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Foreword

The 1980-1990 decade has been chosen by the United Nations as a period
when a special effort will be made to overcome the lack of adequate water supply
and sauitation facilities for large sections of the populations of the less-
developed world. The manpower resources to realize these goals are minimal in
most countries.

The regions of East and Southern Africa are areas where the scarcity of
adequately trained personnel is acute and there is a lack of information on newly
developed low-cost technologies.

In August 1980, two workshops were held: one in Malawi on water supply and
another in Botswana on sanitation. Full delcgations from Ethiopia, Tanzania,
Malawi, and Botswana attended. Selected representatives from Kenya,
Swaziland, Zambia, Lesotho, and Mozambique were also invited to participate.

The regional workshops were not intended to be an end in themselves but
were planned to be followed by small, national training workshops carried out
by the participants in their own countries. The aim of the workshops was to
further disseminate the information on low-cost technologies and discuss the
implementation of curricula changes and training needs recommended at the
regional meetings.

These proceedings include papers presented at the meeting, summaries of the
resulting discussions, descriptions of the field visits, resolutions, and action
plans. It is hoped that through wide dissemination, the influence of this training
workshop will spread beyond the countries of the attending delegates.

The International Development Research Centre (IDRC) is indebted, in
particular, to Brian Bellard, host country coordinator, as well as to each
delegation coordinator, for ensuring success of the workshop.

Michael McGarry, Associate Director, Health Sciences Division, IDRC,
acted as workshop coordinator, supported by Ronald Droste and Eric Schiller,
IDRC consultants. Editing was undertaken by the Communications Division,
IDRC. A special word of thanks is due to the support staff of the Health Sciences
Division.
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Use of Dry Pit Latrines in

Rural and

Urhan Ethio i
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K. Kinde!

Eghiepia s northeastern
Africa, close to the equator. Because the
altitude varies from 90 m below sea level
(Danakil depression) to over 4500 m above
sea level (the Semien Mountains), climatic
conditions range from hot desert to cold
mountain. The country is 1225000 km? in
area and is very fertile, with a large prcpor-
tion of arable land. It also has one of the
most rugged terrains in the world, however,
which makes communication difficult.

A population census has never been
conductzd, but two sample surveys and
varicus studies nave shown that its 30 mil-
lion people are of highly diversified ethnic
origins and speak over 50 languages. Almost
90% of the population live in rural areas and
about 95% of those are engaged in agricul-
ture and animal husbandry. Only about 15%
of the population lives within a reasonable
distance from organized health services.

Preventable diseases and malnutrition, in
particular, cause heavy morbidity and very
high mortality. I* has been constantly
affirmed by public health experts that about
80% of the bhealth problems of the country
could be prevented through relatively simple
public health measures, such as improve-
ment of environmental sanitation, sound
personal hygiene practice, health education,
and mass vaccination.

Better health for the Ethiopian masses,
particularly the rural masses, has been one
of the themes of the revolution. Based on
this, the Ministry of Health has started reo-
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lActing Head, Environmental Health Divi-
sion, Ministry of Health, Addis Ababa, Ethiopia.
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the country Thus programs orlented
toward the rural mar-es, based on more pre-
vention, self-reliance, and mass parti-
cipation, are stressed.

As a member of the international commu-
nity, Ethiopia is committed to the present
United Nations declarations of “health for
all by the year 2000 as a goal, and “primary
health care™ and the “International Drink-
ing Water and Sanitation Decade™ as strate-
gies to attain the goal.

A key to the realization of these ambi-
tions, policies, and challenges is the provi-
sion, to all people, of basic health services, in
general, and preventive health services, in
particular, placing more emphasis on the
proper disposal of human wastes.

Use of Dry Pit Latrines in Rural
and Semiurban Ethiopia

Provision of a sanitary excreta disposal
system is listed by the World Health Organi-
zation (WHO) expert committee on envi-
ronmental sanitation (1954) among the first
basic steps that should be taken toward
ensuring a safe environment in rural areas
and small communities.

In Ethiopia, as in many developing coun-
tries, faecal-borne illnesses are the most for-
midable public health problems, even
though the number of deaths due to these
diseases is not exactly known. However,
recent surveys carried out within the country
have shown that all elements of rural sanita-
tion are more or less lacking and indiscrimi-




nate fouling of the soil with human
excrement is common and as a result gas-
trointestinal diseases rank high among the
most important communicable diseases.

To alleviate this health problem through
environmental control, the most satisfac-
tory method of excreta disposal is, of course,
a waterborne excreta disposal system, but it
will not be possible to install such a system in
rural and semiurban Ethiopia for many
years to come.

As an alternative, a sanitary pit latrine
human waste disposal system is as effective
as the other methods in controlling faecal-
borne diseases and is cheap to build, easy to
maintain, and within the reach of the com-
munities. Therefore, a pit latrine excreta dis-
posal system was found to be an appropriate
system for the rural and urban fringe Ethio-
pian communities.

Realizing the importance of sanitary
latrines for rural Ethiopians, the Ethiopian
government, in collaboration with the
donor agencies (multilateral and bilateral),
established a public health college and train-
ing centre at Gondar, Ethiopia, in 1954 to
train a team of middle-level health workers
(health officers, community nurses, and
sanitarians), with the objective of solving the
public health problems o rural and semiur-
ban communities. The firs: grour of health
workers graduated in 1958 and were used to
staff district health centres. It was then that
organized community sanitation services
started, with the required organizational
structure to carry out a successful preventive
and promotive health service program,
emphasis being put on, among other things,
the development of sanitary pit latrines in
rural areas and small communities through
local participation.

After more than two decades, the public
health program and excreta disposal sys-
tems in rural areas failed to show any signifi-
cant improvement commensurate with the
duration of service. In the villages, sanitary
pit latrines are very rare and open field defe-
cation and urination is a common practice.
Proper assessment of excreta disposal
means in rural communities has not been
carried out, but a sample survey made in
most of the administrative regions has
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shown that about 1% of the rural population
uses pit latrine excreta disposal systems.
Even this meagre number of latrines is not
properly designed, constructed, and
maintained.

In general, the health education and pit
latrine construction program that has been
carried out in Ethiopia for the last 20 years
produced no significant change in the health
conditions of the masses, even though a
reliable study has not been conducted to
assess the situation. This condition is attri-
buted to the fact that the latrine construc-
tion, use, and maintenance program has not
yet received the attention it deserves from
the government, as well as the community
served. As a result, the Ethiopian rural and
semiurban communities continue to suffer
from avoidable filth-borne diseases with the
consequent heavy loss of lives and lowered
productivity of the population.

The sanitation problems of the Ethiopian
communities are mainly related to the pro-
grams of education (general and/ or health),
organization, and the proper design and
construction of latrines. Some of the bar-
riers to the success of the pit latrine
construction program are: (1) most com-
munities have not had a chance to learn
about the germ causation of disease and to
realize the need to stop faecal-borne diseases
through the use of latrines; (2) communities
that have a habit of using open fields for
defecation and urination resist change; (3)
the availability of space (open fields) in rural
areas for defecation and urination; (4) the
nature of the work of villagers, particularly
males and children, which is usually in the
field (farming and herding), encourages
open-field excreta disposal; (5) many villa-
gers have never seen a latrine and thus are
not interested in constructing one; (6) when
villagers have seen a latrine, often it has been
poorly maintained and is located in public
places, and it has left an impression of being
something foul and dirty; (7) footrests are
uncomfortable and sometimes dirty compa-
red with open-field practices; (8) the user is
exposed to contaminated water when the
groundwater level is high or the pit is open to
rain or storm-water runoff; (9) accidents
associated with poorly constructed and
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Foreword

The 1980-1990 decade has been chosen by the United Nations as a period
when a special effort will be made to overcome the lack of adequate water supply
and sauitation facilities for large sections of the populations of the less-
developed world. The manpower resources to realize these goals are minimal in
most countries.

The regions of East and Southern Africa are areas where the scarcity of
adequately trained personnel is acute and there is a lack of information on newly
developed low-cost technologies.

In August 1980, two workshops were held: one in Malawi on water supply and
another in Botswana on sanitation. Full delcgations from Ethiopia, Tanzania,
Malawi, and Botswana attended. Selected representatives from Kenya,
Swaziland, Zambia, Lesotho, and Mozambique were also invited to participate.

The regional workshops were not intended to be an end in themselves but
were planned to be followed by small, national training workshops carried out
by the participants in their own countries. The aim of the workshops was to
further disseminate the information on low-cost technologies and discuss the
implementation of curricula changes and training needs recommended at the
regional meetings.

These proceedings include papers presented at the meeting, summaries of the
resulting discussions, descriptions of the field visits, resolutions, and action
plans. It is hoped that through wide dissemination, the influence of this training
workshop will spread beyond the countries of the attending delegates.

The International Development Research Centre (IDRC) is indebted, in
particular, to Brian Bellard, host country coordinator, as well as to each
delegation coordinator, for ensuring success of the workshop.

Michael McGarry, Associate Director, Health Sciences Division, IDRC,
acted as workshop coordinator, supported by Ronald Droste and Eric Schiller,
IDRC consultants. Editing was undertaken by the Communications Division,
IDRC. A special word of thanks is due to the support staff of the Health Sciences
Division.
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Use of Dry Pit Latrines in

Rural and

Urhan Ethio i

"/ A RreSA

K. Kinde!

Eghiepia s northeastern
Africa, close to the equator. Because the
altitude varies from 90 m below sea level
(Danakil depression) to over 4500 m above
sea level (the Semien Mountains), climatic
conditions range from hot desert to cold
mountain. The country is 1225000 km? in
area and is very fertile, with a large prcpor-
tion of arable land. It also has one of the
most rugged terrains in the world, however,
which makes communication difficult.

A population census has never been
conductzd, but two sample surveys and
varicus studies nave shown that its 30 mil-
lion people are of highly diversified ethnic
origins and speak over 50 languages. Almost
90% of the population live in rural areas and
about 95% of those are engaged in agricul-
ture and animal husbandry. Only about 15%
of the population lives within a reasonable
distance from organized health services.

Preventable diseases and malnutrition, in
particular, cause heavy morbidity and very
high mortality. I* has been constantly
affirmed by public health experts that about
80% of the bhealth problems of the country
could be prevented through relatively simple
public health measures, such as improve-
ment of environmental sanitation, sound
personal hygiene practice, health education,
and mass vaccination.

Better health for the Ethiopian masses,
particularly the rural masses, has been one
of the themes of the revolution. Based on
this, the Ministry of Health has started reo-
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lActing Head, Environmental Health Divi-
sion, Ministry of Health, Addis Ababa, Ethiopia.
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the country Thus programs orlented
toward the rural mar-es, based on more pre-
vention, self-reliance, and mass parti-
cipation, are stressed.

As a member of the international commu-
nity, Ethiopia is committed to the present
United Nations declarations of “health for
all by the year 2000 as a goal, and “primary
health care™ and the “International Drink-
ing Water and Sanitation Decade™ as strate-
gies to attain the goal.

A key to the realization of these ambi-
tions, policies, and challenges is the provi-
sion, to all people, of basic health services, in
general, and preventive health services, in
particular, placing more emphasis on the
proper disposal of human wastes.

Use of Dry Pit Latrines in Rural
and Semiurban Ethiopia

Provision of a sanitary excreta disposal
system is listed by the World Health Organi-
zation (WHO) expert committee on envi-
ronmental sanitation (1954) among the first
basic steps that should be taken toward
ensuring a safe environment in rural areas
and small communities.

In Ethiopia, as in many developing coun-
tries, faecal-borne illnesses are the most for-
midable public health problems, even
though the number of deaths due to these
diseases is not exactly known. However,
recent surveys carried out within the country
have shown that all elements of rural sanita-
tion are more or less lacking and indiscrimi-




nate fouling of the soil with human
excrement is common and as a result gas-
trointestinal diseases rank high among the
most important communicable diseases.

To alleviate this health problem through
environmental control, the most satisfac-
tory method of excreta disposal is, of course,
a waterborne excreta disposal system, but it
will not be possible to install such a system in
rural and semiurban Ethiopia for many
years to come.

As an alternative, a sanitary pit latrine
human waste disposal system is as effective
as the other methods in controlling faecal-
borne diseases and is cheap to build, easy to
maintain, and within the reach of the com-
munities. Therefore, a pit latrine excreta dis-
posal system was found to be an appropriate
system for the rural and urban fringe Ethio-
pian communities.

Realizing the importance of sanitary
latrines for rural Ethiopians, the Ethiopian
government, in collaboration with the
donor agencies (multilateral and bilateral),
established a public health college and train-
ing centre at Gondar, Ethiopia, in 1954 to
train a team of middle-level health workers
(health officers, community nurses, and
sanitarians), with the objective of solving the
public health problems o rural and semiur-
ban communities. The firs: grour of health
workers graduated in 1958 and were used to
staff district health centres. It was then that
organized community sanitation services
started, with the required organizational
structure to carry out a successful preventive
and promotive health service program,
emphasis being put on, among other things,
the development of sanitary pit latrines in
rural areas and small communities through
local participation.

After more than two decades, the public
health program and excreta disposal sys-
tems in rural areas failed to show any signifi-
cant improvement commensurate with the
duration of service. In the villages, sanitary
pit latrines are very rare and open field defe-
cation and urination is a common practice.
Proper assessment of excreta disposal
means in rural communities has not been
carried out, but a sample survey made in
most of the administrative regions has
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shown that about 1% of the rural population
uses pit latrine excreta disposal systems.
Even this meagre number of latrines is not
properly designed, constructed, and
maintained.

In general, the health education and pit
latrine construction program that has been
carried out in Ethiopia for the last 20 years
produced no significant change in the health
conditions of the masses, even though a
reliable study has not been conducted to
assess the situation. This condition is attri-
buted to the fact that the latrine construc-
tion, use, and maintenance program has not
yet received the attention it deserves from
the government, as well as the community
served. As a result, the Ethiopian rural and
semiurban communities continue to suffer
from avoidable filth-borne diseases with the
consequent heavy loss of lives and lowered
productivity of the population.

The sanitation problems of the Ethiopian
communities are mainly related to the pro-
grams of education (general and/ or health),
organization, and the proper design and
construction of latrines. Some of the bar-
riers to the success of the pit latrine
construction program are: (1) most com-
munities have not had a chance to learn
about the germ causation of disease and to
realize the need to stop faecal-borne diseases
through the use of latrines; (2) communities
that have a habit of using open fields for
defecation and urination resist change; (3)
the availability of space (open fields) in rural
areas for defecation and urination; (4) the
nature of the work of villagers, particularly
males and children, which is usually in the
field (farming and herding), encourages
open-field excreta disposal; (5) many villa-
gers have never seen a latrine and thus are
not interested in constructing one; (6) when
villagers have seen a latrine, often it has been
poorly maintained and is located in public
places, and it has left an impression of being
something foul and dirty; (7) footrests are
uncomfortable and sometimes dirty compa-
red with open-field practices; (8) the user is
exposed to contaminated water when the
groundwater level is high or the pit is open to
rain or storm-water runoff; (9) accidents
associated with poorly constructed and



poorly maintained latrines; (10) opposite
sexes and/or different religious groups
sometimes do not like to share the same
facility; (11) the faecal material is visible,
particularly when the pit aperture is un-
covered or the pit is about to be filled:
(12) the latrine has a bad odour when it is
constructed close to a dwelling; (13) flies
gather about the latrine; (14) construction
and maintenance arc expensive and difficult
for people with low incomes; (15) even if
they want a latrine, the communities often
do not know how to construct and maintain
a sanitary latrine properly; (16) lack of
construction materials and tools; (17) lack
of administrative procedures to ensure
quick supply of proper materials where they
are needed; (18) lack of concentr: - »n of
efforts on latrine problems; (19) lack of
careful guidance, supervision, and evalua-
tion of field sanitation workers caused by a
lack of finance and transport facilities;
(20) lack of au adequate number of well-
trained technical personnel; and (21) in
some places, rocky soil formations and high
water levels.

Use of Dry Pit Latrines in Urban
Ethiopia

Practices and problems associated with
dry pit latrines in towns are in many in-
stances similar to those in rural areas. The
difference is the type and gravity of the prob-
lem encountered as a result of urbaniza-
tion. In addition to some of the problems
related to pit latrine construction, use, and
maintenance mentioned for rural communi-
ties, the urban communities are faced with
problems of poor town planning and plot
allocation, lack of space to construct pit
latrines, landlord-tenant conflicts in cases
of rented houses (before the revolution),
lack of open fields for defecation and urina-
tion in comparison with rural areas, the
diversified social and economic nature of the
town, and the type of work which is usually
carried out in the town.

In principle, in every town the municipali-
ties are responsible for providing and main-
taining suitable public latrines for the

communities at places such as markets and
bus stations. In practice, however, public
latrine development in urban centres is an
absolute failure, due to a lack of mainte-
nance, abuse by the users, and irresponsibi-
lity of the municipalities to operate and
maintain the facilities.

In towns where waterborne excreta dispo-
sal systems are nonexistent, all private
houses are required to have proper privies
on their premises. However, the majority of
these facilities are not functioning well due
to the reasons ailready mentioned.

Conclusions

Prerevolution health workers tried to
form health councils, within the communi-
ties, to be responsible for health mattersina
certain locality and to activate health ser-
vices. The program failed, however, because
the representatives on the council belonged
to the landlord class.

The revolution, through its formation of
various associations (urban dwellers, far-
mers, women’s youth, all Ethiopian wor-
kers), has created a healthy atmosphere
whereby the people organized themselves to
solve their own health and sanitation prob-
lems. A situation where health cadres
could make a better approach to the com-
munity, identify health and sanitation prob-
lems of the community, disseminate health
education, and provide useful demonstra-
tions of sanitary facilities was created. The
Ministry of Health has taken a revolution-
ary measure in reorienting the health deliv-
ery system of the nation by strengthening the
existing one and introducing a new system
with a new health cadre, a community health
agent, as a base for the health manpower
pyramid. The new approach to health ser-
vice by the Ministry of Health is supplemen-
ted by the countrywide campaign against
illiteracy launched by the Ministry of
Education.

All efforts made since the revolution have
had a positive effect on the health delivery
system, in general, and public health service,
in particular. A case in point is a great num-
ber of dry pit latrines constructed by the




people in some of the administrative
regions, yet more endeavours are expected
to tackle the health and sanitation problems
of the communities.

The barriers to the expansion of sanitary
dry pit latrine system development in rural
and urban Ethiopia, as elsewhere in
developing countries, are many. Some are
socioeconomic in nature, others are admi-
nistrative in nature, and still others are of an
engineering nature.

To overcome these hindrances, coordina-
ted and concerted efforts by concerned
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agencies must be put forward to organize the
communities so that they solve their prob-
lems on their own; to educate (general and
health) the communities in order to raise the
level of understanding about germ theory; to
guide the communities; and to evaluate and
reevaluate the public health activities car-
ried out in the communities. To promote
these activities, sound planning and
programing of the sanitation activities of the
communities are not only necessary but
essential.




Pit Latrines in Botswana

J.G. Wilson!

Botswana is an arid country characterized
by a very low population density, a few small
but rapidly growing urban areas, and a
cattle population of five times the human
population. Apart from the indigenous sim-
ple pit latrine, low-cost sanitation develop-
ments date back to the early 1970s, when the
government undertook initial work on fiber-
glass aqua privies. The prototype had
various technical problems and in 1976 the
government, together with the International
Development Research Centre (IDRC),
Canada, undertook an investigation of
alternative forms of low-cost sanitation by
constructing and testing single pit latrines:
ventilated improved pit (VIP) latrines, Reed
odouriess earth closets (ROEC) (a variation
of the VIP latrine employing an asbestos
cement seat with a chute built integrally into
an offset ventilated pit), cement-block aqua
privies (single chamber with soakaway), and
composting toilets.

The objective of this paper is to focus
upon particular technical and sociological
problems that have been associated with the
introduction of sanitation programs in Bots-
wana. It was not written to detract from the
overall success that the Government of Bots-
wana has had in its implementation of such
programs but rather to create an awareness
of potential problems that could act as a
base from which discussion could be gene-
rated with respect to the need for appropri-
ately trained manpower within the sanita-
tion sector.

1Senior Public Health Engineer, Ministry of
Local Government and Lands,
Botswana.

Gaborone,

The Pit Latrine

Conventional pit latrines abound in all
parts of Botswana but many suffer from
major structural faults. Poorly constructed
pit latrines can become offensive due to
odours and the attraction of flies and mos-
quitoes. Often, latrines are constructed
directly upon coarse-grained “running”
sand or unstable black cotton soil. If
coupled with heavy latrine superstructures,
these soils lead to collapsing of the slab and
superstructure ifto the pit (Fig. 1). Solid
rock, outcropping at or near the ground
surface, and laterite soils, interspersed with
layers of impermeable stiff clay, make exca-
vation difficult and limit soakaways. Over-
coming these problems can be difficult and
expensive. The result is that many people
prefer to defecate in the bush.
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Fig. 1. Result of pit latrine built without
foundations on black cotton soil.




Another major problem with the conven-
tiona!l pit latrine is the difficulty experienced
in emptying it successfully. In urban areas,
where plot sizes are restricted, a permanent
pit is preferred. When emptying becomes
necessary, the plotholder is required to add
water to the pit contents to form a slurry in
order to facilitate emptying by suction using
the council vacuum tanker. This not only
constitutes a major health hazard, because
the only access to the pit is through the seat
unit, but also the adding of large quantities
of water to the pit accelerates erosion of the
pit walls, leading to the collapse of the
superstructure.

To overcome these problems, the ROEC
was developed in South Africa and has been
used in Botswana around the Molepolole
area for more than 20 years {Fig. 2). The
advantage of this latrine is in the utilization
of a chute that funnels excreta and urine into
a chamber to the rear of the superstructure.
The problem of the superstructure collap-
sing into the pit is, therefore, overcome. An
additional advantage is the ability to empty
the pit by removing access covers at the rear
of the superstructure. The chute, in conjunc-
tion with a ventilation stack, encourages
vigorous air circulation within the pit, there-
by removing odours and discouraging the
attraction of flies. A high standard of
construction is required, however, particu-

Sunny side f

Black vent pipe
with fly screen 4

Concrete
access covers,
painted black

Fig. 2. Reed odourless earth closet (ROEC) pit
latrine. (Afier R.A. Boydell, formerly with the
Ministry of Local Government and Lands,
Botswana.)

larly in forming the joints between the cover
slabs, as a close fit is required to prevent
access by flies. If poorly constructed, the
latrine can become a centre for unsanitary
conditions. A ceriain degree of user
maintenance is required to maintain hygien-
ic conditions, e.g., experience has shown
that the chute of the ROEC is subject to
fouling by excreta. The plotholder, there-
fore, is required to obtain a long-handled
brush to clean the chute. Observations have
revealed, however, that either the brush is
not obtained and cleaning is, therefore, not
carried out on a regular basis or excessive
amounts of water are used to clean the
chute, resulting in flooding of the pit. In an
effort to eliminate these problems the
ROEC has been modified. In the revised
design there is no chute; instead, the near
end of the pit has been extended just below
the supcrsiructure so that faeces from the
seat can drop directly into the pit. This
modification of the ROEC has been called
the ventilated improved pit (VIP) latrine
(Fig. 3). The VIP latrine has a high degree of
user acceptance and user maintenance
requirements are low. The standard of
construction, however, must remain high
for reasons similar to those given for the
ROEC.

Even a modified single pit latrine has cer-
tain disadvantages, the most important

g:r"”'/’:ﬁ:: -shaped
Black vent pipe L-shape

with fly screen -

Su_nny side

j i

-

i | Sand/cement
plaster

Concrete backfill

Reinforcing bars

Fig. 3. Ventilated improved pit (VIP) latrine.
(After R.A. Boydell, formerly with the Ministry
of Local Government and Lands, Botswana.)




being that when it is emptied the contents of
the pit include fresh faeces, which if deposit-
ed in the vicinity of the latrine as a result of
careless emptying can create unhygienic
conditions.

Recent work carried out in Botswana has
indicated that groundwater pollution can
occur from pit latrines installed in areas
when unsuitable ground conditions exist. In
arcas with fissured rock or other types of
highly permeable material or where pits
penetrate the water table, high nitrate levels
and high bacterial counts can occur and
could present a danger to human health. In
areas where such hazards exist, it is import-
ant that a safe water supply is made avail-
able from an uncontaminated source if pit
latrines are the only affordable method of
excreta disposal.
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Investigations and experimental work
presently being planned in Botswana to
obtain further information on pit latrine
operation include optimization of the vent-
ing of pits, together with experimentation
with different fly and mosquito screens, and
experimentation with thin fiberglass dispos-
able pit liners as substructures to pits
constructed in areas with unstable ground
conditions, such as the Kalahari sands.

Botswana has made considerable strides
toward developing sound long-term sanita-
tion strategies. A number of aspects remain
unresolved but the government is commit-
ted to make progress within the sanitation
sector over the next decade, bringing im-
proved health and well-being to a small but
rapidly growing population.




According to a World Health Organiza-
tion publication produced in 1958, a pit
latrine consists of a hand-dug hole in the
ground covered with either a squatting plate
or a slab provided with a riser or seat. A
superstructure or house is then built around
it. The pit should be 36-40 in. (90-100 cm)
wide, with its length depending upon the
number of holes provided. The depth is
usually 8 ft (2.4 m) but would vary from 6-16
ft (1.8-4.9 m). In Malawi, at present, 6t (1.8
m) would be regarded as being shallow
enough to encourage the breeding of flies
during the initial stages of use of the pit
latrine.

On the day of independence (6 July 1964),
it was evident that to a certain extent the pit
latrine and its measurements, as mentioned
above, were acceptable. Figure 1 shows the
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Pit Latrines in Malawi

A.W.C. Munyimbili!

design of the few pit latrines that were pre-
valent in Malawi at that time.

it should be noted that the idea of build-
ing and using a pit latrine was not acceptable
to all Malawian villagers. Some of the prob-
lems related to the use of pit latrines can be
attributed to taboos, politics, or the topo-
graphical aspects of various locations in
Malawi.

What Went Wrong?

It was not acceptable for a male villager to
use the pit-latrine facilities with his female
child. It was unbecoming for a father-in-law
or mother-in-law to use the same pit-latrine
facilities with the daughter-in-law or son-in-
law respectively. It should be realized that if
you were a son-in-law or daughter-in-law,
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Fig. 1. (a, b) Village pit latrines in Malawi at the time of independence. (c) Nkhokwe pit latrine used
in sandy soils. (d) Pit latrine designed for use in waterlogged areas, e.g., rice irrigated areas.

'Regional Health Inspector, Ministry of Health, Mzuzu, Malawi.
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your safest time of self-help or attending to
nature was when you were free and alone
somewhere in the bush. It should also be
noted that the above traditional education
was the responsibility of the elders of the
villages to inculcate into the minds of the
would-be sons- and daughters-in-law and
the impact of this training was great. In

some communities, traditional religion for- -

bade one from possessing a pit latrine.
Thus, traditional culture paid little
interest or attention to community develop-
ment and social welfare services or to any
interrelationship between development and
those persons who tried to initiate changes.

Who Was to Blame?

At the time of Malawi’s independence,
those people advocating the use of pit
latrines presented a distorted image of the
value of the latrines. It was assumed that
what was good for one part of the country
(or one district) was good for the entire
country and all of its people. A villager ora
subsistence farmer was considered a villain,
an inhibitor of change or development, if
they did not possess a pit latrine. They were,
therefore, taken to court,and fined or im-
prisoned. Most of the villagers who were
taken to court had not had the purpose and
importance of latrinization properly ex-
plained to them. Consequently, the minority
of early adopters were regarded as agents of
the devil by the majority of skeptics or
traditionalists, i.e., if you possessed a pit
latrine, sanctions were imposed by your peer
group.

Introducing Change

The postindependence government real-
ized that development or change could not
be facilitated unless the people concerned
were involved in its planning and execution.
The government noted that local participa-
tion aroused greater interest, awareness, and
satisfaction among the people. For example,
a man leaving his family to participate in the
deiiberations about latrine construction and
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use is bound to discuss the subject with his
family and neighbours when he returns from
the meeting. This creates greater awareness
about the program within the community
and the program, therefore, does not come
as a surprise to the people.

At the time of introducing this approach,
government departments such as health,
agriculture, community development and
social welfare, forestry, and veterinary ser-
vices lacked adequate numbers of professio-
nals at upper-management levels and
technologists in the field (front-line work-
ers). To fill this shortage of personnel, the
government embarked upon training pro-
grams (in some cases with external aid) to
such an extent that at present there is a
front-line worker in most of the areas or
communities in Malawi from each of the
above-mentioned departments.

In order to introduce changes, certain per-
sonnel are given the responsibility of diag-
nosing and isolating the priority problems
of communities; helping the communities to
implement changes; helping the community
to accept changes regardless of differences in
acceptance rates; spreading new ideas; and
of providing information to individuals or
families on the health aspects related to the
changes.

Front-Line Workers of the
Department of Public Health

Health assistants and disease surveillance
aides concentrate on, among other things,
sanitation. Thus, they are primarily con-
cerned with the safety of rural water supplies
and latrinization. Rural water supply pro-
tection (as opposed to latrinization) receives
the attention, as well as aid, of various
departments including the health depart-
ment. Latrinization is primarily handled by
the Department of Health through village
health committees.

Cholera Outbreak, 1973

Generally, the Ministry of Health was re-
sponsible for the treatment of cholera cases
during this outbreak. As preventive treat-




ment, antibiotics (e.g., tetracycline) were
used and shallow wells were chlorinated
with a prepared stock solution. Health edu-
cation was intensified by front-line workers
regarding the provision and use of pit
latrines.

It was noted that in districts inland from
Lake Malawi, which stretches along almost
the entire eastern border of the country,
the anticholera measures mentioned above
were successful, except in some of those dis-
tricts that bordered the lake and in which
sandy and clayey soils abound, coupled with
a high water table. Pit latrines constructed
according to the specifications outlined at
the beginning of this paper collapsed easily,
thus frustrating the efforts of the viilagers
and encouraging them to use the nearby
bush to relieve themselves. As a result, chol-
era outbreaks in these districts continued to
occur.

In an effort to prevent future outbreaks of
cholera, district health inspectors were
requested to analyze the use of pit latrines in
their areas. The survey that was carried out
revealed that the major sanitary problems in
an area were the existence of contaminated
water, bilharzia, hookworm, and cholera
and the lack of pit latrines. The reasons for
the lack of pit latrines were attributed to
laziness on the part of the people, a lack of
understanding (health education) on the
benefits of latrines, conflict with traditional
beliefs and taboos, and collapsing of exist-
ing pit latrines. It was determined that
collapsing of pit latrines was caused by
flooding, high water tables, sandy soil, and
poor construction techniques. Thus, the sur-
vey indicated that the lack of pit latrines due
to their collapsing as a result of poor
construction techniques was the major
problem within a district.

It was found that the poor construction
techniques included problems with
construction of the pit, floor, and super-
structure and problems with the siting of the
latrine itself.

Improved methods of constructing the pit
included the use of drums, poles, the
Nkhokwe, and construction of a circular pit
with smooth straight sides. Some of the
improved methods of constructing the floor

included the use of medium-sized poles that
would extend 1.5ft (0.45 m) beyond the edge
of the pit and the use of good-quality mud
for smearing. When constructing the super-
structure, the walls should be made of strong
poles and be mudded well; the roof should
be thatched with thick strong grass and
should overhang the walls by 1.5 ft (0.45 m)
to repel and keep rainwater away from the
hut; and the soil around the base of the hut
should be graded to allow water torunaway
from the hut. In terms of the location of pit
latrines, they should not be constructed in
the following areas: on old ash pits; on or
near old pit-latrine sites; near riverbanks or
beaches. If possible, pit latrines should be
situated on firm soil overlying weaker soil.

It was found, from this survey, that by
focusing attention on improved construc-
tion techniques, the problem of a lack of pit
latrines could be solved, which, in turn,
would go a long way toward combating
cholera and all other major sanitary prob-
lems within a district. The use of different
styles of pit latrines and their results are
given in Table 1.

The responsibility of “selling” the im-
proved technology to the public lies with the
village health committees. The disease sur-
veillance aides who work at the village level
make returns to the health assistants who, in
turn, report any sanitary improvements to
the district health inspector.

Present observations indicate that round
holes and floors made of poles extending 1.5
ft (0.45 m) beyond the edge of the hole are
the preferred methods of pit latrine
construction. The Nkhokwe construction
method is preferred over the use of drums
because drums are difficult to obtain. The
use of one drum in a square hole with a
superstructure of bamboo and leaves has
been abandoned completely.

Ventilated Pit Latrine

In integrated basic services areas for sani-
tation and primary health care programs
and in land reorganization schemes, village
health committees, in consultation with
front-line workers from the Ministry of




Table 1. Research with different styles of pit latrines and results to date.

Daie of Soil
Style construction Location conditions_ Remarks
Nkhokwe, September Village Sandy Superstructure of thatched roof and
round hole 1978 mud and poles wall. Mud and poles
floor. Doing very well
Three drums, QOctober  Hospital Sandy Superstructure of iron sheets. Con-
round hol 1978 crete slab floor. In splendid con-
dition
Pit latrine August  Rice scheme Clay; high Superstructure of mud and poles with
with poles, 1977 water table thatched roof. Floor of logs and
square hole mud. Still doing well, even in
water-logged area
Two drums, August Village Sandy; high  Superstructure and floor of rhud and
round hole 1978 water table poles. Filled up quickly due to small
capacity of drums and high usage.
Lasted 4 months
Plain pit, October  Village Sandy Superstructure of mud. Floor of logs
round hole 1978 and mud. Did well indry season but
collapsed in rains due to poor con-
struction. Logs on floor were too
short, just reaching edge of hole.
Had little support. Roof leaked also
Three drums, October  Village Sandy Superstructure of mud. Thatch and
round hole 1977 log floor. Filled sides between
drums and hole with coarse gravel,
stones, and sand. Doing very well.
Poor roofing allows rain to enter
Two drums, .October  Village Sandy Superstructure of mud and thatch.
round hole 1977 Mud and log floor. Filled sides be-
tween drums and hole with coarse
gravel, sand, and stones. Working
well. With better superstructure it
could last a long time
Two drums July 1978 Village Sandy Superstructure of mud and thatch.
Mud and log floor. Filled sides
between drums and hole with gra-
vel, stone, and sand. It has held up
well
Nkhokwe, November Village Sandy; high  Superstructure of adobe, with thatch-
round 1978 (poles not water table ed roof. Floor of mud and logs.
available Holding up well despite high water
table and sandy soil
One drum, December Shopping Sandy; high  Superstructure of bamboo and leaves.
square hole 1978 centre and water table Latrine is raised a few feet off the
(rains) market ground to give it more pit area.
(temporary) Does well but fills up quickly

Health, have successfully constructed model
(ventilated) pit latrines which are being wel-

comed by the public at large.

The ventilated pit latrine has either a
thatched or iron roof. The walls are Pesse de

terre, which makes it possible for the parti-
tion wall to be aligned with the vent (bam-

boo or iron sheet). The floor is a concrete
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slab with a vent hole provided. A round hole
should be dug not less than 15 ft (4.6 m) deep




in order to discourage the breeding of flies.
The aim of providing a vent pipe is to

~ffan ndanre fram the fnnt‘al
TCINovVeE O1ICNSIve OGQOoUrs Irom ulc aca

matter and reduce the chances of flies breed-
ing.

Conclusions

In rural communities, the manner in
whirh ppnnlp are Pnonnranpd to use nlt

“ll\vl

latrines is more important than the latrme
itself. Identification of diseases that are
brought about due to a lack of pit latrines

should, as far as possible, be brought to light
by village health committees where local
leaders’ voices prevail. When selecting an

AN £ veralta Yy daviaid SwawSsazia

appropriate type of pit latrine for an area,
use should be made of local expertise and
materials, with little emphasis on services
offered from outside. The front-line worker
should live in the village with the people and
gain their confidence and then work only as
a link between latrinization technology and

the nonnln Thue
‘Il‘ P l..ua,

munity, latrmization in Malawi has evolved
as a response to a real need.
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Housing Sanitation, Mozambique

B. Brandberg! and M. Jeremias?

During colonial times little interest was
paid to the sanitation situation of the
majority of the Mozambican people. After
gaining independence in 1975, however, the
Ministry of Health started a national
campaign for latrine construction. The
campaign was launched with the support of
the mass media and was in many areas very
successful. In Maputo, for example, almost
every family now has its own latrine.

The experiences from the latrine cam-
paign were very positive, but it was apparent
that technically, many problems were not
yet solved. Special difficulties arose, for
example, in areas with high groundwater
tables or with loose or rocky ground. It was
also found that latrine covers, constructed
mainly of pieces of wood covered with soil,
were unhygienic and often fell into the pit. A
program for a sanitation development pro-
ject, therefore, was jointly established by the
National Directorate of Housing, the
Nationa! Directorate of Water, and the
National Directorate of Preventive Medi-
cine.

Three Aspects of Sanitation

Sanitation has many aspects. In this pro-
ject three were considered: the safety aspect;
the ecological aspect; and the comfort
aspect.

'Architect, Building Engineer, National
Directoraie of Housing, Maputo, Mozambique.
. *Technical Assistant, National Directorate of
- 'Housing, Maputo, Mozambique.

The Safety Aspect

As mentioned earlier, the latrines that
have been built by the people in the past
have experienced hygienic and technical
problems. The first task, therefore, was to
develop a pit slab that was easy to keep clean
and would not be destroyed by rotting and
termites.

To meet these requirements, a round slab
of nonreinforced concrete was developed
(Fig. 1). By giving it a slightly conical form,
the slab only required a thickness of a few
centimetres. The fact that it was given a
round form facilitated local transport by
rolling and also inspired the builders to dig
round pits, which are preferable for soil
stability reasons. Different materials were
considered for making the slab, but non-
reinforced concrete was the most competi-
tive. The possibility of industrial production
using asbestos cement (lusalite) is also being
considered.

The first slabs were made at a factory for
prefabricated concrete products. In trans-
porting the slabs from the factory to the sites
where they were to be installed, however,
many of them were broken. To solve this
problem a workshop was set up to produce
the slabs locally. Using simple moulds, a
mason and two assistants can make eight
slabs per day.

In order to prevent accidents, each slab is
test loaded with 4-6 persons standing on top
of it, depending upon the diamete:. In spite
of this, however, cracks have appeared in a
few cases after the testing, due to care-
lessness in transporting the slabs. If reinforc-




Scale 1.30

Fig. 1. Plan and cross-sectional views of slab of

nonreinforced concrete used for conventional pit
latrines. The ratio of cement : river sand : 1 /4 in.
stone used to make the cement mixture is 1:2: 1.5.
When tested, the slab supported the weight of 9
people but failed with 10. Every slab is tested and
must support the weight of six people before it
can be put over a pit and used.

ing steel had been easily obtainable, a ring
of reinforcement around the edge of the slab
would have been useful for transportation
purposes.

In order to get an idea of the appropriate-
ness of the slabs, they were offered for sale
to the general population for the price of
producing them. So far, the sales have not
been very sucessful and the reason is un-
known because the inhabitants themselves
had stressed the need for the slabs and
nobody has yet said that they are too
expensive.

The next step in the project was to design
suitable types of latrines for special condi-~
tions. In this area, the new slabs have been
very useful. For lcose and unstable soils,
different types of lining were used to hold up
the wall of the pits. Good results have been
achieved using cement blocks laid with open
joints. The round form eiiminates the need
for mortar in the joints so that the lining is
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easy to erect. Experimental lining of only the
upper part of the pit proved to be less sucess-
ful unless executed with scrupulous control,
which would be difficult to achieve in a
large-scale project.

Lined pits also allowed for increased dia-
meter. This has been used in areas with high
groundwater tables to achieve a reasonable
volume with a reduced depth. For these
areas, the lining has also been used to raise
the cover about 40 cm above ground level. In
arcas where groundwater is not used for
household purposes, no effort has been
made to ensure that the pits do not reach the
water table.

Vietnamese double-vault compost lat-
rines, built completely above ground, will
also be tried. These are particularly appro-
priate for areas with high groundwater
tables that are liable to flood conventional
pits.

Another approach to limit the problem of
covering the pit has been the introduction of
borehole latrines. To compensate for the
low capacity, due to the small pit diameter,
they have been constructed to a depth of 8
m. Usually, two or three are constructed at
the same time for the same family. Dia-
meters of 30 cm are presently being used.
Smaller diameters have been shown to fill up
too quickly.

The Ecological Aspect

Enormous amounts of natural fertilizers
are produced each day by people carrying
out their bodily functions. In cities, these
potential fertilizers are washed away by
sewage systems into the sea or are otherwise
made difficult or impossible to use. At the
same time as this wastage of natural fertili-
zers is continuing, Mozambique is having
difficulty in providing food for its urban
population.

To meet this situation, a number of com-
post latrines have been constructed. These
are mainly ordinary pit latrines with a reduc-
ed voiume, constructed two and two, side
by side, to be used alternately.




It is supposed that a compost period of 6
months would be sufficient to eliminate the
risk of parasite transmission. From an agri-
cultural point of view 12 months could also
be considered. Medical tests are continually
conducted as part of the project experiment.
In accordance with results from other sani-
tation projects, ascaris egg viability is used
as an indicator of pathogen neutralization.

It is hoped that the excavation of the com-
post or neutralized faccal matter will meet
the agricultural difficulties, but the project
has not yet advanced to the stage of a latrine
being ready fer emptying. In some cases,
however, people have spontanecusly emp-
tied old latrines to use the contents as
fertilizer.

Some of the borehole latrines have also
been constructed so that after a period of
neutralization they can be rebored for reuse
of both the contents and the hole. For areas
with sandy soil and low groundwater tables
this seems to be a simple and cheap solution.

The Comfort Aspect

From the comfort point of view, few sani-
tary solutions can compete with the conven-
tional flush toilet. For areas where water
supply is a problem, as it is in most Mozam-
bican cities, solutions with less water
consumption are highly desirable. Also, the
conventional flush toilet frequently causes
hygienic difficulties because the effluent is
voluminous and often highly polluting. For
clay or fine sandy soils, infiltration can be
difficult and can lead to surface streams of
raw sewage. High groundwater tables and
insufficient natural infiltration of the sewage
can lead to serious pollution of wells.

Alternative sanitary solutions with cor-
responding comfort will be studied in the
future stages of the project. This is particu-
larly important because Mozambique, in the
coming years, will have to build a consider-
able number of new houses all over the
country for foreign technicians and other
people involved in national development.
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The PIP and REC 11 Latrines

J.G. Wilson!

The rate of urbanization in Botswana is
one of the highest in the world and is, at
present, approximately 15% per annum.
The government is actively engaged in a
process of upgradingexisting squatter settle-
ments and undertaking site and service
developments to the extent that this now
constitutes approximately 70% of all hou-
sing production. Being acutely aware of the
need for appropriate sanitation, the govern-
ment, in conjunction with the Building
Research Establishment, England, has de-
veloped a twin-pit ventilated improved pit
(VIP) latrine that could be the most appro-
priate form of sanitation for use in upgraded
and site and service areas.

In urban areas, it is not always possible to
abandon a full pit and dig a new one. The
conventional single-pit latrine (modified or
unmodified) can cause serious health
hazards when being emptied. In order to
overcome this, a new approach to pit latrine
technology has been tried.

The permanent improved pit (PIP) latrine
(Figs. 1, 2) and the revised earth closet 11
(REC 11) (Fig. 3) have both been conceived
for the purpose of providing a permanent
unit that can be emptied as required. This
can be achieved by providing double pits
that are used alternately. The contents are
retained within the sealed pit long enough
for pathogens to die and when the contents
are removed they are harmless and
inoffensive.

Botswana, along with many other African
countries, does not have a history of reusing

1Senior Public Health Engineer, Ministry of
Local Government and Lands, Gaborone,
Botswana.
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excreta. Therefore, the resulting friable
humus, though useful as a fertilizer, will
initially be removed from the site by the
council.

At present, the PIP latrine remains as a
prototype at the Building Research Esta-
blishment to verify construction details and
to investigate the effectiveness of alternative
pit ventilation arrangements. The REC 11,
however, has already been constructed in
quantity in Botswana. To date, approxi-
mately 2000 have been constructed by con-
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Fig. 1. Permanent improved pit (PIP) latrine
type A. (After R.F. Carroll, Building Research
Establishment, England. Note: Pit top supported
by cast in situ concrete liner 100 mm thick,
Jorming two compartments, each having an
effective volume of 1.5 m3.)
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Fig. 2. Permanent improved pit (PIP) latrine
wwpe B. (After R.F. Carroll, Building Research
Establishment, England. Note: Unspecified
deiails are similar to those given in Fig. 1.)
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Fig. 3. Plan and cross-sectional views of twin-
pit VIP latrine (REC I).

tractors in site and service and upgraded
areas in Gaborone. Demonstration models
have now been constructed in Francistown
and Selebi Pikwe and it is proposed that
between 3000 and 4000 will eventually be
constructed in these towns.

The main features of the PIP and REC 11
latrines (Carroll 1980) are: (1) small double
pits, each with an effective volume of 1.5 m*;
(2) supported pit tops and superstructure;
(3) ventilated pits to reduce odour and
attraction of insects; (4) mechanized or
manual emptying; (5) 2 year retention
period; (6) 3-4 year emptying cycle; and (7)
pit contents once decomposed, harmless and
inoffensive, to be used as fertilizer.

Because of the intensive housing
construction program, the government has
committed itself to invest heavily in this
sanitation solution in urban areas. It is
aware, however, that there are other impor-
tant factors associated with the program
that must be considered in order for it to
succeed. The most important of these are
affordability, emptying procedures, and
health education.

The first of these is dealt with in greater
detail in another paper (see Bellard). It can
be said, however, that it is the government’s
policy to provide a latrine substructure to
each plot at a cost that can be afforded by
each plotholder. It is the plotholder’s res-
ponsibility, however, to construct an ap-
proved superstructure and to purchase the
locally made fiberglass seat unit.

Having introduced REC 11 latrines, the
government now has 3 years (the time of the
first emptying cycle) to complete its propo-
sals with regard to emptying procedures. At
present, it is proposed that emptying trials
be conducted in conjunction with the Build-
ing Resecarch Establishment using a
machine that works on a high volume air-
flow principle and draws all types of mater-
ial, ranging from light dry material to wet
sludge, according to the groundwater condi-
tions in the pit at the time of emptying.

At the same time, it is becoming very
apparent that health education with regard
to pit-latrine usage is of prime importance.
For the REC 1l program to succeed and be
acceptable to the plotholder, a health educa-




tion program must commence immediately.
The following are examples of problems
that are already occurring:

(1) Latrines are not being completed by
the plotholders and, therefore, the govern-
ment investment is not being utilized

because the plotholders do not appreciate

the advantages of having a latrine. As far as
the plotholder is concerned, the bush is
nearby and convenient and does not cost
anything, whereas a superstructure does.

(2) Plotholders claim that the pits are too
small and will fill too quickly. They do not
fully understand the operating principles of
the latrine.

(3) Scme plotholders have removed the
cap from the second pit so children may
defecate into the second pit, thereby using
two pits at the same time. The plotholder has

also been known to use the latrine to wash in
and then drain the water into the second pit,
thereby flooding it.

Some of these problems will be overcome
by slightly modifying the design of the sub-
structure. Acceptance and correct usage and
maintenance by the plotholder, however,
are of prime importance if this sanitation
program is to succeed. If it does not succeed,
then apart from the loss of investment, it is
the future health of the plotholders that is at
stake and, therefore, emphasis must be plac-
ed upon increased health education, to-
gether with adequate manpower to super-
vise the implementation of the projcct.

Carroll, R.F. 1980. Improving the pit latrine.
Presented at the 6th Water and Engineering in
Developing Countries Conference, March
1980, Loughborough, England.
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On-Site Excreta Disposal Technologies

E.K. Simbeye!

Human wastes can be both dangerous and
useful. Proper disposal of faeces will mini-
mize the spread of many diseases transmit-
ted through contact with the skin or through
food and drink contaminated with excreta.
Such diseases include hookworm, ascaria-
sis, schistosomiasis, typhoid fever, dysen-
tery, amoebiasis, cholera, and other worm
diseases. Well-prepared and well-treated
excreta will make good manure, which
could be an asset to small farmers.

For many years people in developing
countries of the world have regarded sewer-
age systems as the best method of dealing
with excreta. Indeed, it is the most sophisti-
cated and hygienic method but it is also the
most expensive technology. A lot of water is
required for this type of system to perform
well, yet water is both scarce and expensive.
The gravity of the situation is more evident
in rural areas.

As the world gets poorer, people are now
turning to conventional, but si‘nple and
relatively cheap, technologies. Many low-
cost technologies have been developed and
are being tried. Improved pit latrines, com-
post latrines, pour flush aqua privies, and
septic tank latrines are among the low-cost
technologies. :

This paper will discuss, on-site disposal
systems. These are the systems that do not
require transportation. Three types of on-
site dry latrines (ventilated improved
latrines) will be discussed: the direct vented
pit; offset vented pit; and compost latrines.

'Principal Health Officer, Ministry of Health,
Dar es Salaam, Tanzania.

Vented Pit Latrines

The pit can either be circular or square in
shape. A round pit is normally preferred.
The pit is about 240 cm deep and 90-110cm
in diameter. It can be lined or unlined de-
pending upon the soil structure. In weak
soils (loam or sandy soils) it must be lined.
This will guard against cave-in and will also
minimize the chances of fouling the ground-
water. The lining can be cement blocks,
burnt bricks, stabilized earth blocks, con-
crete rings, or metal sheeting.

In digging the pit it has been found that it
is advantageous to start by providing a col-
lar around the pit. The vented pit latrines
experimented with in Tanzania were square
in shape , 100 cm x 100 cm x 240 cm. The
collar helped in getting the sides straight and
prevented the top portion of the pit from
falling in. These pits were unlined.

The collar was reinforced with two iron
bars 6 mm in diameter. One layer of brick
was built on top of the collar to make a
plinth on which the stance would stand. The
pit stance can be made of wood (plywood),
reinforced concrete, or ferro-cement. The
platform must be durable and easily clean-
ed. In our experiment we used both marine
plywood (1.8 cm thick) and ferro-cement
(1.8 cm). Ferro-cement, besides being cheap
and easily made locally, was found to be
durable and strong. It requires a weight of
340 kg to break the slab. The slab must fit
tightly to prevent passage of flies. In the
vented pit, the slab (platform) has two holes:
one of them for squatting (defecation) and
the second hole, which is 20 cm in diameter,
is fitted with a vent pipe 15 cm in diameter




and about 250 cm high. The top of the vent
pipe is belled outwards to about 30 cm and
the aperture so made is covered with wire
gauze to prevent the escape of flies and mos-
quitoes. Aluminum wire mesh has been
found to be more durable because it does not
corrode quickly. Fiberglass mesh could be
another alternative.

The superstructure provides privacy and
protects the user from the sun and rain. It
can be made of any material: mud bricks,
burnt bricks, or wooden poles, with a thatch-
ed roof or corrugated metal sheet roof.
The superstructure must be high enough to
permit the user to perform the function
comfortably. Low and short superstructures
should be discouraged. A door opening
inwards must be provided as well.

The vented pit latrine operates anaero-
bically. The foul gases produced during
decomposition are vented away through the
flue provided. This type of latrine is odour
free and if properly maintained can be free
of flies. Normally, only excreta enters the
pit. To perform well, the contents of the pit
should not be too dry.

The vented pit latrine is designed for a
single operation, i.e., it is a discontinuous
system. Once filled, it has to be abandoned
and a new one constructed. It can be emp-
tied but after a long time of rest. Various
designs have been developed recently to
facilitate easy emptying of the contents and
also to facilitate reuse of the latrine.

Because it is practically odour free, it
should be safe to locate the offset pit latrine
close to the house, but preferably at least 8 m
away in townships, depending upon the plot
size, and at least 20 m away in rural areas.
The latrines should not be too far as this will
deter their use by small children or at night
by adults, which will defeat the purpose of
the latrine.

Pit latrines are normally not sealed at the
bottom and infiltration is likely, particularly
in permeable soils. If they are located close
(less than 50 m) to wells, they become poten-
tial health hazards because the water will
become polluted. Alternatively, they should
be placed downstream of any water source.

Pit latrines are the most common features
in developing countries. This is true of Tan-
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zania. In the past, people have been held
back from using latrines due to tribal cus-
toms and taboos. This problem is now
decreasing and in urban centres it is almost
nonexistent. With health education, people
accept pit latrines very readily. Because of
their simplicity, pit latrines are easy and less
costly to maintain. The small area of the
squatting slab renders it easy to clean. The
superstructure, if made of durable materials,
will also require very little care. The door
hinges may get loose quickly and these
would require extra care. This is also true
with the wooden hole cover, especially the
handle. Pit latrines are best if provided onan
individual household basis. Communal
latrines pose problems in their upkeep. No
one feels responsible to clean it and it may
remain dirty for long periods of time. It then
becomes a nuisance and a health hazard to
the users.

The Offset Vented Pit (Reid
Odourless Earth Closet, ROEC)

This consists of two separate units, the
defecation unit and the holding (receiving)
unit, connected by a short length of piping,
the chute, set at an angle of between 50° and
60° to the horizontal. The defecation unit
forms the shelter or the superstructure. Here
again, this can be constructed with any suit-
able material. A door is also essential. The
floor, cast in situ, is made of concrete, witha
keyhole shaped defecation aperture. A
room 90 cm long and 80 cm wide is quite
adequate.

The holding unit can either be a lined tank
or lined on the sides with an unsealed bot-
tom. Again, this will depend upon the nature
of the soil and the groundwater level. Lined
pits should have weep holes for seepage. The
tank is 200 cm long, 100 cm wide, and has a
minimum depth of 240 cm. The depth is
measured from the bottom of the chute to
the pit floor. Heavy-duty concrete covers are
required for the top of the tank. A vent pipe
15 cm in diameter is fitted on the fixed slab.
The other slabs are lip-jointed and are pro-
vided with metal handles for easy removal.
The top of the vent pipe is covered with




suitable mosquito gauze. This will prevent
flies and mosquitoes from escaping when
they are drawn up by the draught of air
through the chute. )

The ROEC works like a vented pit latrine.
It is anaerobic in action and gases arc vented
away through the vent pipe. It is, therefore,
odourless as its name implies. The unit can
withstand some abuses in usage. It can toler-
ate the addition of water. Care, however,
should be taken not to have too much water.
The unit is acceptable to many people and
was most liked by people who use water for
anal cleansing. People have tended to use
the enclosure as a bathroom but because of
its small space, it has managed to discourage
users from taking baths in them.

The floor of the ROEC is fixed and very
easily kept clean. Most ROECs tested in
Tanzania were always found very clean. The
only problem arose with the chute. It gets
fouled and if neglected can be a nuisance. By
using a long-handled brush or by pushing
small bundles of grass, the chute’s surface
can be kept clean. Like the vented pit, extra
care is required for the door and its hinges. It
will be of interest to note that of the 16
ROECs built and tested in Tanzania, 5
collapsed after being in use for between 6
and 16 months. One unit collapsed because
of faulty construction and this was replaced
with a better constructed unit. The others
collapsed as a result of heavy rains and high
groundwater-tables. They were constructed
in unstable soil. One probable reason for the
collapse is the size of the walls of the recep-
tacles. The units were constructed with
blocks measuring 390 mm x 190 mm x 50
mm. The 50 mm thick wall does not appear
to be strong enough to withstand the soil
pressure. It is suggested that for the ROEC,
bricks or blocks with a thickness of between
150 mm and 230 mm should be used.

Improved ROEC

Experience has shown here and elsewhere
that the chute of the ROEC is subject to
fouling by excreta. This fouling tends to
undermine the hygienic properties of the
ROEC. To eliminate such fouling, the
design of the ROEC has been modified. In
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the revised design, the chute is omitted. In-
stead, the near end of the pit has been ex-
tended just below the superstructure so that
excreta from the pedestal seat or squatting
slab can drop directly into the pit. This
modified ROEC has been named the vented
indirect pit latrine (VIP). Another modifica-
tion of the ROEC is the alternating VIP
latrine. Here, the pedestal seat or squatting
plate in each toilet room or cubical has two
openings. Each opening leads to one of two
adjacent indirect pits. Thus, behind the
latrine are two adjacent pits, each with a
corresponding toilet seat or squatting plate

During operation, only one pit is used ata
time. When the first pit becomes full, the
second pit is brought into use. When the
second pit becomes full, the decomposed
contents of the first pit are removed for
possible use in agriculture, and the emptied
pit is returned to use again. The size of the
pits should be such that the contents in them
should remain for at least 2 years before
being removed. In this way, the destruction
of pathogens will be ensured. The alternat-
ing VIP should be regarded as a permanent
latrine. It is, however, more costly to
construct than the ROEC and the VIP
latrine. It can be observed that communal
use is also applicable. In this case, the num-
ber of pits is one more than the number of
toilet cubicles. If the pits are numbered
sequentially from one end they can be divid-
ed into two sets, namely, odd-numbered
pits and even-numbered pits. In operation,
either the odd-numbered or the even-
numbered pits are used at any given time.
When a member of one set of pits becomes
full, all members are put off use, and the
other set is brought into use. Hence, these
two sets of pits are used alternately. These
modified alternatives are currently being
tried in Ghana and Botswana.

Composting Toilets

There are two basic types of composting
toilets: continuous and batch (alternating).
Continuous composters are developments
of a Swedish design known as the “mult-




rum.” The composting chamber, which is
situated immediately below ihe toilet seat or
squatting plate, has a sloping floor above
which are suspended inverted “U™ or “V”
shaped channels. In some cases these chan-
nels are omitted for ventilation purposes.

The multrum is a two-chambered unit.
The two chambers are separated by a baffle
wall which is built a few centimetres clear of
the floor, thus providing a passage for the
accumulating and decomposing compost in
the upper chamber to slide down through
into the lower, humus chamber. The floor is
laid at an angle of between 25 and 30° with
the horizontal. It has been found that witha
slope less than 25° the compost does not
slide fast enough, whereas above 30°, the
compost slides too fast, to the extent that the
humus nearly always contains fresh excreta.
The humus is supposed to be the end prod-
uct of decomposition of the compost and if
properly managed should resemble black
soil. The construction of the slanting floor at
the required angle requires an expert arti-
san who may not be easily available in rural
areas. The floor can be either concrete or
brick lined. The walls of the multrum may
also be constructed with adobe, burnt
bricks, cement blocks, or stabilized earth
blocks. The little spaces left between the

" joints would form weeping holes for seepage

of excess liquid. The two chambers mention-
ed above have covers placed on top. The
top chamber has a squatting plate with a
defecation hole. The lower chamber has a
solid (without hole) cover. These covers can
be made of plywood, reinforced concrete, or
stabilized ferro-cement. In our test units,
plywood (1-8 cm thick) and ferro-cement
(1.8 cm thick) were used.,

Ventilation of the multrum is achieved by
a flue inserted on the side of a wali below the
squatting stance. The metal vent pipe has a
right-angle bend fitted into the wall and a
vertical pipe is extended above the roof. The
belled top end is covered with mosquito wire
gauze to stop insects from escaping. In addi-
tion to the vertical flue, one or two small
vents are inserted in the wall above the
ground level. These vents are also screened.
It has been observed that metal screens get
rusted too quickly, whereas nylon wire is

eaten by cockroaches. Perhaps the best
screening material would be aluminum
gauze or fiberglass. The problem with vent
holes is that they are easily tampered with
by small children and also they tend to be
blocked by fly pupae. It is advisable that
vents be omitted; ventilation could be
achieved through the hole in the squatting
slab.

The Utafiti Latrine

This is a modified multrum that is cur-
rently being tested in Tanzania. Structurally
the Utafiti latrine is basically the same as the
multrum. There is no difference in its perfor-
mance compared with the multrum;
although the Utafiti latrine may be a little
larger. Two special features that make the
Utafiti different from the multrum are (1)
the squatting slab incorporates a flap-
trapped pan or chute and (2) “U” or “V”
shaped conduits are provided. The floor of
the Utafiti can be open or sealed. The
absorption trench provided for the disposal
of excess liquid is optional. It is not required
for people who use toilet paper (as opposed
to water) for anal cleaning. One thing
worth noting is the problem of keeping the
flap-trapped pan or chute clean. In the first
instance, the pan is too small and easily
fouled. The chute has the same drawback as
that in the ROEC. It requires a lot of health
education for users. The best cleaning
material for the fouled chute is refuse and
particularly a hip of grass pushed into
the pit.

Continuous composting latrines work
aerobically. Because of the presence of the
vent pipe, the latrine is virtually odourless.
For the latrine to work efficiently a lot of
organic materials, e.g., grass, peelings
(fruits), husks of grain, sawdust, and ashes
must be added to the latrine. The compost
latrine will not function well if it is too
watery. Of course, the contents should not
be too dry either. Itis recommended that the
moisture content should be between 40 and
60%. With the right moisture content and a
lot of decomposable materials (a large hip),
bacterial activity in the compost can raise
the compost temperature to a level (50-
60°C) that will eliminate pathogens in the
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compost. The performance of the multrums
in Tanzania was not very encouraging. In
many cases, the compost was too wet and
the humus was actually sludge. This exces-
sive water content was due to water that was
used to clean the anal parts and sometimes
to water used to clean the squatting stance.
Very little refuse was added. The tempera-
tures in most units were just ambient.

Because of the sloping nature of the floor
of the multrum or Utafiti latrine, the com-
posters must be constructed below ground
level (usually 1 m). However, because it is
lined and has a sealed floor, the chances of
groundwater being contaminated are small.
If the pit must be unlined and open on the
bottom, particularly in impermeable soils,
the normal and recommended precautions,
insofar as siting in relation to wells, should
be adhered to. Composting latrines are prac-
tically odour free but should, nevertheless,
be sited as far as possible from the kitchen
and the house to minimize the possibility of
cockroaches finding their way from the
receptacle to food and kitchen utensils.

Composting latrines are relatively new to
the African people and particularly to Tan-
zanians. In operating the composter, a lot of
organic materials (grass, straw, sawdust) are
required. These may be lacking in urban
areas. In some cases, because of taboos,
people are not happy with the need to “keep
on adding grass” into the pit. Again, humus
has to be removed periodically. Many people
loathe the idea of touching faeces and it,
therefore, becomes a problem in removing
the humus, particularly if it is “sludge.”
Participants in our test units in the country
have managed to remove the humus, but this
has not been without prolonged health
education and persuasion. They have also
used the humus as fertilizer in their gardens
with great enthusiasm. For people who use
water for anal cleaning, compost latrines are
not cherished. If given the choice, they
prefer VIP or ROEC type latrines. If a
composter is to be used properly, it is recom-
mended that a bath place (room) should be
provided adjacent to the latrine (witha door
leading to it).

As pointed out with regard to the VIP and
the ROEC, the main problem is the main-

31

tenance of the vent pipe. This corrodes very
quickly. It has to be replaced many times
which is costly. It has been suggested that to
tackle this problem it would be advisable to
use things such as cast iron, PVC piping, or
bricks. These items, of course, are durable
but very costly. One observation of misuse
of the latrines, and this is true of the batch
system (modified Gopuri), is the tipping of
refuse or organic matter into the humus
chamber. This defeats the purpose of the
composting toilet. It is suggested that covers
for the humus chamber should be fixed with
cement mortar, because lime mortar is
rather weak for this purpose.

Batch (Alternating/Double-Vauit)
Composters

Double-vault composting (DVC) toilets
are the most common type of batck compost-
ing latrines. There are many designs but all
have common features: (1) They have two
adjacent vaults: one is used until it is about
three-quarters full, covered with grass,
filled with earth, and then sealed; the other
vault is then used. When the second vault
becomes full, the contents of first vault are
removed and the vault used again. The
vaults are, thus, used alternately. (2) They
have vent pipes that extend above the roof
and remove foul gases from the latrine. (3)
Organic refuse, including ashes, must be
added into the vault.

There are no standard designs and the
sizes of the vaults are not well specified.
Compost latrines are shallow and are design-
ed to serve households. The vaults are,
therefore, just adequate to accommodate
excreta for 6-8 people for 6-8 months. The
size of the vaults could range between 0.3
and 0.9 m3.

The construction materials are the same
as those for continuous composting latrines,
i.e., bricks, concrete blocks, or stones can be
used. Double-vault latrines may either be
lined and sealed at the bottom or may be
lined and left open at the bottom. Decom-
position in the sealed vaults takes much
longer than in the open vault. Whereas in the
sealed vault the liquid (urine plus excess
water for anal cleaning and slab cleaning) is
retained much longer, in the open pit the




liquid infiltrates into the soil. The moisture
content in such open vaults is more condu-
cive to bacterial activities than in the sealed
vaults.

The squatting slab can be made from
wood (plywood is best), reinforced concrete,
or ferro-cement. Cement slabs are preferred
because they discourage growth of hook-
worm larvae. The slab must have a hole
large enough to avoid fouling of the sides
but small enough to prevent children from
falling into the vault. The DVC toilet works
anaerobically and produces foul gases.

It 1s essential that the gases are removed.
The problem with the metal vent pipes cur-
rently being used is that they rust very fast,
particularly at the bend. The gases from the
latrine are very corrosive.

Alternating or double-vault latrines are
the most versatile types. They can be uscd
under difficult soil and groundwater condi-
tions. In this case, they may be the only
choice. Where the groundwater table is high
or the soil is impermeable or unsuitable, the
double-vault latrine is recommended. The
latrine car virtually be built above the
ground (for 4 <+ iled unit) or just a few centi-
metres below ground (for an unsealed unit).
The location of the latrine in relation to the
house is the same as {or the continuous com-
posting toilet.

Batch composters perform well when the
moisture content of the compost is between
40 and 60% and the carbon/nitrogen ratio
between 15:1 and 30:1. It is essential, there-
fore, that very little water is put into the
vault and a lot of easily biodegradable organ-
ic wastes, such as sawdust, grass, and vege.-.
table wastes, are regularly added into the
vauit to maintain a suitable carbon/aitro-
gen ratio in the compost pile. If these two
conditions are followed, the maintenance
problems are minimal, i.e., only the vent
pipe and screening material need to be
cared for.

Composting toilets are comparatively
new innovations in many African countries
including Tanzania. The conditions
required to enable the latrine to produce
compost are not easily followed and many
people loathe working with composted
humus, which many people still regard as

faeces. The acceptability of the composters
by peopile is, therefore, still questionable. It
is suggested that households that partici-
pated in our trial units accepted the latrine
because they wanted a latrine. Afterall, they
were going to get the services free. More
time is needed to be able to evaluate this
aspect.

Health Aspect of Composting and Refuse

Ventilation of vaults reduces odours and
fly nuisances considerably, and if the squat-
ting plate is kept clean, double-vault com-
posting toilets do not pose significant risks
to health. Provided each vault can store
excreta for 1 year, the composted humus can
be safely handled and used on the land.
Microbiological studies carried out in Tan-
zania on the compost have shown that there
is considerable reduction in the coliform
bacteria. Thus, the humus in the compost
latrine contains no more pathogenic organ-
isms than the soil on the ground around the
households. A triple-vault composter (TVC)
would make the humus much safer. With
regard to reuse of the humus, only three
households were surveyed. They used the
humus in their gardens and they have made
very favourable remarks.

General Remarks on Compost
Latrines as Experienced in
Tanzania

As indicated, compost latrines are a very
new technology in this country. People are
more familiar with pit latrines. There are
only 57 compost latrines in the country; of
these, 44 are continuous and 13 are double-
vault latrines. All of these were experimental
units. No new ones have been built. The
performance of continuous composters was
not satisfactory. Poor operational mainten-
ance was the main cause of failure. People
used too much water for anal cleansing and
also for cleaning the stance (if they had to).
Therefore, the compost was too wet and so
was the humus. Temperatures in the com-
post heap were just ambient, so that many
pathogenic bacteria could not be eliminated.
Perhaps the reduction of the coliforms was
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due to the length of time the humus remain-
ed in the vault. Many users considered it as
an unnecessary bother to keep putting
organic matter in the latrine vaults. There
was, therefore, very little material to provide
the carbon and nitrogen necessary for
bacterial activity. The double-vault com-
posters, however, did work out well. Four of
the composters produced good dry humus.
With these composters, the removal of the
humus was not a problem, but the people
had to be educated and persuaded. The peo-
ple did accept the composters but the accept-
ance could well be due to the fact that they
did not have to pay for the latrines and they
needed them anyway. Nonetheless, with the
passage of time and continual health educa-
tion, many h suseholds will probably opt for
the compost latrine. A compost latrine, in
addition to being an excreta disposal unit, is
also a refuse (garbage) disposal unit. If used
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well, household refuse collection and dispos-
al would be very much facilitated. Further-
more, a compost latrine has the advantage
over a pit latrine of being shallow and in this
respect things, including children, falling
into them can easily be retrieved.

Conclusions

Pit latrines (VIP) and composting toilets
are low-cost technologies that are cheap to
construct and to maintain. Many people can
afford to own them. Furthermore, people
are accepting their use. It is a pity that in the
past more emphasis was put on the supply of
water than on sanitation. Water alone can-
not improve the health of the people. Both
water and excreta disposal systems must be
provided together if the health of the people
is to be significantly improved.




Anaerobic Digestion as a Rural Sanitation Option

R. Carothers!

Anaerobic digestion refers to the process
of fermentation of organic materials in a
nonoxygesn environment. This can be arti-
ficially stimulated inside airtight containers,
usually of masonry or metal construction,
that are called anaerobic digesters or biogas
plants. The biogas label stems from the mix-
ture of methane and carbon dioxide that is
produced during the fermentation.
Although the rate of digestion can be affect-
ed by a variety of factors, three basic stages
occur. The liquid slurry is first broken down
into soluble compounds, such as sugars,
through the action of enzymes. Secondly,
facultative anaerobic bacteria produce vola-
tile fatty acids and some alcohols, carbon
dioxide, ammonia, and hydrogen. Lastly,
strictly anaerobic bacteria produce combust-
ible methane gas.

The sanitation interest inanaerobicdigest-
ion arises because during the process the
lack of oxygen, presence of free ammonia,
temperature effects, and other factors cause
a drastic reduction in the numbers of patho-
genic bacteria and parasitic ova. Also, the
effluent does not normally attract flies and
can be made unsuitable for the breeding of
mosquito larvae. Use of anaerobic digestion
as a means of waste treatment has additional
benefits in reducing the amount of suspend-
ed solids and in eliminating noxious
odours.

Other applications of anaerobic digestion
have also been of interest. The production of
nitrogen-rich fertilizers through the anaero-
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bic digestion of animal manure and vege-
table matter has been a concern for those
wishing to improve soil fertility. More
recently, much publicity has been given to
the use of anaerobic digestion as an energy
source where the resulting methane gas is
used for cooking, lighting, or replacing die-
sel fuel in engines. Biologists have studied
anaerobic digestion in animals, particularly
in ruminants. Because of the varied applica-
tions of anaerobic digestion, work has some-
times been carried out in one discipline in
isolation from or in ignorance of previous or
simultancous work in other fields. It has
been pointed out that this, along with the
emotional appeal of particularly the small-
scale anaerobic energy-fertilizer-sanitation
system, has led to the lack of a systematic
approach, in many instances, in evaluating
anaerobic digestion in the light of other
options. Clearly, there are advantages to be
gained from anaerobic digestion but in any
particular instance benefits should be weigh-
ed against possible problems such as
investment costs, management level, and the
need for support services. The Chinese, who
have the greatest experience with small-scale
anaerobic digesters feel that rural biogas
digesters are 30% technique and 70%
management. Technically proven systems,
even with extensive government-sponsored
support services, can run into problems in
practical use.

Historical View

Early records of combustion from natur-
ally occurring anaerobic digestion date
back 2000years. Morescientific work follow-
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ed Volta's observation of marsh gas during
the latter part of the 16th century. By the
mid-1800s, anaerobic digestion in septic
tanks began as a means of sewage purifica-
tion, but systems allowing for the collection
of gas were developed only at the end of the
century. The Matunga Leper Asylum in
India became one of the earliest demonstra-
tion sites for a practical, multipurpose use of
anaerobic digestion. In 1897, gas was collect-
ed from septic tank type digesters and used
for cooking and lighting. Later, an engine
was also operated on the gas and used to
pump sewage.

European interest in anaerobic digestion
was largely concerned with using the process
as a means of sewage treatment, although
the applications for fertilizer and energy
production were also explored but generally
these were seen as uneconomic and impracti-
cal, particularly on a small scale. The use of
anaerobic digestion in India and China,
where most plants are presently operating,
arose primarily from interests in fertilizers
and energy, although Chinaisalsoencourag-
ing the use of anaerobic digesters to process
human excreta.

Regional Efforts

Europe

In Europe, the interest in anaerobic digest-
ion was greatest during the 1940s. Between
500 and 1000 plants were operated in France
but results were not welldocumented. Gener-
ally, it seemed that much of the work extol-
ling the virtues of small-scale anaerobic
digestion as a means of fertilizer and energy
production was not rigorously carried out
- and the economics at the time seemed quest-
ionable. Several academic studies undertak-
en in West Germany indicated that
collection of methane gas for energy pur-
poses was rarely economic and even the use
of the process for fertilizer production was
brought under question. Most anaerobic
digesters did not store the effluent under
anaerobic conditions, resulting in a decline
in the nitrogen content of the effluent before
being used in the fields.
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Although somewhat similar work was
carried out in other parts of Europe, interest
in anaerobic digestion as a means of fertiliz-
er and energy production declined during
the 1950s, although the process was seen as
useful in the treatment of sewage.

India

In India during the 1930s, anaerobic
digestion was seen as a means of improving
the nitrogen content of {ertilizers. With the
depletion of local firewood supplies in the
early 1950s and the increasing use of cow
dung as a substitute fuel, anaerobic digest-
ion was seen as a means of providing energy
for cooking as well as high-grade fertilizer.
The physical and economic environments of
India in which developments in anaerobic
digestion began were different from those in
Europe. Early efforts, however, were un-
successful. Of the 500 plants built with
government assistance in 1955, all were later
abandoned due to a variety of technical and
economic problems including lack of suffi-
cient cow dung, low rates of gas production,
and low efficiencies of cheap stoves and
lights.

Further research and development work
was carried out on gas plants and appliances
during the 1960s and a program of govern-
ment grants, loans, and technical servicing
was introduced. The basic biogas plant
design, however, continued to be that adopt-
ed by the Khadi Village Industries Commis-
sion during the mid-1950s. This consisted of
a divided fermentation chamber, floating
gas cap, and inlet and outlet pipes (Fig. 1).
The gas produced is stored at constant pres-
sure under the floating cap system with feed-
ing and effluent removal carried out daily.
By 1970, an estimated 3000 plants had been
established but this rose dramatically to
50000 by 1978, partly in response to the
general escalation in costs of other energy
sources.

Despite the widespread dissemination of
biogas plants in India, problems still remain.
There are some doubts as to whether the
Indian-type plants would be economically
justifiable without government subsidy,
although these conditions are changing with
the rising costs of other energy sources. The
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Fig. 1. Design of anaerobic digester used in
India (Khadi Village Industries Commission
design, 1953).

Indian plants are unable to store the effluent
under anaerobic conditions and so some of
the potential benefit is lost as nitrogen
escapes during the storage period. Some of
the smaller farmers operating biogas plants
have difficulty in securing sufficient quan-
tities of cow dung, whereas the poorer peas-
ants who continue to burn dung directly
compete for a diminishing supply of fuel.

The areas of India where biogas plants
have operated most successfully are those
where functional extension programs exist.
These advise an interested farmer as to the
size of plant and amount of feed material
required, the financial assistance programs
that are available, and later on how to oper-
ate, maintain, and repair the plants. Where
this support service has not existed the bio-
gas plants have not fared as well.

China

The application of anaerobic digestion
within China began in the 1950s with a view
toward using the fertilizer, energy, and sani-
tation aspects of the process. Although early
efforts were not encouraging, improvements
in low-cost construction techniques coupled
with efficient government extension and ser-
vice programs have lead to the establish-
ment of 7 million biogas plants since 1970.
The majority of these are rural digesters that

are set up to provide fertilizer, energy for
cooking and lighting, and to improve public
hygiene. Larger plants have been built to
supply fuel for diesel power plants.

The Chinese-type rural anaerobic digest-
ers are entirely of masonry construction
(Fig. 2). Elimination of the moveable gas
cap reduces costs and corrosion problems
but means that the gas is stored under var-
iable pressure and must be regulated. Also,
the masonry dome can be a source of leakage
problems. These plants are normally fed
daily with a mixture of animal manure,
human excreta, and vegetable matter. The
vegetable matter increases the carbon/ nitro-
gen ratio of the slurry, providing a more
optimum balance of nutrients for the bac-
teria. Although this results in a higher gas
output per unit digester volume, it also
increases the rate of sludge buildup. The
rural Chinese plants are emptied and de-
sludged twice a year, but this practice
matches well with the times of peak fertilizer
demand, when sludge as well as normal
effluent are applied to the fields.

Sanitation Aspects of the Chinese
Anaerobic Digesters

Sedimentation

The ova of hookworm, ascaris, and schis-
tosoma are denser than the slurry and, there-
fore, settle out to the bottom. After 20 h,
95% of the ova have settled, with the re-
mainder on the surface attached to floating
material. The effluent removed from the
middle layer of the digester (Fig. 2) is
largely free from these ova. However, sedi-
mentation does not solve problems encoun-
tered during desludging.

Temperature

The effect of temperature in destroying
bacteria and ova would be far greater if the
digesters were heated to the thermophilic
range (53°C) for anaerobic digestion oreven
to the mesophilic range (37° C), but in pract-
ice the rural digesters are operated at
ambient temperatures (10-29°C) because
heating the digesters would significantly
increase management difficulties. Under
ambient temperature conditions, the ova of
schistosoma and hookworm die withina 100
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Fig. 2. Chinese anaerobic digester of masonry construction.

day retention period but those of ascaris are
reduced to only 53% of their original level.
The shigella flexner and leptospira are de-
stroyed and the E. coli markedly reduced.

Free Ammonia
Free ammonia, produced during ferment-
ation, can permeate the egg shell and cell
membranes and kill ova and bacteria. With
a level of 0.29, free ammonia, the ova o.
schistosoma and ascaris would be expected
“to die in 2-3 weeks. However, the ammonia
levels in rural digesters are normally about
0.07% and as a result the ova, particularly of
‘ascaris, survive considerably longer.

Anaerobic Conditions

Due to the anaerobic conditions within
the digester, leptospira are unable to grow
and under absolute anaerobic conditions
hookworm ova can survive only 9 days,
whereas those of ascaris die off after 100
days retention.

Effluent

The effluent from anaerobic digesters
does not attract flies and through the addi-
tion of algae (which increase the pH) can be

made unsuitable for the breeding of mos-
quito larvae.

The general conclusion of the Chinese is
that the use of anaerobic digesters in rural
areas offers a major improvement in sanita-
tion and public health, but that some ova
may survive the digestion process, particu-
larly if the retention time is less than 100
days. Three methods for further treating the
effluent are suggested as a means of render-
ing the effluent safe for handling: high-
temperature composting, mixing - with
chemical fertilizers (ammonia and urea), or
pressing with a mixture of soil into granules.

Surveys carried out in certain areas before
and after the installation of anaerobic di-
gesters showed that hookworm infestation of
the population dropped to one-third of its
original level (64% to 23%) and a similar
reduction was found with cases of enteritis
and bacillary dysentery.

Botswana

Work on anaerobic digestion was started
at the Rural Industries Innovation Centre
(RIIC) in Botswana as a means of providing
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energy for diesel pumps at boreholes that
provide water for cattle. Tests with a
Chinese-type digester have shown encourag-
ing results, e.g., 15% of the dung produced
by a herd should provide sufficient energy to
pump enough water from a depth of 100 m
to meet the water requirements of the cattle.

An extensive survey carried out during
1977 by the RIIC extension service showed
water supply to be by far the major concern
of most rural dwellers; hence, the RIIC’s
focus on energy for pumping water. Rural
sanitation was also a frequent issue, though
seen as less important, and, therefore, the
sanitation aspects of anaerobic digestion
have been considered.

Through village interviews it was found
that most people realized that a “lack of
toilets leads to the spread of disease,”
though this in itself did not seem sufficient
motivation for building a toilet. Conven-
ience seemed a stronger motivating factor
for those who could afford to pay the
construction costs. These costs acted as a
deterrent, beczuse those people without toil-
ets suggested an expenditure of P15-P20
(P1.00 = U.S.51.27) would be reasonable,
but the style of pit toilets preferred cost on
the order of P200.

The specific request that led to the start
of work on small anaerobic sanitation syst-
ems came from an individual who needed
an above-ground toilet system, because
underlying bedrock made the digging of a
pit impossible. A small anaerobic digester
was designed for this purpose with a view to
keeping the management of the system as
simple as possible. The users were advised to
add no additional vegetable material or
animal manure and only a small amount of
water after defecation (about 0.5 litres).
Further dilution would come from the
inclusion of urine. The small amount of
dilution with clean water was suggested so
that there would not be a temptation to use
grey water that could be contaminated with
detergents or other agents harmful to the
anaerobic bacteria inside the digester
(Fig. 3).

This system has been operating success-
fully for 2 years without desludging,
although this will become necessary at some
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time in the future. The effluent, which is
virtually odour free, is removed weekly and
used either as a fertilizer on trees and grass
or discarded. The amount of gas produced
was small and normally vented into the
atmosphere, but the users did install a small
gas collection system for occasional use.

Tests carried out at the Kanye and Gabor-
one hospital laboratories have suggested
that the effluent would be safe to handle,
although the users have been cautioned to
do this carefully.

Although this first system was acceptable
to the users, the need to remove the effluent
was a strong deterrent for most other people
and the use of the effluent as a fertilizer was
unacceptable. There were even stronger feel-
ings against the use of the gas produced for
cooking, although use for lighting could be
considered.

The second design of an anaerobic sanita-
tion system allowed the effluent to soak
away automatically (Fig. 4). Grey water
from the household would be added to the
effluent after it comes out of the digester to
allow for sufficient dilution in the drain. In
houses without an indoor drain, users would
need to add grey water to the system through
an outside drain.

Although the digesters built so far have
not had to be desludged and the frequency at
which this would be required is likely to be at
least several years, it is unlikely that users
would be willing to carry out the desludging
operation themselves. It is anticipated thata
service program for this purpose would need
to be established.

Costs of construction of the small
concrete digester could be close to those of
existing pit latrines but the addition of the
seepage drain is likely to increase costs an-
other 50-100%.

Construction of the digesters was carried
out prior to receiving information from
China and as a result the plants are under-
sized and do not make optimum use of the
sedimentation feature. For a 100 day reten-
tion period with minimal dilution, a family
of five would require a digester with a capa-
city of at least 1 m3.
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Fig. 4. Anaerobic digester with seepage drain.
Photo shows digester, outlet chamber, and
overflow drain. Note that the seepage drain has
not vet been installed.

Motivation

In Botswana, there seems to be little in the
way of motivating factors to encourage the
individual to adopt anaerobic sanitation
systems. The instaliation cost is likely to be
higher than that of existing pit latrines and
the possible economic benefits in terms of
fertilizer or energy (small in any case) pro-
duction are unlikely to be used for social
reasons. In some cases where underlying
rock, sand, or high water tables make pit
toilets impossible, small anaerobic digesters
could provide an answer.

Environmental pollution is more likely to
be a motivating factor at government level.
It is likely that pit toilets will be the first
stage in the process of improving rural sanit-
ation but this will still leave the problem of
groundwater pollution. The small-scale
anaerobic digester, if introduced at a later
stage, could play a role in reducing this

39




pollution without requiring large amounts
of clean water.

From discussions held with the admini-
strative staff of the hospital at Kanye,
concerns about environmental pollution,
including problems of noxious odours,
warrant consideration of anaerobic digesters
as sanitation systems. In this case, use of the
energy and fertilizer aspects of the process
could be more easily realized.
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In continuing work with anaerobic digest-
ion, primarily as an energy source for pump-
ing water, the RIIC has submitted a
request to the People’s Democratic Repub-
lic of China for assistance. As part of this
program it is planned to build and test the
sanitation benefits of an anaerobic digester

specifically designed for wuse at

institution.
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Zambia’s Experience with Aqua Privies

J. Kaoma!

Industrialization in Zambia in the 1950s
resulted in a massive influx of migrant
labour. It was mostly the indigenous popu-
lation that moved from the rural areas into
the recently established urban areas. As the
urban population grew, however, the prob-
lems associated with overcrowding, such as
water supply and excreta disposal, emerged.
In order to prevent outbreaks of communi-
cable diseases it became necessary to install
cheap and well-organized excreta disposal
systems in areas of low-cost housing.

Before the introduction of self-topping
aqua privies, four systems of sanitation were
used in the townships of Zambia (at that
time, Northern Rhodesia). The systems
included pit latrines; pail latrines; conven-
tional aqua privies; and waterborne sanita-
tion systems. Of the four systems, only aqua
privies will be discussed in this paper.

There are three types of aqua privies: (1)
conventional, with soakaways; (2) self-
topping, with soakaways; and (3) self-
topping, sewered. The second and third
types are simple modifications of the
conventional aqua privy. They are modified
to dispose of household wastewater
(sullage).

The Conventional Aqua Privy

Essentially, the conventional aqua privy
consists of the superstructure (for privacy),
the squatting slab or plate, a small (septic)
tank situated immediately below the squat-

ICivil Engineer, National Housing Authority,
Lusaka, Zambia.

ting slab, an overflow from the tank, and
soakaways. A vent pipe is usually provided
also. The squatting slab has a built-in drop
pipe called the chute. The diameter of the
chute varies from 100-150 mm. The water
level in the tank is allowed to come within
100-150 mm above the bottom of the chute.
In this way a water seal is maintained be-
tween the squatting slab and the tank
contents. If the aqua privy is to function
properly, the water seal must be maintained
at all times. It requires the user to add suffi-
cient water, 4 gallons (18 litres) per day,
through the chute to replace any losses. The
water i1s normally drawn from a nearby
communal standpipe.

Human wastes are discharged directly
through the chute into the tank. Here, the
organic solids are acted upon by anaerobic
bacteria to form gases and semiliquids. The
overflow from the tank is disposed of in a
soakaway. The inorganic matter settles to
the bottom of the tank by sedimentation.

Desludging of the tank is required. The
frequency of desludging depends upon the
size of the tank and the rate of use. Norm-
ally, the tank is desludged when it is two-
thirds full.

Problems with the Conventional Aqua
Privy

With the exception of the waterborne
sanitation system, all of the other sanitation
systems installed failed to operate effect-
ively. The conventional aqua privy failed for
the following reasons:

(1) Failure on the part of the users to
maintain the water seal. Users were either




unaware of the importance of maintaining
the seal or they disliked being seen carrying
water into the toilet. Failure to maintain the
water seal transformed the aqua privies into
shallow pit latrines. Human wastes, there-
fore, became exposed to rodents and insects.
Nuisances in the form of odours followed.

(2) Failure of the soakaways due to imper-
vious soils; porous soils becoming clogged
by organic matter; and seasonal high water
tables.

(3) The system could not dispose of the
household wastewater because it was not
designed to cope with this form of waste.

Need for a Cheaper but More Effective
Sanitation System

Although the waterborne sanitation sys-
tem (WC type) was successful, it was not
possible at the time to install it in areas of
low-cost housing. The majority of people in
low-cost housing areas had relatively un-
developed skills, which resulted in low pro-
ductivity, small incomes, and, therefore, low
rent-paying capacities. Communal sanita-
tion facilities, even the conventional water-
borne sanitation systems, are rarely
acceptable. Extensive supervision and the
employment of attendants must be resorted
to if even a minimum standard of cleanliness
is to be maintained.

Faced with the need to overcome these
problems, it became necessary to investigate
methods of developing a cheaper, but more
effective, system of sanitation for low-cost
high-density housing areas. In this regard,
an analysis of the merits and faults of the
existing systems was made by the then Afri-
can Housing Board. From this survey, a sys-
tem based on aqua privies that incorporate
most of the advantages of waterborne sani-
tation systems evolved.

The Self-Topping Aqua
Privy System

This system is designed to:

(1) Discharge all the wastewater from the
household into the aqua privy and in this
way retain the seal around the chute.
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(2) Eliminate the use of soakaways by
discharging the effluent from the aqua privy
tank into sewers which take it to stabiliza-
tion ponds. Where ground conditions per-
mit the use of soakaways, the effluent froma
number of tanks could be collected by a
common sewer connected to a common
septic tank with soakaways. Gradual change
to a fully sewered system could then be
undertaken at a later date.

(3) Use the aqua privy as a sedimentation
tank for all the inorganic solids and to pre-
treat the organic solids so that they will be in
a form suitable for transportation in the
sewers.

A supply of piped water was to be made
available to the ablution units.

Description

When the building serves two families it is
usually placed across the common bound-
ary; where it serves three or four families it
is placed on the corner junction of the plots.
The building is located away from the house
for the following reasons: (1) the economic
advantage gained by combining more than
one unit and reducing the number of lengths
of connections to the sewer; and (2) a natural
reluctance of the people to have the latrines
attached to the houses and their tradition of
doing the household washing outside.

Ablution and Latrine Cubicles

In the plan under consideration, the ablu-
tion (washroom) and latrine cubicles have a
cemmon door and are placed at right angles
to cach other. This arrangement was select-
ed to avoid passing under or squatting
under a water drip if and when a shower was
installed. The floors of the cubicles are slop-
ed to provide good drainage toward the
drainage pipe in the ablution cubicle and the
squatting plate in the latrine cubicle. The
wastewater from the ablution cubicle dis-
charges into the aqua privy tank through a
pipe terminating 10 cm below the surface of
the tank (Fig. 1).

Household Washing Facilities

The washing facilities are under the cover
of the roof. Each family has its own wash-
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trough separated from that of its neigh-
bours. The wastewater from the troughs
discharges into the tank below through a
vertical pipe. Blockages are infrequent and
easily removed from a vertical pipe by rod-
ding. In previous designs equipped with a
trap in the pipe, blockages frequently
occurred with debris or sand (commonly
used for pot scouring). Consequently,
trapped pipes were discontinued.

Squatting Plate and Chute

The top of the tank is covered with a
concrete slab into which is set the requisite
number of 24 in. (61 cm) diameter manhole
frames in which are nlaced the squatting
plates. The squatting plate has an opening
with two suitably located footpads cast into
it. The footpads are raised above the surface
of the plate and to facilitate drainage the
plate is graded down toward the opening. To
the underside of the squatting plate a chute
of stainless steel or other corrosion-resistant
material is fixed by means of an airtight
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joint. Because odours are undesirable and
attract flies, it is essential to ensure that there
is no gas leakage from the tank. The outlet
from the tank to the sewer is located below
one of the squatting plates to facilitate clear-
ing any blockage. This squatting plate is
removable and serves as a manhole cover
providing access to the tank. External tank
manholes are not recommended unless
fitted with relatively heavy covers because
light covers are sometimes lifted and the
tank used for garbage disposal.

The Tank

The tank is placed below the building and
its width is the same as that of the building,
the longitudinal walls of the building bear
directly upon the walls of the tank. The tank
extends beyond the end walls of the building
so that wastewater from a washing trough
can drain into it directly from above. The
floor of the tank, which also forms a founda-
tion for the whole superstructure, consists of
concrete 4 in. (10 cm) thick. By making the



tank an integral part of the building, the
foundations are simplified and differential
settlement is reduced. In earlier designs,
smaller tanks were used, but it has been
found that the present design, with its larger
tank, costs no more, gives a better quality
effluent due to the longer retention time, and
the tank has a longer life before desludging
becomes necessary.

Stabilization Ponds

The aqua privy effluent is easily treated in
stabilizaticn ponds because the anaerobic
decomposition in the aqua privy tank has
already reduced the biological oxygen
demand (BOD) concentration appreciably.
The gain from this pretreatment is that the
number of people per acre whose effluent
can be treated in the ponds is very high.
Moreover, because neither stones nor sand
are present in the effluent, the inlet arrange-
ments to the ponds treating aqua privy
effluent are very simple.

Discussion of the System

Each family has its own water tap, latrine,
ablution cubicle, and washtrough and each
family has the responsibility of keeping its
own unit clean. The system requires nothing
beyond the normal household activities to
keep it functioning properly and the sim-
plest hygiene practice to keep it clean. The
system disposes of all the liquid waste and
excreta from the household.

Costs

Installation Costs

The cost of each sanitation unit compris-
ing latrine, ablution, and washing facilities
is approximately the same as that of a unit
having a flush latrine and washbasins dis-
charging directly into a sewer. There is,
therefore, no saving here. There are, how-
ever, some savings on sewer lines and stabili-
zation ponds. As velocities of flow and the
size of sewer pipes are reduced, the cost of
excavation is reduced also. There is no need
to drain to a central disposal site because
each drainage area can have its own small

stabilization pond system. This will
invariably reduce the length and the
diameter of the main sewer. Also, the
stabilization ponds can be sited very near the
houses because a correctly designed series of
ponds is odourless.

Maintenance Costs

Apart from periodically desludging the
tanks when they are two-thirds full, the
maintenance costs are minimal, requiring
only regular inspection by unskilled per-
sonnel. At the ponds, almost no maintenance
work is required. Should desludging be
neglected, however, serious problems may
arise.

Water Consumption

The aqua privy system, as compared with
the flush system (WC), is economic in terms
of water consumption because only waste-
water is used to transport the waste products.
Piped water may not be necessary for the
proper functioning of the system. In this
case, the aqua privies may be connected in
series. Wastewater from a communal stand-
pipe, which is located at the head of the
series, is introduced into the first tank. The
use of series-connected aqua privies reduces
the cost of sewers and fittings, but this may
be offset to a degree by the increased depth
necessary for the tank to provide adequate
coverage for the connecting sewers. Where
water is plentiful and cheap, a flush system
may be installed in each cubicle, draining
into the tank underneath.

Recent Experience with
Existing Installations

Self-topping aqua privies were installed in
nine local townships plus several other small
settlements in the late 1950s and early 1960s.
The primary pond with the smallest surface
area is at Kafue. It is 1/60th of an acre in
extent, treating effluent from a school septic
tank servicing 120 people. The largest prim-
ary pond is three acres in extent in the
Matero suburb, Lusaka, treating aqua privy
effluent from over 10000 people. A recent
survey into the performance of these self-




topping aqua privies, almost 20 years after
installation, was conducted by the National
Housing Authority with funds from the
International Development Research
Centre (IDRC). A summary of the findings
and conclusions for two areas, Lusaka and
Ndola, follows.

Lusaka

The main survey areas were Matero and
Balovale.

Sewered Aqua Privies in Matero

Matero is a large municipal housing area
with a population of about 34000. There
were 1156 self-topping sewered aqua privies
installed in Matero in the early 1960s. The
toilets are constructed in blocks of four,
each with a washtrough and an external tap.
The mean household size in Matero was
found to be 6.34 and because each house-
hold has its own toilet it was assumed that
the average number of users was not much
higher than 7.0. Of the units selected for ins-
pection, 2 were rated very clean; 22 clean;
23 fair; 1 dirty; and 1 very dirty. Because of
individual responsibility a number of units
were kept clean.

In terms of the performance of the system
at the time, 7 had blocked tanks and 43 were
in good working order. Thirty-nine of the
users recalled a problem with their units
during the previous year. In all cases inter-
viewed, a blocked or full tank was reported
to the Lusaka city council. Of the people
who were able to remember how the council
dealt with their situation, 15 reported that
no action was taken; 3 that action was taken
immediately; 3 that action was taken within
1 week; 3 that action was taken within |
month; and 2 that action was taken after 3
months. Twenty-four people reported that
the problem of blocked tanks had since
recurred, which could be attributed to the
claim of 15 respondents that only part of the
contents of the tanks were emptied by the
tanker. Fewer people had experienced prob-
lems with their units in the period from 5
years to | year prior to the survey (23 as
opposed to 37 in the last year), suggesting
that the sludge buildup had recently reached
a critical state.
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It was found that users did not react
favourably to the system because: 3 were
very satisfied; 8 satisfied; 9 had no particular
reaction; and 23 were very dissatisfied.
When asked to give opinions on other sys-
tems they knew of, 10 mentioned pit latrines
as being worse and 39 discussed water clos-
ets, which all but 1 regarded as being better.
Twenty suggested or were in favour of the
toilet being part of the house; 2 people were
against this idea. Sixteen people were pre-
pared to say how much they would pay for
their ideal toilet system, the mean sum being
K3.00 (K1 = U.S. $1.3) per month. This is
not enough, however, to cover the cost of
upgrading.

Aqua Privies Leading to Soakaways in
Balovale

Balovale is a small residential area con-
sisting of 80 houses near old Kamwala in
Lusaka. In 1954, toilet blocks, each contain-
ing 12 cubicles, were built to provide sanit-
ation for the residents. The system consists
of a series of self-topping aqua privies lead-
ing to soakaways. A communal standpipe
is provided at the head of each series so that
spillage from the standpipe is led into the
first tank, thereby maintaining the water
seal in all of the units.

The investigating team found that: (1) the
majority of soakaways were not function-
ing; (2) sludge buildup as high as the aper-
ture of the toilets had hardened in some
cases; and (3) the sink and concrete washing
slab were blocked and overflowing.

Although each household has its own
toilet cubicle, there is no way of locking the
door. As a result, passersby frequently use
the units, exercising less care in the process
than the residents would normally do. Of the
20 toilets inspected, 1 was very clean; 7
clean; 10 fair; and 2 very dirty. From these
figures, the survey team concluded or
assumed that the lamentable state of the
toilets is due to negligence by the city coun-
cil’'s Health Department.

All of the 20 respondents had suffered
from blockages in their toilets during the
previous year. Although 60% of them said
that the council had acted upon their com-
plaint within 1 month, no one recalled the




council acting immediately or even within |
week. Furthermore, they claimed that the
vacuum tanker pumped out only part of the
contents of the tanks, with the result that 19
of the 20 suffered a recurrence of the
problem.

Nineteen of the users were very dissatis-
fied with their toilets and no one could think
of anything to be said in favour of the sys-
tem. When asked about other types of toilets
known to them, four people favoured pit
latrines; two mentioned pail and pit latrines
as being worse; two preferred the aqua priv-
ies in Matero; and the rest favoured WCs.
The mean monthly sum which they were
prepared to pay for a WC was K1.11.

Ndola

The main survey area was Kabushi, alsoa
large municipal housing area.

Sewered Aqua Privies in Kabushi

There were 863 self-topping sewered aqua
privies installed in Kabushi suburb in the
late 1950s. The toilets are built either as
individual units or in pairs. Double units
have one washtrough shared by two house-
holds. A high-level water tap is installed
additionally inside each toilet cubicle for
cleaning purposes (some users have convert-
ed this into a shower). The effluent from
each tank is sewered to a communal septic
tank with soakaways. A gradual changetoa
fully sewered system is planned. The mean
household size was 7.0 persons.

Again, units were selected at random for
interview. It was found that 6 were very
clean; 14 clean; 19 fair; 7 dirty; and 2 very
dirty. When compared to the Matero units,
it was found that the additional tap served
no purpose.

With regard to the performance of the
system at the time, 17 tanks were full and 23
were in good working order. Thirty-six users
recalled a problem with their units during
the previous year. The major complaints
were blocked tanks and soakaways. The
council dealt with individual complaints as
follows: 3, action taken immediately; 3,
action delayed 1 week; 15, action delayed |
month; 3, action delayed 1-3 months; 4,
action delayed 3 months; and 22, no action
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taken. Sixteen users reported that the prob-
lem of blocked tanks had since recurred.
Twenty-seven users did not experience any
problems in the period 1-5 years priorto the
survey.

As with the Matero aqua privy systems,
fewer users than might have been expected
claimed to be satisfied with their toilets: 7
were very satisfied; 9 satisfied; 6 gave no
reaction; 11 were dissatisfied; and 16 very
dissatisfied. With regard to other toilet sys-
tems known, 39 users regarded pit latrines as
being worse but preferred WCs. Eighty per-
cent of those interviewed preferred the toilet
to be part of the house. The mean monthly
sum which they were prepared to pay fora
WC was K1.73.

Conclusions

In theory, the sewered aqua privy systems
are supposed to function properly. In
practice, however, this is not the case. Two
factors may be responsible for this:

(1) The design of the system requires
modifications. Experience from Matero
suggests that in the design stage, population
and flow estimates should be extremely
liberal. Within 5 years of installation, the
Matero units caused problems because the
average household size had been greatly
underestimated so that predicted flows were
inaccurate. In addition, push-on taps were
replaced by turning taps, increasing the flow
by 43%. As a result, the original 100 mm
diameter sewers could not cope and they had
to be replaced with 150 mm diameter pipes
at extra expense.

(2) The second factor involved periodic
desludging of tanks. When this is not done
or when the sludge is allowed to exceed the
set maximum, serious problems arise. The
Balovale aqua privies are an example.

It was clear from the survey that the
tenants were not happy with the units,
although when maintained properly they
function quite well. Self-topping aqua priv-
ies sewered to soakaways were found to be
unsatisfactory because of the marked tend-
ency of these soakaways to become
blocked. Self-topping sewered aqua privies




are a better and more effective system when
the design is done properly and desludging is
carried out when necessary. When each unit
is shared by two houses, there is a reduction
of control over the cleanliness of the toilet by
each household. It is recommended that
such an arrangement be discontinued.

In recent designs of low-cost housing, by
municipal councils and local authorities,
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aqua privies have been replaced by conven-
tional water closets that discharge wastes
into sewers (where they exist) or into shared
septic tanks. One reason for this, among
others, may be the problem associated with
emptying the aqua privy tanks, which the
municipalities have been faced with. In self-
built low-cost houses, however, supervised
self-built pit latrines are being encouraged.




Low-cost sanitation developments in
Botswana date back to the early 1970s, when
the government undertook initial work on
fiberglass aqua privies. The prototype, call-
ed the Apec privy, had various technical
problems, including flexing of the floor
under load, an ill-designed sitting pedestal,
and a superstructure that was uncomfort-
ably confining while not offering sufficient
privacy because of the large ventilation gaps
at the top and bottom of the door. This
resulted, in 1975, in the government offi-
cially banning any further installation of the
Apec privy (Blackmore et al. 1978).

The Botswana “Type B” Aqua Privy

As part of the investigation into alterna-
tive forms of low-cost sanitation, the
government, together with the International
Development Research Centre (IDRC),
Canada, developed the “type B” aqua privy
(Fig. 1). Conceived around the necessity for
a household to bring onto the plot, regard-
less of (he distance to the source, a minimum
volume of water for domestic purposes, the
“type B™ aqua privy simultaneously over-
came the problem of sullage disposal and the
need for aqua chamber topping up through
a reuse facility. Based on the Vaal Potteries
Spiraflow Aqua Pan, the “type B” aqua
privy incorporated one of two alternative
washing fitments, an internal handbasin/ex-
ternal wash through, plumbed into the flush-
ing rim of the pan, whose hydraulic design

'Senior Public Health Engineer, Ministry of
Local Government and Lands, Gaborone,
Botswana.

The Botswana Aqua Privy
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Fig. 1. Botswana type B aqua privy. (After
R.A. Boydell, formerly with the Ministry of
Local Government and Lands, Botswana.)

characteristics encourage 2 spiral scouring
movement of the water when flushed from
the fitment, around the ceramic wall and
chute, before discharging into the chamber
(Blackmore 1978).

A great advantage of the unit is its suitabil-
ity for being upgraded at a later date. If the
householder can afford a water connection,
a conventional flushing cistern may be
plumbed into the pan. In addition, the over-
flow from the tank can be connected to a
piped drainage system if such a system sub-
sequently becomes available.

However, since its general acceptance,
certain user and technical problems have
occasionally occurred. The most common
problem is the rejection of the unit by some
people on the grounds that the tank is too
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small; an assumption, based on the belief
that the aqua privy operates in a similar
manner as the pit latrine, that is incorrect.
The inability to add at least 5 litres of water
per day to the tank to maintain the water
level is another problem. This lack of user
maintenance is partially blamed on the lack
of suitably close standpipes in some areas
and also partially on the belief in secrecy
when using the toilet (being seen carrying
water to a toilet divulges the secret and
causes acute embarrassment to the individ-
ual). A further problem has been the belief
by some that any water placed in the wash-
basin attached to the aqua privy immedi-
ately becomes contaminated and, therefore,
people are very reluctant to use this facility,
preferring to use a completely separate
container instead.

Technical problems encountered include
ensuring that the tank is and remains water-
tight, together with preventing the rubber
connection between the sullage drainpip:
and the Spiraflow Aqua Pan from perishing;
maintaining a fly screen; and ensuring that
the soakaway does not become clogged.

The government appreciates the applica-
bility of such systems, particularly in de-
velopment areas that will eventually become
upgraded and is, therefore, actively seeking

methods to overcome these problems. In
1977, it was found that the cost of water-
borne sewerage in Botswana was almost
twice the cost of aqua-privy systems (S.E.
Daher, personal communication, 1977) and,
therefore, an on-site system should be con-
sidered as being the most appropriate, at
present, to cope with the high rate of urban
development.

It has not been the intention of this paper
to create the impression that the aqua privy,
as used in Botswana, is a failure. In fact, the
opposite is prevalent wherever the aqua
privy is in use. Botswana has learned from
its past mistakes of introducing a sanitation
unit before fully evaluating whether or not it
was technically and culturally atceptable.
As the government increases its manpower
in the various disciplines of the sanitation
sector, such mistakes are not repeated and
sound economical, technical, and culturally
acceptable sanitation programs are being
implemented.

Blackmore, M.D. 1978. Alternative sanitation in
Botswana. Progress in Water Technology, Il
(1/2), 219-224,

Blackmore, M.D. et al. 1978. In Pacey, A, ed.,
Sanitation in Developing Countries. New
York, New York, John Wiley & Sons Inc.
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Septic Tanks

Beyene Wolde-Gabriel!

The aim of this paper is not to give tech-
nical details about septic tanks, which are

availahle in manv reference bhooks. but
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rather to point out some problems related to
the use of septic tanks and to suggest some
areas of development that require more
attention.

The septic tank was first introduced as a
‘method of treating urban sewage in 1895 by
Donald Cameron of England. Following its
introduction, use of the septic tank by mu-
nicipalities became widespread. Most cities
have since replaced their septic tanks with
modern systems that treat large quantities of
sewage, but the septic tank remains the most
effective and practical method of dealing
with human excreta in the rural areas of
developed countries.

The septic tank is only one unit in the
sewage disposal system, which must also
include measures for collecting and trans-
porting the sewage to the tank and for purifi-
cation and disposal of the effluent. The

- septic tank is a settling tank where solids are
retained long enough to allow them to be
 disintegrated by bacterial action.
~ Because the effluent from a septic tank is
as much of a health hazard as the human
excreta itself, it must be carefully and
efficiently disposed of. Effective disposal
depends upon the choice of the system, its
- design and construction, regular removal of
sludge buildup from the walls of the tank,
and proper maintenance of the entire
system.

In the absence of an adequate convention-

IManager, Urban Water and Sewerage
Agency, Addis Ababa, Ethiopia.

al sewerage system, the septic tank is the
alternative sanitation system that is usually
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can offord it), groups of dwellings, hospit-
als, apartments, hotels, restaurants, differ-
ent institutions, and factories. If sewers
become available at a later date, the septic
tank effluent can be discharged into the
sewers if the level of service provided by the
septic system does not meet acceptable
standards.

Excreta disposal by means of a septic tank
requires: (1) the availability of significant
amounts of water; (2) cistern-flushed toilets
with a water seal; (3) an appropriate effluent
disposal system (usually percolation
through soil with suitable characteristics);
and (4) the periodic removal of sludge from
the tank.

The term “septic tank” is also used to
describe: (1) tanks that do not have water-
tight bottoms and are situated on permeable
soil (or soil that is assumed to be permeable)
or directly upon seepage pits; (2) tanks that
are connected to storm-water drainage
pipes, open channels or trenches, or open
trenches that are dug for effluent disposal;
and (3) tanks that are built near the banks of
rivers or streams and operated in such a way
that the effluent is discharged into them
continuously (whether the water course is
dry or not) and the sludge is disposed of
during the rainy season into the rivers and
streams. These last two cases, however, aid
in the pollution of waterways and are, there-
fore, a health hazard.

Where inefficiency exists, the problem is
most frequently associated w:th the effluent.
This is because design and construction of




the effluent disposal system are not given
due consideration and emphasis. Design
and construction oi the tank is normally not
a problem but there are instances where
construction and design details do not
receive sufficient attention. Failure of well-
designed and well-constructed systems
occurs not only because of a lack of proper
operation and maintenance but also because
of a lack of appreciation of the need for
proper operation and maintenance activi-
ties. It is important that the entire system is
properly maintained.

Maintenance of septic systems can be
unpleasant and dangerous. Attempts have
to be made to reduce the unpleasantness and
to take preventive measures to protect the
health of those whose work brings them into
continuous and direct contact with sources
of infection. Vacuum trucks are commonly
used for removing accumulated sludge, but
depending upon the topography of the area
and the layout and width of streets, there are
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occasions when the vacuum trucks do not
have access to the septic tank.

Sufficient literature is available describ-
ing the design of the tank itself and the
effluent disposal system. The design must be
customized to the location by sizing the
tank, based on the anticipated load and fre-
quency of sludge removal, and sizing the tile
disposal field, based on the permeability of
the soil. Cost estimates can then be made
depending upon the choice of materials.
Designs of soakaway pits and percolation
filters are not as standardized. In areas with
impervious soils, however, septic tanks with
seepage pits or tile fields are not feasible.

Even though the construction cost is
“high” to *“very high” and the land require-
ment is large, this system is a suitable alter-
native for certain areas in urban
communities of developing countries. The
choice should be made after considering all
possible alternatives and evaluating their
respective advantages and disadvantages.




Sanitary Situation in Addis Ababa

Aragaw Truneh!

Features of the City

Addis Ababa covers an area of 218 km2,
but a large portion of this is still rural in
character. The real urban area scarcely
covers 106 km?, with a large part of that
under construction. The streams flowing
through the city have made deep cuts in the
site, particularly in the north, where the
general slope of the land averages 6%.

As a general trend, new industries and
warehouses are being set up in the southern
part of the city and residential villas are
developing both eastward and westward.
Construction of traditional houses escapes
planning control. In the centre of the town,
poor residential quarters are becoming over-
crowded and the poor sanitary conditions in
these areas are deteriorating each year as the
population density increases.

Sanitary Conditions and Practices
Private Practices

Construction methods used in traditional
houses, which are much the same as in the
countryside villages, are not suitable for

modern sanitary facilities. There is no .

accommodation for the removal of waste-
waters and human excreta. The solid wastes
are dumped in the immediate surroundings
_ of the houses and sometimes burned when
they accumalate.

Many dry pit latrines have been construct-
ed in recent years, with a vast majority of

!General Manager, Addis Ababa Water and
Sewerage Authority, Addis Ababa, Ethiopia.

the population now using this means of
excreta disposal. Due to the concentration
and the consequent lack of space, however,
the pit latrines are usually situated close to
places where food is stored and prepared.
Most of these places are accessible to flies
and rodents. During the rainy season, the
latrines often fill with storm water and the
filth is spread all over the ground. This also
results in the groundwater being highly
polluted, which has caused 800 out of 836
private wells to be contaminated.

The modern villas and other recently
constructed buildings have water-flush toil-
ets. Most of these systems use cesspools and
septic tanks. These should provide for effect-
ive removal of the wastes from within the
buildings and protection of the occupants,
but many of these systems do not work prop-
erly. Because of impermeable soils and
improper design, the soakaway pits and
leaching beds overflow and the effluent runs
along the ground, again creating health
hazards to the surroundings.

Large institutions such as colleges, hos-
pitals, industries, police and army camps,
international complexes, gas depots, hotels,
and high-rise apartment buildings all gener-
ate large amounts of waste. Septic tanks are
ineffective for buildings of this size in urban
areas. The waste flow from these places is
either leached into the groundwater or is
discharged into storm drains or directly into
the streams.

Public Toilet Facilities

Efforts are being made by the munici-
pality to supply public toilet facilities to the




population. The existing constructions have
been appropriately located near places
where people congregate, such as market
areas, bus terminals, and churches. Unfor-
tunately, these facilities are frequently not
kept clean. The municipality contemplates
increasing the number of such toilet facilit-
ies. The idea of building “sanitary centres,”
which include not only toilet facilities but
also showers and washbasins for laundry
purposes, was expected to curb the common
practicc of washing clothes with polluted
water from rivers, but so far this has not
materialized.

Liquid-Waste Collection an{fd Disposal

This practice refers to the collection of
liquid wastes (night soils) that are accumu-
lated in private or public cesspools and septic
tanks. The Addis Ababa Water Supply and
Sewerage Authority (AAWSA), munici-
pality, housing agency, and police and army
departments have their own fleet of vacuum
trucks. The total number of trucks is less
than 30. Based on the AAWSA’s practice,
each truck makes an average of 6-8 trips
daily. Each pickup is invoiced: 25 Birr (U.S.
$12) for emptying liquid wastes from either
cesspools or septic tanks and 30 Birr (U.S.
$14) for semiliquid wastes from latrines.
This operation not only is inadequate but is
becoming more expensive than revenues
generated. The inadequate provision of
vacuum trucks makes it very difficult to
cope with the high number of cesspools and
septic tanks that become filled and overflow,
particularly during the 3 month rainy seas-
on. The liquid wastes carried by these
vacuum trucks are poured on open fields at a
public garbage dumping site not far from the
city itself.

Refuse Collection and Disposal

There are about 30 garbage trucks operat-
ed by the municipality. Some are covered
dump-type with sliding panels and others
are tipper-trucks with detachable tip and
hydraulic equipment to lift or lay it down on
the ground.

The covered trucks collect the solid wastes
throughout the town wherever streets allow
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them to go. Each of them makcs a maximum
of 6 trips per day. Their capacity ranges
from 6-7 m3. The tipper-trucks mainly serve
hotels, schools, and hospitals. They carry 5-
6 loads daily. About 50 detachable units
serve as public dustbins thatare leftina spot
until they are full and then are picked up and
carried to the dumping area. The present
solid-waste disposal system cannot be com-
pared with proper sanitary landfill. Dust,
paper, metal sheets, glasses, plustic scraps,
etc., are spread over a large area because
shredding is not provided.

Existing Drains and Sewers

Due to the topography and the number of
streams in the city, removal of storm water
was not a problem until recent years, when
the town centre began to build up. The city
has undergone many changes. New roads
and improved existing ones are provided
with concrete drainage pipes. In the core of
the city, old roads were provided with sewers
whose outlets are seen on the banks of the
streams and rivers. It is regrettable that no
document showing the locations and
characteristics of these sewers is available
because there were many instances where
excavations for high-rise building founda-
tions damaged and blocked old sewers.
From the few documents that are available,
it appears that the drains are combined
sewer systems constructed with concrete
pipes, rectangular canals with masonry
walls and flat concrete covers, and inverted
horseshoe sewers with a concrete base and
masonry vaults.

The New Sewerage Project

The Approach

The sanitary situation briefly described
above led to a feasibility study of a sewerage
system. The study divided the city into 52
zones and attempted to determine the sewer-
age requirement based mainly on the evolu-
tion of building construction and water
consumption over an analysis period of 15
years (1970-1985). This approach consider-
ed the following factors for each zone: (1)




number of modern housing units; (2) num-
ber of traditional housing units served by a
connection to the water supply system; (3)
modern housing unit’s total water consump-
tion during the year; (4) total yearly water
consumption of traditional house units
served by connections to the water system;
(5) annual average water consumption per
modern housing unit and per traditional
housing unit served by connection to the
water system, and (6) number of liquid-
waste loads transported by vacuum trucks.
After the above basic data were collected,
disposal methods were proposed and areas
were selected.

A separate sanitary network for domestic
sewage collection and disposal was propos-
ed. Due to the 9 month dry season, during
which the river and stream flows are either
low or dry, it is difficult to pour raw sewage
into the river, and owing to the sharp
contour of the ground in the city, intercept-
ors and main sewers, if built, should follow
most of the river’s windings, which implies
long distances and large dimensions.
Because the existing drains and sewers do
not have sand-settling chambers and their
invert has no cunette for the conveyance of
the dry season sewage and because of the
enormous disproportion between storm and
domestic flows, it would require intricate
works and a large capacity sewage treatment
plant, which would be subject to operational
difficulties if combined sewers were
designed.

. At present, the treatment processes most
employed throughout the world may be sys-
tematically classified into two categories: (1)
the oxidization pond process, where the
degradation of pollutants is obtained by
natural biological action facilitated by
favourable environmental conditions and
(2) the activated sludge process, where the
natural degradation of pollutants is accel-
erated in industrial-type plants. Oxidation
ponds are particulary economic when a
large, flat land surface is available. The
conventional activated sludge process, on
the other hand, involves delicate and costly
equipment, high power consumption, and
skilled operation.
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The Design Period

In the case of Addis Ababa, sewage treat-
ment employing primary treatment follow-
ed by oxidation ponds was found to be the
least expensive alternative. The details of the
system designed are: (1) primary treatment,
including thorough screening and com-
minution of coarse solids, followed by
sedimentation tanks equipped with sludge
scrapers and (2) sludge treatment by means
of staged lagoons with final disposal of
mineralized sludge.

The project was designed with respect to
1985 waste disposal requirements of the
selected areas. The treatment plant will serve
a population of 110000 inhabitants; taking
the discharge of the main water consumers
into consideration, this is equivalent to a
population of 200000. (The surface area
required is 20 ha.) The land available at
present will allow expansion of the treat-
ment facility to treat effluent from 400 000
inhabitants.

The Network

The network consists of 36 km of primary
mains and interceptors with a diameter of
0.9 m and 78 km of secondary lines with a
diameter of 0.20 m. Connections are 0.15 m
diameter. The minimum gradients adopted
were 0.3% for primary lines, interceptors,
and connections and 0.5% for secondary
lines. Manholes allowing access for cleaning
and maintenance operations are at maxi-
mum intervals of 70 m within this frame-
work and they are also provided at each
change in direction of gradient of a sewer
line. Because of the presence of under-
ground water in many parts of the city, due
to impervious soils at shallow depths, water-
tight tubes with rubber ring joints are used.

Problems of the Sewerage Services
of the City

The authority has two sewerage systems:
sewage truck collections, with 11 vacuum
trucks, and the new sewerage system that is
under construction. Their respective prob-
lems are described in the following
sections.




Sewage Truck Collections

The efficiency of this service is handi-
capped by the location of septic tanks and
cesspools, requiring careful and time-con-
suming manoeuvring by the driver in posi-
tioning the truck, and the use of numerous
lengths of suction pipe to reach the deposi-
tory. Some cesspools are holes, often
containing materials that clog the suction
pipes even after the contents have been
diluted with water. Neither the authority nor
any other governmental agency has exer-
cised effective control over the location and
standards of construction for cesspoocls and
septic tanks.

The New Sewerage System

At this time, the rate at which customers
will be connected to and make use of the new
system once it is operative cannot be fore-
cast with any precision, nor can the quantity
and characteristics of the wastes they will
generate.

Total financial costs are becoming exorb-
itant. An attempt todevelopa tariff structure
that can recover the capital investment and
the direct cost of running and maintaining
the system has shown that the estimated
tariff is beyond the inhabitants’ ability to
pay for the service and might discourage
people from using the system. A partial solu-
tion would be charging that part of the tariff
component covering only the direct costs
(operating and maintenance) but again the
nation, as such, would bear the heavy invest-
ment cost. Moreover, even if the partial
solution is adopted and additional uses
encouraged, the greater majority of the
inhabitants (80-90%) would still not be serv-
ed by the network system. Securing a huge
fund to complete the network over the city is
beyond the economy of the nation. It has
become extremely urgent, therefore, for the
authority to find additional sewerage or
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excreta collection and disposal solutions
that could be operationally incorporated
into the sewerage project currently under
construction.

Explorations

Some factors to be considered in resolving
some of the problems are:

(1) The equipment =nd crew time required
to empty a dry cesspool, in some instances,
take as much as 15 times longer than
pumping a well-constructed septic tank. It
should be pointed out, however, that it is
predominantly in the lower-income resid-
ences where the poorly located and main-
tained cesspools require the extra crew and
equipment time. A considerable travelling
distance is involved for each truck to dump
its load at the new treatment plant. There-
fore, a possibility of vnloading trucks into
several wastewater dumping stations, to be
integrated into the new sewer system within
the city, should be investigated. The stations
might require water points to dilute night
soil discharges.

(2) Ingeneral, disposing of domestic sewer-
age by tank vacuum trucks has a high oper-
ating cost that is certain to be affected by
world petroleum prices, the cost of the
trucks required for this operation, and rising
labour costs. Some community planning
concepts that might alter and reduce the
costs are: (a) the development of neighbour-
hood restroom, shower, and laundry facilit-
ies with septic tanks that can easily be
emptied on a route schedule set for septic
service trucks or, wherever possible, con-
nected directly to the sewerage network and
(b) ihe start of redevelopment plans for
housing and sanitary facilities in private
homes or for serving homes in a compound
area.




Sewerage and Low-Cost Sanitation:
A Solution to Sanitation Problems
in Developing Countries

Frederick Z. Njau!

Among the ever-increasing problems
within urban areas of developing countries
is that of sanitation, i.e., the safe disposal of
wastewaters and, in particular, human
excreta. Conventional sewerage, although
the safest and most hygienic method of dis-
posing of human excreta, remains the most
expensive method and generally serves the
needs of only a small percentage of the
population.

Solutions aimed at reducing mortality
and morbidity through the provision of
hygienic disposal methods for the masses are
required. This paper will discuss a combina-
tion of sewerage and low-cost sanitation sys-
tems as a possible solution to sanitation
problems with reference to case studies of
four urban towns in Tanzania.

The Concept of Sewerage and Low-
Cost Sanitation

In most developing countries, life is bor-
dering the subsistence level, with the ma-
jority of the people being very poor,
productivity of labour is low, and unem-
ployment is high. Experience within towns
and cities in developing countries has shown
that it is not possible to provide convention-
al sewerage systems for most of the people
because of the high initial capital costs in-
volved, which exceed the supply of available

!Director of Sewerage and Drainage, Ministry
of Lands and Urban Development, Dar es
Salaam, Tanzania.
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resources, particularly the foreign exchange
component.

For a sewerage system to be effective it
must be affordable by all, i.e., installation
costs must cover the sewer mains, laterals,
and property connections. Because the capit-
al costs cannot be met by the governments
of poor nations and the household plumbing
costs cannot be met by the individual house-
holds, conventional sewerage systems only
operate at 20-309% of their capacity.

The concept that conventional sewerage
systems are the only safe method of dispos-
ing of wastes has been held rigidly in the
minds of most sanitary engineers in develop-
ing countries who forget that other low-
cost systems exist that are affordable by
more people and at the same time provide
the same level of hygiene and service as any
other conventional sewerage system. These
other systems include the ventilated improv-
ed pit (VIP) latrine or in Ghana, the vented
indirect pit; the Reed odourless earth closet
(ROEC); the pour flush latrine; and the
aqua privy. Some of these systems have been
tried in India, Ghana, Botswana, and Tan-
zania with some degree of success.

The concept of combining sewerage and
low-cost saritation systems in Tanzania asa
solution to sanitation problems was first
introduced by Dr R. Feachem of the Tech-
nology Advisory Group (TAG) of the World
Bank for United Nations Development Pro-
gramme (UNDP) project GLO/78/006. In
this project, the original terms of reference
proposed the use of a conventional sewerage




system. After consultation with the TAG,
however, the terms of reference were amend-
ed to include a low-cost sanitation compon-
ent in view of the high cost of the sewerage
system. Providing a converntional water-
borne sewerage system for everybody within
the urban areas of Tanzania would cost bet-
ween TSh50000 and TSh100000
(U.S.36100 and U.S.$12200) per plot
connection, whercas the cost of low-cost
sanitation might be between TSh3000 and
TSh5000 (U.S.$365 and U.S.$610).
Implementation of a low-cost sanitation
program has its problems due to the habits
and traditions of the individual users. For a
program to be effective, it must carry with it
the necessary “software™ elements. The
“software™ elements are in their final stage of
preparation and will soon be available for
implementation. A few demonstration units
are under corstruction in the city of Dar es
Salaam, Tanzania, under a UNDP project.

Comparison of Costs: Sewerage
Combined with Low-Cost
Sanitation

Surveys carried out oy different consul-
tants in five towns within Tanzania, namely

Dar es Salaam, Morogoro, Moshi, Arusha,
and Mwanza, indicate that the sums of
money required for the implementation of
sewerage systems are colossal, particularly
when the system serves such a small propor-
tion of the population in comparison to that
served by low-cost sanitation (Table 1).

Why Combine Sewerage and
Low-Cost Sanitation?

It is evident that the low incomes in deve-
loping countries make it difficult for house-
holds to connect to sewerage systems and
experience has shown that where there are
sewers adjacent to properties, the connec-
tion rate is very small (10-20% in Tanzania)
and this could be the case elsewhere. Those
people who are in areas served by sswerage
systems but cannot afford to have their
households connected to the systems must
be provided with an affordable alternative.
The only solution is low-cost sanitation sys-
tems. A survey carried out by the low-cost
sanitation unit of the Ministry of Lands,
Housing and Urban Development indicates
the need for providing alternative systems in
order to solve sanitation problems within
urban areas.

Table 1. Comparison of costs: sewerage combined with sanitation.

Stage 1 (1979-1984)

Local Foreign Population
Level of service TSh US.S TSh U.S.§ served

Morogoro 8

Sewerage 10.5 1.3 4.5 0.55 8700

Low-cost sanitation 10.4 1.27 2.6 0.32 78000
Moshi

Sewerage 30.6 3.73 17.8 2.17 —

Low-cost sanitation 10.3 1.26 1.2 0.15 35000
Arusha

Sewerage 31.06 3.79 1.77 0.95 29000

Low-cost sanitation 11.2 1.36 2.8 0.34 40000
Dar es Salaam

Sewerage 199.8 24.4 30.1 3.7 —

Low-cost sanitation 46.0 5.6 33.7 4.1 —

NOTE: All numerical values are in millions.

aA1 present, there is no sewerage system in this town.
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Conclusion tation is desirable. A combination of sewer-

In an effort to promote the welfare and age and low-cost sanitation systems is the

well-being of the urban poor in developing only solution as long as these systems are
countries, an appropriate program of sani-  acceptable and properly used.
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Sullage Disposal in Urban Centres

Frederick Z. Njau!

The problem of sullage disposal within
the urban ar=as of most developing nations
is as old as history itself. This problem,
though visible, has received little, if any,
attention, perhaps due to the fact that it is
noi a derivative of human excreia and,
hence, in the minds of most people is harm-
less despite the intolerable nuisance of smell
and providing breeding grounds for many
waterborne diseases. As yet, no concrete
solutions have been put forward for safe
disposal of sullage in urban areas. The solu-
tions discussed in this paper will be based
partly on the experiences of others and
partly on theoretical solutions.

Existing Disposal Methods: Their
Advantages and Disadvantages

Sullage, as defined here, refers to all
domestic wastewaters other than toilet
wastes. The volumes of sullage generated
will normally depend upon water consump-
tion. The problem of sullage disposal, there-
fore, will be most prominent in those
households not connected to sewerage or
septic tank soakaway systems, i.e., those
using low-cost sanitation systems. The
volumes, therefore, will vary between those
households obtaining water from public
standpipes and using pit latrines or compost
toilets, and those with a single water tap on
site and using pit latrines.

In broad terms, there are six sullage dis-
posal methods: (1) disposal on the ground

Director of Sewerage and Drainage, Ministry
of Lands and Urban Development, Dar es
Salaam, Tanzania.
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within the compound; (2) disposal on the
ground outside the compound; (3) on-site
disposal, into ground seepage pits; (4) on-
site disposal into pit latrines; (5) disposal
into open drains; and (6) disposal into cover-
ed drains or sewers.

Disposal of sullage by some of these
methods may have associated health risks.
Throwing sullage on the ground creates wet,
muddy conditions that may provide breed-
ing sites for mosquitoes. If the soils are
permeable and evaporation is high, how-
ever, this practice may be tolerable. The only
danger likely to occur from disposal of sul-
lage into properly designed underground
soakaway pits is that of groundwater con-
tamination. The problem is less likely to
occur with sullage disposal in comparison
with the disposal of sewage in this manner
and is, therefore, acceptable. Similarly, dis-
posal of sullage into pit latrines creates no
greater risk than increasing the depth of
seepage and, hence, contamination of deeper
groundwater. This method, however, will
also require frequent emptying of the pitand
possible collapse of improperly lined pits.
Sullage discharged into open drains during
the dry season does not flow away and where
ponding is likely would result in the exist-
ence of offensive odours and areas where
mosquitoes would breed. Disposal of sul-
lage into closed drains or sewers presents no
health problem but may be expensive and
unjustified.

Recommendations

The only safe and hygienic method of sul-




lage disposal, other than through a sewer
system, is to construct a soakaway pit on site
or off site, depending upon the land avail-
able and the soil conditions. A soakaway pit

lined with open blockwork is recommended
for soils with low permeability in order that
it may be emptied without causing structural
damage.
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Technology: Discussion

Pit Latrines

The initial stages of discussion centred on technical aspects of latrines and
educating people to build latrines properly. Two of the countries noted that
although latrinization programs were in existence through the Ministry of
Health, the health workers were not trained in latrine design, with consequent
problems of collapsing and unpleasant odours being associated with the latrines.
Latrinization programs suffer from the lack of trained personnel and a link
between front-line workers and headquarters. Radio and newspapers are heavily
used in an attempt to educate the populace.

There is no chance of identifying one latrine design as being suitable for the
whole population due to cultural differences, availability of materials, and other
conditions such as groundwater table levels. It was pointed out that in firm soils
a borehole is most suitable but in the case of high groundwater tables a larger
diameter pit is necessary. The Vietnamese latrine, which is built above ground,
was not accepted because people did not believe that the faeces were neutralized.

The use of black vent pipes was questioned. In theory, these absorb heat from
the sun (to promote this the pipe should be on the north side), transfer the
heat to the air, and thus cause the air to rise. This causes air circulation, with
benefits of odour removal and water evaporation. Experiments were being
planned to determine how effective black pipes were compared with other pipes.
A suitable netting for the pipe top has not been found: plastic and galvanized
screens deteriorate due to ultraviolet light and rusting, respectively, and
stainless steel netting is too expensive.

The need for a cover over the toilet or hole was questioned. It was suggested
that the purpose of the cover was to prevent light from entering the pit and thus
make it unatisactive to flies. Experiments are needed to determine for which
design a cover is needed.

The delegation from Botswana was asked about the costs of their elaborate
latrines. They noted that latrines with no foundation, pit lining, or slab may be
stable at first but the pit walls collapse in time without support. The costs for a
ventilated improved pit (VIP) latrine were about P100-P150 (U.S.$135-U.S.
$203) for the superstructure and P200-P250 (U.S.$270-U.S.$338) for the
substructure, which represents about 0.25 -0.33 of the house costs in urban areas.
It was felt that these costs were justified in comparison with a cheaper
conventional pit latrine because the VIP latrine was a lasting structure. It was
pointed out that 70-80% of the population is rural and that these costs are
out-of-reach for these people. It was agreed that some form of subsidy would be
needed for the rural population. The substructure would be provided and the
owner would be responsible for building the superstructure. Also, cheaper
linings were being examined and the people were encouraged to make their own
bricks.
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The discussion then turned to the superstructure itself. In Mozambique, the

open spaces were preferred for defecation and thus a fence constructed from
available materials was built around the mt In Botswana, however, the nrnmmz
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offered by the enclosed structures was preferred With people moving mto urban
areas at a rate of 159% per year, small compact structures were needed in the
squatter areas.

The cost of compost latrines of the type used in Botswana was noted to be high
and subsidies would need to be provided for plotholders to be able to afford
them. General results from the limited studies available on compost latrines have
shown that the people are refusing to empty them by hand. Use of a vacuum
truck (Vactor) is beginning to be looked into but the costs and success of this
approach are not documented at this time. It was noted that the Vactor can
handle the dry solid wastes found in compost latrine bins. In rural areas, only the
Vietnamese or other double-vauit modifications would be feasible pending the

people’s acceptance of humus.

Biogas

In household units, what is done with the gas? Because there is so little
produced it is vented. Odours were not a problem in units with a water seal but in
the case of the Reed odourless earth closet (ROEC) design, the chutes may allow
an odour problem to occur. Further study is needed to prove or disprove this.
The costs of a 1 m3 digester were of the order of P50 (U.S.$68).

Aqua Privies

In providing costly and different means of excreta disposal, has the
government adequately consulted the people to determine their choice? The
underlying reason for the failure of some of the more sophisticated technologies,
such as aqua privies, is not the difficulty in convincing and training the people to
use them but in understanding the people and giving them what they really
desire. The government or engineer has only a limited number of technical
options and a standardized design has to be made for large numbers of people,
which limits the people’s choices. Regardless of their choice, the aqua privy is
probably too sophisticated for the people’s first latrinization experience. The
other major reason for the rejection of aqua privies is their expense.

Pour Flush Latrines

One of the major problems with pour flush latrines is clogging due to the use of
newspaper and cardboard when toilet paper shortages occur. These undesirable
papers could be left in a can but this causes a health hazard, accompanied by
malodour, flies, and unsightly conditions. One advantage of the pour flush
models is the water seal, which prevents gases from escaping and, therefore, no
venting is required. Use of this type of toilet in rural situations is only feasible
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when water is readily available or the culture uses water for anal cleansing, in
which case water will be obtained whether it is needed for the latrine or not.

Sewerage, Septic Tanks, and Sullage Collection

The Tanzanian integrated low-cost sanitatior. sewerage scheme was the main
topic of discussion. The first few questions asked how the low-cost sanitation
options were chosen. The pit latrine was adopted wholesale based on surveys
that showed existing latrines to be well used and clean. The consultants were
asked to incorporate this alternative for the urban poor into the overall
sanitaiion scheme. The cost of a VIP latrine that meets all Tanzanian standards
is about 2500 Sh (U.S.$300), which is affordable by most Tanzanians.

At the very least, a pit latrine is strongly encouraged for all Tanzanian
households because it does lessen the danger of cholera and other diseases.
Households in a sewered area would be required to hook up to the sewer unless
they had a septic tank or aqua privy with a large enough drainage area.

Cost recovery was another issue. The most commonly proposed and
acceptable cost recovery scheme was to assess charges based on water usage
because most taps are metered in Tanzania. For pit latrines, a direct sanitation
charge may be assessed or the cost may be part of land charges. The cost of low-
cost sanitation could definitely be borne by the people because the design
lifetime of a pit latrine is 15 years and capital costs were about 1 million shillings
(U.S.$120000) for 78 000 people.

Technology Applicability

Again, the question of letting the people choose the technology or imposing a
technology upon them was raised. Because it is not possible for the people to
knowledgeably dictate technologies, an integrated technical-sociological
approach is needed. It was also commented that there may sometimes be an
element of force or education required for the good of the people. The local
health officials must encourage sanitation and enforce the laws because learning
the hard way is not appropriate.
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Disease Transmission

G.P. Malikebu!

Man is the reservoir of most of the
diseases that destroy or incapacitate him.
Diseases such as cholera, typhoid and para-
typhoid fevers, the dysenteries, infantile
diarrhea, hookworm diseases, ascariasis,
bilharziasis, and other similar intestinal
infections and parasitic infestations are the
cause of tremendous losses of life and
debility.

Unsanitary disposal of faeces and urine is
one of the most common sources of infec-
tion. Disease germs leaving the body pass
back into food or water via flies, which carry
the filth on their legs and contaminate food;
dust, which is blown about; water, passing
over contaminated ground; and the hands of
those who handle food.

In the transmission of these diseases from
the sick or from carriers to the healthy per-
son, the chain of events may be summarized
as follows: the excreta (focus of infection) is
transmitted via hands, water, insects, or soil
onto the food and/or drink of the healthy
person, who then contracts the disease and
becomes debilitated or dies.

Cholera

Cholera is an intestinal disease character-
ized by sudden onset, and profuse watery
stools and vomiting resulting in rapid dehy-
dration. Death occurs within a few hours of
the onset. Chol