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FOREWORD

Concerted efforts have been made in the past twenty years to
provide adequate sanitation, latrines and sewers, to people to
dispose of their excreta. Despite these efforts, almost three bil-
lion people –half of humanity– are without these services.
Lack of these services is a major cause of suffering and
death for millions of children and their families. Many of
those with “adequate” exc reta disposal services are not
awa re of the pollution generated by these systems nor of the
re s o u rces wasted by them.

Ecological sanitation offers an alternative to conventional san-
itation, and it attempts to solve some of society's most press-
ing problems: infectious disease, environmental degradation
and pollution, and the need to recover and recycle nutrients
for plant growth. In doing so, ecological sanitation helps to
restore soil fertility, conserve freshwater and protect marine
environments –which are sources of water, food and medici-
nal products for people.

Ecological sanitation is different from conventional approach-
es in the way people think about and act upon human excre-
ta. First, those promoting and using ecological sanitation take
an ecosystem approach to the problem of human excreta.
Urine and faeces are considered valuable resources, with dis-
tinct qualities, that are needed to restore soil fertility and
increase food production. Thus, sanitation systems should be
designed to mimic ecosystems in that the “waste” of humans
is a resource for microorganisms that help produce plants and
food. Second, ecological sanitation is an approach that
destroys pathogens near where people excrete them. This
makes reuse of excreta safer and easier than treatment of
wastewater that often fails to capture the nutrients it trans-
ports to downstream communities. Third, ecological sanita-
tion does not use water, or very little water, and is therefore a
viable alternative in water scarce areas. Fourth, ecological
sanitation can provide hygienic and convenient services at a
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much lower cost than conventional sanitation, and therefore,
should be considered both in developing and developed coun-
tries.

Ecological sanitation is a system that encourages local initia-
tives and local leadership, from workshops that sell the toi-
lets, to home gardens that produce food. Important advances
in ecological sanitation have occurred over the past two years
since the book on Ecological Sanitation was published. The
workshop publication, on which this book is based, captures
many of those important advances, particularly the experi-
ence and advances in designing ecological toilets, reuse of
excreta and prospects for urban agriculture and food security.
The south-to-south exchange of experiences depended on
experts in sanitation, public health, agriculture, nutrition and
participatory development to address the ecosystem approach
- closing the loop to food security.

We hope the present publication will inspire UNDP and Sida
funded projects and programmes as well as other develop-
ment interventions, to consider ecological sanitation in all
water and sanitation activities.

New York and Stockholm, October 2000

Closing the loop2

Roberto Lenton  
Director
Sustainable Energy
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Director
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EXECUTIVE SUMMARY

An international, interdisciplinary workshop held in Cuer-
navaca, Mexico from 17-21 October 1999 brought together
professionals in the areas of alternative sanitation, public
health, nutrition and agriculture from countries in Latin
America, Africa, Asia, North America and Europe.

The outcome of the workshop represents a shift in the way
people think about and act upon human excreta. A different
paradigm, based on an ecosystem approach, is evolving.
Nutrients and organic matter in human excreta are considered
a resource —food for a healthy ecology of beneficial soil
organisms that produce food or other benefits for people.
Sanitation practitioners must link with others in public
health, agriculture and nutrition to close the nutrient loop in
a safe, non-polluting way. What is perceived as human waste
must be managed in the future as an important resource to be
recovered and recycled. 

In the alternative approach to sanitation —ecological sanita-
tion— excreta are processed on site, and if so required off site,
until completely free from pathogens and inoffensive. The fae-
ces are sanitised (composted or dehydrated) close to the place
of excretion, and the composted organic matter is applied to
the soil to improve its structure, water-holding capacity and
fertility. Valuable nutrients contained in excreta, mostly in
urine, are returned to the soil for healthy plant growth.

It is a different way of thinking: a “closed-loop-approach” to
sanitation, in which the nutrients in excreta are returned to
soil instead of water or deep pits. Ecological sanitation is not
merely a new latrine design. The closed-loop approach is also
a zero-discharge approach, keeping fresh and marine water
bodies free of pathogens and nutrients.

Ecological sanitation is applicable in the North and the South,
for rural and urban areas, and for rich and poor alike.

Executive summary 3
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Workshop participants presented experiences in ecological
sanitation from a variety of physical and socioeconomic envi-
ronments such as Mexico, Zimbabwe, China and Sweden. It
was clearly demonstrated that, if applied pro p e r l y, the
approach can be culturally and socially acceptable, even
though cultural resistance to handling and using human exc-
reta must be addressed. At the same time there is a definite
need for further research, development and adaptation of
technical issues in different cultural settings; a better under-
standing of economic and financial issues; as well as better
social marketing and hygiene education.

In ecological sanitation systems no water, or very little water,
is required. It is thus very appropriate for areas with water
shortages or irregular water supplies. It is a decentralised sys-
tem, based on household and community management, and
the need to invest in large-scale infrastructure and operate
centralised institutions is drastically reduced. Fewer sewers
and deep pit latrines will reduce the risk of pollution of
ground and surface water.

An important finding from the workshop is that ecological
sanitation is highly relevant in the contexts of both urban
agriculture and poverty reduction. Households can improve
the productivity of their gardens, reduce food costs, grow
fruits and vegetables nearby for their own consumption, and
improve the nutritional status of children and their parents.

A brief introduction by Ingvar Andersson introduced the
workshop and the  ecosystem approach. The section on toilet
design is based on a presentation by Peter Morgan, and dis-
cussions centred around working group deliberations and
field visits. Because the goals of ecological sanitation are dif-
ferent than those from conventional approaches, an ecological
toilet will not only look different, it will also function differ-
ently than conventional toilets. Experiences from Mexico and

Closing the loop4
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Zimbabwe are highlighted. A presentation by Thor-Axel
Stenström offered data from different parts of the world on
pathogen destruction, as well as general issues about mea-
suring the safety of this approach. The basic products, urine
and faeces, were discussed from different points of view:  safe
management, resource value and the benefits of recycling.
The connection of ecological sanitation to urban agriculture
and food security is based on presentations by Jac Smit and
Steve Esrey, both of whom showed data from several parts of
the world and highlighted key statistics around these issues.
Finally, the report presents deliberations of the participants on
how to promote the concept of an ecosystem approach at the
global, regional and Mexican levels, as well as how to put it
into practice.

Executive summary 5
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INTRODUCTION

An international, interdisciplinary workshop held in Cuernava c a,
Mexico from 17-21 October 1999 brought together profession-
als in the areas of alternative sanitation, public health, nutri-
tion and agriculture from countries in Latin America, Africa,
Asia, North America and Europe.

The purpose of the workshop was to increase the under-
standing of how to develop more sustainable sanitation sys-
tems, particularly in urban/peri-urban contexts, while con-
tributing to food production and improved nutrition. More
specifically the objectives were to:

• g e n e rate greater awa reness and understanding of, and appre-
ciation for, an ecosystem approach that links sanitation,
agriculture, nutrition and health;

• foster these interdisciplinary relationships among partici-
pants;

• identify knowledge gaps in establishing an ecosystem
approach to sanitation with links to food security, and the
means to fill these gaps; and

• formulate concrete strategies for fostering an integrated
ecosystem approach to sanitation, particularly in Latin
America.

The interdisciplinary group of participants worked together to
advance an integrated and safe approach to sanitation. An
informal, participatory approach facilitated learning, and this
was complemented with a dynamic mix of formal presenta-
tions, group discussions, plenary presentations and field vis-
its. The participants included re s o u rce people with field ex p e-
rience in ecological and conventional sanitation, public health
ex p e r t s, urban agriculture ex p e r t s, nutritionists, and members
of the academic re s e a rch community concerned with health
and agriculture applied to the use of ecological sanitation pro d-
ucts for food production. Pa r t n e rs from gove r n m e n t s, NGOs
and bilateral and multilateral agencies also participated.

7
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Cuernavaca was chosen as the venue in order to learn from
the rich experience with ecological sanitation in Mexico. The
workshop also provided access to relevant experiences with
alternative sanitation, reuse and composting of human excre-
ta, and urban agriculture in other regions of the world. In par-
ticular, participants from Zimbabwe shared their experiences
with professionals in Latin America. The development of eco-
logical sanitation in Zimbabwe cove rs many interesting aspects
of an ecosystem approach to sanitation. Other contributions
covered a number of relevant aspects of creating a circular
flow of nutrients: designs for various toilets, health aspects,
reuse, urban agriculture and nutrition. 

The workshop was organised through an initiative from the
United Nations Development Pro g ramme (UNDP), and sup-
ported by the Swedish International Development Coopera t i o n
Ag e n cy (Sida), the United Nation's Children's Fund (UNICEF),
the Pan American Health Organisation (PAHO), the Thra s h e r
Re s e a rch Foundation, the World Bank Water and Sanitation
P ro g ram, and UNDP’s Country Office in Mexico. SA R A R
Tra n s fo r m a c i ó n, an international NGO based in Mexico, wa s
responsible for managing and facilitating the wo r k s h o p .

This is a report of the workshop’s major deliberations.

Closing the loop

About three billion people —half of humanity— lack safe san-
itation. Within 20 years it is expected that an additional two
billion people, living mainly in towns and cities in developing
countries, will be demanding sanitation. Every year between
two and three million people die because of inadequate sani-
tation, insufficient hygiene, and contaminated food and water.
A contaminated environment places people at obvious risk of
exposure to pathogens, harmful organisms that lead to infec-
tion and disease. Those most affected are poor people —chil-
dren, women and men living on marginal rural land and in
urban slums— in an environment contaminated with
pathogens. Poor people are victims caught in a vicious circle
—a "pathogen" cycle— in which offenders and victims live,
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work and play in close proximity to each other. The rich can
export their excreta through sewers, polluting the environ-
ment, and exposing and infecting those living downstream.
Pit latrines may leak or the contents may spread during
floods, placing others at risk of infection and disease (Fig. 1).

To break out of the vicious cycle of infection and reinfection,
we must address the causes of the problem and take preven-
tive measures to break the pathogen cycle. There is a need for
safe management of exc reta and quick destruction of
pathogens before excreta enter the environment. In short, a
different approach to sanitation is urgently needed.

The current situation is a fundamental denial of human dig-
nity, and the need for action is urgent. This is why UNDP,
UNICEF, bilateral agencies and NGOs have water, sanitation
and hygiene education on their agendas.

But a major and very basic question must be raised: Have we
been doing the right things?

Introduction 9
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Linear flows
“Flush-and-discharge” and “drop-and-store”.

Conventional sewage solutions based on the flush-toilet —the
“flush-and-discharge” model— have been successful in dis-
posing of excreta for the few who have access to a regularly
functioning flush toilet. The water-based sewage models we re
designed and built on the premise that human exc reta are a
waste suitable only for disposal, and that the natural enviro n-
ment is capable of assimilating this wa s t e. Yet these models
h ave failed to solve the sanitation needs for developing coun-
t r i e s. Annual investments for "modern" water and sewer sys-
tems have been estimated to be $30 billion, and by 2025 it may
cost $75 billion.1 This excludes the cost of maintenance. It
would cost $150 - 215 billion to achieve full compliance for
s ewage by 2010 in the European Union, and in the United
States pollution control over the next 20 ye a rs may cost $325
billion, with $200 billion for treating sanitary sewer ove r f l ows.
This is unaffordable for poor countries. In addition, a re g u l a r
supply of water is re q u i red for flushing. In wa t e r - s t ressed coun-
tries facing scarcity of other re s o u rc e s, it is ill-advised to use
15,000 litres of treated and safe drinking water per pers o n
every year to flush away an annual per capita output of 35 kilo-
g rams of faeces and 500 litres of urine. Over 90% of the sewa g e
in developing countries is discharged untreated into surface
wa t e rs, polluting rive rs, lakes and coastal are a s, and thus caus-
ing the spread of so-called "waterborne" diseases (Fig. 2). 
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The conventional solution for poor people in developing
countries is the pit latrine —the “drop-and-store” model—
that also has its shortcomings, especially in densely populat-
ed areas where space is limited. It cannot be used in areas
with impenetrable ground, high water tables, nor where
flooding is a problem. There is an obvious risk that ground-
water will be contaminated with pathogens from pit latrines,
threatening the drinking water supply. Fu r t h e r m o re, certain
disease ve c t o rs breed in humid pits, causing diseases such
as filariasis, ye l l ow fever and arbov i r u s e s.2 Re s e a rch has
also found evidence of increased nitrate levels in gro u n d
water caused by leakage from pit latrines.3 And as with
other sanitation solutions that are not properly constructed
and managed, pit latrines are disdained because of smells
and flies.

It must be clearly recognised, however, that successful sanita-
tion programmes have saved lives and reduced disease.4 When
conventional sanitation has been combined with improved
water supply and hygiene education, millions of lives have
been saved in rural and peri-urban communities in Africa,
Asia and Latin America.5

But disposal solutions lead to other problems. When excreta
are disposed of, nutrients and organic matter are wasted.
Therefore, there is a linear and massive flow of nutrients in
the form of agricultural products from rural areas to the cities,
and a massive flow of nutrients, in the form of excreta and
other organic matter, to water or deep pits. Because excreta
are regarded as a waste, nutrients are not recycled and dedi-
cated to productive uses on land.

The above “linear” solutions based on “flush-and-discharge”
and “drop-and-store” concepts have solved some problems,
but they have also contributed to many other problems faced
by society today: water pollution, scarcity of water, destruc-
tion and loss of soil fertility, and lack of food security. The
continuing decline of soil fertility is of growing concern, and
even conservative agronomists agree that current farming
methods are not sustainable.
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It is impossible to solve non-linear problems with linear solu-
tions. As Einstein once said, we cannot solve problems with
the same kind of thinking that created them. 

A circular flow
Nutrients from food to people to food.

Sanitation needs to be rethought because human excreta con-
tain valuable resources for food production. The concept of
ecological sanitation has evo l ved from this pre m i s e.
Ecological sanitation is a safe approach to recovering nutri-
ents from human excreta, recycling them back into the envi-
ronment and into productive systems (Fig. 3). 

Until recently, the reuse of human excreta as a fertiliser was
the norm in most cultures and societies, and it was an estab-
lished practice in Europe and the United States earlier this
century. What might be considered new is to view urine and
faeces separately as two components with different character-
istics in terms of pathogens, nutrient content and benefits to
soil and plants. Faeces contain basically all the pathogens,
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while urine has up to 80% of the fertiliser value, in terms of
important plant nutrients (N/P/K –nitrogen, potasium and
phosphate). By using a “don’t mix” approach, different solu-
tions to old problems can be developed. 

Most ecological toilets foster the production of two separate
products, urine and a dry soil conditioner comprised of dried
faeces and other compost materials. These can be recovered
and recycled, returning nutrients to the soil, thus supporting
and improving food production and food security.

Ecological Sanitation can be defined as a system that:

• Prevents disease and promotes health
• Protects the environment and conserves water
• Recovers and recycles nutrients and organic matter

Introduction 1 3

It represents a dif-
ferent solution to
old problems.
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DESIGNING ECOLOGICAL TOILETS

Ecological sanitation represents a different approach —an
ecosystem approach— to sanitation. An ecosystem approach
prevents disease by destroying pathogens before excreta are
returned to the terrestrial environment, and it recovers and
recycles plant nutrients and organic matter, thus closing the
nutrient loop. Ecological toilets are designed with these goals
in mind. Plus, little or no water enters the ecological toilet, so
water is conserved and pollution is prevented. In addition,
exc reta are not discharged or buried in deep pits. These char-
acteristics facilitate the prevention of disease, a reduction in
water usage and pollution, and the re c overy and re cycling of
plant nutrients. All of this makes the ecological toilet an impor-
tant part of the ecosystem approach, or closed-loop sys t e m .

The design of toilets is a critical aspect of ecological sanita-
tion. Conventional toilets are designed to dispose of excreta.
The easiest way to do this is to combine urine and faeces and
flush them away in water or bury them in deep pits. Attempts
to retrofit existing toilets only make the problem more expen-
sive and the consequences usually don't go away. Retrofitting,
(or end-of-pipe solutions,) makes it difficult and costly to
sanitise excreta, recover nutrients and prevent pollution. In
order to achieve the goals of ecological sanitation, new
designs are needed. 

For the remainder of this report, we use the term ecological
toilet, or toilet, to refer to the entire structure illustrated in
Figure 4. We use the term toilet because of its function, not its
appearance. All ecological toilets should be designed to pre-
vent disease (see section on Ecological Sanitation and
Health), re c over and re cycle nutrients (see section on
Recovery and Recycling of Human Excreta) and reduce the
need for, as well as, the contamination of, water.

Each toilet is compromised of at least three minimum compo-
nents: a pedestal or squatting pan, a slab and a chamber, plus
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sometimes a superstructure (Fig. 4). These components may
be separate from each other or permanently attached to one
another. The chamber is below the slab, and this is where exc-
reta, or urine and faeces separately, are captured and stored.
There may be one or two chambers, they may be above or
below ground, and they may be portable or fixed in place. If
a toilet is installed in the home, it may be entirely above the
floor. The supers t r u c t u re is above the slab, and it may be
e l a b o rate with permanent walls in a house, simple with
thatched walls and without a roof, or anything in betwe e n .
A screened ventilation pipe may also be used. In urine-
d i verting toilets, a separate urinal may be installed, in which
case urine may be collected in a separate chamber or piped
away from the toilet.
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A variety of ecological toilets are currently in use and mostly
distinguishable as either urine-diverting or non-urine-divert-
ing. Urine-diverting toilets (Fig. 5) may sanitise faeces thro u g h
one or more different processes: desiccation, increasing pH or
elevating temperatures. Non-urine-diverting toilets rely on
“moist” processes, such as composting or co-composting of
human excreta. The ecological toilet can be the place where
excreta receive a primary treatment. Additional treatment may
occur outside the chamber off-site.

While such ecological sanitation approaches work in funda-
mentally different ways, they fulfil the common goals of safely
t reating human exc reta, conserving wa t e r, re cycling nutrients,
and minimising adverse environmental impact. All approach-
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es to specific designs need to be flexible, affordable, consider
local conditions and customs, take into account socioeco-
nomic and other conditions, and designed according to urban
and rural differences.

The most commonly used ecological toilet is urine-diverting.
Urine is diverted away from faeces via a specially designed
pedestal. Urinals can be installed separately. Urine is collect-
ed, diluted with water, and used as a plant fertiliser without
further treatment. Urine is usually sterile, with special excep-
tions (see section on Ecological Sanitation and Health). Faeces
are sanitised in the collection chamber of the toilet through
drying and the addition of lime, soil, wood ash or other mate-
rial after each use. Lime raises the pH, which may accelerate
pathogen destruction. There are usually two alternating faecal
chambers, one active and one for storage. Whereas urine can
be used immediately or after limited storage time as a safe
plant fertiliser for food and non-food crops, faeces are safe
only after processing and/or storing them for at least several
months after the first chamber is full and taken out of use.
This will secure pathogen destruction (see section on
Ecological Sanitation and Health).

Composting toilets are another ecological approach that
enables the return of plant nutrients back to the land.
Typically, composting toilets do not divert urine, but they may
work better if they did. An appropriate moisture level and air-
flow must be maintained in the defecation chamber to
enhance optimal degradation of human excreta. The product
—in the form of humus— can be returned to soil to enhance
gardens and food production (see section on Ecological
Sanitation and Food Security). This closes the nutrient and
organic loops.

Ecological sanitation approaches are being used in diverse
sociocultural contexts in many countries and regions of the
world – such as India, China, Vietnam, Mexico, Central and
South America (Bolivia, Chile, Ecuador and Peru), and
Eastern and Southern Africa (Ethiopia, Kenya, Mozambique
and South Africa). Ecological toilets are built into Swedish

Closing the loop 1 8

In urine-diverting
toilets, urine is
collected, diluted
and used as a
plant fertiliser.

In composting 
toilets, which
involve moist 
processes, an
appropriate mois-
ture level and
internal airflow
must be main-
tained.



homes according to the expectations for contemporary bath-
room design. T h ey are also built into homes in Mexico (Fig. 6),
India, El Salvador and China. 

Ecological sanitation in Mexico

The Mexican model of the urine-diverting toilet represents a
modification of  the Vietnamese double vault toilet. The urine
is diverted and can be used as a liquid fertiliser (approxi-
mately 1:5 to 1:10 dilution with water). The faeces are sani-
tised through drying and the addition of lime to raise the pH
above 9.0. The dried faeces are stored for at least six months
before the chamber is emptied. The dried faeces product is
either post-treated through co-composting with other organic
materials or added directly as a soil conditioner. Studies are
under way to further investigate pathogen destruction, which
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appears to be complete after the storage and processing
described here.

Urine-diverting toilets in Mexico are manufactured in either
concrete or fibreglass by César Añorve in a family-owned
workshop or in other shops in which owners have been
trained and equipped by César (Fig. 7). The price of the toilet
pedestal includes follow-up and advice on the correct use of
the toilet including the proper preparation and application of
ashes or lime and soil. The same moulds have been exported
to South Africa, Uganda and Zimbabwe where they are now
mass-produced with only small modifications.

The main motivations in Mexico for using the urine-diverting
sanitario seco or dry toilet are limited water availability and
non-functional WCs. Other motivations, such as protecting
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the environment and using the products for fertiliser and in
urban agriculture, are at present only limited.

First field visits in Mexico

Workshop participants visited three separate sites in the
state of Morelos in order to re c e i ve a quick ove r v i ew and
insight into the development of the dry toilet “move m e n t ”
in Mex i c o :

• At César Añorve ’s home participants we re able to see a func-
tioning dry toilet incorporated into a typical middle-class
family tiled bathroom together with a washbasin and bath.
In addition, in the small workshop adjacent to his house,
César gave an ove r v i ew of the history and evolution of the
u r i n e - d i verting dry toilet system in Mexico, and a demon-
s t ration of the design and construction process of the attra c-
t i ve urine-diverting toilet pedestals from a fibreglass mould.

• In the nearby Municipality of Tepoztlán, participants visit-
ed a primary school where two local NGOs, CITA and Luna
Nueva (New Moon), have collaborated with the Ministry of
Education in a special project to construct demonstration
dry toilets for primary school teachers (Fig. 8). The toilet
construction project, which usually includes a ferro-cement
water catchment tank and organic vegetable gardens, is a
central part of a strategy to familiarise communities with
alternative, ecologically friendly technologies. Convinced
of the benefits of the demonstration dry toilet units, local
families have begun to replicate them in their own homes,
as a viable response to the acute seasonal water scarcity.

• Finally, participants visited the home of Feodora Stancioff
de Rosenzweig-Diaz, who has added a urine-diverting sys-
tem to her home, as well as in two rental cottages.
Feodora’s experience is illustrative. She and her husband,
the first “outsiders” to settle in the village of Santiago
Tepetlapa more than 40 years ago, were also the first to
install a flush toilet —a system that was gradually copied
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In Mexico a move-
ment promoting
ecological sanita-
tion has been driv-
en by the needs of
the civil society.
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by many of the local residents. Concerned by the water
scarcity and environmental degradation that has resulted,
she was again the first to install a dry system and has been
an active promoter of ecological sanitation. The local
mason, who installed the toilets, has become an important
resource in the area.

Participants came away stimulated and motivated by the vis-
its. It was noted that the Mexican experience has been essen-
tially a “spontaneous,” gra s s roots phenomenon driven more by
the needs and initiatives of civil society, than by top-down ex t e r-
nally funded pro g ra m s. On the one hand, the lack of strict appli-
cation of outmoded and unsustainable regulatory structures has

Figure 8:
School teachers’ toi-
let in Mexico
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created a vacuum, and NGOs with popular support have been
able to make gradual but progressive inroads. There is also
clear evidence that where government has become involved
with massive supply driven programs, there have been disas-
trous consequences, poor acceptance rates, and ultimately,
abandonment of the toilets.

The particular people and their reasons for using dry toilets
also impressed participants. In general, users have been driv-
en by the lack of adequate water supply and, in many cases,
the environmental consequences of non-existent or inade-
quate sewerage and treatment facilities. It is significant that in
many cases it has been the middle-class families that have
opted for alternative systems, spurred on by growing environ-
mental awareness. Rarely, however, has the potential of
reusing the by-products of the ecological toilets been an
important motivating factor.

Finally, Mexico stands in the middle of a South-South tech-
nology exchange process that began with the transfer and
adaptation of the Vietnamese dry toilet model to Mexico and
Central America (e.g. Guatemala and El Salvador); and, more
recently, from Mexico to the southern part of Africa, includ-
ing Zimbabwe.

Ecological sanitation in Zimbabwe

Ecological sanitation was introduced several years ago in
Zimbabwe. All ecological sanitation approaches in Zimbabwe
are based on the following premises: providing a means to
remove human excreta safely and simply from the toilet;
preparing human excreta for use in agriculture by encourag-
ing the formation of humus; and reducing the pollution of
groundwater and atmosphere as much as possible.

There are four basic types of toilet systems used to promote
the principles of ecological sanitation in Zimbabwe. They are
the Modified Blair latrine, the ArborLoo, the Fossa Alterna,
and a series of toilets using a urine-diverting pedestal. A



The ArborLoo
composting toilet
has a portable
superstructure
over a shallow pit,
ultimately creating
a sanitary orc h a rd .

Closing the loop 2 4

description of each is provided below, and its uses and obsta-
cles are highlighted.

Composting toilets6

Modified Blair toilet: Modified Blair (VIP) compost toilets
have underground chambers that are more shallow and elon-
gated than in the conventional Blair latrine, which has 3 m
deep pits. The shape of the chamber allows the contents to be
more easily removed and recycled. Most have double cham-
bers that are used alternately. Frequent adding of soil and
wood ash helps to promote composting and reduce odour and
fly breeding. The screened ventilation pipes, which are fitted
to all Blair VIP toilets, also help to aerate the chamber and
reduce moisture content. These toilets were designed for use
in homes, where they work quite well. T h ey have also been
tried in communal settings in peri-urban are a s, where they failed
due to too much water entering the vault, hindering the decom-
position pro c e s s. Ecological toilets are best used at the family
l evel where they get the necessary attention to maintenance. 

The ArborLoo: The ArborLoo is a simple, composting toilet
with a portable slab, pedestal and superstructure (Fig. 9). The
chamber is a shallow pit (maximum 1 meter in depth) dug in
the ground with a protective “ring beam” securing the pit
head, which raises the latrine slightly above ground level. The
shallowness of the pit reduces the likelihood of groundwater
contamination in comparison to deep pits. Wood ash and soil
are added after each use to reduce fly breeding and odour.
Layers of organic matter, such as leaves, can be added as well
to assist in the decomposition process. When the pit is nearly
three-quarters full, the slab and superstructure are removed.
The pit is topped off with at least 15 cm of fertile soil, and a
young tree is planted over the pit contents. The slab and
superstructure are mounted over another shallow pit nearby
and the cycle is repeated. 

Because the toilet is portable and moves on a never-ending
journey, a sanitary orchard or wood lot appears over time.
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Several types of tree species have been experimented with:
guava, paw paw, mango, avocado and mulberry. And, other
trees are currently being investigated: citrus and peach trees,
and trees for construction and fuel wood such as the eucalyp-
tus. Multipurpose trees such as the neem and moringa oliefera
are also being tested.

With the ArborLoo there is no handling of excreta, and the
risk of ground water contamination is reduced because of the
shallowness of the pits and the rapid conversion of pit con-
tents into humus, in about 3-4 months. Because space is
required for this concept, it is used mainly in rural areas, but
it can be adapted to peri-urban areas if space is available.

The Fossa Alterna: The Fossa Alterna, meaning alternating
pits in Latin, uses two shallow, partly lined, permanently sited
chambers below a portable slab, pedestal and superstructure
(Fig. 10). Like the ArborLoo, both urine and faeces accumu-
late in the shallow pit together with wood ash and soil. When
the first chamber is nearly full, the slab, pedestal and struc-
ture are moved to the second chamber and the contents of the

Figure 9: ArborLoo - leave the contents, move the “loo” and plant a tree
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Step 1:
The first chamber is used until it is
almost full, adding soil, ash and organic
plant matter in layers to cover the urine
and feaces. Then, the light superstruc-
ture, pedestal and slab are moved over
the second chamber.

Step 2:
The first chamber is topped off with soil.
The second chamber is used in a similar
manner, while the contents of the first
pit decompose. Occasional watering and
the growing of seasonal plants can assist
the decomposition process.

Step 3:
When the second chamber is full, the
contents of the first are removed to bags
for additional storage or to gardens,
while the structure is moved back to its
original position for the cycle to begin
again. The mature contents of the first
chamber look and feel like rich com-
post, which can be sold to generate
income if the household has no immedi-
ate use for it. 

Two shallow pits are dug and partially lined in a permanent
location, to be used in an alternating fashion. 

The total area required for a fossa alterna is about 2.5m X 1.5m. 

Figure 10: Fossa Alterna - alternating chambers for making compost



used chamber are covered with topsoil between 15 and 30 cm
deep.  Vegetables or flowers can be planted in the topsoil if
desired. The second chamber is used while the contents of the
first chamber decompose, a process that takes between 3-4
months depending on the season. The decomposing chamber
is kept watered. After the second chamber is full, the contents
of the first chamber, which have turned into a friable humus-
like soil, are dug out and introduced into agriculture, mainly
in the production of vegetables. The material can also be
stored in bags for use during the next rainy period.  Chambers
are alternated about every six months depending on the num-
ber of users. The friable humus-like soil makes an excellent
soil conditioner and can be used to enhance soil fertility with-
in the peri-urban/urban setting.

The Fossa Alterna occupies a relatively small space (2.5 m x
1.5 m), so it is ideal for higher density peri-urban areas. One
thousand of these toilets are currently being tested in such
settings. The contents from the chamber can be easily
removed, without offensive smells, and put to productive use,
stored in bags and sold, or mixed with top soil and added to
tree pits, fertility trenches or buckets for growing vegetables.
Earthworms can be added to the Fossa Alterna chamber. The
earthworms multiply as they accelerate the decomposition
process, and they have economic value as well.

Shallow chambers below the ground can present problems.
Rain or excessive moisture should not be allowed to enter the
chamber as this would disrupt or halt the decomposition pro-
cess. And, pathogens could spread from overflowing cham-
bers. Hence, ring beams or an elevated pit lining are strongly
recommended for the ArborLoo and the Fossa Alterna. High
water tables can penetrate the shallow chambers, but this can
be corrected if they are built on higher ground. The ritual of
changing chambers, emptying each out periodically, must be
maintained. Chamber contents should be stored for at least
four months and not be allowed to overflow. All these factors
make ecological toilets, even the simplest type, more complex
to maintain than simple or ventilated pit latrines. However,
they provide many advantages.
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Urine diversion toilets

The urine-diverting toilets in Zimbabwe are similar to those
used in other parts of the world. There are home-made as
well as commercial varieties of urine-diverting pedestals.
Urine dive rsion is being tried in homesteads as well as in
s c h o o l s. These toilets divert urine either to a seepage are a
or the urine is collected and stored for later use as a fer-
t i l i s e r.

Faeces accumulate either directly in the chamber, or they can
be held in plastic buckets or basins. Both soil and wood ash
are added after toilet use, which helps to dry the faeces and
increase pH (alkalinity). The semi-dried product can be intro-
duced into agriculture in many ways, such as adding it to
compost, to planting trenches or pits for planting trees. The
evolution of these toilets is moving toward a version with
smaller chambers above ground called the Skyloo. Usually,
portable buckets or basins or plastic bags are used for easy
access and transfer of contents.

Screened vent pipes are still used. They provide a constant
flow of air through the toilet which removes odour, controls
flies and also takes humid air away from the chambers. This
helps to reduce the moisture content of the chambers and
assists in the decomposition of faeces.

Links to national programmes

The Ministry of Health and Child We l f a re in Zimbabwe has
been promoting ecological sanitation. With this new empha-
sis on ecological sanitation, the production of humus can be
l i n ked to agriculture. Infertile soils and the rising cost of
chemical fertilisers may force policy make rs to rethink sani-
tation, seeing it in a more positive light. And, ecological san-
itation fits in with the current self-reliant approach that
e n c o u rages rural families to dig their own wells and run
their own vegetable gard e n s. Local economists see a net
economic value when the re s o u rce value of the output is
c o n s i d e re d .
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Efforts at ecological sanitation in Zimbabwe will only be suc-
cessful if residents learn to use the toilets correctly. Proper use
of the urine diversion toilets is the key to prevent mixing of
urine and faeces. Ash or other material must be added to the
faeces at appropriate rates and in the appropriate part of the
toilet. Proper storage time is needed in all toilets to assure
pathogen destruction. ArborLoos and Fossa Alternas require
light, movable superstructures that should also keep out the
rain, since the shallow chambers are more prone to flooding
if the superstructures are not properly secured. Flooding,
however, is not a problem for the Skyloos, as the urine-divert-
ing toilet is entirely above ground. 

Working groups

Mapping conventional versus alternative sanitation systems
and outcomes

At the workshop, working groups addressed the flow of
human excreta in an alternative and a conventional sanitation
system. Groups were asked to map the flow of excreta from
the point of excretion to its final destination. The advantages
and disadvantages of each system were discussed, and the
results of the discussions are described below.

Conventional systems: The conventional systems commonly
used in Latin American countries were discussed. These sys-
tems rely on flushing —specifically excreta are flushed via a
pipe into a ravine, flushed via a pipe that is emptied into the
ground, or flushed directly into a pit. All of these designs have
risks leading to pollution of the receiving waters. Figure 11
below shows the fairly common flush toilet discharging
directly into a ravine —the “flush and gone” system.

Septic tanks are another commonly used —and often poorly
managed— system in Mexico. They are used without soil
absorption or leach fields, and as a result, they discharge
nutrients, pathogens, and other contaminants into open
waters. It appears that the main advantages of septic tanks are
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the avoidance of direct contact with faeces and pathogens,
and the modern appeal of a flush toilet. The lack of a proper
and regular water supply requires either additional water stor-
age in an elevated tank or carrying water to the individual toi-
let tank before use.

Alternative systems: Two alternative systems were consid-
ered: constructed wetlands (the “Living Machine”) and urine-
diverting toilets. Both offer a more holistic approach to sani-
tation through the reuse of excreta —that is integrated into the
e n v i ronment— and the prevention of the spreading of
pathogens. The main problems foreseen that need to be
addressed within ecological sanitation concepts are: 
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Figure 11:
“Flush and gone”
approaches hide the
problem of water-
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• the “technical side” (improper usage of toilets, mainte-
nance of toilets, and the availability and addition of lime
and/or ashes);

• environmental concerns; 
• land requirements (wetlands); 
• the design of toilets and transfer of knowledge; 
• sociocultural aspects (gender issues of sharing benefits and

burdens); 
• sufficient hygiene education;  
• proper use by children; 
• cultural and practical concerns for use of urine diversion

toilets; and
• reuse of products in terms of convenience, health, and recy-

cling in high density areas.

Needs and gaps

Participants in the working groups felt that ecological sanita-
tion approaches in this workshop need to address issues of:

• sociocultural dimensions (social convenience and accep-
tance, effects at different levels of society: households,
neighbourhoods, and communities); 

• participatory implementation and issues of lack of aware-
ness; 

• health aspects (pathogenic risks through handling and use
of products);  

• institutional and funding options; and 
• flexibility of design options (adapted to local conditions in

regards to population density, geographical and socioeco-
nomic settings, cultural aspects). 
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ECOLOGICAL SA N I TATION AND H E A LTH 

Improved sanitation has been associated with better health
and nutritional status. Evidence accumulated over the last
quarter century indicates that improved sanitation substan-
tially reduces childhood illnesses and deaths, and improves
nutritional status. It does this primarily by acting as a barrier,
keeping excreta away from people who, if exposed to the
pathogens in faeces, become ill.  

The barrier approach to sanitation prevents faeces from gain-
ing access to the environment: specifically fingers, flies, fields,
and fluids, all of which can contaminate food (Fig. 12). When
people ingest pathogens from these media, they become ill.
When faeces contaminate the environment, the vicious cycle
of people contaminating the environment and becoming
infected by the contaminated environment continues.

I m p roved sanitation, through either "dro p - a n d - s t o re" or
"flush-and-discharge" approaches, can reduce contamination
of these media. Evidence suggests that improved sanitation
could reduce diarrhoeal disease by 35-40%, and reduce child
mortality by half. Child malnutrition could also be reduced by
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50%. In the absence of improved sanitation, purifying water
may have little or no effect on diarrhoea, but in the presence
of improved sanitation, cleaner water may reduce diarrhoea
by as much as 10-15%, w h e reas improved personal and food
hygiene could reduce diarrhoeal disease by one-third or more.7

Use of the barrier approach to sanitation has other health
implications.  Transporting excreta away or burying it deep in
the ground results in pollution “downstream.” Thus, others
may be exposed to pathogens, causing illness. Direct health
problems are caused when people are exposed to pathogen-
containing faeces via oral or subcutaneous routes. Exposure
to pathogens leads to increased incidence and severity of dis-
ease, increased risk of dying and malnutrition.   

Indirectly, nutrients not recovered and recycled can cause
other types of health problems, particularly when these nutri-
ents get into water bodies (e.g., rivers, lakes, and marine
environments). It is well documented that nitrate pollution in
drinking water leads to the “blue baby” sy n d ro m e, but less we l l
k n own are the effects of nitrogen pollution related to re p ro d u c-
t i ve pro b l e m s8 and growth faltering in young childre n .9

The disposal approach to sanitation, in which human excreta
are wasted, opens up the ecosystem to linear flows (Fig. 13).
Chemical fertilisers and pesticides are used on cro p s, caus-
ing further pollution. The practice of feeding hormones and
antibiotics to animals leads to large quantities of manure,
hormones and pharmaceuticals polluting water supplies.
U l t i m a t e l y, opening up the ecosystem to linear flows leads
t o :

• loss of soil fertility (reducing food production);
• destruction of marine life (declining fish populations,

reducing a major source of protein for human consump-
tion);

• loss of biodiversity on land and in water; 
• global warming and ozone depletion, when nutrients form

gases that escape into the atmosphere.
All of these problems place people at risk of a multitude of

Closing the loop 3 4

Transporting 
excreta away or
burying it deep in
the ground results
in pollution
“downstream.”

The disposal
approach to 
sanitation leads to
many other health
problems besides
infections.



health problems, and increase the risk of becoming food inse-
cure, not just for the poor and vulnerable, but also for the
more well-to-do.

A second way that sanitation can improve people’s health
and nutrition is by re c overing and re cycling the nutrients
in exc reta to grow food. This is already taking place in
m a ny parts of the world (e.g., night soil collection and
wa s t ewater reuse). Most attempts, howeve r, are associated
with an increased risk of ill health because faeces are not
sanitised prior to re u s e, there by spreading pathogens and
i n c reasing people’s chances of becoming ill. Ecological
sanitation helps to reduce these risks by sanitising exc re t a
prior to re c overy and re u s e, and re cycling nutrients back
into the land for pro d u c t i ve purposes. 
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Potential health risks from human excreta10

Infectious diseases cause one-quarter of the total global bur-
den of disease. Infectious diseases are now the world's biggest
killer of children and young adults, accounting for 13 million
deaths every year. One out of every two persons in low-
income countries dies at an early age from infectious disease.11

Children and the immuno-suppressed are the most vulnerable
to the principal organisms that contribute to this burden,
specifically bacteria, viruses and parasites. Some of these
organisms remain viable in the environment for long periods
of time, either with or without the need for an immediate
host.

Assessment of contamination

Most of the worrisome pathogens are in faeces, and most of
the nutrients are in urine. Assessing the presence of
pathogens in either faeces or urine is more difficult than sim-
ply looking for specific indicators of faecal contamination.
Historically, attention was focused on the measure of E. coli
in water. Although E. coli has been a useful indicator in the
North, it may not be the best indicator of pathogen contami-
nation in most regions of the world. The idea is to focus on
the indicators or pathogens that re p resent the presence of
specific bacteria, viruses or parasites that are particularly
resistant to environmental stress and there f o re, survive for
longer periods of time than all other pathogens. Two types
of organisms are particularly resistant to enviro n m e n t a l
s t ress: bacteriophages, an indicator, and Ascaris e g g s, a
p a t h o g e n .

Human excreta can be made safe

Human exc reta, specifically faeces, can be made safe in
s eve ral ways. At the point of exc retion, the addition of
a d s o r b e n t s, such as lime and ashes, to faeces and/or exc-
reta can destroy the resistant pathogens in a re a s o n a b l e
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amount of time. Lime raises the pH and helps to desiccate
f a e c e s. Recent studies from Vietnam indicate that As c a r i s
eggs and s a l m o n e l l a bacteriophages can be made safe
within 6 months. The median die-off rate of the bacterio-
phages was 37 days, about 5 we e k s, and the median die-
off of As c a r i s eggs was 65 days, about 9 we e k s. The ave r-
age pH in the chambers was around 9.5 to 10.0. Of the
t h ree main factors affecting survival of pathogens —pH,
m o i s t u re and tempera t u re— raising the pH was more
e f f e c t i ve in killing persistent pathogens than modifying
the other two factors. A reduction in moisture levels or an
i n c rease in tempera t u re may be too difficult to achieve in
the absence of vent pipes or solar heaters or materials that
foster desiccation and higher heat. Different adsorbent
materials affect pH differe n t l y. Recent re s e a rch in cold cli-
mates in China1 2 indicates that plant ash is better than coal
ash, sawdust or dry soil for destroying pathogens.
Additional studies are currently under way in other loca-
tions in the world, and results should be available in the
n ext year or so.

Urine is usually considered sterile, free of pathogens. Only
a few disease organisms are passed through urine.1 3 In this
re g a rd its reuse has an advantage over exc reta or faeces. In
u r i n e - d i verting toilets, howeve r, cross-contamination fro m
faeces to urine may occur. In the Swedish experience of
mostly middle and upper middle class family homes, fae-
cal cross-contamination is infrequent. If urine is stored in
t a n k s, as found in Sweden, then the nitrogen in urine con-
verts to ammonia, and the pH rises to about 9. This ele-
vated pH helps to kill off possible contamination. In gen-
e ral, if urine is to be stored, a low dilution with wa t e r
should be sought, and tempera t u res should tend towa rd a
warmer environment than a cooler one. These conditions
will foster die-off of pathogens in urine. If cro s s - c o n t a m i-
nation does occur, storage of urine for seve ral months
should make it safe. In conclusion, urine is an exc e l l e n t
fertiliser (see section on Re c overy and Re cycling of Human
E xc reta), and it can be used on arable land with a higher
d e g ree of safety than wa s t ewater or sludge. 
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Treatment near the point of excretion 

Experience with urine-diverting toilets indicates that patho-
gens in faeces can be destroyed within a few months time by
elevated pH, drying, and storage time in the chamber away
from people. This time could be shortened if temperatures
could be elevated to 50-55oC, with pathogens dying within
days, and almost instant kill at above 60oC. Elevating temper-
atures to 50oC or higher is probably not possible, however,
without a change in technology.

Traditional wa s t ewater treatment plants normally re d u c e
the viability of pathogens by 90-99%. Stabilisation ponds
can be used, and the end product can be used for agricul-
t u ral purposes, but it is not considered pathogen fre e.
Wa s t ewater treatment plants and stabilisation ponds,
t h e re f o re, may give a higher likelihood of infection than
would a primary treatment of exc reta from a urine dive r-
sion toilet in which faeces are treated to a pH of 9 or high-
e r. Fu r t h e r m o re, wa s t ewater treatment plants fail to cap-
t u re phosphorous and nitrogen during treatment. These
nutrients become lost and pollute the aquatic enviro n-
ment. 

Hygienic use of toilets can be learned

P roper use of ecological toilets is vital to achieve pathogen
destruction. And, it is important to know that such pro p e r
use can be learned. In Vietnam, a number of toilet designs
we re sampled for hygienic conditions after having been
used for at least six months. Some toilets we re unhy g i e n i c.
People added different types of material and differing
amounts to the chambers; thus, pH varied. For ex a m p l e,
the quantity of wood ash ranged from 100-300 ml after
defecation, and pH from wood was 11.3, higher than fro m
rice husks, with a pH at 10.6. After this survey, additional
hygienic instruction on the use of toilets was provided, and
usage improve d .
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Working groups
Health and human excreta

During the first day of the workshop, working groups dis-
cussed the transmission of pathogens from the point at which
excretion occurs through the food security loop. One group
focused on urine only, another on faeces, and a third on urine
and faeces combined.  

The faeces only group constructed a closed loop diagram from
defecation to compost pile to the crop to harvest and through
consumption back to defecation (Fig. 14). As with the other
g ro u p s, this group insisted that faeces and associated
pathogens should be dealt with at the point closest to excre-
tion —in the chamber. If this did not occur, then the problem
of transmission of pathogens, through multiple routes, pre-
sented a challenge to ecological sanitation approaches, much
like that of conventional solutions. For example, composting
could serve as a secondary treatment of faeces prior to apply-
ing the material to soil, but transmission could nevertheless
occur via a number of routes (e.g., hands, transport contain-
er, etc.) if pathogens were not sufficiently destroyed in the
chamber. In the event that transmission did occur, at each step
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around the loop, behaviours and barriers could be introduced
to interrupt transmission.  

If primary treatment failed, the acceptance of ecological toilets
not only by households and communities, but also by donors,
governments and others would be jeopardised. Therefore,
more research on treating and testing for pathogens in faeces
is needed, including practical indicators that can be measured
to determine the safety of faeces.

The urine only g roup felt that the health risks of urine
reuse we re minimal, and disposing of urine may pose
g reater health risks than reusing it. Nutrients in urine,
such as nitrogen, can contaminate ground water as well as
surface water (rive rs, lakes and oceans), causing a va r i e t y
of health and non-health pro b l e m s. On the other hand,
reuse of urine diluted sufficiently with water poses no
health pro b l e m s. Cultural resistance against reuse should
be addressed. This working group felt that it would be use-
ful to find ways to get urine to gardens without the use of
b u c kets or open containers. In addition, information
exchange between agricultural and sanitation experts and
p ra c t i t i o n e rs would be helpful, especially with respect to
the type of plants/trees that absorb nitrogen best or need
n i t rogen most.

The third group focused on urine and faeces combined. They
considered many uses of human excreta, ranging from agro-
forestry, energy production (e.g., biogas or growing of trees),
horticulture, agro-industry and aqua-culture. Many of the
same types of risks and concerns identified by the faeces only
group were also mentioned by the third group. The following
issues were deemed important:

• hygiene education;
• transfer of matured excreta; 
• consideration of sociocultural conditions, patterns and pref-

erences; 
• selection of crops; and 
• food hygiene.
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Needs and gaps

Participants felt that ecological sanitation approaches need to
assuage people's health fears. Knowledge of pathogen
destruction using different toilet designs under a variety of
field conditions is necessary to ensure that communities and
households can rely on producing and receiving a sanitised
product.

Probably the most important gap to fill is how to destroy
pathogens in the chamber at the point of excretion. If faeces
are to be transported to another location (e.g., to compost
piles), then more information and knowledge is needed for
practitioners to know how to minimise exposure. If pathogens
are not adequately destroyed in the chamber or are spread
during faecal harvesting and transfer to a secondary process-
ing site, then traditional interventions focused on installing
b a r r i e rs to prevent transmission (e. g . , hand wa s h i n g ,
improved food hygiene and water purification) need to be
employed.  

Ecological sanitation and health 4 1

Technical and 
cultural issues of
pathogen destruc-
tion and safety of
excreta need to be
addressed.



Closing the loop 4 2


