. Eco-san systems need not cost more
than conventional systems. While some systems may be sophisticated and expensive,
others are relatively simple and low-cost. There is often a trade-off between cost and
operation: lower cost solutions mean more manipulation and care of the sanitation system,
while with higher cost solutions manipulation and care can be reduced. Eco-san systems
need not be expensive to build because:

. the entire structure is built above ground — there is thus no need for expensive
digging and lining of pits;

. urine is diverted, no water is used for flushing and the volume of the processing
vault is fairly small, as it is emptied periodically; and

. the contents of the processing vault are dry, which means that there is no need for
expensive watertight constructions (Esrey et al 1998).

The introduction of eco-san systems is bound to lower the total costs of urban sanitation
in particular. If awaterborne systemis being considered, the sewers, treatment plants and
sludge disposal arrangements will cost several times as much as an eco-san system, while
for ordinary VIP tollets the institutional capacity required for desludging full pits may be
nonexistent . These are important considerations for developing countries, where public
institutions face stringent financial limits (Esrey et al 1998).

7.2  HUMAN EXCRETA -
WASTE PRODUCT OR VALUABLE RESOURCE?

7.2.1 Biology of human excreta

For adult persons who maintain approximately the same mass during their lifetimes, the
excreted amounts of plant nutrients are about the same as the amount eaten. The
excreted amounts of plant nutrients depend on the diet and thus differ between different
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persons as well as between different societies (Jonsson 1997). A great deal of research
on the subject has been carried out in Sweden and Table 7.1 is based on the average
Swedish diet and Swedish circumstances. Although the comparative figures for other
countries can be expected to be somewhat different, the overall picture will be essentially
the same.

Table 7.1: Estimated Swedish averages for mass and distribution of plant nutrient
content in urine and faeces (based on Joénsson 1997)

Parameter

Wet mass 900 - 1200 90 70 - 140 10 970 - 1340 100
Dry substance 60 63 35 37 95 100
Nitrogen 11 88 1,5 12 12,5 100
Phosphorus 1,0 67 0,5 33 1,5 100
Potassium 2,5 71 1,9 29 3,5 100

Roughly 65 to 90 % of the excreted nitrogen, phosphorus and potassium are estimated to
be found in the urine. Furthermore, plant nutrients excreted in urine are found in chemical
compounds that are easily accessible for plants. Initially 80 - S0 % of the nitrogen is found
as urea, which rapidly degrades to ammonium and carbon dioxide as follows:

CO(NH,), + 3H,0 = CO, + NH," + 20H"

The urea degradation increases the pH value of the urine from its normally slightly acidic
state (pH 6 when excreted) to a value of approximately 9. The phosphorus in the urine
is in the form of phosphate, while the potassium is in the form of ions. Many chemical
fertilisers contain, or dissolve to, nitrogen in the form of ammonium, phosphorus in the
form of phosphate and potassium in the form of ions. Thus, the fertilising effect of urine
ought to be comparable to the application of the same amount of plant nutrients in the
form of chemical fertilisers (Jonsson 1997).

The faeces contain undigested fractions of food with plant nutrients. However, organicaily
bound plant nutrients are not plant available. The undigested food residuals have to be
degraded before their plant nutrients become available, therefore the plant availability of
the nutrients in faeces is expected to be slower than the plant availability of the nutrients
in urine (Jonsson 1997).
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7.2.2 Potential for reuse of human excreta

Key features of eco-san are prevention of pollution and disease caused by human excreta,
treatment of human excreta as a resource rather than waste, and recovery and recycling
of the nutrients. In nature, excreta from humans and animals play an essential role in
building healthy soils and providing valuable nutrients for plants. Products of living things
are used as raw materials by others. Conventional approaches to sanitation misplace these
nutrients, dispose of them and break this cycle (Esrey et al 1998).

The fertilisers excreted by humans are sufficient to grow the 230 kg of crops they need
each year, as illustrated in Table 7.2 below. The table is based on an average human
production of 500 litres of urine and 50 litres of faeces per year.

Table 7.2: Annual excretion of fertiliser by humans compared with fertiliser
requirement of cereal (Wolgast 1993)

Nitrogen 5,6 kg 0,09 kg 5,7 kg
Phosphorus 0,4 kg 0,19 kg 0,6 kg
Potassium 1,0 kg 0,17 kg 1,2 kg
Total 7,0 kg 0,45 kg 7,5 kg
N+P+K (94 %) (6 %) (100 %)

Obviously human urine is the largest contributor of nutrients to household wastewater. If
no phosphate detergents are used, at least 60 % of the phosphorus and 80 % of the
nitrogen in household wastewater comes from urine. The total quantities of nutrients in
human urine are significant when compared with the quantities of nutrients in the mineral
fertilisers used in agriculture. For example, it is estimated that in Sweden the total yearly
production of human urine contains nitrogen, phosphorus and potassium equivalentto 15 -
20 % of the amounts of these nutrients used as mineral fertilisers in 1993. Thus, by
source-separating human urine, the amounts of nutrients recycled to arable land can be
significantly increased while at the same time the nutrient load of wastewater can be
significantly decreased (Jénsson 1997).

The fertilising effect of source-separated urine has been tested in some experiments in
Sweden and appears to be almost as good as that of the corresponding amount of
chemical fertiliser, provided that ammonia emission from the urine is restricted. The
uptake of urine nitrogen by barley harvested at flowering stage was found to be 42 % and
22 % at two application rates, while the uptake of ammonium nitrate nitrogen at the same
application rates was 53 % and 28 % respectively. The lower uptake of urine nitrogen has
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been explained by higher gaseous losses of nitrogen (i.e. ammonia) from urine than from
ammonium nitrate. The utilisation of urine phosphorus, however, was found to be 28 %
better than that of chemical fertiliser. The barley fertilised with urine derived 12,2 % of the
phosphoerus, while that fertilised with dipotassium hydrogen-phosphate derived only 9,1 %
from the fertiliser. In a field experiment, the nitrogen effect on oats of stored urine was
compared to that of ammonium nitrate fertiliser at three different application rates. The
human urine, which was surface spread and immediately harrowed into the ground, gave
approximately the same yield as the corresponding amount of chemical fertiliser. Using
the recycled toilet products as fertilisers will therefore save chemical fertilisers containing
almost the same amount of nutrients and thus also the resources needed to produce and
distribute them (Jonsson 1997).

A major advantage of using human urine instead of chemical fertilisers or sewage sludge
is the very low concentrations of heavy metals found in urine (Jénsson et al 1997). This
viewpointis supported by Hanaeus et al (1997) who state that the quality of sewage sludge
is not fully trusted by agriculturalists due to the risk of hazardous compounds being
present. According to Hoglund et al (1998), human urine in Sweden contains less than
3,6 mg Cd/kg P, while commercial chemical fertilisers contain approximately 26 mg
Cd/kg P. Furthermore, the sludge from the 25 largest sewage plants in Sweden was found
in 1993 to contain an average of 55 mg Cd/kg P.

Although faeces contain fewer nutrients than urine, they are a valuable soil conditioner.
After pathogen destruction through dehydration and/or decomposition, the resulting
inoffensive material may be applied to the soil to increase the organic matter content,
improve water-holding capacity and increase the availability of nutrients. Humus from the
decomposition process also helps to maintain a healthy population of beneficial soil
organisms that actually protect plants from soil-borne diseases (Esrey et al 1998).
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