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Abstract

Poor sanitation degrades the environment; even worse it causes deaths especially among children in
developing countries. Conversely, good sanitation saves lives. The answer to the sanitation problems for
most developing countries has been the linear conventional systems: ‘do nothing’, ‘drop and store’,
‘flush and discharge’, these approaches come with drawbacks that have potentially grim consequences
for human and environmental health.

Abuja the new capital city of Nigeria and focus area of this study is a young, newly developed city that
has seen huge amounts of capital invested in sanitation infrastructure and services. Wastewater
management in Abuja employs these conventional approaches, which this study has found to be
problematic. The main city has reticulated transport system but treatment facilities are non-functional; in
some cases as a result of non availability of spare parts for plant maintenance, in other cases lack of
funds for operation and maintenance. In the peri-urban settlements, existing sanitation systems are such
that the pollution of soil and water sources is rampant; among the indigenous population, lack of access
to sanitation facilities was common as such open defecation is practiced.

Conventional sewerage sanitation is expensive; it is not affordable to most communities in the
developing world for various reasons and the Abuja case is no exception especially considering the costs
of upkeep and expanding the existing infrastructure. Are there alternatives that protect human and
environmental health while being technically and economically feasible as well as socially acceptable?

This study involved carrying out a pre-feasibility assessment (technical, institutional and socioeconomic)
of potential alternative sanitation systems, which may be implemented in place of current conventional
systems, which have been identified in this study to be unsustainable in the local context.

A field study was conducted using participatory methods, which analysed the current wastewater
management situation, identified the problems associated with current management practices in the
study area, needs and preferences of the residents in the study areas. Following this, the feasibility of
potentially sustainable alternatives to current technologies was evaluated, and scenarios based on
selected technologies are developed; the technical, institutional and socioeconomic feasibility of these
scenarios in the local context are assessed.

This study found that the current conventional waterborne system was failing to achieve proper
treatment of wastewater within the main city; it was expensive and heavily reliant on external input in
terms of technology and funds; the system also failed to achieve coverage requirements especially for
peti-urban residents. For the conventional onsite systems, the most significant problem was
environmental pollution resulting from improper management practices and non regulation of such
systems by the responsible authorities.

Kuje Satellite Town was taken as the design example for the scenario development; simplified sewerage,
waste stabilisation ponds, constructed wetlands, dry urine diversion systems and composting were found
to be feasible for the area, and were used in the scenarios. Economic and qualitative comparisons
indicate the simplified sewerage and pond system, the dry toilet with urine diversion and the
rottebehaelter with solids composting were the most promising.

In conclusion, sanitation systems in developing countries modelled after those of industrialised countries
are resource intensive and unsustainable in developing countries in terms of capital and O&M costs,
environmental impacts, long term maintenance, and fee recovery, even for new cities such as Abuja.
Other conventional approaches are also not sustainable as impacts on human and environmental health
are rather high. Locally suitable alternative (costs, maintenance requirements, local availability of
installation, operation and maintenance materials, resources and skills as well as adequate institutional
capabilities and social acceptance) technologies, which suit the purpose and local conditions of intended
users such as those examined in this study, must thus be the focus for developing counttries.



Chapter 1: Introduction
Poor sanitation has setious consequences for health (WHO/UNICEF, 2000), a fact

easily seen in the impacts of water and sanitation related diseases on human health. For
example, diarrhoeal diseases alone cause over two million deaths every year (Parry-Jones
and Kolsky, 2005), most of these in children (WHO, 2006). 21% of all mortality in
children under five in developing countries is attributable to diarrhoea (Kosek, 2003),
equivalent to one child dying every twelve seconds (Parry-Jones and Kolsky, 2005).
Other health issues such as intestinal helminths infections affect 133 million people with
9400 deaths every year (WHO, 2004), while an estimated 160 million people are infected
with schistosomiasis, causing tens of thousands of deaths every year, in sub-Saharan
Africa (WHO, 2004).

Although grievous the situation is not without hope. Improved sanitation alone
reportedly reduces diarrhoea morbidity by 32% and schistosomiasis by up to 77%, with
even higher rates in combination with improved water supply and hygiene (WHO, 2004).

What is sanitation? The term ‘sanitation’ has been given various definitions by different
authors and researchers most of which generally encompass all conditions that affect
health — water, wastewater, personal and food hygiene, public health, etc. this description
though right is rather broad. For the purpose of this work the term sanitation will refer
specifically to wastewater management i.e. the treatment and disposal of sewage from
domestic sources and is used interchangeably with ‘wastewater management’ unless

indicated otherwise.

1.1 Urban Sanitation

Sanitation as we know it in the developed world today has its origins in the public health
disasters of the 1800s when people died of diseases caused by exposure to faecal
contamination e.g. the cholera epidemics that swept across Europe. The first major
epidemic in Europe reportedly killed over a million people between 1830 and 1832
(Wyn-Jones, 2000). In some cities, public streets were awash with (excrement) as many
homes discharged their waste into overflowing cesspits and in some cases onto streets.
When in 1854 John Snow’s connection between the cholera deaths in London and
sewage-polluted water sources, was established (Cooper, 2001), the focus of the
intervention measures then was to transport the waste material away from people and
dwellings, which in essence gave birth to modern sewers. However the sewage collected
was simply dumped into water bodies, the idea was that the sewage would be diluted and
dissipated. However, problems arose when the rivers also became polluted due to very
high sewage loads. This occurrence and attempts at water pollution control eventually led
to the development of treatment systems for sewage which has consequently grown into

the conventional sanitation approach as we know it today.



“There are hundreds, I may say thousands, of houses in this metropolis which have no drainage whatever,
and the greater part of them have stinking, overflowing cesspools, and there are also hundreds of streets,
courts and alleys that have no sewers; and how the drainage and filth are cleaned away and how the
miserable inhabitants live in such places it is hard to tell... 1 have visited very many places where filth was
lying scattered about the rooms, vanlts, cellars, areas, and yards, so thick and so deep that it was hardly
possible to move for it. I have also seen in such places human beings living and sleeping in sunk rooms
with filth from overflowing cesspools exuding through and running down the walls and over the floors...
the effects of the effluvia, stench and poisonous gases constantly evolving from these foul accumulations were
apparent in the haggard, wan and swarthy countenances and enfeebled limbs of the poor creatures whom I
Sfound residing over and amongst these dens of pollution and wretchedness. . Morality, and the whole
economy of domestic existence is outraged and deranged by so much suffering and misery.” (Phillips,
1847)

This quote depicting living conditions in the city of London in the not too distant past
could easily fit the situation in many of the world’s developing countries today. Life
especially for the urban poor can be very hard. It is common knowledge that the rate at
which urbanisation is occurring throughout the developing world is not commensurate
with that at which housing, infrastructure and services - all basic necessities, are being
provided. Rapid urban population growth and the inability and in some cases
unwillingness of developing country governments to provide improved housing and
basic services has hitherto intensified the development of slums (peti-urban /squatter
settlements) in and around many urban centres. These settlements are known to be
among the worst of polluted places in the world (Hardoy et al., 2001) as a result of
inadequate sanitation services stemming from factors such as inadequate financial
resources, insufficient water, lack of space, difficult soil conditions, and limited
institutional capabilities (Esrey et al. 1998) and the situation is expected to worsen as

population increases.

However these problems are not limited to squatter settlements; indeed when one
considers the scale of problems that exist in planned ‘legal’ settlements one can only
wonder at what the “illegal” slum settlers who often live outside government recognition,
on land no one else wants, and in amazingly appalling conditions, must face on a daily

basis, as they struggle to take their place on this earth we all call home.

The situation in most developing countries as regards sanitation has been in the best case
scenario to adopt the same approach as obtains in the developed world — conventional
sewerage sanitation with the hope of replicating similar benefits. The problem with this
approach is that many developing countries simply end up importing technologies for
which they lack the required finances, technical expertise or institutional capabilities to
operate and sustain. The implications of such decisions are negative for both human and
environmental health. Examples abound of situations where such systems have been
implemented and have failed. In other cases the ‘do nothing’ or ‘drop and store’

approaches are common. In addition to examining sanitation conditions in the peri urban



areas, this study will relate the experience of the new capital city of Nigeria, Abuja with

the conventional sanitation approach.

1.2 The Role of Sanitation in Sustainable Development

In recognition of the importance of sanitation to the objectives of sustainable
development which the Brundtland Commission in its 1987 report defined as
“development that meets the needs of the present without compromising the ability of
future generations to meet their own needs”, the MDG goals on sustainable
developments has as one of its targets (goal 7) ‘to reduce by half the proportion of
people without sustainable access to safe drinking water and sanitation by 2015°, a
laudable ambition no doubt. However, according to the mid-term assessment of progress
on reaching the MDGs — ‘Meeting the Millennium Development Goals (MDG) drinking
water and sanitation target’, more than 2.6 billion people - over 40 per cent of the world's
population - do not have access to basic sanitation and more than one billion people still
use unsafe sources of drinking water (WHO, UNICEF, 2004).

The majority of these people reportedly live in the developing world particularly in sub-
Saharan Africa, in countries with annual per capita incomes as low as 107 USD (IMF,

2000), where many live on less than one dollar a day, in places rife with poverty, disease.

According to the same report, which details the progress of countries, regions, and the
wortld between 1990 and 2002, sub-Saharan Africa “has the lowest percentage of people
with access to basic sanitation facilities — 36%, an increase of just four percent since
1990”. Worldwide only 49% are reported to have access to adequate sanitation facilities

in developing countries in comparison with 98% for the developed countries.

The report further asserts that based on the current pace of advancements, global
sanitation targets will be missed by about “half a billion people - most of them in Africa
and Asia - allowing waste and disease to spread, killing millions of children and leaving
millions more on the brink of survival” (WHO,UNICEF, 2004). The situation is

obviously dire and discouraging.

Even if the conventional sanitation approach worked in developing countries, the
challenge of meeting the sanitation target of the MDG goal 7 requires providing adequate
sanitation access to an estimated 95,000 people per day worldwide (Rockstrom et al.,
2005), this of course requires huge amounts of investment if conventional sanitation is
considered. Simply put, for most developing countries installing conventional sanitation
means debt, more debt than they already have and certainly more than they can afford. It
means paying great prices for systems that are almost bound to fail or that at best will not
be sustainable in the long term due to costs among a variety of factors further discussed
in Chapter 2. The implication of this is that eventually more people will lack access to
sanitation with even greater negative impact on human and environmental health as

populations grow and untreated wastewater is discharged into the environment.



For the rural and urban poor who often lack services and have to rely on water sources
(rivers and streams) that serve as sinks for wastewater, the consequences are potentially
disastrous — ill health, inhibited productivity or inability to work and consequent poverty.
There is a cycle in motion in the lives of the urban poor. They are poor so they live in
unhealthy conditions (slums and squatter settlements) and get sick and being sick means
they cannot work to earn enough to improve their living conditions or move to better
places as such they remain poor and in these environments all their lives and many never
break out of the grip of poverty. To people in this situation sustainable development

remains an incomprehensible and unrealistic concept.

1.3 Goal Seven and the Urban Poor

Lack of access to adequate sanitation is a huge problem, with a potential for causing
extensive damage to health, environmental, economic and social aspects of life,
particularly in urban areas as many cities in the developing world are over-populated

resulting mostly from extensive rural-urban migration and unbridled population growth.

The UN-Habitat’s report The Challenge of Siums: Global Report on Human Settlements 2003,
estimates about 900 million people — approximately one in three of the world's urban
population — live in slums. The situation appears to be most grave in sub-Saharan Africa
where the proportion of urban slum dwellers is highest at 71.9% (UN-Habitat, 2003).

To say that the living conditions for the urban poor are unhealthy is not only stating the
obvious but also a gross understatement. In most of these places, the lack of means to
dispose of human waste, household sullage and solid waste (Sinnamtaby, 1990), means
there is often a presence of pathogenic microorganisms (especially from excreta) in the
living environment. This coupled with a lack of basic services such as access to good
quality drinking water, basic health care, malnutrition and a lack of knowledge of basic
disease prevention strategies, means many of the diseases that result in a high death rate

are endemic in these areas.

The health problems prevalent in most developing countries according to the WHO, are
infectious and parasitic diseases, which according to the World Health report of 1998
represented the highest cause of death in developing countries, 43% of all deaths in 1997
alone (WHO, 1992, 1998). UNICEF (2004) child mortality figures indicate, Infant
Mortality rates of 101 babies per 1000 live births in Nigeria compared to 4 in Germany,
while Under Five Mortality is an estimated 197 deaths in Nigeria and 5 in Germany. Other
sources on child mortality also indicate that poverty plays a role in the observed mortality
figures — a twenty-fold difference between rich and poor (DFID, 2005).

Following the epidemics in Europe, links between living conditions, infrastructure,
services and disease were made by experts of the time. Edwin Chadwick, strongly

advocating improving the lot of the urban poor in the city of London, called for strong



executive bodies to solve the problems of sanitation in his report to the United Kingdom
parliament on the dastardly living conditions of the urban poor at that time. In the
report, he recommended intervention strategies to improve the health of the urban poor
such as water supply and sewage collection systems (Chadwick, 1842 az
bttp:/ | www.victorianweb.org/ history/ chadwick2.html).  Even  today, the provision of
infrastructure, basic services, sanitation systems, which meet the requirements of users
technically, socio-culturally and economically alongside the promotion of good hygiene
practices, is proving to be one of the most effective ways to improve health by

preventing or limiting communicable diseases (Sarmento, 2001).

1.4 Conventional Sanitation vs. Sustainable Sanitation

One of the ways the sanitation problem has been addressed in developed countries is
through the use of conventional sewerage; one of the main impacts of this on the
environment is the over exploitation of natural resources. The operation of these systems
is simply too resource intensive for them to be the sustainable choice for all. The abuse
resulting from improper operation and use will ultimately lead to irreversible degradation
of natural resources such as soil and water. There are some who believe future wars will
be fought over natural resources such as water as the world supply of water becomes
limited due to overuse and degradation of quality (Segerfeldt, 2005).

The fact is that the shortcomings of the conventional approach are coming to the fore
even in the developed countries, and experts are beginning to acknowledge that the
approach of using huge amounts of water of drinking quality to transport small fractions
of waste to a treatment facility only to expend huge amounts of energy and effort in an
attempt to separate the waste mixed into the water in the first place may not be the best
at all; further, treatment is not always guaranteed. In many cases where conventional
sewer systems are available, there are no treatment facilities and wastewater is discharged
untreated into water bodies, a situation that many researchers agree is prevalent in most
developing countries; 95% of the total amount of sewage in developing countries is
discharged untreated (WRI, 1998). The same scenario is found even in some European
cities, according to a 2001 press release from the EU Commission on Environment, 37
European cities still discharged wastewater untreated into the environment; the statement

further asserts that many other cities discharged only partially treated effluents

(http:/ [ ec.enropa.en/ environment/ nsf] city _sevage.htm). The implication of this practice is of

course the pollution of water bodies with consequent degradation of water quality.

With the advancement of science and technology, research gives evidence of some
potentially severe consequences arising from conventional sanitation. An example is the
release of recalcitrant substances among which are those that acts as endocrine disruptors
into water bodies, which as shown by some studies is causing feminisation of some
aquatic species, (Blaise et al, 2003 and Cone 1998).


http://ec.europa.eu/environment/nsf/city_sevage.htm

The question is with knowledge of all these, should developing countries follow the same
path knowing they might face the same issues in future without the capabilities
developed countries have at their disposal? Indeed sanitation bears rethinking in both
developed and developing countries, with issues of costs, resoutce availability/
consumption and potential for environmental degradation, conventional sanitation is not

a one stop solution to the world’s needs.

Sustainable technologies must be the focus for developing countries in the bid to provide
access to sanitation. It is understood that prestige, convenience and affordability are
among the most significant factors in people’s choice of sanitation systems, there are non
conventional technologies already available that will meet the conditions of the most
discerning of users. However, there is not enough information disseminated about such
technologies and this must be rectified. Adopting locally sustainable sanitation
technologies requires the dissemination of information to local decision-makers as well as
developing the technical capacities required for installation, operation and maintenance

of such technologies in local conditions.

Many authors have given various definitions to sustainable sanitation. In general
however, sustainable sanitation may be described as that which is most appropriate to the
purpose and local conditions (institutional, socio-cultural, economic, and technical) of its
intended wusers. Factors such as low costs, low maintenance requirements, local
availability of installation, operation and maintenance materials, resources and skills as
well as adequate institutional capabilities and social acceptance among others determine

the appropriateness hence sustainability of a technology.

Non conventional sanitation alternatives (low cost, low tech) exist that are likely to be
more suited to the situations in most developing countries. Examples of these include
‘ecological sanitation’ (EcoSan) systems and those that could be termed ‘low cost

conventional’ systems (discussed in Chapter 2).

Ecological sanitation may be described as a closed-loop system, which views human
waste as a resource rather than a waste and recognizes that it is essential to sanitize
human excreta before its reuse. ‘Low cost conventional’ sanitation systems have also
been applied in many developing countries. Proponents of low-cost conventional
sanitation have put forward their case on the benefits of installing such systems in terms
of health improvements, low cost (construction, operation, maintenance, and water
consumption) and their applicability especially in urban areas even in high-density

conditions.

1.5  Meeting the Sanitation Target

Projections and statistics regarding the MDG sanitation targets imply that with the status
quo these targets will not be met unless some very radical measures are taken. Currently

global efforts are neither meeting the needs of the present population, as only 36% of the



population in sub-Saharan Africa are currently served with sanitation services, and the

needs of future generations is unlikely to be met if the present trends continue
(UNICEF/WHO, 2004).

The challenge presented by lack of access to sanitation is not new, but it is huge and
growing. Its impact on the dignity and quality of life especially of the urban poor can be
debilitating — a gripping cycle of disease, poor health and poverty from which escape

seems almost impossible.

The combination of poverty and poor health is a problem not only for the affected
individuals but also for whole countries. No country is able to achieve significant growth
and development with a huge proportion of its productive workforce enervated by
disease. The direct costs associated with disease both to individuals, who when poor are
unlikely to be able to afford appropriate or effective treatments, and to governments who
may lack the resources to deal adequately with the large-scale public health problems
resulting from or exacerbated by water and sanitation related issues. As the UN
Secretary-General, Kofi Annan, correctly observed “we shall not finally defeat AIDS,
tuberculosis, malaria, or any other infectious diseases until we have also won the battle
for safe drinking water, sanitation and basic health care” (WHO, 2004).

1.6 The case of Abuja, Nigeria

Abuja the new capital city of Nigeria has a huge and growing population due to massive
and continuous rural-urban migration of people coming into the city in search of a
‘better’ life. These people are not catered for in the original plan and due to the city’s
exorbitant living costs, are forced to live outside the “mainstream” community in
unplanned and illegal peri-urban settlements. The result is that slums are fast developing

around the once pristine city, which is now a source of concern for the authorities.

After trying the usual strong arm tactics of dealing with squatter settlements the local
authorities have begun to acknowledge that the situation needs to be handled in a better,
more constructive way, which will present beneficial possibilities to both the populace
and the authorities. This has led to discussions about possible intervention strategies to
create opportunities for the development of areas outside the main city, thereby
encouraging a spread rather than the current concentration of development in and
around the main city; plans are focused on resettlement rather than legalising existing
illegal settlements through introducing vatious land /home ownership schemes and

providing basic infrastructure and services to the people in these areas.

Conventional sanitation is not a sustainable option for most communities in the
developing world for various reasons (discussed in Chapter 2); the Abuja case is no
exception especially considering the costs of expanding the existing infrastructure to

include those without access as in this situation.



Considering the dangers of lack of access to sanitation facilities, improper wastewater
management practices, and the drawbacks of conventional sanitation, it is imperative that
locally appropriate strategies (technology and management) be adopted for the case of
Abuja and not simply a replication of unsustainable solutions from the developed world.

To reiterate an earlier point, the MDG 7 points to sanitation as a key element in
sustainable development. In the context of sanitation, sustainable development would
mean, access to sanitation for all that does not withdraw more fresh water resources than
necessary if at all, and which does not pollute soil, surface or groundwater, and also
allows for the essential nutrients in human waste to be recycled back into the

environment in a way that will not adversely affect human health.

Abuja is currently served by various conventional systems, the main ones being:
centralised sewage transport and offsite treatment, or onsite collection and storage, all of
which have local human and environmental implications. In this research work,
wastewater management practices in Abuja and its peri urban settlements will be
examined; non conventional alternatives - ‘ecological sanitation’ (EcoSan) systems and
‘low cost conventional’ systems will also be examined for their suitability and feasibility in
the local context. A field study carried out in Abuja is incorporated into this study, with
the findings (current local issues, impacts, user preferences, etc.) inputted into the
selection of potentially feasible sanitation technologies and from these, sanitation
scenarios were developed; costs for each scenario are estimated to determine its

economic feasibility.

1.7  Outline of the Report

Details of the work done during this research study are presented in this thesis as
follows: Chapter 1, the current chapter, presents an introduction to the subject of the
research. An overview of sanitation its role in development, its problems and impacts are
briefly discussed. Chapter 2 presents a review of the research issues discussing sanitation
and related issues (importance, approaches, impacts, technologies); background
information about the study area and an overview of the water and sanitation sector in
Nigeria are presented; the problem of squatter settlements in the study area is also
discussed. Chapter 3 discusses the significance of the study, its purpose, objectives and
limitations. In Chapter 4, the methods applied in the fieldwork and other parts of the
research study are described. Chapter 5 presents and discusses the results of the research
focussing on the findings of the fieldwork. The proposed sanitation scenarios and
associated costs are presented in Chapter 6. The conclusions of the study and

recommendations are discussed in Chapter 7.



Chapter 2: Review of Research Issues

This chapter presents a review of the research issues, discussing sanitation — its
importance, approaches in sanitation, and impacts of lack of sanitation; it gives a brief
overview of sanitation technologies as well as other related issues. Background details of

Nigeria and in particular the study area are also presented.

2.1  The Importance of Sanitation

Access to sanitation is an important indicator of development as denoted by its inclusion
in the MDGs for sustainable development. At the local or community levels, sanitation
or a lack of it has direct and concrete impact on people and the environment in which
they live. Appropriate and safe management (collection, treatment and disposal) of
wastewater (excreta and sullage) is essential for the protection of human and
environmental health, and also offers important social benefits to communities (Scott et
al., 2003). Some of these benefits include:

Human bealth: the impact of lack of sanitation is seen primarily in the area of health. Links
between sanitation and health have long been established; a host of debilitating and
deadly diseases are associated with lack of sanitation and may be reduced or prevented
with sanitation interventions; health benefits of sanitation can be seen in the reduction of
diseases in communities where sanitation facilities are present. WHO figures assert that
while improved water supply reduces diarrhoea morbidity by between 6% and 25%,
improved sanitation reduces diarrhoea morbidity by 32% with the reduction levels rising
up to 45% when hygiene interventions are provided (WHO 2004). Myint and Aye (1988)
in a study of nine villages in Myanmar, report a 60% reduction in diarrhoea attributed to
the provision and use of latrines. As Dr Jong-wook Lee, aptly puts it, “Water and
Sanitation is one of the primary drivers of public health. 1 often refer to it as “Health 101", which
means that once we can secure access to clean water and to adequate sanitation facilities for all people,
irrespective of the difference in their living conditions, a huge battle against all kinds of diseases will be
wor” (WHO, 2004).

Environmental health: as noted in chapter one, the Cholera epidemics in Europe led to
links being made between living conditions and disease prompting the development of
intervention measures first to transport the waste away from the living environment and
subsequently to treat the wastewater before disposal. According to the WHO Expert
Committee on Environmental Sanitation in 1954, the provision of sanitation is among
the first basic steps that should be taken towards ensuring a safe environment (WHO,
1954). The release of untreated excreta into the environment is a significant factor in the
pollution and degradation of both water and soil quality. The effects of this can be seen
in developing countries as most of the generated raw wastewater is discharged into
surface water bodies; an example is Lagos, Nigeria where many of the water bodies have
either become acrid due to organic pollutant overload, or as reported by Iwugo et al.

(2003) polluted by pathogenic organisms and heavy metals from industrial discharges.



The discharge of raw wastewater allows the build up of polluting materials in the
receiving bodies with the capacity for assimilation eventually becoming exceeded. This in
turn may result in potentially irreversible environmental problems as is usually the case

for groundwater pollution.

Poverty and economy: the link between poor health and poverty is obvious and logical as
only healthy people are strong enough to work and earn a living to take care of their
needs and those of their families. Priiss et al. (2002), estimated the disease burden from
water, sanitation, and hygiene to be 4.0% of all deaths and 5.7% of the total disease
burden (in DALYs) occurring worldwide, taking into account diarrhoeal diseases,
schistosomiasis, trachoma, ascariasis, trichuriasis, and hookworm disease. From these
estimates it is clear that sanitation related diseases exert a significant toll on the lives of
people globally, it thus stands to reason that sanitation and related interventions will lead
to an improvement in health, consequently productivity and ultimately poverty reduction.
In addition to these positive effects of improved sanitation on individual livelihood, there

are indirect potential (communal and national) economic benefits as well.

Convenience, privacy and safety: sanitation practitioners have been surprised to find that these
factors are of tremendous importance even more than health to people in some
communities. Safety is a vital issue particularly in communities that lack sanitation
facilities where women and girls have to defecate in the open. Most often this is done
before dawn or after dusk when they are most likely to be exposed to physical dangers
such as rape, assault, animal attack, etc. In many places the whole issue of relieving
oneself is a very private matter for a variety of reasons, even among men. Pickford
(1995), citing Mwayanugba (1991) relates the example of men in Zambia who relieve
themselves on the lake over the edge of a canoe but make a point of catching a fish to
conceal their reason for going out on the lake. Women in some cultures are particularly
opposed to being seen during times of menstruation or when dealing with postnatal
discharges. Convenience is potentially an issue for all toilet users — men, women, old and
young children. Young children are often afraid to go out alone at night to relieve
themselves, the elderly and sick (men and women) might simply be too weak. Availability
of sanitation facilities providing privacy and dignity has been cited by many authors and

researchers as a factor in school attendance by gitls as they reach puberty.

Justice and Eguity: equity and justice are fundamental principles underlining a sustainable
society and development. The 2002 report of the United Nations Economic and Social
Council on Economic, Cultural and Social Rights states that “the right to drinking water
and sanitation is an integral part of officially recognized human rights and may be
considered as a basic requirement for the implementation of several other human rights”.
It basically recognises the right to water and sanitation as a human right, which when
lacking negatively affects life, and as such is a vital component of the right to life, health,
housing and education among other rights. Simply put, sanitation is important because it

is not a luxury but a basic need and even a right (Guisse, 2002). The points highlighted
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above give an overview of the importance of sanitation to public and environmental

wellbeing; the following section examines the link between sanitation and disease.

2.1.1 Sanitation and Diseases

To reiterate an earlier assertion, one of the primary purposes of sanitation provision is
the protection of human and environmental health. The links between sanitation and
health have been established, and sanitation is widely accepted as one of the most
effective barriers against the transmission and spread of disease. A host of diseases (of
bacterial, viral, and helminth origins) are excreta related and are transmitted through
diverse routes from an infected person to others. Knowledge of these diseases is essential
to the design of sanitation systems targeted at interrupting their transmission as well as
protection of human health by aiding and ensuring their destruction, classifying these
diseases is a means of understanding them. Excreta related diseases may be classified
based on their environmental transmission routes (Feachem et al., 1983; Mara, 1990),

they may also be classified according to causative agents and consequent effects on

infected persons. The environmental classification system is presented in table 2.1

Table 2. 1: Environmental classification of excreta-related diseases (Mara, 2003)

No intermediate host
Very high infectivity

Category Environmental Major Examples of Infection Environmental

Transmission Features Transmission
Focus

1. Non-bacterial Non-latent Viral Hepatitis A and E; Rotavirus Personal,

Jaeco-oral diseases Low to medium persistence | diarrhoea; Norovirus diarrhoea. Profozoan: Domestic
Unable to multiply Amoebiasis Crystosporidiasis, Giardiasis. Wastewater
High infectivity Helminthic. Enterobiasis, Hymenolepiasis
No intermediate host

11. Bacterial faeco- Non-latent Campylobacteriosis, Cholera, Pathogenic Personal,

oral diseases Medium to high persistence | Escherichia coli infection, Salmonellosis Domestic
Able to multiply Shigellosis Typhoid Yersiniosis Wastewater,
Medium to low infectivity Crops
No intermediate host

111, Geo- Latent Ascariasis, Hookworm infection, Peri-domestic

belminthiases Very persistent Strongyloidiasis, Trichuriasis wastewater,
Unable to multiply Crops

IV. Taeniases Latent Taeniases Peri-domestic
Persistent Wastewater
Able to multiply Fodder Crops
Very high infectivity
Cow or pig intermediate
host

V. Water-based Latent Schistosomiasis, Clonorchiasis, Wastewater

belminthiases Persistent Fasciolopsiasis, Fish, aquatic
Able to multiply species or aquatic
High infectivity vegetables
Intermediate aquatic host(s)

V1. Excreta-related Bancroftian filariasis transmitted by Culex | Wastewater

insect vector disease quinquefasciatus

VII. Excreta- Leptosporosis Wastewater

related rodent —

vector disease
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Of all possible transmission routes those of greatest importance for the spread of
excreta-related diseases according to many researchers are those transmitted via the oral

routes as illustrated in figure 2.1.

=

Figure 2. 1:Faeco-oral transmission routes (Wagner and Lanoix, 1958)

The F-Diagram from Wagner and Lanoix depicting the routes of transmission alludes to
the importance of sanitation in breaking the pathway of infection by acting as a barrier
against the spread of pathogens in excreta primarily through the containment and
isolation of the material from humans and the environment. Further benefits are derived
when containment is coupled with good hygiene practices such as hand washing with
soap after defecation (Mara, 1990).

Based on the F-diagram, a lack of sanitation facilities then implies that all the pathogens
in excreta that would have otherwise been contained are released into the environment
with attendant risks of human exposure and environmental pollution. Disease
transmission is determined by several pathogen-related factors in addition to host
characteristics e.g. susceptibility, which according to Carr (2001) includes:
e The organism’s ability to survive or multiply in the environment (some pathogens
require the presence of specific intermediate hosts to complete their lifecycles).
e Latent periods (many pathogens are immediately infectious; others may require a
period of time before they become infective).
e An organism’s ability to infect the host (some pathogens can cause infections
when present in small numbers e.g. Ascaris, others may require a million or more

organisms to cause infection, Feachem et al., 1983).

These factors imply that sanitation provision efforts geared towards preventing excreta

related diseases must take into account factors affecting disease transmission.
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2.2 Approaches in Sanitation

Sanitation or wastewater management is a concept that is as old as man himself and one

that is still crucial to man’s wellbeing today.

“Designate a place outside the camp where you can go to relieve yourself. As part of your
equipment have something to dig with, and when you relieve yourself, dig a hole and cover
up your excrement For the LORD your God moves about in your camp ... your camp
must be hoby,...”, Deut 23:12-14.

People through the ages have had to find solutions for managing the products of their
bodily functions. Specific instructions addressing this issue can be found in the Bible,
given to ensure the protection of the health of the Israelites as they travelled in great
numbers for many years; it was considered serious enough to be included among
instructions on issues extremely vital to their existence, clearly defecation is serious

business.

Sanitation was practiced long before the modern day links between poor living
conditions and diseases were understood. The ancient civilisations knew the importance
of removing human excreta from their immediate environment. Historians tell of the
Minoan civilisation (Corrigan, 1935) with its underground systems that transport
wastewater away from dwellings dating back as far as 1700 B.C., buildings and palaces
featuring sinks, lavatories, flushing water closet, and separate drainage systems that
emptied into a sewer. Sewers were reportedly available in Rome since around 800 B.C.;
some citizens also had water closets that drained into cesspools below their homes, and
solid waste disposal and street cleaning service was carried out by designated
administrators, who in some cases were quite proud of their sanitary achievements as a
remark from Frontius an official in charge of the aqueduct indicates “#he results of the great
number of reservoirs, works, fountains and water basins can be seen in the improved health of Rome. The
city looks cleaner, and the causes of the unbealthy air which gave Rome a bad name amongst the people in
the past are now removed. Compare such important engineering works with the idle pyramids and the
useless though famous buildings of the Greeks.” (Frontinus, “The Aqueducts of Rome” Rome
A.D. 100.) http:/ | wwmw.schoolbistory.co.uk/ year7 links/ romans/ sewers.pdf

The above are but a few historical examples depicting man’s efforts aimed at managing
his waste which according to several authors was mainly to improve conditions in his
living environments, control odour, and improve the appearance of cities rather an

attempt to control disease.

However, historians recount that during the medieval period in Europe, cities grew into
crowded and unsanitary places where homes were often infested with disease carrying
rodents and insects, and human and animal excrement frequently contaminated drinking

water; the results being the spate of deadly infectious diseases that killed many people.
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Initially, “miasmas” (bad air) was blamed for the various outbreaks of diseases until a link
was established between sanitary conditions, faecal contamination and disease, of note
are the works of John Snow and Edwin Chadwick in this area that ultimately led to the
development of sanitation as it obtains today. Modern approaches to sanitation or

wastewater management can be classified into the conventional and alternative concepts.

2.2.1 Conventional Approach to Sanitation

The conventional approach developed largely in response to threats to public health and
is focused on isolation and removal of human waste from the dwellings. Conventional
sanitation technologies include those that either collect and store excrement - ‘drop and
store’ or collect and transport the material away from human dwelling - ‘flush and
discharge’ (Esrey et al., 1998). Systems that could be termed ‘conventional’ in sanitation
can be grouped into three, they are:

‘Do Nothing’ Systems: in this system there is no defined method of wastewater
management and no technologies utilised, people simply do what they see fit sometimes
without due regard for environmental health, but surprisingly with consideration for the
protection of human health, achieved by the removal of excreta from the immediate
dwelling areas. Examples of this include the open defecation practice, and the ‘wrap and
throw” method of excreta disposal. There is no deliberate collection or treatment of the
excreta and disposal is largely unregulated; the only similitude of regulation is enforced by
people’s perception of right or wrong, clean or unclean, and religious or cultural beliefs.
These influences in some cultures make the practice seem quite well regulated and non
problematic. However, it must be noted that while this may not be an urgent problem in
a rural area but in a densely populated setting, wrapping and throwing excreta is very
much an unacceptable practice. With the dangers associated with exposure to excreted

pathogens, these types of systems are a threat to human health.

=
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Figure 2. 2: The ‘do nothing’ approach — open defecation. (Franceys, 1992)
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‘Drop and Store’ Systems: as the name implies, in this system the excreta is simply
collected in a chamber out of sight and stored for an indefinite period. An example of
this system is the pit latrine and its variants. The advantage of this system is that it is an
improvement on the ‘do nothing’ approach in that it allows the removal and containment
of pathogen laden excreta, and has successfully prevented disease in some places.
However, its disadvantages are basically similar to those of the ‘flush and discharge’ (see
next section) system in that it often does not allow for reuse of the nutrients contained in
human waste, and is often accompanied by a nuisance of smells, pollution of water
sources such as drinking water wells, and groundwater. There are also problems
associated with installing this technology in densely populated areas as it requires the
availability of adequate space. Also areas with high water table, difficult ground and soil
conditions, mean that pits cannot be dug deep, in which case they will fill up too fast and
have to be emptied often by hand at great risk to the workers or new ones have to be dug
costing money to the home owner. Also installation may increase risk of destabilising

foundations of nearby houses especially in densely populated areas.

blackwater
greywater
l stormwater industry

l wastewater

Figure 2. 3: (a) flush and discharge’ and (b) ‘drop and store’ approaches (Esrey et al., 1998)

‘Flush and Discharge’ Systems: the flush and discharge type of conventional sanitation
is very well established in the developed countries of the world. The system basically
relies on the use of water to transport human excrement through underground sewers to
treatment facilities where the ‘pollutants’ in the wastewater are removed using a
combination of physical, biological and sometimes chemical processes before the treated
water is discharged into the environment. This system overall has been very effective in
the management of wastewater in the developed world with great success in protecting
human health over the years as the public health disasters of the 1800s are no longer an
issue in the developed world today. In many cases steps have also been taken to regulate
discharge of harmful micro-pollutants into the environment, the success of this is
however debatable as issues of the release of endocrine disruptors and pharmaceuticals
into the environment even after high levels of treatment are now the focus of scientific

research and discussions in these countries. Despite its obvious advantages in disrupting
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the spread of disease and convenience of use, the conventional ‘flush and discharge’
system has many disadvantages. In addition to the release of recalcitrant substances the
‘flush and discharge’ wastewater systems present a host of fundamental problems a few

which are as follows:

o Water consumption: this is perhaps the most important disadvantage of this system
considering the predictions of water scarcity expected to affect many countries of the
world (UNEP, 2002). The system utilises a large amount of freshwater (drinking
water quality), to transport a comparably minute quantity of excrement to treatment
plants. According to Otterpohl (2001), approximately 25,000 — 100000 litres of
wastewater is produced per person per year of which urine and faeces make up only
about 500 litres and 50 litres respectively (see figure 2.4). An estimated 50 — 100 litres
of water is used daily to flush away 1-1.5 litres of human excreta (Jonsson, 1997; Van
der Ryn, 1995; Esrey, 2000) and this represents 50-100 litres of freshwater of
drinking water quality! Considering available data on water scarcity — 48 countries
expected to have chronic shortages of water by year 2025 (Hinrichsen et al., 1998),
the flush system is obviously not sustainable.

. N
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Figure 2. 4: Constituents of domestic wastewater (Otterpohl 2001)

o Environmental degradation: although there are regulations to ensure the treatment of
wastewater, its composition at even after treatment will impact the receiving bodies
in some way. When effluent quality is not properly monitored and nutrients are
released into water bodies the ecological balance is disturbed and a mixing of the
nutrient and water cycle occurs. Human health is put at risk when nutrients make
their way into drinking water supply, a widely known example is the impact of nitrate

contamination of drinking water — methemoglobinemia (blue baby syndrome). Esrey,
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(2000) referring to a study by Grant et al, (1996) reports the occurrence of
spontaneous abortion linked with nitrate contamination. Also of concern are
pharmaceutical residues or metabolites that end up in water bodies (Raloff, 1998);

Groundwater pollution is also a problem associated with this system. Experts

concede that it is virtually impossible to operate a sewer system without incidences of
leaks. Infiltration of groundwater into the sewer, and the much more serious problem
of ex-filtration of wastewater into groundwater, are potential problems in this system,
thus the “backbone” of the conventional system — the sewer, is a potential source of

contamination of precious groundwater.

Though efficient, this system does not guarantee 100 % pathogen removal. This is
especially a problem where the operation is such that disinfection is not carried out.
As is often the case in many developing countries that have a semblance of this
system, treatment sometimes does not go past the primary stage before effluent
discharge. This represents a potential source of faccal-water related disease with an

almost unending infection and excretion cycle.

Loss of biodiversity is another environmental problem that may result from the use
of conventional wastewater management system. For example in ocean disposal of
wastewater, nutrient pollution may damage fragile coral reefs. It is reported that
nitrates are toxic to coral reefs and phosphates damage their skeletal growth
(Hawkins and Roberts, 1994).

Installation, operation and maintenance cost: the conventional ‘flush and discharge’ system
is very expensive. The cost of constructing the sewer network may account for up to
80% of the total investment into the wastewater treatment system. Operation and

maintaining the system also represents additional costs for example energy costs.

Dilution: the indiscriminate mixing of wastewater streams, (yellow, brown, grey)
results in very large, highly diluted amounts of wastewater to be processed, which in
turn requires large-areas, expensive treatment plants, complex processes and high-

energy input to achieve desired levels of treatment.

Nutrient loss: valuable plant nutrients that could be recycled into food production are
flushed away only to be removed again from the wastewater at high cost. This is a
factor that greatly impacts food security in a world where malnutrition and famines
are rife. Artificial fertilizers are currently considered answers to the problem of food
production and poor or deteriorating soil quality but at great costs to the
environment — depletion of non-renewable resources that accompany their
production. Considering that excreta (see figure 2.4) not only contains similar
nutrients as some of these chemical fertilisers but also organic matter a significant
advantage over chemical fertilisers, recycling the nutrient content of human excreta

would go a long way to alleviate the problems of food production and world hunger.
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However, the conventional system severely limits the recovery and return of valuable

nutrients back into the nutrient cycle where it is greatly needed.

o Generation of problematic products: sewage sludge, one of the end products of this system
contains most of the unwanted substances e.g. heavy metals in the wastewater; its
agricultural application is thus problematic in spite of the available nutrients it
contains. It is therefore another waste to dispose of appropriately often at significant

cost.

Ability to accommodate growing demand: global population is rising. According to the
United Nations Population Division, world population may reach 9 billion by the
year 2050 (UN, 2004), with the growth occurring mostly in poor developing
countries. As mentioned earlier the infrastructure required to provide and maintain
conventional sanitation systems is expensive even in developed countries, how will
sanitation be provided for all these people and who will pay for it? Even where
infrastructure exists maintenance is a problem in many developing countries. It will
simply be infeasible economically and technically to keep pace with the expansion of

their sewer systems to accommodate the needs of their growing population.

The disadvantages of the ‘do nothing’ and ‘drop and store’ systems are primarily
environmental degradation through soil and water (surface and ground) pollution and
even more important the exposure of human and animals to the pathogenic organism in

human excrement and the consequent spread of disease.

Summarily, although the conventional waterborne system as widely used in the
industrialised world has apparently been effective, for developing countries who make up
the highest proportion of world population and those most affected by the problems
associated with lack of sanitation facilities, the disadvantages especially in terms of cost,
operation, maintenance and environmental impact, it does not in the long term appear to

be a sustainable solution for all.

2.2.2 Sanitation in Developing Countries

The ‘do nothing’ and ‘drop and store’ systems are the most common conventional
sanitation systems available in the developing world. As can be imagined neither has been
able to provide adequate human and environmental health protection as various vectors
still have access to excrement, and faecal related diseases still rife with millions of people
dying of diarrhoeal diseases yearly (WHO, 2004).

In places with waterborne system (‘flush and discharge’), treatment plants often either do
not exist or do not function very well; raw wastewater is simply discharged untreated or
at best only partially treated into receiving bodies. According to the World Resources

Institute, over 95% of sewage in developing countries is discharged without any

18



treatment into receiving bodies of water in the environment (WRI 1998). Indeed
sanitation practices in developing countries leave much to be desired. Without a doubt,
none of the conventional systems discussed in previous sections is an appropriate
solution to the sanitation needs in developing countries. They use too much valuable
water and energy, and in most cases generate more waste than the environment can
safely assimilate unassisted. Further, only the dry conventional systems are fairly
affordable in most developing countries as the financial capability to install, operate and
maintain the waterborne systems or the technical capabilities required for operation are
not locally available. Thus, problems of pollution, failure of plants among others are
associated with the use of these systems in developing countries. As such where they
exist, they are most often limited to upscale sections (wealthy upper, middle class areas)

of urban centres and treatment is incomplete at best.

In spite of the obvious problems, advantages exist in developing countries in that in
many places investments have not been made in sewer systems, as such there are
opportunities for implementing efficient, cheaper, non-sewer systems, which can fulfil
the requirements of good sanitation systems. Thus alternative approaches that benefit
rather than damage the environment must be the focus of attempts at solving the

sanitation problems in these countries.

2.2.3 Alternative Approaches to Sanitation

Sanitation in most developing countries leaves much to be desired. According to WHO
figures, sanitation coverage is only 49% for developing countries - 2.6 billion according
to 2002 estimates lack access to sanitation facilities (WHO, 2004). Where sanitation
systems exist, they are often mainly conventional systems such as those described
previously. As already discussed, the conventional approach to sanitation with its linear
wastewater management systems is not sustainable in terms of resource consumption,
environmental pollution and above all cost. It is clear that in view of the drawbacks
associated with the use of these systems new, better solutions are needed. These new
solutions must offer human and environmental health protection, conservation of
resources especially water, be affordable and acceptable to potential users. Alternative
sanitation systems such as ecological sanitation and Tlow cost’ conventional systems that
offer these qualities and more, discussed in the next section, have been developed and

implemented in many parts of the world in both developed and developing counttries.

2.2.4 Ecological Sanitation

Ecological Sanitation (EcoSan) is a new sanitation concept based on an ecosystem
approach. While conventional systems function on the premise that excreta are waste,
EcoSan is a closed-loop system (see figure 2.5) that treats human excreta as a resource to
be recycled as such it promotes the separation and closure of both the water and nutrient
cycles as opposed to the linear flow in conventional systems. The EcoSan approach to

sanitation is based on three fundamental principles: rendering human excreta safe,
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preventing pollution rather than attempting to control it after the fact, and using the safe
products of sanitized human excreta for agricultural purposes (Esrey et al. 1998).

EcoSan is not about promoting a particular sanitation technology but rather utilising

technologies that achieve its aims of:
e reducing health risks related to sanitation, contaminated water and waste.
e improving the quality of surface and groundwater.
e improving soil fertility.

e optimising the management of nutrients and water resources.

@) (b)

shortcomings of conventional advantages of ecological sanitation systems
wastewater systems

fertilizer production
| from finite resources -
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Figure 2. 5: (a) ‘conventional’ wastewater systems and (b) ‘ecological sanitation’ systems (GTZ, 2004)
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2.2.4.1 Methods in ECOSAN

The primary strength of EcoSan systems is the separate collection of the different
streams in wastewater and subsequent targeted treatment of the same. This is also the
main difference between EcoSan and conventional systems. EcoSan recognizes that
wastewater is made up of different components (figure 2.4) that have different
characteristics and thus require different types and levels of treatment (figure 2.6).

Brown water

Brown water is water from the toilet, consisting of faecal matter, flush water with or
without toilet paper. It is high in organic nutrients and exerts the highest amount of
chemical oxygen demand. It is relatively small in quantity when collected separately an
estimated 50 kg/p/year (see figure 2.4). It is however the source of most pathogens in

wastewater, thus is a potentially hazardous material — one gram of faeces can contain
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10,000,000 viruses; 1,000,000 bacteria; 1,000 parasite cysts; 100 parasite eggs (UNICEF,
2000); once sanitised however it yields valuable soil conditioners that can be applied in
agriculture. Options for treating brown water in ecological sanitation systems include:
composting and vermicomposting with or without other organic solid waste e.g. kitchen
residues, dehydration and anaerobic digestion (Del Porto and Steinfeld, 1997; Gajurel,
2003).

Yellow water

Urine in ECOSAN is known as ‘yellow water’. It is valuable due to its fertilising capacity.
It is relatively sterile except when from a sick person (Feachem et al, 1983) or
contaminated with faecal matter, and can be reused with minimal further treatment.
Urine reuse is a valuable source of fertiliser, comparable in quality to commercial
fertiliser but without the contaminating properties of commercial fertilisers (see figure
2.4). For maximum assurance of health protection, urine should be treated before
application on crops. Simple storage for a period of time (about one to six months) in an
airtight vessel, which serves to destroy pathogens that may be present in the urine, is all
the treatment required to sanitise urine for reuse. The Ecosanres ‘Guidelines for the Safe
Use of Urine and Faeces in Ecological Sanitation Systems’ recommends a storage time of
one to six months for urine sanitisation at temperatures of 4 — 20°C, but states that no
storage required for a single household reusing its own urine. (Ecosanres, 2005).
Following this the sanitised product can then be applied directly on agricultural land or
diluted if it is to be applied on plants. A mixture of brown and yellow water is known as

black water.

Greywater

Greywater generally refers to wastewater from non-toilet sources such as kitchen sinks,
baths/showers, laundty, or generally wastewater not containing excreta (brown or yellow
water). Greywater varies from source to source; its characteristics are usually a reflection
of the lifestyles, habits and customs of the people that generate it, and with great

variations in volumes, constituents, chemical and microbiological characteristics.

Greywater represents a valuable source of reclaimed water for reuse especially in places
with scarce freshwater resources where reclaimed water could relieve the pressure on
freshwater. The reuse purpose often determines the type and level of treatment to which
the greywater is subjected; generally the quality and the treatment requirements increase
with increasing levels of human contact. Potential reuse possibilities for treated greywater
may include: irrigation; car washing and similar outdoor uses; toilet / utinal flushing; and
groundwater recharge when treated to very high degree. Various biological treatment
processes for greywater are available; among these are very simple ones such as
constructed wetlands (see section on sanitation technologies).

A summary of the streams, treatment and reuse possibilities in EcoSan is depicted in

figure 2.6.
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Figure 2. 6: Wastewater streams, treatment and reuse possibilities (adapted from GTZ, 2004)

2.2.4.2 Potential Benefits of EcoSan

Low cost and flexibility: EcoSan systems are mainly non centralised systems as such the
need for sewers is all but eliminated, this means that the heavy investments in sewer
networks can be avoided, which is a significant benefit to developing nations. There is a
wide range of EcoSan technologies available in terms of operational and management

complexity and cost, as such there is a potentially affordable option for everyone.

Targeted treatment. the separation of wastewater into constituent streams allows for

targeted treatment of each stream thus lowering operation costs.

Pollution prevention: the separation limits dilution and the generation of large quantities of
wastewater. It also allows the isolation of the brownwater stream, which is the

pathogenic and problematic fraction.

Poverty alleviation: separation also allows for nutrient recovery and reuse in agriculture.
This not only aids food production through the provision of access to cheap, sometimes
free plant nutrient sources, it can also help in poverty alleviation through enhanced food

production and job creation.

Resonrce management: EcoSan systems can be designed using technologies that are dry or

utilise limited quantities of water thus limiting the consumption of this precious resource.

MDG targer: Ecological sanitation systems for the poor enhance their dignity, quality of
life and health.
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Renewable energy: EcoSan technologies have the potential for the production of energy
from wastewater for example biogas production during anaerobic treatment of black

water.

2.2.4.3 Challenges of ecological sanitation and possible responses

Ecological Sanitation concepts are a radical departure from conventional systems. As
such their implementation often requires change especially in the perception or
behaviour of users and local authorities. Change is something people often do not
welcome by nature even when it is for their good especially when it comes to issues of
culture and behaviour. This resistance is one of the main challenges EcoSan faces today.
Further, the favourable way in which conventional system especially flush technologies
are viewed sometimes means dry EcoSan systems have a problem of acceptance by users
who often consider non flush systems inferior alternatives. One of the principles of
EcoSan is the reuse of sanitised excreta in agriculture; this is a problem for the adoption
of the systems in places where there are religious or cultural taboos and attitudes
restricting the use of excreta-derived fertilisers. Current legislations in many countries are
still largely focused on conventional systems as such this often limits many sanitation
practitioners in implementing EcoSan systems. In contrast to conventional sanitation,
there is a limited experience of large scale implementation that can serve as examples of
success to be replicated. EcoSan has all the potential characteristics for being a
sustainable way of providing access to sanitation facilities to the over two billion people
who still lack access today with other attendant benefits. However, tackling the issues
identified above is a necessary step in ensuring that the promises EcoSan offers are

actualised.

2.2.5 ‘Low cost conventional’ Sanitation

These systems utilise technologies that are in many ways similar to the mainstream
conventional technologies with the main difference being that they are designed in such a
way that they can be installed, operated and maintained at significantly lower costs than
their conventional counterparts. Examples of such technologies include the low cost
sewerage systems, which are basically sewers of small diameter pipes designed to be laid
at shallow depths (described in later sections), the waste stabilisation pond systems and
planted filter beds.

Some of the main advantages of these systems are that they are mostly low tech systems
and require limited or no energy input. They can be run by appropriately supervised
operators with low skill levels. They are quite similar to some of the conventional
systems as such they are usually not a problem for management bodies that already utilise
conventional technologies. Low cost conventional systems utilise some technologies that
users are already familiar with e.g. the WC as such they have potentially high user
acceptance. Because they simply mimic natural systems having almost no mechanical

input, availability of space is one of the primary requirements of these systems and about
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the most important limitation of many of the technologies in this group. However with
good design, the systems are able to achieve the