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ABSTRACT

This report is a comprehensive technology review and bibliography

describing alternative approaches to collection, treatment, reuse,

and disposal of wastes. It is designed to describe for-the policy-
maker, the administrator, and the engineer the broad range of

systems of human waste management available today.
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Foreword

Foul water may well rate as the greatest single source of human disease
and misery. It is, therefore, encouraging to see it moving towards the head of
the world’s priority list of basic needs. Habitat, the United Nation’s
Conference on Human Settlements, proposed that all nations should seek to
extend clean water and sanitation to their people by 1990. The United Nations
Conference on Water endorsed this proposal. The U.N. General Assembly has
officially espoused this policy and the 1980s have become the International
Drinking Water and Sanitation decade.

However, the emphasis on “clean water” carries with it a risk. It can allow
policymakers to neglect the equally urgent need for sanitation. Supplying
water to villages or squatter settlements can have more direct political appeal.
It is also usually cheaper and easier to install and maintain. But, without basic
sanitation (and the kind of health care that instructs the community in
personal hygiene), the full benefit of “clean water” will not be achieved. The
investment will have been made, the money spent. But disease will continue.
Moreover, conventional “Western” methods of waterborne sewerage are
simply beyond the reach of most communities. They are far too expensive.
And they often demand a level of water use that local water resources cannot
surply. If Western standards were made the norm, some $200 billion alone
would have to be invested in sewerage to achieve the target of basic sanitation
for all. Resources on this scale are simply not in sight.

So, do we face a painful dilemma — the desperate need for “clean water,”
the impossibility of getting a needed base for it in sanitation? Happily, there
exists a wide range of effective alternatives between the unhygienic pit privy
and the Western waterborne sewerage system. These systems are generally far
cheaper. Most of them do not demand a heavy use of water. And many make
creative use of the nutrients in human waste to fertilize fields and fish ponds or
to contribute to biogas production — and they can do this without serious risk
of returning pathogens to human food or drinking water. The chief problem is
that these alternatives are not widely known to the policymakers and engineers
in charge of sewage and sanitation programs. To begin to break down this wall
of ignorance, the World Bank in 1976 launched a worldwide search to identify
the various immediate technologies between the most primitive and Western
sewerage systems. The IDRC collaborated in this search and has compiled a
short, concise, and very informative technology review for policymakers to
which it has added a very extensive bibliography. This is another step in
IDRC’s much expanded program in the area of water and sanitation and for
countless millions of suffering human beings, it may also prove a first step to
better health.

Barbara Ward

President

International Institute for
Environment and Development




Preface

This comprehensive technology review and bibliography describes
alternative approaches to collection, treatment, reuse, and disposal of human
wastes.] It is designed to describe to the policymaker, the administrator, and
the engineer the broad range of approaches to human wastes management
available today. This document forms part of an informal series of
publications resulting from research and demonstration activities supported
through the International Development Research Centre’s and the World
Bank’s research funding programs in water supply and sanitation.

This study was based upon an extensive search of the published and
unpublished literature. Relevant documents were undoubtedly missed, and
because of printing schedules late acquisitions could not be included in the
publication. Over 20 000 references were considered and approximately 1200
documents reviewed. As a result, 531 documents were selected for abstracting
and were used to produce the bibliography. Emphasis has been placed on
technological issues, but institutional, behavioural, and health-related aspects
of excreta disposal were also considered.

This review and bibliography can stand alone but its usefulness is limited
if the documents and the knowledge upon which it is based are not made easily
accessible. In response to the ever-increasing demand for information in this
field, the Asian Institute of Technology (AIT) in Bangkok, Thailand, is in the
process of creating an International Rural Sanitation Information Centre to
become operational in late 1978. Relevant material collected for this study will
form the initial information base for the new information centre; documents
appearing in this publication will therefore be available from AIT on request in
early 1979. It is also likely that regional focal points for the collection and
dissemination of relevant information materials in the field of environmental
sanitation will be established, thus forming the basis for the continued
exchange of information between regions.

Special thanks are due to Marcel Mercier, Senior Program Officer,
Information Sciences Division, IDRC, who monitored the literature search
and the vreparation of the bibliography; to John Kalbarmatten, Water and
Wastes Advisor for the World Bank; and to Charles Gunnerson, Consultant to
the World Bank. We would also like to thank the many people and institutions
who have contributed to the preparation of this review, in particular the
following: Eric Carlsson, Royal Institute of Technology, Stockholm; Balfour
Hepher of the Agricultural Research Institute, Isracl; Duncan Mara, The
University, Dundee, Scotland; Alexander Morse, Washington, D.C.; M. B.
Pescod, University of Newcastle-upon-Tyne, U.K.; John Pickford, University

1A companion volume to this bibliography, entitled Health Aspects of Excreia and

" Sullage Management by R. G. Feachem, D. J. Bradley, H. Garelick, and D. D. Mara is

available from the Energy, Water and Telecommunications Department of the World
Bank, 1818 ‘H’ Street, N.W., Washington, D.C. 20433, USA.
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of Technology, Loughborough, U.K.; David Donaldson, Pan American
Health Organization, Washington; Hemda Garelick, Ross Iinstitute of
Tropical Hygiene, London; Edwin Lee, World Health Organization, Manila;
H. F. Ludwig; B. F. Ormieres, Bureau central d’études pour les équipements
d’outre mer, Paris; Somnuek Unakui, Worid Heaith Organization, New
Delhi; and Victor Wehman of U.S. AID, Washington.

Helpful suggestions were made by Richard Feachem of the Ross Institute
of Tropical Hygiene, who is preparing a parallel bibliography on health
aspects of wastes disposal. We owe special gratitude to the many people who

m ™m mIm n tha Araft maonnerrint
spent valuable time reviewing and making comments on the draft manuscript

and to Vikram Bhatt for incorporating their comments into the final version.
The literature search could not have been completed without the support of the
staff of the IDRC Library, particularly that of Margaret Carroll; and thanks
are also due to Dolores Rees of the NOAA Library in Washington and Rafael
Rodriguez of the World Bank.

Witold Rybczynski
Chongrak Polprasert
and

Michael McGarry



Part I

Choosing Waste-Disposal Technologies

“There are some sections of the city where rural sanitation conditions
obtain, as, for instance, the areas not reached by sewers. The lack of sewers
may be due to any of several reasons, as scarcity of money for sewer
extensions, inability to extend sewers due to adverse conditions of nature, or
legal limitations, as where a community is contiguous to, but just outside
of the city limits. In these sections there is a complication of problems, but
the essential requirement remains the same. It is necessary to dispose of the
dangerous wastes in a sanitary inanner.

Few of these homes are reached by water mains, or have their own water
supplies under pressure. Fewer still are financially able to install plumbing
fixtures and build a plant to care for the sewage resulting from the instal-
lation. For the great majority the privy will be the method of sewage
disposal.” (Hardenbergh 2112)

This could very well be a description of the situation that exists in many of
the developing countries of the world, but in fact it was written by an
American sanitary engineer in 1924, and describes conditions in the United
States at that time. If the United States, which introduced sewerage 75 years
before, was still having difficulties with conventional sewerage in 1924 it is not
surprising that many countries that are now beginning the process of
development should be faced with similar problems. But such comparisons can
be mlsleadmg They imply that similar problems require similar. solutions.
They ignore the fact that, as Gunnar Myrdal has pointed out, the developing
countries begin their modern development with significantly different
~resources and under different conditions than did the now-developed countries
when they began their modern development in the mid-19th century.
Developing countries today cannot simply repeat the development process of
the developed countries, and nowhere is this more clear than in technological
development.

The recogmtlon that the developing countries may follow a different route
leads one, in the consideration of waste disposal, to pose three questions.
What were the options available in the mid-19th century to these countries then
beginning their modern development? To what extent is the situation of a
developing country today similar? Is the option that was adopted then by the
developed countries still the optimal solution for the countries beginning their
development today?

i The European and American countries in the mid-19th century found
themselves with rapidly growing cities and traditional sanitation systems

(cesspools, bucket systems, pit latrines, and open ditches) that were rapidly

becoming inadequate to the new scale and density of population. The first
“evidence of difficulties appeared in the water supply, which in most cities at
that time was provided by individual wells. As the density of the urban areas

7




Moule’s earth closet, 1860,

Vacuum truck, 1880.



increased, local water supplies became contaminated and depleted, and
virtually all the major cities were forced to build aqueducts to supply the city
with clean water from the unpolluted hinterland. This supply of piped water
resulted in greater consumption and required disposal of greater amounts of
wastewater. At the same time the availability of pressurized water in thie home
encouraged the widespread adoption of a recent invention — the water closet,
the forerunner of today’s flush toilet. This self-cleansing water-sealed device
was seen as the ideal solution for isolating the odiferous cesspool, and
permitted hygienic indoor toilets for the first time. However, the result of this
massive input of wastewater into primitive infiltration systems was to be the
straw that broke the camel’s back (Stanbridge 1012; Tarr 3240). It rapidly
became clear that the traditional systems could not deal with such quantities of
water, and recurring outbreaks of cholera required that an alternative solution
be found.

One option that was considered was the transport of wastewater away
from the cesspool by the use of horse-drawn tank trucks. The sewage was
pumped into the tank manually. This approach, the predecessor of the vacuum
truck, was tried in a number of American cities. Its reported failure was due to
the inability of the municipal governments of that time to organize and operate
such a service effectively. Nevertheless certain better organized European
cities, such as Stockholm and Copenhagen, did use bucket removal systems
well into the 20th century.

The option of total or partial biological on-site treatment of wastewater
was not really available in the mid-19th century when the commitment to
sewers was made. The septic tank was not invented until 1897, by a British
engineer Donald Cameron. A simplified version called the “septic closet” was
developed by Drs Lumsden, Roberts, and Stiles in the United States in 1918
and was widely used in the rural South. It was later adapted and adopted in
Africa and Asia, where it is known as the “aqua-privy.”

There had been investigations in the early 19th century of dry excreta-
disposal systems. Moule in England and Waring in the United States were both
proponents of the “earth closet.” One of the limitations on the success of these
systems was the limited understanding of scientific composting at the time.
Composting was brought to the West from China in 1909 by King of the
United States Department of Agriculture, and the work of the pioneer Sir
Albert Howard at Indore was not completed until the 1930s (Gray et al. 3407).
These developments were too late to influence the course of events, as the
widespread adoption of the water closet had effectively cancelled the
dry-disposal option. The solution that was finally adopted, as is well known,
was the removal of combined greywater and human excreta by underground
sewers.

The problem of waste disposal, as it was then understood, was essentially
one of transporting the wastewater out of the urban area and underground
sewers did this successfully, albeit at a high price. This choice represented the
most easily implementable solution, and by translating a sociomedical problem
into an engineering task it followed the characteristic philosophy of that
optimistic age. Once this decision was made it set the direction for
technological development for a century to come. The problems of biological
oxygen demand (BOD) reduction, contaminant removal, tertiary treatment,
and sludge disposal all follow, though unpredicted, the first choice.

It is possible for a developing country to take into account at least some of
the implications of the waterborne waste-disposal option that were not

9



The Marino Toilet, 1858, Copenhagen.
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Chamber pot version of Marino’s toilet.
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discerned in the mid-19th century. The associated environmental hazards and
increased water consumption are two phenomena that are now well
documented. In this sense being a latecomer has its advantages. However, a
general consideration of the conditions within which the developing countries
face the problem of waste disposal will show that the situation is extremely
severe, and differs vastly from that faced by the Western countries in the
1850s.

The population explosion is a formidable obstacle to development for a
number of developing countries. This is evidenced by the nverall man / land
ratio, which is much higher than in Europe at the time of its industrial
revolution, and in the extremely rapid growth of the urban areas. At the time
that the decision was made to adopt underground sewers, London had slightly
over 2 million people. All the other cities that initiated sewer construction
(Hamburg, Paris, and New York) had less than 1 million inhabitants. Even by
1900 there were only 11 cities in the world (nine of these in America and
Europe) with populations of over 1 million. Today that is considered a small
city indeed. Most of the primary cities in Asia surpass 5 miillion inhabitants.
Clearly the scale of the waste-disposal problem faced by a developing country
is of unprecedented propartions, and no parallel is possible between their
situation and that of the developed countries 100 years ago.

In all but a few exceptional cases the developing countries are less well
endowed with natural resources than were the presently developed countries
when they started development. For a number of developing countries one
particularly scarce resource is “clean” water. Water is plentiful in the
temperate zones, where sewers were first constructed, and it is not surprising to
find it used as the transportation medium for human wastes. Many developing
countries, being in the tropical and subtropical regions, find themselves with
periodic, or permanent, shortages of water, both for agricultural and domestic
uses. This is a most severe constraint for the adoption of any waterborne
system.

Climate is another important difference in the conditions under which
many developing countries are developing. The number and variety of
fecally transmitted diseases is greater in the tropical and subtropical regions.
Heat and humidity create ideal conditions for pathogen survival. Furthermore,
the malnutrition that is endemic with much of the population is a major factor
in the high rate of infection. The result is that poor sanitation becomes one of
the chief causes for spread of hookworm, diarrhea, enteritis, cholera, and
typhoid. The destruction of these pathogens is the first priority of any tropical
waste-disposal system. Most systems originating in the iemperate regions
emphasize achieving BOD reduction and are less concerned with pathogen
destruction.

Before the adoption of sewers in the West, night soil was collected from
the cities, either by bucket systems or by pumping out cesspools, and was used
by farmers as fertilizer (Stanbridge 1012). Once the water closet came into use,
the transportation and handling of liquid sewage proved difficult, and the
amounts of water mixed with the waste proved to be too much for farming use.
This, as well as the development of manufactured fertilizers, discouraged the
practice of reusing wastes. In most of the less developed countries agriculture
plays a very important role in the development process. The limited availability
and high cost of chemical fertilizers mean that compost, manure, and human
waste have retained their value as fertilizing materials. The problem of waste

11



disposal, for a developing country, cannot be separated from the problem of
waste reuse.

The adoption of waterborne waste-disposal sewers in the cities and septic
tanks in the rural areas has taken the developed countries quite a long time.
Indoor sanitation for almost all rural Canadian housing was achieved only 10
years ago. The pressures of population and the requirements for improved
health in a developing country will require a much more rapid implementation
of effective waste disposal than took place in the developed countries and on a
much larger scale. It is unlikely that the systems that were appropriate to the
rather small populations of the resource-wealthy industrialized countries of
northern Europe in the 19th century will be successful in solving the
formidable problems of a much poorer, and much more populous, developing
country. A World Heaith Organization survey published in 1976 (3220)
indicates that whereas in 1970, 27% of the urban population in developing
countries had sewerage connections, in 1975 this figure had actually declined
to 25%. Even more serious is the fact that another 25% has no access to any
sanitary facility at all. It would not be an exaggeration to say that for many of
the developing countries a crisis in terms of lack of adequate sanitation has
been reached.

The question remains, what are the options currently available to a
developing country with regard to waste disposal?

The systematic study of waste disposal is recent, and it would be
premature to present it as a science. There are branches in which much
pragmatic engineering knowledge exists, such as the design of sewer networks
and treatment plants. Recently much scientific study has taken place on the
reclamation of sewage effluents for irrigation and agriculture. On the other
hand, the most widely used method of disposal, the pit latrine, has been
studied very little, and, particularly in the rural areas, is based on a combina-
tion of rules-of-thumb and folk tradition. A technology review of waste
disposal finds itself dealing alternatively with craft, engineering, and science,
and a scientific classification of this material would be misleading.

This study is based on an exhaustive examination of technical literature
from developing and developed countries. This literature is presented in
abstracted form in the bibliography that follows. However, it was felt that this
review should go further than a mere summary or checklist and should address
itself to three key questions that permeate any discussion of appropriate waste
disposal for developing regions.

(1) What are the options for excreta disposal in hot climates?
(2) What are the techniques for reusing human waste?

(3) Inview of the above, what are the waste-disposal / reuse options for cities
and towns?

Options for Excreta Disposal in Hot Climates

It has already been pointed out that one of the major differences between
conditions in a developing country today and those in the industrial countries

12



in the mid-19th century is the fact that, whereas sewers were a solution to a
wastewater problem, only 13% of the population of the developing countries
actually has piped water in-house connections (3220). This means-that, for the
moment at least, the main problem of the majority of the population, which is
not served by piped water, is not wastewater disposal, but excreta disposal.
The distinction between sewage (or wastewater) and excreta is critical.
Too often the emphasis has been put on “sewage treatment for developing
countries,” in spite of the fact that only 6.5% of the population of developing
countries are connected to sewers. A search for appropriate options must
recognize that most of the population produce very small quantities of
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for excreta disposal in the tropics, though in many developing countries it still
takes second place to indiscriminate defecation in the fields. It represents the
first rung of the sanitation ladder, but in spite of its apparent simplicity, the
adoption of this technology has met with mixed success. A Tanzanian study
(Muhondwa 1009) points out that although the peasant’s reluctance to build
and use pit latrines is often assumed to be the result of lack of education and
restrictive tradition, there are also technical reasons for the failure of many
rural latrine programs. Pit latrines were often built, following official
direction, in poor soil, with resulting cave-ins. Consequently many people,
particularly children, were discouraged from using the latrine, which largely
obviated its usefulness. On the whole, there was little reluctance to building
the pit latrine in the first place, but in many cases, latrines were abandoned
following the departure of the program officials from the village. This had
much to do with the smell, flies, and uncleanliness associated with pit latrines.
The fact is that open-pit latrines, private as well as communal, are often
unpleasant and unhealthy places (Shelat and Mansuri 2122).

It should not be concluded from this that pit latrines are an inappropriate
technique that is doomed to failure. There is no doubt that the pit latrine
remains one of the few technologies affordable by the rural population.
However, much work needs to be done to improve the functioning of this
“simple” device. A project in Botswana had considerable success with urban
pit latrines as a result of improvements such as sturdier construction and
reinforcement of the pit, larger pits, and most importantly, ventilation pipes
and hole covers (Blackmore et al. 2207). However, the borehole latrine,
which has a small diameter and can be drilled bv a hand auger, has
had widespread use because of its adaptability to economic and large-scale
implementation. However, it can be an unsatisfactory solution in those cases
where the rather deep pit would intercept the water table (Wagner and Lanoix
2125).

Very real health and esthetic problems of many pit latrines are a result of
the open nature of the pit, which allows free access to flies and mosquitoes,
which in turn can transmit disease over a fairly wide area, and which permits
odours to enter the privy enclosure. As the only barrier between the user and
the decomposing material, the design of and choice of materials for the
squatting plate require close attention.

13



A simple device from the developing countries that will improve
considerably the environmental and hygienic conditions- of the pit
privy is the pour-flush latrine, or water-seal squatting plate (1004). A
pan at the lower portion of the chute maintains a water seal, and a smail
quantity of water, usually about 1 litre, is required to “flush” the contents into
the pit. The water seal arrests the passage of both flies and odours. It is widely
used in Southeast Asia, where it is known as the Chiengmai squatting plate
(Wagner and Lanoix 2125). It has been reported that the Chiengmai can
become obnoxious, not only as a result of blockage, but also because the
simple requirement of manual flushing can so easily be neglected, resulting in a
buildup of fecal matter exposed to the air (Morgan 1008).

A recent improvement of the pour-flush water seal has been developed in
Rhodesia (Morgan 1008). It consists of a chute and a pan, similar to the
Chiengmai, except that the pan is hinged and counterweighted. The weight of
the excreta tilts the contents of the pan into the pit, and a simple valve refills
the pan with water from a nearby storage tank. The reported water
consumption is about 1 litre per visit, and the advantage of the system is the
resistance to blockage and the automatic operation, although lack of
maintenance of the valve would cause problems.

The form of the Asian pour-flush latrine is the squatting plate, based on
the indigenous defecating position. However, there are examples of seat-type
pour-flush latrines in other cultures. A Colombian model is specifically
designed to improve pit latrines and is hand flushed with 3 litres of water.

One latrine design that attempts to overcome some of the operational
drawbacks of the pit latrine, while maintaining a low cost advantage, is the
Reid’s Odourless Earth Closet (ROEC), developed in South Africa in the
1940s (2101). It consists of an extremely large pit (1 X 2 X 3 metres deep)
covered by a concrete slab. The squatting plate, instead of being in the slab, is
located to one side and connected to the pit by a sloping chute. A vent pipe is
located in the slab, and placed so that air is drawn down the toilet chute and up
the pipe. It is important that construction of the pit be airtight. It is reported
that not only is the ROEC odourless, but also free from flies, because the
darker environment of the pit discourages breeding (Blackmore et al. 2207).

One of the factors that may explain the success of the ROEC is the large
volume of the pit, which gives greater surface area for infiltration and extends
the life of the pit (reportedly up to 20 years). Experiments are now being
carried out in Tanzania with watertight lined pits, in effect, composting toilets,
which would have to be emptied at long intervals (Eygelaar 2210; Winblad
2232).

The “dry” pit privy, which receives only feces and urine, can become
“wet” through the addition of water used for (1) anal cleansing or from squat-
ter plate washings entering the pit, or (2) by the pit being dug below the
groundwater table. The two major disadvantages of wet pits are the increase in
fly and mosquito breeding caused by excessive water in the pit and the possibil-
ity of infiltration of contaminated water into the surrounding soil. Early re-
search on pit latrines in the U.S. (Caldwell 2108) showed that the presence of
water significantly increased the distance that coliform organisms traveled, up
- to 10 m from the pit. In contrast, coliforms from a dry pit in sandy soil
contaminated a distance around the pit of only 30 cm. On the other hand,
increased moisture in the wet pit enhances decomposition of the excreta.
Digestion of solids is more rapid and more complete in wet pits, which
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increases the life of the pit privy by a factor of almost two (Wagner and Lanoix
2125).

When designing the pit privy, consideration must be taken of such factors
as water-use practices, subsoil characteristics, populaticn densities, and
location of the nearest dug-well water supply. Trade-offs between reduced
storage volume of the wet pit have to be made against its potential for
contaminating. the groundwater supplied. Water supply pipes can al~~ be
contaminated by polluted groundwater near pit privies where water pressures
fall below zero, as is common in most developing countries. However, the
work of Baars (2107) confirmed the earlier observations of Caldwell (2108)
that as the soil around the pit becomes saturated with fine fecal particles and
aggregates of colloids and organisms, the flow is retarded through this “filter”
and the death rate of fecal organisms increases. This led Wagner and Lanoix
(2125) to write that “in homogeneous soils the chance of groundwater
pollution is virtually nil if the bottom of the latrine is more than 1.5 metres
above the groundwater table.”

Vaults

One method for preventing soil pollution and groundwater contamination
is to line the pit with a watertight material, that is, to turn the pit into a vault.
At this point there are two alternatives that hinge, once again, on the question
of wet versus dry. If no water is added to the vault, or only enough to make the
water seal function, the contents may be removed and disposed of elsewhere.
When dry the contents are removed by dipper and bucket, when fluid by
vacuum truck. These methods are described in the section on Night-Soil
Collection (see p.19), and referred to variously as pail or bucket system,
conservancy system, or vacuum truck and vault. They clearly qualify as dry
excreta-disposal options.

Septic Tanks

The septic tank, which has found very wide application particularly in the
United States, consists of a compartmentalized vault within which settlement
and some liquefaction of the solids will take place, and a subterranean tile or
leaching field where most of the biological treatment of the septic tank effluent
occurs. All of the household wastewater goes into the tank in addition to the
excreta and flushing water. The costs of septic tank installation, as well as
periodic desludging, make them completely inappropriate for the rural
population of a developing country. The extensive area required for the
infiltration field severely limits their application to urban areas. There are
indications that in urban areas septic tanks will often cost more on a per
household basis than conventional waterborne sewerage (McGarry 3114).

Aqua-Privies

The aqua-privy is a modified septic tank and was first built by Griffin and
Williams in Darjeeling in 1917, an adaptation of the early American cylindrical
septic tank (Williams 4407). A vertical drop pipe extends from the toilet bowl
or squatting hole to just below the water surface within the tank. The tank is
charged with water at the outset, and then water is added in sufficient
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quantities to maintain this water seal. Household wastewater (greywater) is not
usually disposed of in the aqua-privy. Solids sink to the bottom, and the
effluent is carried to a leaching field or soakaway for infiitration into the soil.
The tank must be desludged periodically. If not enough water is added to the
aqua-privy, the water seal ceases to function and flies and odours enter the
house (Wagner and Lancix 2125). Success with the aqua-privy has been varied.
There are positive reports from Nigeria (Oluwande 2331) and the British West
Indies (Sebastian and Buchanan 2339), but on the other hand Botswana
recently issued a ban on aqua-privies, so odorous had they become
(2301). The system has many of the same limitations as the pit latrine with
respect to density of implementation and to the requirement for separate
disposal of household wastewaters, although at a much higher cost.

Composting Privies

Composting has been defined as “a biological process for converting
organic solid wastes into a stable, humus-like product whose chief use is as a
soil-conditioner” (Golueke 3416). Composting has long been a traditional
method for the recycling of farm wastes, and more recently it has been used for
the treatment of night svil and sewage sludge (see Night-Soil Treatment,
p. 20). The term “composting privies” refers to household composting
systems, which may be either aerobic or anaerobic, and are sometimes referred
to as “mouldering toilets,” particularly in the Scandinavian literature.
Composting is essentially a dry process and composting privies represent one
form of dry vault.

One of the first examples of the dry vault, the double compartment
concrete vault, originated in the United States in military camps in 1917
(Hardenbergh 2112). It consisted of two watertight compartments large
enough to provide storage for the wastes of the average family for 6 months.
When one compartment was full it was closed, and the other put into use. It
was thought that following the 6-month period a dry, odourless substance free
from pathogenic bacteria would result. Unfortunately the principles of
composting were elaborated only a decade later. Efficient composting requires
an appropriate balance between carbon and nitrogen (C / N). Human excreta
does not initially have a favourable C / N ratio and contains excess amounts of
nitrogen. To regain the balance, either carbon must be added or nitrogen
reduced. The former implies adding cellulose materials such as leaves or grass,
the latter implies reducing the urine input. As neither of these things was done
in the case of the double compartment concrete vault, the excreta turned septic
and liquefied, resulting in strong odours and difficulty in removing the
contents. The system was not a success.

The double-vault latrine described by Wagner and Lanoix (2125) and also
referred to as a compost privy, is similar in appearance to the earlier American
version, but its operation differs, being an adaptation of the Bangalore process
invented by Howard in the 1930s (Gray et al. 3407). The compartments are
larger, and grass clippings, food scraps, leaves, and animal wastes are added to
the human excreta. It is claimed that this mixture initially undergoes aerobic
composting for a short while followed by anaerobic decomposition for some
months.

Although the compost privy is described in a number of the standard
monographs on rural sanitation (Wagner and Lanoix 2125) there are no
reports of its application on a wide scale until 1956. At this time the
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Democratic Republic of Vietnam initiated a Five Year Plan of rural hygiene,
during which time a very large number of anaerobic composting privies were
built. ’

The Vietnamese double vault provides on-the-spot composting of excreta.
It has two watertight tanks serving by turns as receptacles for defecation and
composting. A hole is made on the face of each, together with a groove to
channel urine into a separate vessel, while apertures are made in the back wall
for the collection of the waste after composting. The tanks, often paved, are
constructed above ground so as not to be submerged by rainwater.
Before a tank is used, its bottom must be covered with a layer of
powdered earth. After use the feces are covered with kitchen ashes, which
absorb moisture and deodorize them. Then the hole is covered with a lid,
which is usually fitted with a long handle. When the tank is two-thirds filled its
contents are leveled with a stick before it is filled to the brim with dried
powdered earth. Then all openings are tightly closed to create an anaerobic
space. Anaerobic composting has been practiced for some years in place
of the aerobic process (McMichael 2216).

The Vietnamese double vault orviginated in the 1950s when
peasants who were using human excreta as manure found that composting
reduced the smell and improved its fertilizer value. This became the key
component of a rural sanitation program for disease prevention and increased
food production begun in North Vietnam in 1956. After much experimenta-
tion it was found that the addition of kitchen ashes effectively neutralized the
bad odours normally associated with anaerobic composting, and also effected
the destruction of intestinal worm ova — after a 2-month composting period
85% of the ova were found to be destroyed (2202). The anaerobic composting
also played an important role in converting organic nitrogen to inorganic
forms more readily available to plants.

There are also reports (McMichael 2216) that at present in the Socialist
Republic of Vietnam there is one double vault for each 1.4 rural house-
holds. The Socialist Republic of Vietnam’s experience illustrates that the
success of rural sanitation lies in the adoption of waste-reuse systems with
obvious benefits to the villager.

Whether the double vault has implications for urban sanitation
remains to be seen, although there are reports that it is used in peripheral areas
of Hanoi (2202). The advantages of anaerobic composting are: a C / N ratio of
20 te 30:1 is maintained by eliminating the urine (which is used in diluted
form for fertilization), and no other organic material need be added
to the excreta, hence the vault is quite small — 1.7 m X 1.2 m X 0.7 m
high, for 5-10 persons. The essentially dry condition within means that a
variety of indigenous materials can be used to build the toilet, which is usually
above ground to prevent flooding. Earth, lime mortar, clay, raw bricks,
bamboo, concrete or brick are used (2202) as local conditions dictate.

A system has been proposed that is similar to the Vietnamese double
vault, but that accepts urine as well (Nimpuno 2219). The C/ N ratio is
maintained by the addition of organic wastes and the vault is kept dry by
providing a perforated bottom. A top layer of coarse sand, underlain by
charcoal, crushed limestone, ashes, and leaves, and a bottom layer of coarse
sand is placed, which acts as a filter, neutralizing the acidity of the urine, which
passes into a soakage pit filled with gravel, below the vaults. Smell is reduced
by providing a ventilation pipe. The anaerobic decomposition is allowed to
take several months, during which time the adjoining vault is used. No field
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data are reported on this system.

The main feature of aerobic, as opposed to anaerobic, composting is that
the introduction of oxygen promotes rapid decomposition and generates
sufficiently high temperatures of over 50 °C for a long enough time to destroy
the pathogens. The most common method of introducing air when composting
vegetable or animal wastes is to manually or mechanically turn the pile. As this
would expose excreta to the air, it was not considered a suitable method for
composting human wastes, and it is for this reason that the early mouldering
privies were anaerobic.

The original aerobic household composting system, often referred to as
the “multrum, ” was ir.- ented by a Swedish engineer (Lindstrom 2213) and put
into commercial production in 1964, The multrum consists of a watertight
container with a sloping bottom. Human excreta (no flushing water) is
introduced at the upper end of the container, and mixes with organic kitchen
and garden wastes, which are introduced lower down. Air ducts and a vent
pipe are provided to promote aeration, and the decomposed material moves
toward the low end, from whence it is periodically removed. The
decomposition period is long, up to 4 years, and the container quite large
(3m X 1 m X 1 m high). The main innovations of the multrum are the system
of ducts and pipes that evaporate much of the humidity and, like the ROEC,
eliminate odours, and the sloping bottom, which permits continuous use of a
single container by separating the fresh and the decomposed material.

There are a variety of composting privies on the commercial market,
mainly in Sweden (2205) and more recently in Canada and the United States.
The possibility of adapting this technology, which had been designed for use
bv an affluent society in temperate regions, to the needs of the poor in the
developing countries, particularly in the urban areas, was first proposed by
Danish architects (Winblad 2232) in 1970, and later elaborated by Winblad
(2231) and Rybczynski and Ortega (2222). Though as yet untried on a large
scale, these types offer enough tangible advantages to merit serious study. The
toilet accepts all urine and, being watertight, can be built where there is both a
high water table and dense population. Operation is fairly simple as a single
container is used, and the fresh excreta is not handled. Rural and urban
experiments with multrums in Tanzania have indicated that with adequate
education “the majority of users seem to adapt easily to the simple, but
essential, special requirements, such as: sparing use of water when cleaning;
adding sweepings and grass for the composting process; adding ashes to
neutralize acidity” (Eygelaar 2210). Another experiment is reported from
Manila (Rybczynski 2224) where a number of multrums were built in a dense
urban area to establish costs and ease of construction.

Night-Soil Collection

The collection and removal of night soil has been practiced for centuries,
particularly in those areas where it is reused in agriculture (Clemesha 2312).
The most primitive version of this practice is referred to as the bucket latrine.
The excreta (which may or may not include urine) is deposited directly into a
container that is periodically removed for disposal. This system is widely
practiced in many African and Asian cities (3104, 3107) and has the
great advantage of minimal capital outlay on the part of the user and the
municipality. However, as usually practiced in the developing countries, it is
an unhygienic and offensive procedure that is detrimental both to
environmental and health conditions. With more sophisticated technology,
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specially designed buckets and trucks, the system can be relatively inoffensive
and hygienic, as is evidenced by its current use in Sydney, Australia and Oslo,
Norway. However, these improvements significantly increase the operating
cost, and there are indications that at that point other systems, such as the
vacuum truck and vault, may be cheaper (McGarry 3114).

The limitations to the bucket latrine include the frequent collection visits
required to empty the small container of night soil, as well as the difficulty of
restricting the passage of flies and odours from the bucket. These have been
overcome in the vault and vacuum truck system by the use of large watertight
household vaults in which the excreta is collected. The contents of the vault are
pumped out every 2-4 weeks or longer by a vacuum truck. Smaller version
vacuum carts have also been proposed using hand-operated pumps (McGarry
4140). The vacuum truck and vault system is widely used in Japan (3101) and
Taiwan (Thomas 3120), and in Tokyo, Taipei, and Tainan it accounts for the
majority of the waste-disposal services to the population. There is, however,
much room for upgrading these systems, which have grown up spontaneously
over a long period of time, and do not always have water-seal toilets or vaults
properly constructed to be insect- and rodent-proof.

The truck collection of human wastes has many advantages: the capital
outlay is low (about a third that for sewers), the collection system always
operates at or mnear capacity, it is labour-intensive, and when properly
operated, has been shown to provide a high level of service. Studies
have been made of the long-term economic implications of truck collection
based on an existing situation (McGarry 3113). A cost comparison has been
made between night-soil removal and the use of waterborne sewerage provided
with secondary wastewater treatment. The municipality of Tainan, Taiwan
estimates its night-soil collection costs to be SNT 70* per capita computed on
an annual basis, and taking into account pasteurization costs as well as a
market value for the treated night soil. The cost of waterborne sewerage,
computed on an annual basis (8% interest and a minimum 15-year repayment
period) and including operation and sewage treatment by oxidation ponds,
would be equivalent to SNT 366* per capita.

Night-Soil Treatment

Whether night soil is collected by bucket, cart, or vacuum truck it must be
disposed of hygienically. This usually implies some form of biological
treatment. The most primitive and least satisfactory technique is burial in the
ground, which is not only offensive but may expose the fresh excreta to flies
and ground runoff (3104).

There are two alternatives practiced in Japan (Ikeda 3012), Korea, and
Taiwan (3006) to the expensive activated sludge treatment of night soil that are
more appropriate to most developing countries: the facultative stabilization
pond and composting.

“Waste stabilization ponds are shallow rectangular lakes in which raw (or
screened) sewage is treated by natural processes based on the activities of both
algae and bacteria. They are without doubt the most important effective
method of sewage treatment in hot climates — not only are they the least
expensive but they are considerably more efficient in destroying pathogenic
bacteria and the ova of intestinal parasites” (Mara 3325). The technology of

*$NT 40 = U.S. $1 (1972).
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stabilization ponds is well understood (Gloyna 3313), and this method of
sewage treatment has been widely used in the United States as well as in Latin
America (Talboys 3348), Africa (Stander and Meiring 3347), and Asia
(Haridass and Sundaresen 3314).

Though stabilization ponds have traditionally been used for the treatment
of waterborne sewage there is no reason why they could not be used also for
the treatment of night soil collected by vacuum truck. There is not a great deal
of work reported in this area but Shaw (3343) reports the effective treatment of
night soil in a stabilization pond using similar loading as a sewage pond, and
adding sufficient water to maintain pond depth at 1.2 m.

Stabilization ponds for night-soil treatment could also treat sewage, or
could be specially designed to treat night soil and sludges from cesspools and
agua-privies, with the possibility of future expansion or conversion to sewage
treatment. The main drawback to stabilization ponds is the relatively large
land area required, which, even when available in urban areas, implies high
cost.

The composting of night soil in a systematic way was introduced to China
in the 1930s (Scott 4411) and recent reports from the province of Shantung
(3402) indicate that this practice is still an important component of rural health
programs. Feces and urine are separated immediately at the squatting plate by
means of a “urine drain” and collected separately, often in clay pots, whose
contents are collected and transported to the composting site, a centralized
location on the outskirts of the village. The separation of the feces and urine
prevents the former from turning septic. Two kinds of composting are used:
pit composting where air is channeled through trenches at the bottom of the
pit, and pile composting where air is introduced into holes made by the
removal of sticks. The ingredients of the compost are, equally by weight,
human excrement, animal feces, the organic rubbish, and soil. Moisture
content is reported to be between 30 and 50%, depending on the time of year.
The pile is covered by an earth-mud mixture and left for 20-30 days. This cover
not only overcomes problems of flies and odours, but also prevents loss of
heat. The composted material is used in agriculture.

Anaerobic composting is practiced on a communal basis in India, where it
is known as the “Bangalore process” (Gotaas 3406). City refuse is mixed with
night soil and high levels of pathogen destruction are reported (Bhaskaran et
al. 3403). Aerobic composting of city refuse mixed with night soil was
pioneered by Howard in India and formed the basis for installations in South
Africa (Van Vuren 4412) and China (Scott 4411).

Composting of both sewage sludge and raw sewage is reported in the
United States (Wilson and Walker 3415). The methods used are either the
windrow technique or the forced aeration method. The former requires
turning the pile at specified intervals, usually done by specially designed
machines. The forced aeration method relies on mechanically induced air
movement through the pile, and bears some resemblance to the Chinese
method. Dry material, organic waste, sawdust, and wood chips are usually
added to the sewage to bulk the material and prevent clogging during the
aeration process.

A third less common technique for treating night soil, which has been
reported from China (2303; Obeng 2309), consists of anaerobic digestion of
night soil with small quantities of water. A household-size plant, called a
“two-partition three-tank” system, is a variation of the septic tank, except that
biological treatment takes place inside the three tanks, which have a retention
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period of 10, 10, and 30 days, respectively. About 2 litres of water per capita
are added daily. Complete ascarid ova destruction is reported in the third tank.
There is no tile or seepage field, and the liquid effluent is used as a fertilizer.

Greywater

Dry excreta-disposal systems, whether pit latrines, composting privies, or
vacuum truck and vault, or even wet systems such as aqua-privies, do not
dispose of household wastewater, usually referred to as sullage or greywater.
In the rural areas greywater is simply disposed of around the house and
allowed to soak into the ground. In the typical urban area greywater is
disposed of in street drains or storm sewers. The common practice in Tokyo,
where vaults are used, is to dispose of greywater into the storm drain (3101); in
the Kampungs in Jakarta, greywater is carried in paved surface drains, which
are periodically cleaned by maintenance crews (2103). Similar methods are
practiced for greywater disposal throughout the developing world.

It is clear that a trade-off must be made between the beneficial effects of
improved excreta disposal for large numbers of people, and the adverse effects
of using storm drains, surface or underground, to transport kitchen and
washing water.

Studies of greywater in Sweden (Olsson et al. 5011) and in the United
States (Siegrist et al. 5013) indicate that the share of total phosphorus in
greywater is high, due mainly to automatic dishwashers and clothes washers.
Though there is no comparable study of greywater characteristics in a
developing country there are data on “hard” detergents, alkyl benzene
sulfonate, found in municipal sewage. The alkyl benzene sulfonate level in
Haifa zewage is reported to be as high as 17 mg per litre (Hepher and
Schroeder 4210) whereas an Indian study reports a range of from 0.08 mg per
litre for Calcutta to 1.64 mg per litre for Kanpur (Siddigi 3233). A similar
study (Bajaj et al. 4110) reports phosphorus levels in Indian sewage that are up
to 10 times lower than those in the Swedish study (Olsson et al. 5011).

Another factor to be kept in mind is the quantity of greywater that is
produced. Greywater production in Western countries varies from 60 litres
(Olsson et al. 5011) to 120 litres (Siegrist et al. 5013) per person per day. It is
estimated that domestic water consumption in a developing country is between
20 and 50 litres per person per day, depending on whether water is
available from a standpipe or a house connection. Allowing for losses, this
implies a greywater production of probably 15-40 litres per person per day.

There were indications in the Swedish and American studies that the
presence of fecal coliforms in greywater, though much lower than that of
sewage, was nevertheless sufficiently high to warrant further investigation.
The major source of the coliform bacteria was found to be clothes washing
(Siegrist et al. 5013). Neither study attempted to identify any specific viruses in
the greywater.

The data on greywater is slim indeed. Nevertheless particular care should
be taken when applying the results of research from an industrialized country
to conditions in a developing one.
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Techniques for Reusing Human Wastes

The World Health Organization Expert Committee on Environmental
Sanitation, at its third session in 1954 stated that “the committee recognizes
the widespread use, in many parts of the world, of human excreta as fertilizer
... With the growing world population and the limited extent of world
resources, all efforts to utilize sanitary by-products and return them to the soil
should be encouraged. The necessity of controlling these activities in such a
way as to reduce to an absolute minimum their inherent public health hazards
can not be too strongly emphasized.”

Recycling, or reuse, of resources is widely practiced in the developing
countries. This is not done for reasons of environmental control, as in the
West, but out of dire necessity. The point has already been made that the
developing country is in most cases less well-endowed with natural resources
than were the presently developed countries when they started development.
When one adds to this the pressures of a population explosion, the developing
country faces a situation where meagre resources must be stretched a long way
indeed. Nowhere is this more true than in agriculture, where land, which has in
many cases been farmed for centuries, must produce an even higher ountput,
and this in spite of adverse climatic extremes such as aridity or ilooding.

The difference in practices in reusing human waste is particularly marked
in Asia, where for a long time a large population has supported itself on rather
small areas of arable land. Two examples show that human excreta is treated
not only as a resource, but as a valuable resource.

It is reported that in China during the “Accumulate Fertilizer”
campaign that took place in the midfifties, the ownership of night soil became
a great point of controversy. “One commodity was central to the controversy
and was of peculiarly private nature, this was nightsoil which was sometimes
expropriated at abnormally low prices, payable at a future.date by the
collective organization. There was a tendency for farmers to withhold the
nightsoil they produced for use on their own private plots. At the peak of the
fertilizer campaign exhortation was so great as to give rise to the extreme
example of houses being torn down to capture the fertilizer value of the
earthen walls” (McGarry 4402). In any event, the “night-soil question” led to a
relaxation of regulations and a decentralization of authority.

The area surrounding the city of Tainan in Taiwan is well known for its
fish, which are farmed froimn over 6000 hectares of fish ponds. Night soil is
used to fertilize the poiius, and the municipality of Tainan, which operates a
conservancy system, sells the night soil to the fish farmers in the area, in some
cases up to 40 kilometres away. Such is the demand for this commodity that in
fact a black market for night soil is reported to exist. This is of some
annoyance to the municipality, which counts on night soil sales to offset
collection costs (McGarry 4140).

A program of night-soil reuse presupposes a market, and a demand, for
the fertilizer. There are indications that changes in life-style have affected the
night-soil market in Japan and Taiwan (Julius 4409), and a program of
night-soil reclamation may require incentives and user education to be
successful.

The question of human waste reuse is divided into the following sections:
fertilization with treated and untreated night soil; irrigation with sewage and
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stabilization pond effluents; fertilization of fish ponds with night soil and fish
production in stabilization ponds; algae production in high rate ponds;
treatment with aquatic weeds; and the production of biogas using anaerobic
digestion.

Fertilization

It is often stated that human excreta is 90-95% water, but it is the balance
left over that is of interest here. Night soil contains the three main plant
nutrients, nitrogen (0.6%), phosphorus (0.2%), and potassium (0.3%)
(McGarry 4402) and the most widespread reuse of human wastes, now as in the
past, is direct fertilization of crops with untreated night soil (Williams 4407).
This technique is practiced by farmers throughout Southeast Asia, but
particularly in Korea, China, and Taiwan, and to a lesser extent in Japan,
Thailand, the Philippines, Indonesia, and Malaysia. The use of night soil as
pig feed, usually an unhygienic practice, is likewise traditional in a number of
South Asian, African, and Central American countries.

It is recognized that the use of untreated night soil is undesirable from a
health point of view. However, any “improvements” in the present situation
must recognize the vital role that night-soil reuse plays in the rural economy of
many developing countries.

There are some reports of treatment of night soil before reuse, notably in
China. One practice, which has already been mentioned, is the composting of
night soil mixed with animal manure, organic rubbish, and soil (3402).
Another form of treatment is sedimentation and digestion in a modified septic
tank, which is reported to achieve complete destruction of hookworm and
Schistosoma ova (2303). Anaerobic composting is reported in India (Bhas-
karan et al. 3403) and in the Socialist Republic of Vietnam (2202) and in the
latter case seems to be practiced on a wide scale.

The humus value of night soil is as significant as the nutrient properties,
so much so that in Korea and Japan, where chemical fertilizers have largely
replaced night-soil fertilizer, quantities of the latter are still used to improve
soil properties.

Irrigation

Any discussion of irrigation with wastewater in developing countries must
be preceded by an important caveat. Though a great deal of literature exists on
irrigation with sewage, treated sewage, or stabilization pond effluents, the fact
still remains that only 6.5% of the population of developing countries has
access to a sewerage system (3220), hence the reuse of sewage, though it may
have important implications, inevitably skirts the main issue. The fact that so
much scientific work has been done on wastewater irrigation in many of the
developing countries is more a reflection of Western-influenced engineering
education than of a real need.

Nevertheless, stabilization ponds can be used to treat night soil, and for
centre city locations sewerage remains one of the few effective options.
Because the sewerage option has been chosen already in a number of cities, a
discussion of wastewater irrigation can still be useful.

The widest use of sewage for irrigation i a developing country is in India,
where untreated sewage is used directly on the soil. It is reported that almost a
third of the sewage produced by about 35 million people (7% of the total
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population) is utilized for irrigation (Shende 4149). Studies have been made of
wastewater characteristics (Bajaj et al. 4110), and results show that, in general,
the BOD and solids concentration are higher than in Western sewage, due
mainly to lower per capita water use (Siddiqi 3233). The nutrient value of
wastewater, as of night soil, is considerable. Total nitrogen ranges from 25 to
70 milligrams per litre, phosphates from 7 to 20 milligrams per litre, and
potash from 12 to 30 milligrams per litre; in addition, putrescible organic
matter ranges from 300 to 1000 milligrams ‘per litre and, on decomposition
forms a valuable humus addition to the soil (Shende 4149). It is reported that
untreated diluted sewage is used to irrigate forage and pasture grasses and
sugarcane (Sivanappan 4153), but root vegetables or leafy low vegetables are
not recommended to be grown with raw sewage (4102). Sewage farming, as it is
known in India, is generally practiced under organized conditions and on a
specific range of crops to reduce health hazards to workers as well as to
consumers in the case of edible crops (Kotia 4133).

There are three hazards associated with using untreated sewage directly in
jrrigation: the danger of transmitting diseases into the food chain; the health
hazards of handling untreated sewage in the irrigation process; and the
possible damage to the soil through salinity and alkalinity development. Some
preliminary work in Israel on drip irrigation with untreated sewage of leafy
vegetables has yielded surprising results (Goldberg 4130), that indicate that
more investigation needs to be done. In one case, cucumbers were grown in
fumigated soil and protected from sewage by a plastic mulch, and in another
case they were in direct contact with the untreated sewage effiuent. The
unexpected result was that there was no difference in bacteria and virus counts,
which were relatively low. A second experiment introduced pathogens into the
wastewater and in this case the cucumbers protected by plastic - mulch yielded a
safe crop. Once again, as with night-soil reuse for fertilization, research must
be done on techniques and crop types that are appropriate for irrigation with
untreated sewage.

The use of treated sewage, or effluent, in irrigation is well known in the
West but much less practiced in the developing countries, because the
considerable cost of sewerage must be added to the not inconsiderable cost of
sewage treatment. For the purpose of this section it will be assumed that when
treated sewage is used for irrigation in a developing country, it will be
stabilization pond effluent.

Stabilization ponds are generally considered as the most appropriate
method of waste treatment for tropical climates, and are well described by
Gloyna (3313) and Mara (3325). The use of stabilization pond effluent has
agricultural, sanitary, and environmental benefits, and considerable work has
been done in many countries on this and on the general subject of irrigation
with sewage effluent (Law 4139). One of the key questions that has been the
subject of much research has been the survival of pathogens and viruses in
sewage effluent and their effect on the crops being irrigated. It is now generally
accepted that stabilization pond effluents contain reduced numbers but viable
pathogens. Coliform counts may be reduced by chlorination (Shuval
4151; Kott 4135), although enteroviruses seem to be a more severe
problem (Larkin et al. 4138) and heavy and long chlorination is required to
achieve the same degree of disinfection for poliovirus as is required for
.coliforms (Shuval 4151). In a review of the subject, Shuval (4406) concludes
that most conventional treatment processes, such as stabilization ponds,
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cannot .completely destroy pathogens, that there is evidence that pathogens
may survive long enough in the fields to infect potential consumers of those
vegetable crops eaten raw, and though total destruction is possible with
advanced treatment, it is unlikely that most developing countries could
technologically or economically afford these. However, “A balanced approach .
combining low-cost waste treatment methods capable of providing reasonable,
although not complete, reductions in pathogen levels with restriction of crops
to those presenting a low level of public health risk appears to be the most
prudent policy to achieve the maximum social benefits from waste reuse.”
(Shuval 4406). :

An interesting possibility for irrigation with stabilization pond effluents is
the growing of nonfood crops, thus eliminating the health hazard altogether.
There are reports of sugarcane, tobacco, cotton, and oil-bearing plants
irrigated with effluent (Kotia 4133). Tree plantations have also been irrigated
with sewage effluent in the United States (Sutherland et al. 4155) and Canada
(Gagnon 4126), and irrigation of coconut trees with stabilization pond effluent
is reported in Madras.

Practically all methods of irrigation with water can be adapted to use with
treated or untreated wastewater irrigation. One of the most common in South
Asia is the furrow method in which the wastewater is channeled along ditches
beside the growing areas (Sivanappan 4153). Wild flooding of tracts of land is
often practiced where large amounts of wastewater are to be disposed of,
though studies in India have shown high levels of helminthic infection among
farmers engaged in such practices (Sastry 4404). Sprinkler irrigation is much in
favour in the United States, though t* .ve are indications that dispersion of
acrosolized enteric bacteria may be consiu2rable (Katzenelson and Teltch 4132;
Shtarkas and Krasil’shchikov 4150). In any case the high capital cost makes this
an inappropriate technique for most developing countries. Subirrigation,
particularly by drip irrigation, has many advantages with regard to low water .
use, increased yield, direct application to the root system, and lower possibility
of contamination (Romanenko 4145), though these would have to be balanced
against higher capital cost and greater skills required.

Work has recently been done in the United States on the accumulation of
heavy metals in soils and crops from extended wastewater irrigation (Sidle et
al. 4152; Dowdy and Larson 4119; Giordano et al. 4129). Cadmium, copper,
zinc, and lead are likely to be present in sewage coming from cities with
industrial areas. Cadmium, nickel, and zinc are potentially the most harmful
to crops (Trout et al. 4157). The heavy metal hazard is a particular factor when
applying settled or digested sludges to land, though not enough work has been
done to date on specific crops and soil types. The question of salinity buildup
in the soil, particularly sodium and boron, depends heavily on soil type, crops,
water table, and climate, and, like nitrogen buildup, can only be determined
on a case-by-case basis. This applies to treated and untreated sewage.

Aquaculture

Cultured fish are a major source of animal protein in China, Japan,
Taiwan, Indonesia, the Philippines, Hong Kong, and Malaysia, and fish
culture is also practiced in India, Sri Lanka, Thailand, Bangladesh, and
Pakistan. The most common method of fertilizing these fishponds is to use
organic manures (Prowse 4217), which include human as well as animal
wastes. There are basically two techniques for reusing human wastes in
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aquaculture, either by fertilization of fishponds with fresh night soil or by
rearing fish in waste stabilization ponds. Most scientific investigation has
concerned itself with the latter and has largely ignored the popular practice of
fishpond fertilization with night soil.

Throughout Southeast Asia, where night soxl is added to fishponds, the
accent is on fish production rather than waste treatment: 6000 hectares of
fishponds are fertilized with night soil collected in the city of Tainan (McGarry
4140); in Calcutta, sewage is diverted into the fishponds (Prowse 4217); and in
the many domestic installations, latrines are actually built out over the pond
(Prowse 4217). It is estimated that there are about 425 000 hectares of ponds in
the region (Tapiador 4222).

The night-soil fertilized fishpond demonstrates the reuse cycle. The
consumer produces night soil, which is introduced to the fishpond and
provides the main source of nutrients for bacterial growth. The by-products
from this process are the primary nutrients for the algae, which in turn are the
basic food form for the fish, which in turn are food for the consumer.

The second technique for combining human waste reuse and aquaculture
is to introduce fish into the secondary ponds in a waste stabilization pond
system. The accent here is on waste treatment. The presence of fish improves
the functioning of the pond with regard to algal removal, reduction of
suspended solids, as well as reduction of fecal coliform bacteria in the final
effluent (Carpenter et al. 4207). This has led to research on integrating
aquaculture with agriculture (Hepher and Schroeder 4210) by introducing fish
into stabilization ponds and then using the effluent for irrigation. The
integration of different activities, in this case waste treatment, fish farming,
and irrigation, has important implications for overall economic feasibility and
in fact duplicates on a large scale what many peasants in developing countries
already practice.

It is important to point out that the productivity of fishponds using
wastewater has been found to be higher than that of inorganically fertilized
ponds (Allen and Hepher 4204). An oxidation pond stocked with carp in
Madras is reported to have an annual productivity of 7700 kilograms per
hectare (Muthuswamy et al. 4216).

The reduction in zooplankton and bacteria reduces the carbon dioxide
levels, which in turn raises the pH in the fish-stocked stabilization ponds
(Hepher and Schroeder 4210); this, together with high oxygen levels, results
in surprisingly disease-free environmental conditions in the pond. Fish have
been shown not to be susceptible to infections from enteric bacteria that cause
diseases in humans and animals, and where human pathogens have been
identified they have been isolated in the gut, which can be cleaned by
depuration (Allen and Hepher 4204).

The possibility also exists of combining wastewater effluents with marine
culture. Ryther (4219) describes an integrated project in the United States
where secondary sewage effluent, mixed with seawater, is used as a source of
nutrients to grow single-celled marine algae, which are in turn eaten by
shellfish. The phytoplankton remove the nutrients from the sewage effluent,
and the filter-feeding shellfish remove the phytoplankton from the water.
Solid wastes produced by the shellfish serve as food for secondary commercial
crops of marine animals such as lobster and flounder. There are possibilities
for adapting such a system to coastal locations in tropical regions, where
plentiful solar energy and high water temperatures would promote marine
food production.

27



SUNLIGHT RADIATION

AL AL

HIGH RATE OXIDATION POND

ALGAL
PRODUCY

STERILIZATION

INFLUENT
SEWAGE | SOLIDS

FLOATATION
METHANE GA
- E GAS 5

SOLIDS | xR TED T ...!...] ....... s |
DIGESTION SUN DRYING BEDS

AGRICULTURE @ £ AR

INDUSTRY i tiau'0

DIGESTED u EFFLUENT
ALGAL

SLUDGE
HapAN PURIFICATION ‘ SoLips
DRVING BEDS

STOCK FEEDING @
CATTLE
SWINE

AGRICULTURE CHICKEN
Mass algal culture and processing flow diagram (from 4312).

Connected with the privy

and pigpen excreta outlets _l Gas vent pipe

Applied excreta tank

NVA\N :
b Outlet chamber
] Y {
) A
Lo , N
% Liquid-pressure tank RN
l . k h b 1 r P EORNR £ SIS SO TRIKTETS 4 A TS A gg. :
¥ [ ¥ 5 .
ntake chamber 4 o :t ' Connected opening
‘o) L gl
Pt r 3
Cy y )
\ 8 i) 5
- 9g: o) ™~ Excreta overflow hole
a*.
-~ .0
7 0y
%l Fermentation tank o
0.
RSO LA R AT TR Y M it \Fermcnlalion tank door

Enclosed three-stage biogas plant with applied excreta tank (from 4504).

28




Algae Production

Algae play an important role in the photosynthetic process of facultative
stabilization ponds. These ponds can be designed specifically to maximize
algae production by reducing the pond depth to 20-40 centimetres to improve
sunlight availability throughout. The conversion of sewage nutrients to algae is
extremely rapid under these conditions, taking 3-4 days, and the resulting pond
is usually referred to as a high-rate pond, or sometimes as an algae pond. The
functioning of high-rate ponds is described by Oswald (4315).

One of the main reasons for the interest in algae is the fact that they are
usually about 50% protein, and annual yields of algae on a kilogram of protein
per hectare basis are significantly higher than conventional crops such as rice,
corn, or soybean; under operating conditions 150 kilograms per hectare per
day of protein can be produced (McGarry 4310). The importance of algae as
an animal feed substitute (thus liberating grains for human consumption)
could be beneficial for poorer countries (Grisanti and Oswald 4307).

Algae need nutrients for growth. Most natural waters do not contain all
the required nitrogen, phosphorus, or potassium. Human and animal wastes,
on the other hand, contain all three, hence algae can be cultivated in sewage
with no supplementary nutrients (Grisanti and Oswald 4307), and indeed
high-rate ponds provide near optimal conditions for algae production. The
nutritive value of algae as food has been extensively studied (4302). However,
one of the problems encountered with algae as an animal feed has been the low
digestibility of the nonprotein component — the cell walls (Hintz et al. 4308).

An interesting proposal to use algae as fish feed (Wachs et al. 4321) is
based on the fact that algae constitute their natural food and their digestive
system is assumed to be more adapted to algae. The production of algae in
high-rate ponds and subsequent use as fish feed also offers the flexibility of
using the algae for animal feed.

The quality of water discharged from high-rate ponds is considerably
improved (Oswald 4315) and can play an important role in agriculture for
irrigation (McGarry 4310). Interestingly for urban locations, many industrial
wastewaters can also be used for algae production, though they would require
in some cases the addition of specific nutrients (Grisanti and Oswald 4307).

High-rate ponds have been built only on a pilot scale so far. The main
drawback has been the development of satisfactory harvesting technology
(Golueke and Oswald 4305). The harvesting of algae requires three steps:
initial concentration, dewatering, and final drying (Golueke and Oswald
4305). Two processes for initial concentration have been developed on a pilot
scale: chemical flocculation and filtration. Conventional algae production is
currently practiced on a pilot scale in Mexico, Japan, and Formosa. Algae
production in high-rate ponds is being researched in Israel, West Germany,
and Singapore (Grisanti and Oswald 4307).

Aquatic Weeds

Another form of aquaculture, in addition to fish and algae, is aquatic
weeds. A process has been developed in Germany (Seidel 3508) whereby reeds
and bulrushes are used to purify sewage. Dissolved organic and inorganic
materials are absorbed by the reeds. Oxygen is passed through the root system
and into the sludge at the bottom of the pond, which is thus aerated. A second
pond with bulrushes further purifies the wastewater. An adaptation of this
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system is reported to be functioning well in the Netherlands (DeJong 3505).
Water hyacinths are reported to be used for sewage treatment in the United
States (3501) where they are harvested for animal feed, and a recent proposal
has suggested converting the water hyacinth into fuel using the biogas process
(Wolverton et al. 3513). The interesting aspect of this proposal is the discovery
that water hyacinths can be used to produce biogas without the addition of any
extra materials. Aquatic weeds are grown in ponds to which animal waste and
night soil are added, and the harvested weeds are used for animal feed in the
Socialist Republic of Vietnam and throughout Southeast Asia (3501).

Aquatic weeds are normally grown in shallow ponds. The use of aquatic
weeds for wastewater treatment is still experimental, and not all the health
implications are understood yet (3501). As most of the scientific investigation
of aquatic weeds has taken place in America and Europe, care should be taken
in adapting this technology to tropical conditions. One aspect of aquatic weed
ponds that has not been reported to be a problem in temperate climate
locations is mosquito breeding. Since this is a problem associated with
oxidation ponds in tropical climates, and is usually remedied by removing all
grasses, particularly at the pond edge (Yau 3354), it would have to be taken
into account with aquatic weed ponds.

Biogas

The anaerobic decomposition, or fermentation, of human excreta
produces a combustible gas. This gas, referred to as methane, is
also known as swamp gas, gobar gas, dung gas, or biogas. All anaerobic
processes produce this gas (a mixture of about two-thirds methane and
one-third carbon dioxide) but specific installations have been designed to
optimize gas production; they are known as “methane digesters” or “biogas
plants.” Biogas plants on a large rural scale have found application in a
number of Asian countries since development began in India in 1938
(Subramanian 4526). It is reported that at the moment there are 80 000 plants
in China (McGarry 3114), 36 000 in India, 27 000 in Korea (Subramanian
4526), 7000 in Taiwan (McGarry 3114), and smaller numbers in the
Philippines, Thailand, Indonesia, and Japan. Most of these plants are fairly
small (1-6 cubic metres) and owned by individual farmers, though larger
community-scale (30 cubic metres) plants have been reported on plantations
and associated with schools and cooperatives (Subramanian 4526). Various
designs are described for biogas plants, ranging from batch digesters (Fry
4507) to continuous-type family and farm-size plants (Singh 4520). The most
common uses for the gas are for domestic cooking and lighting (4504), though
it can also be used to power combustion engines (Fry 4507). It has been
estimated that to run a 1-horse power water pump 8 hours a day, about 3.5
cubic metres of gas would be required, which would need the contribution of
six to seven medium-size cows (McGarry 3114). There is considerable variation
in what is thought to be the minimum number of animals required, or gas
used, by a single houszhold, though reports indicate that in practice
consumption may be as low as 0.2 cubic metres per capita for cooking, and
digesters have been found to be operating on one cow and the family night soil
(Subramanian 4526). It is important to point out that the addition of night
soil, high in nitrogen, results in higher yields of gas, though the low volume of
night soil inevitably requires supplementation with animal wastes for adequate
gas production.
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The slurry or effluent from the digester contains about 2% nitrogen on a
dry basis and is very valuable for fertilization. The normal practice is to dry the
slurry, and subsequently spread it on the land. In larger installations the slurry
may be pumped out of the digester and spread on the land by tank truck
immediately.

Studies have been reported in China on the effectiveness for destroying
pathogens (4504). The results indicate that there was 93.6% destruction of
hookworm, ascarid, and schistosome eggs. The schistosome eggs were
completely destroyed, and very few hookworm eggs survived, but the survival
of ascarid eggs was quite high. This is mainly due to the relatively short
retention period within the digester, usually about 2 months. This implies
either additional treatment of the slurry, or redesign of the digester to lengthen
retention time and increase ascarid destruction.

~ There are areas for technical improvements in digester design and
materials, particularly lengthening the life of the steel tank cover, and of
course lowering costs (Pyle 4516). In this connection an important new
development is reported in China (4504). This involves the use of a fixed gas
storage chamber, unlike the movable covers normally utilized in India.
Pressure is maintained by a layer of liquid slurry, which is displaced by the
newly produced gas into a second displacement tank. This permits the
construction to be entirely of concrete, a considerably cheaper material than
steel. Previous experiences with concrete movable covers have not had great
success because of eventual cracking and leaks {Subramanian 4526).

However, the main discussions of wider biogas utilization in developing
countries seem to hinge on the economic and social benefits of this technology.
The capital cost is higher than can be afforded by the poorer peasants (4505).
The use of biogas in many Asian countries shows that it has a place in the rural
economy. The diversity, both of designs and of perceived and real benefits, in
the different applications makes it extremely difficult to reach a single
conclusion on the subject (Subramanian 4526).

Most biogas applications have to date been in rural areas, where animal

-manure is available, fertilizer may be required, and electricity is usually
lacking. Nevertheless Subramanian (4526) mentions several urban plants, and
research biogas plants are operating in Manila. The possibility of growing
aquatic weeds in urban treatment ponds and then using them for biogas plants
(Wolverton et al. 3513) would seem to have particular application in urban
areas where animal wastes may be in short supply. Although it is possible to
generate biogas using human excreta alone (Subramanian 4526), most of the
literature pertains to treatment of settled sewage sludge by anaerobic digestion
in large-scale sewage treatment plants.

Waste Disposai / Reuse Options For Cities and Towns

The focus of this problem is clearly on the urban situation. This is not to
imply that rural sanitation is less critical; in fact proper rural sanitation is
a numerically greater issue as most of the population of developing countries is
rural. The statement is often made that “rural sanitation is not a technical
problem.” Many of the studies identified by this technology review have raised
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serious doubts as to the accuracy of this statement. It is clear that in this field,
as in so many others, 19th century solutions are not always up to 20th century
problems. Much of the colonial sanitation technology, which is still being
applied, represents “top-down” improvements that often reflect foreign (to the
peasant) values, and not surprisingly meet with rejection (Muhondwa 1009). In
this light, the indigenous reuse technologies are particularly interesting, for
though there is room for improvement, they seem more closely related to the
resources, and needs, of the villagers.

The differences between the conditions facing a country that is beginning
its development today, and those under which the now developed countries
began their industrial development in the mid-18th century, have already been
pointed out. The often meagre physical resources, fast-growing population,
particular climatic conditions, and extensive poverty apply in both the urban
and rural areas, but in the cities they reach unprecedented proportions. Thus
urban sanitation is considered separately in this section, not because it is
necessarily the most important problem, but because it appears the most
difficult to solve.

A developing country attempting to solve its urban waste-disposal
problems must choose a course of action. The purpose of this review is to
suggest that there are a number of options that ought to be considered, and
although waterborne sanitation remains the ultimate solution for many, it may
not be immediately realizable. In that event, other technological options may
offer the possibility of step-by-step improvement.

The options can be lumped into three main categories: waterborne
options, cartage options, and on-site options. The inevitable question follows:
for what reasons should one system be chosen over another? Although this
question falls outside the scope of this review, a review of this kind would be
incomplete if it did not deal, however briefly, with some of the implications of
a shift in attitude from a conventional single option to a multiple-option
approach. Thus, such a discussion forms the final part of this section.

The Waterborne Options

This study has failed to identify any options, other than sewerage, that
could apply to high-density, high-rise housing and commercial areas. It seems
that, for the moment at least, underground sewers are the only solution for the
central business disirict or for those areas where housing is in the form of
high-rise buildings. Although there have been proposals for high-rise
alternatives (Nesbitt and Seldman 2217), these have been in an industrial
country context and speculative in nature. The application of sewerage in the
high-rise, high-density context might minimize two of the drawbacks usually
associated with waterborne sanitation. First, the required piped water is
usually available in high-rise housing, and second the concentration of
population significantly reduces the unit cost of sewerage. In general, sewerage
capital costs reduce in proportion to the density of population served.

However, with the notable exceptions of Hong Kong and Singapore, very
few cities have popular housing contained in high-rise buildings. This is not
only due to the economic costs of this form of construction, but also to the
financial costs, as demonstrated in the failure of the superbloques in Venezuela
in the 1950s. The bulk of housing in a developing couniry city is still likely to
be contained in one- and two-storey buildings.
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One of the technical problems reported with sewerage in low-density areas
in tropical climates is a tendency to clogging because of insufficient water
usage (2205). This is particularly true in arid conditions, or when only a small
part of the population can afford to be connected to the sewerage system. A
waterborne alternative, called the aqua-privy / sewerage system, has been
proposed to overcome this drawback (Vincent et al. 3235). This system consists
of conventional aqua-privies connected to sewer pipes. This vault acts as a
settling tank for all the solids, and only liquid overflow passes into the
sewerage system. It is claimed that smaller diameter pipes and lower gradients
will reduce the cost of the sewerage network, and the smaller quantity of water
will reduce treatment costs. There are reports that in Zambia, where
the aqua-privy / sewerage system has been installed, clogging is frequent due
to misuse of the system, and that difficulties have been encountered with
desludging of the vault. The latter is reported to be the result of high-density
construction, which obstructs access to the vacuum truck, and is more a result
of poor planning than an inherent failing of the system. There is no question
that the aqua-privy / sewerage system is cheaper than conventional sewerage
(McGarry 3113) and in N’Djamena where sewers were deemed necessary, it at
least assured easier operation (3204). However, the saving is marginal and the
capital cost of pipes, trucks, and vaults is high indeed.

Where waterborne systems are already in use, or where they represent the
only viable option, two points should be kept in mind: the reuse poten:ial of
the wastewater, and the quantity of water consumed.

The reuse potential of wastewater has already been pointed out. There
exists the possibility to recoup at least some of the capital cost of the sewerage
system by the development of algae production and fish ponds and secondary
use of water for irrigation. One of the constraints on the proposed sewerage
system in Yemen was that the water should be recharged to the aquifer, so
important a resource was it considered (3003). Most urban sewerage projects
eat up funds in underground pipes and inevitably approach disposal from a
short-term “least cost” point of view. This leads to primary treatment and
river disposal, as at Rangoon (Singh 3234), instead of taking advantage of the
long-term benefits of reuse.

Water Saving

The quantity of water consumed rises sharply when it is available in
pressurized house connections, and as a result wastewater becomes a major
problem. Taken as a group, even if only one-quarter of the population
is served by house connections it will consume more water than the rest
of the urban population that is served by public standpipes or vendors.
Thus, though it might appear that water saving is a side issue in countries
where less than half of the urban population has access to piped water, an
inequitable distribution of this often scarce resource demands that attention be
paid not only to distribution, but to the quantities consumed.

The result of water-saving practices has several important implications. A
reduction in use, particularly by that portion of the urban population served
by piped water, will have an effect on water supply as well as treatment costs.
In the case of those served by piped water, but lacking adequate greywater
drainage, reduction in wastewater quantities could have significant health
benefits (Morse 6022). A third benefit will affect those who buy water from
street vendors, often at a higher price than paid for by those with house
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connections. In water-short areas, devices that reduce consumption can
provide health benefits by making more water available for hygiene-related
activities such as hand and body washing.

There have been a number of studies in the United States dealing with
methods for reducing domestic water consumption (Hershaft 6018; Fowell et
al. 6013; Bailey et al. 6008). Not surprisingly, the flush toilet is found to be the
main water consumer. A recent British study (6004) has identified simple
modifications to toilet cisterns that could reduce water consumption by 40%
and is developing a 4.5-litre flush toilet-pan. A simple variable-flush water
cistern is reported as being used in Uruguay (Rybczynski and Ortega 6024) and
dual-flush cisterns have shown reductions of 26% in water use (Sobolev and
Lloyd 6030). Flow-limiting devices have successfully been employed in several
South American countries. These include public hydrant taps with automatic
shut-off valves and devices with restricting orifices located within water supply
lines. Reductions in water use due to metering, particularly when combmed
with effective tariff structures, are well known.

Another water-saving technique is worth mentioning as it could have
important implications in greywater reduction, especially for those people who
do not have access to sewers to dispose of their household water. Atomization
of water has been proposed as a technique for reducing the amount of water
needed for washing and showering. A low-cost prototype has been tested that
uses 2 litres of water for a 6-minute shower under manually induced pressure
(Morse 6022). Atomization devices replacing conventional showering fixtures
have shown water savings of 25% for total household water consumption in a
typical British home (6004).

The Cartage Options

One of the principles of sewerage is the removal of human wastes to
locations, usually outside the city, for treatment and(or) disposal. There are a
series of options for removal of human wastes that accomplish this without the
use of underground pipes, but by some form of cartage, either handcarts,
trucks, or vacuum trucks, depending on the level of sophistication. Cartage is
widely practiced throughout the cities of developing countries and is one of the
most common non-Western systems. It is reported in China (Sebastian 4405),
Japan (3101), Nigeria (3104), and Taiwan (McGarry 3113).

The technology of cartage is noi complicated (see Night-Soil Collection,
p.19. The main criticism leveled against it is the high degree of efficient
central organization required for successful operation. The cartage system
always operates at full capacity from its inception. This contrasts sharply with
~ piped sewage schemes, which may not operate at capacity for many years after
beginning construction. The costs of cartage systems vary from case to case,
but two factors stand out: the frequency of collection, and the distance from
vault to disposal point. In most Asian countries the contents of the vauit are
pumped out every 2-4 weeks (3101). If this time were increased by utilizing
larger vaults, collection cost reductions would result. The distance from the
vault to the point where the vacuum truck discharges its contents also affects
the size of the truck fleet, as well as the travel cost. This is pointed out in
specific studies for Yemen (3003) and Chad (3204).

Unfortunately, little work has been done on reducing the cost of vacuum
trucks, or on low-cost methods for night-soil treatment. It is clear that vacuum
truck systems from relatively advanced countries such as Japan will have to be
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adapted to the conditions in the poorer developing countries. Smaller-scale
vehicles, such as hand-operated vacuum carts (McGarry 4140), which could be
locally fabricated, would make the cartage system much more adaptable to
incremental adoption by the informal sector.

One of the advantages of cartage is that it can be used to upgrade
conditions in existing built-up areas, where the construction of underground
sewers would be impossible. Cartage can also be used in conjunction with
on-site systems. An example of this is reported in Jakarta (2103) where
existing cesspools have been made operable by periodic pumping out, in spite
of high groundwater and poor soil conditions. It was found that the cost of
this service was affordable by the low-income community.

It seems likely that the only cartage system that can be hygienically
operated is the vacuum truck, or the smaller scale version vacuum cart, into
which the night soil can be sucked directly from the vault. This avoids the
problems of odour, uncleanliness, and unpleasantness associated with the pail
or bucket systems, both for the user and scavenger.

The On-Site Options

All of the urban options identified in this review require large-scale
activity in the planning phase, whether to design a sewerage network or to
organize a truck and vault system. The same is true of the on-site options —
adequate systems must be designed and information disseminated throughout
the community. The unique characteristic of this third option, as distinct from
the first two, is that the on-site options can be implemented and operated by
the individual. ‘

Recently it has become recognized that the informal sector in many
developing countries is more successful at providing services, such as housing,
than the central authority. This concept goes beyond the traditional
“self-help” approach, where people provide the labour component of centrally
administered projects. Most urban slum dwellers out of necessity build their
own houses, roads, and community buildings. In many cases they also install
water, electricity, and drainage. Even in those developing countries with
avowed centralist goals, the informal sector plays an important role.

The simplest on-site systems are the pit latrine and its urban offshoot, the
cesspool. There are reports of urban pit latrines working satisfactorily in India
(Kharkar et al. 2114) and the already mentioned practice in Jakarta, where
individual cesspools are operated by periodic pumping out (2103). The possible
density of use of pit latrines varies greatly with soil conditions (Wagner and
Lanoix 2125). In African site-and-service projects, pit latrines are used with
population densities of up to 150 persons per hectare.

The most common on-site treatment in the industrial countries in rural
areas is the septic tank. The developing country version of this is the
aqua-privy, which is used in urban areas but, being a wet system, is limited by
soil conditions to an even greater extent than the pit privy. There has been a
recent proposal for the periphery of Manila to install aqua-privies connected to
mini-oxidation ponds for about half the population who cannot afford
sewerage. A modification of the aqua-privy that increases the retention time
to 90 days might have application in urban areas (Teodorovic 2343).
Aqua-privies, periodically desludged by vacuum trucks, have been proposed as
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public latrines in Belize (3103). Although put forward in recent literature as an
appropriate alternative (Oluwande 2331; Mann 2330), there is evidence of
operational difficulties (2301).

The possibility of urban applications for biogas plants has already been
mentioned. Two areas in particular have not been well reported in the
literature. One is the production of biogas with human excreta alone. The
second is the optimal scale for urban biogas plants, whether “block” scale to
service 20-30 families, or individual mini-plants for an individual household.

This technology review has identified few waste treatment systems that
have been developed since 1950; one of these is the compost privy. The largest
single example is the Vietnamese program of anaerobic composting toilets
(2202), primarily a rural technology but with some application in suburban
areas. There have been suggestions that the aerobic composting toilet, or
multrum, could be adapted to urban tropical conditions (Winblad 2231) but so
far this has only been done on a pilot scale in Tanzania (Eygelaar 2210) and in
Manila (Rybczynski 2224).

Composting privies should not necessarily be regarded as an “interim
solution.” Although greywater could be disposed of by surface drains, this
could ultimately be done by underground pipes, while maintaining a dry
on-site system for excreta disposal. The now-developing countries have an
opportunity that was not available to the industrial countries in the mid-19th
century, that is to choose a dual system: dry treatment of excreta and
underground drainage of greywaters. This is a crucial decision that could avoid
many of the difficulties that only now are becoming evident in Europe and
North America.

Economic Comparisons

There are a number of studies (Holland 2113; Hansen and Therkelsen
3225; McGarry 3113) that have attempted an economic comparison between
different urban systems. The general method is the same, that is, to determine
the least cost solution while considering certain factors such as population
density and interest rates. Only the capital and operating costs are considered.
The fact that these studies utilize an abstract site limits their application to
actual conditions, though the methodology is instructive. A number of
engineering master plans have made economic comparisons of two or more
systems (3003, 3204) but these are also least financial cost calculations that give
a very crude picture indeed as they cannot realistically take into account side
benefits.

The difficulties with evaluating different systems on the basis of economic
comparisons are multiple. The cost-benefits of the different technologies are
not all equally understood, and the data on some of the systems are quite
meagre. It is difficult, if not impossible to take account, in money terms, of the
social-cultural-medical aspects of sanitation without distorting them or losing
their significance (Adams 3001). It is difficult to incorporate important factors
such as the extent of off-shore costs versus the use of locally available
materials. Finally, it is impossible to compare the economics of systems that
are essentially engineering works (cartage and waterborne) with systems that
could be implemented on an individual scale (on-site).

Table 1 summarizes in a very general way some of the significant
characteristics of the three classes of systems, waterborne, cartage, and
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Table 1. A summary of the significant characteristics of the three classes of systems.

Waterborne Cartage On-site
Capital cost High High / low Low
Operating cost Low High Low
Offshore cost component High High / low Nil
Water consumption High Low / nil Low/ nil
Optimal density High density High density High and low density
(high rise) (low rise) (low rise)

Adaptability to incremental

implementation Nil High High
Adaptability to self-help Nil Low High
Reuse potential High High High / low

on-site. These characteristics will of course vary from country to country, and
final decisions would require quantitative data.

A New Approach to Identifying Waste-Disposal Solutions

Sewerage has been regarded as a universal solution to waste disposal. This
fact, more than any other, has played such an important role in the widespread
adoption of underground sewers in American and European cities, and, with
less success, in the rest of the world. The same engineering formulas have been
applied, often by the same engineers, whether in-Madras, Montreal, Mexico
City, or Manila. Once the variables are known for any particular situation,
tried and true techniques have been used to achieve a predetermined result. A
technical solution that is universal, such as the bicycle, has enormous
durability, and instead of being adapted it can simply be adopted. As long as
the advantages outweigh the compromises there is tremendous advantage in
adopting a solution that has been developed over a long period of time. The
fact that the universal solution ignores many variables is, from an engineering
point of view, only advantageous as far as implementation is concerned.

-However, universality is not the goal of engineering, rather an occasionai
achievement. All attempts to universalize housing, for instance, have been a
failure and it is becoming accepted that the optimal solution and often the only
possible solution, is the one that takes into account local and circumstantial
resources, both human and material. Just as particular solutions should not be
maintained out of a misplaced sense of superior knowledge (ethnocentrism), so
universal solutions should be discarded if it turns out that they are not doing
the job.

There is a danger in assuming that the alternative lies with another
universal solution. It is much more probable that it will be a combination of
solutions adapted to different situations and communities. The fact that a
universal solution is replaced by particular solutions should not be seen as a
- disadvantage. There is a danger that the main criticism leveled at any

nonconventional waste-disposal system will be that it is not universal, that it
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will be difficult to implement, that new standards wili have to be set, that
personnel will have to be trained, and so on. All this is undoubtedly true, but it
must be weighed against the disadvantage of a “universal” solution that so
far has been able to reach only 6.5% of the people in the developing countries.

It must be understood that the solution to a problem is very much a
function of the way that the problem is defined. Alternative solutions emerge
as the resuit of an alternative statement of the problem. As long as the problem
of urban sanitation is not restated, a consideration of the technological options
will inevitably lead back to the sewerage solution. There are three assumptions
in the conventional approach to urban sanitation in a developing country that
must be reconsidered. Firstly, any improvement to urban sanitation implies
drastic change to the existing condition; secondly, this change must follow a
“master plan” model; thirdly, the goal is to dispose of, or get rid of, the
human waste,

Over the years, as sewerage has become synonymous with sanitation, it
has been assumed that improved sanitation implies drastic change. It is
probably for this reason that so little literature has been identified dealing with
indigenous excreta disposal practices — it has been assumed that these are of
little importance as they will eventually be rer'aced by sewerage. As a result,
the potential for upgrading existing practices has been largely ignored,
although there is a project for maintaining urban cesspools in Jakarta (2103)
for over 1 million people who could simply not afford sewerage. It is
important to recognize that any improvements to existing waste-disposal
practices are first steps to improving urban sanitation.

The key device of such endeavours is the master plan, and the
implementation usually follows a planning construction model that may last
20-30 years. Sewerage is seen as a frozen, once-and-for-all solution, and often
the same attitude is applied to other waste-disposal options, but it would be a
mistake to assume that the conventional master plan model can be applied to
the on-site or cartage options. For example, the master plan model was applied
to aqua-privies in Botswana where they were mass produced and installed on a
very large scale. The results were disastrous (2301).

The process of adaptation rather than adoption has important
ramifications forthe way that urban waste-disposal systems are implemented.
It 1mp11es a dynamic process of problem solving; a model might be the housing
sector, in wich deSigns are continually adapted to local conditions, and the
scale of plan.ing is very much reduced, even though the aggregate of a number
of years production may be significant. It is obvious that the developmental
model puts the em ?hasis on local problem solving and that there is
consequently less need for international expertise.

Neither sewerage nor conventional sewage treatment are answers to the
~ question of how to make use of the nutrients in human excreta. If any of the
reuse technologies that have been described herein are to have application, it is
clear that they must be rephrased. Increasing costs of energy and other
resources require that options be evaluated on the basis of reuse capability
rather than disposal capability. Reuse of night soil in farming is a traditional
practice. Reuses of excreta in fish culture, algae production, and aquatic
plants / energy production are new and prom1s1ng technologies that radically
change the context of urban sanitation.

We believe that a new approach to urban sanitation, based on a
step-by-step upgrading of existing situations, will have no difficulty in
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identifying suitable options. Once existing conditions are understood as a
starting point, certain solutions will be more compatible with resources..
available. Particular options will integrate reuse possibilities that reflect
energy, food, or agricultural needs of the particular community. Whether or
not such solutions lead ultimately to waterborne sanitation is less important
than the fact that they will be the beginning of a dynamic process of
development.
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Part 11

State of the Literature

This technology review is supported by an abstracted bibliography of
references that are the result of an intensive literature search lasting several
months. It was the purpose of this search to identify specific technical
literature that could form the basis for a planner, engineer, or decision-maker

in a deve!ep"‘g country to nnrlprstnnrl evaluate, and lmnlement eppmf'r-

technologies. The inappropriateness of conventlonal wastewater technologies
for solving the sanitation problem of the urban and rural poor in a developing
country has been pointed out in the technology review and though many
national governments and international organizations appreciate that different
approaches to waste disposal must be adopted, nonconventional wastewater
and excreta-disposal technologies are, by definition, less well known and less
well documented. It is the aim of this technology review to begin to fill in some
of the gaps, and to facilitate access to valuable technical documents that would
otherwise remain obscure.

Literature Search

The unconventional structure of the literature search is an inevitable result
of the subject matter being documented: nonconventional technologies. This
has led a two-pronged investigation: a rationalized computer search of a
number of very large, internationally available data bases, and an ad hoc
manual search of a selected number of information centres.

A computer search was carried out by the IDRC library in Ottawa and
supplemented by the National Oceanographic and Atmospheric Administra-
tion library in Washington, D.C. It was found that access to information in the
data bases is not indexed for developing country needs, and hence it is not
possible to retrieve literature on the basis of “low-cost,” “developing
country,” or “nonconventional technology.” The search technique that finally
evolved required casting a very broad net using the subject matter
“wastewater” and “waste disposal” and eliminating only obvious fringe areas
such as “industrial,” “nuclear,” or “tertiary treatment.” This produced a long
list of titles that was manually sifted on the basis of title, author, and keywords
to a short list. The objective at this point was to eliminate all literature dealing
with waterborne sewerage, sophisticated treatment processes, as well as
documents judged to be of purely regional interest (economic studies,
_environmental impact statements). The documents on the short list were
acquired, and after reading, the final choice was made. The criteria for this
final choice were threefold: the document should be technica! in nature and
contain data that would be useful either for evaluating or implementing a
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technology; the document should deal with nonconventional methods of
collecting, treating, and reusing human waste; the third criterion was the most
important, and the most elusive: the document should deal with a “level of
technology” that is appropriate to the needs and resources of a developing
country. This third criterion places more stress on labour intensiveness than on
automation, emphasizes low capital cost, and takes into account differences in
standards of living. Most of all it places the accent on documents that describe
experiences in a developing country. The results of the computer searches are
summarized in Table 2.

Table2. Results of computer searches for documents relevant to the study.

Data base Long list Short list

U.S. National Agricultural Library (AGRICOLA) 2023 148
Aquarius — —_
Biological Sciences Information Service (BIOSIS) 1487 86
Congressional Information Service (CIS) — -_
Computerized Engineering Index (COMPENDEX) 3321 125
Environmental Data Base Directory (EDBD) — —
Environmental Information On Line (ENVIROLINE) 3316 29
Information Service in Mechanical Engineering (ISMEC) 146 4
Instructional Resources Information Systems (IRIS) on water quality 2150 11
National Technical Information Service (NTIS) 2669 50
Pollution Abstracts (PAB) 1253 182
Science Citation Index (SCISEARCH) 1543 72

Congressional Research Service (SCORPIO) — —
Solid Wastes Information Retrieval System (SWIRS) -_ —_
Selected Water Resources Abstracts (SWRA) 2788 20

Total 20 696 727

Out of the 727 titles, approximately 240 were relevant; however, a second
screening, eliminating documents of marginal importance and overlapping
data, yielded a final choice of 188 references for the Bibliography. It is not
surprising that the data bases do not provide a large amount of references on
nonconventional wastewater technologies. Most data bases are, after all,
enterprises that reflect the information requirements of their clientele, which
are universities, engineering firms, and government agencies in North America
and Europe. As a result more than 99% of the published literature on
wastewater is of no practical value to the urban and rural poor in the
developing countries. “Published” as used here means published in a form
readily available to the international reader. This study has shown that
valuable technical literature is in fact published as studies and reports, which
- tend to be hard to acquire.
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The ad hoc manual search was carried out by eight external consultants
engaged by the World Bank. The criteria used for selection were essentially
those used in making the final choice in the computer search. In many cases the
consultants are recognized experts in a related technical field. The information
centres visited by the consultants are summarized in Table 3.

Table3. Information centres visited by consultants for manual searches.

Asian Institute of Technology (AIT), Bangkok, Thailand

Bureau central d’études pour les équipements d’outre-mer (BCEOM), Paris, France

Centro de Investigaciones Multidisciplinarias en Desarrollo Rural (CIMDER), Cali, Colombia
Centro Panamericano de Ingenieria Sanitaria y Ciencias del Ambiente (CEPIS), Lima, Peru
Department of Civil Engineering, University of Dundee, U.K.

Empresa de Saneamiento de Lima (ESAL), Lima, Peru

Fish and Aquaculture Research Station, Dor, Israel »

Instituto Nacional para Programas Especiales de Salud (IMPES), Bogota, Colombia

Israel Engineers and Architects Association, Tel Aviv, Israel ~

Israel Oceanographic and Limnological Research Library, Haifa, Israel

Ministére de la coopération pour I’ Afrique, Paris, France

National and University Library, Jerusalem, Israel

National Environmental Engineering Research Institute (NEERI), Nagpur, India

Ross Institute of Tropical Hygiene, London School of Hygiene and Tropical Medicine, London,
U.K.

Royal Institute of Technology, Stockholm, Sweden

Secrétariat des missions d’urbanisme et d’habitat (SMUH), Paris, France

Technion-Israel Institute of Technology, Haifa, Israel

Tel Aviv University, Tel Aviv, Israel

University of Technology, Loughborough, UJ.K.

World Bank (IBRD), Washington, D.C., USA

World Health Organization, Geneva, Switzerland

Selected documents have been provided by the U.S. Agency for International Development

(U.S. AID); the National Institute for Water Research (NIWR), South Africa; and the WHO-
International Reference Centre for Community Water Supply, The Hague.

Unfortunately, this is a short list indeed, as exigencies of time, personnel,
and budget preclude personal visits to information centres in all regions,
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notably Africa and the Middle East. Nevertheless, the project team is
confident that this bibliography represents the most comprehensive collection
of documents on the subject of waste-disposal technologies for developing
countries that has been available to date. It is hoped that it will form the basis
for a data base in this important but neglectEu field.

The external consultants had a copy of the short list to minimize
duplication. The documents identified by the consultants differed from the
computer-retrieved documents in a number of respects. The computer search
was limited to documents published from 1970. The consultants were not
under this restraint, and selected a number of usefiil older documents. Some of
the documents identified by the consultants are undoubtedly in the
computerized data bases but were missed by the initial broad search due to
anomalies of indexing. About 35% of the manually retrieved documents are
unpublished reports, field studies, or unpublished papers. Of the total 531
references in the bibliography, 121 (23%) are unpublished documents (Table

4).

Table 4. Source of document retrieval, both published and

unpublished.
Unpublished Published Total
Computer search — 188 188
External consultants 82 152 234
World Bank reports 17 — 17
Additional literature 22 70 92
Total 121 410 531

The final bibliography includes the documents retrieved by the computer
search, those provided by the external consultants’ ad hoc manual search, a
number of World Bank Appraisal Reports, as well as additional literature,
both published and unpublished, that was identified by the team during the
course of the project.

The subject of waste disposal is correctly linked to that of water supply,
the assumption being that whoever takes care of one will take care of the other.
The experience of this study has been that most information classified under
“water supply and waste disposal” deals almost entirely with the former and
hardly at all with the latter. Information on waste disposal / reuse tends to be
concerned with public health, engineering, biology, town planning, and
medicine, and careens wildly across institutional boundaries. As a result, no
organizations were identified during this study that effectively document, co-
ordinate, and disseminate information on waste-disposal / reuse technologies,
either nationally or internationally. The fact that nowhere was there a
comprehensive listing of documents dealing with nonconventional waste
disposal motivated this technology review and blbhography

' The type of literature cited in the bibliography is varied. It includes, in
addition to journal articles, engineering master-plan reports, pamphlets,
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feasibility studies, .governmental reports, and papers from international,
national, and academic institutions. As in so many fields most research is
going on in the richer industrial countries; nevertheless, 37% of the references
in the bibliography originate in developing countries, and an additional 18%,
although originating in Europe or North America, deal specificaily with
conditions in developing countries. The balance of the literature, 45%,
originates in the industrially developed countries, but is considered reievant to
conditions in developing countries.

Literature

There is generally very little data on deposition, and though designs for
water-seal toilets and squatting plates are often described, little is reported of
actual experiences. It seems likely that deposition devices play a key role in
public health, and work needs to be done to improve designs, based on field
surveys. Solutions to deposition are often local in character, and if
documented, which they seldom are, could be adapted from one region to
another.

The literature on on-site collection and treatment tends to focus on the
septic tank, which is widely used in the United States, but not generally
appropriate to a developing country for reasons of cost. The much more
adaptable pit latrine tends to be ignored, and little serious scientific work has
been done on this simple technology since the 1930s. Two questions in
particular need elaboration: how the operation of the pit latrine could be
improved to overcome problems of flies, smell, and cleanliness; and how the
nontechnical aspects of rural latrine programs contribute to their success or
failure. Most of the literature assumes the latrine to be a purely technical
problem, though it is clear that “fecal sociology,” a yet-to-be-born science,
plays a key role in rural, and also urban, sanitation programs. Most of the
literature takes for granted that privies are a rural solution, ignoring the fact
that for many urban slum dwellers they have been, and will continue to be, the
only affordable solution. A large gap exists in the literature when it comes to
the question of urban pit latrines or composting toilets — how can they be
improved and upgraded, what are the risks (tolerable or intolerable) and
limitations?

The literature on collection and off-site treatment tends to focus on
sewage treatment for developing countries, while ignoring the fact that
sewerage serves such a small fraction of the population. Consequently, the
subject of stabilization ponds is thoroughly documented by researchers in both
developed and developing countries, though the method of getting the excreta
to the pond remains unexamined. Not enough operating data are known
concerning truck collection, even though this system is quite widely used.
Extremely little data are reported on the various cart and night-soil
conservancy systems that are practiced throughout the developing countries,
even though these form the backbone of existing urban waste disposal.

The reuse of treated sewage and sludges is well documented in Western
literature with regard to irrigation and aquaculture, both in hot and
temperate climates. However, the use of night soil, which is so widely practiced
in fertilization and fish culture, is virtually ignored and little data are reported
on actual practices. Biogas technology is well described, particularly in the
Indian literature.
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The characteristics of greywater have only recently been studied in the
industrial countries and data are not extensive. Nothing has been reported
from a developing country in this area.

A number of water-saving techniques are described in.the Western
literature that might have application, particularly in areas with water supply
problems. Even though the population served by sewers in developing
countries is small, their proportion of water consumption is so high that
water-saving measures could play an important role.

In general, this technology review has found that the differences in
climate, socioeconomic conditions, and the sheer scale of the problem make it
difficult to apply technical data from an industrial country directly to
conditions in a developing country, even when the data are of a “scientific”
nature. This is particularly true with respect to nonconventional waste-disposal
technologies. The influence of conventional Western research in wastewater
collection and treatment on attitudes in most developing countries cannot be
overestimated. Wastewater research, even when it is going on in a developing
country, in many cases follows Western models and turns its back on local
traditions and practices. The result is that very little is known about what is
actually going on. Any attempt to upgrade or improve the existing situation,
and this is surely the only strategy that has any chance of success, will have to
be based on sound understanding of existing resources, limitations, and
possibilities.
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Part 111

Subject Scope and Contents of Bibliography

This bibliography is comprised of technical documents that describe
experiences and contain data useful in the evaluation or implementation of a
technology related to human excreta and wastewater disposal. The coverage
includes nonconventional and conventional methods of collecting, treating,
and reusing wastewater and human excreta. Emphasis has been placed on
low-cost, labour-intensive technologies appropriate to the needs and resources
of rural and peri-urban areas. Sophisticated treatment processes and related
“industrial” and “nuclear” technologies are therefore not covered. Also
excluded are documents of purely regional interest such as economic studies
and environmental impact statements.

Each document has been assigned a unique identification number. The
first two digits of this number indicate the subject category as outlined in the
table of contents and the last two digits give the accession number within that
category. For example, document 2204 is the fourth document accessioned
describing composting privies for on-site collection and treatment.

References in the bibliography contain author’s corporate affiliation,
keywords, and a brief informative abstract to assist in identifying documents
for retrieval. The more important documents have been abstracted in some
length, which makes this bibliography useful as an information source as well
as a reference guide. Standard reference texts on a subject are denoted by an
open box []. Documents that the reviewers have identified as throwing new
light on nonconventional waste disposal are denoted by a solid box H.

The usefulness of this bibliography is limited if the documents and the
knowledge upon which they are based are not made easily accessible. In
‘response to the ever-increasing demand for information in this field, the Asian
Institute of Technology (AIT, Box 2754) in Bangkok, Thailand, is in the
process of creating an international information centre for sanitation to
become operational in late 1978. Relevant material collected for this study will
form the initial information base for the new information centre; documents
appearing in this publication will therefore be available from AIT on request in
early 1979. It is also likely that regional focal points for the collection and
dissemination of relevant information materials in the field of environmental
sanitation will be established, thus forming the basis for the continued
exchange of information between regions.
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1. Deposition Devices

1001 ‘

Blair Research Laboratory, Salisbury, Rhodesia
Sanitation and hygiene in rural areas. Unpublished
report. 11p. 1974,

The problems of inadequate rural sanitation are
reviewed and standard solutions discussed. It is felt
that an adequate seal reduces the fly and odour
problems. A mechanical self-flushing water-seal privy
system (Watergate) is proposed that requires very little
water to operate (1 litre per visit) and is durable and
nonclogging.
rural; pit latrines; water-seal privies; design;
Rhodesia; household; water saving

1002
Directorate General of Health Services, Ministry
of Health, New Dthi, India
Rura! latrine programme. Central Health Education
Bureau Brochure, India. 19p. 1962. 4 plates. 9 figures.
This practical brochure describes the organization
and implementation of rural latrine programs in
India. Latrine construction is discussed as well as
educational, social, and organizational aspects.
Designs are provided for water-seal squatting plates.

pit latrines; squatting plates; rural; construction;
design; public health; social acceptance; India;
disposal

1003

Booker McConnell Ltd., London, U.K.
Introduction to Watergate. Booker McConnell Ltd.,
U.K. Manufacturer’s sales leaflet.

The patented self-flushing and self-sealing Water-
gate latrine is described. Designed as a squatting plate,
the unit has an integral self-tipping pivoted pan that
operates automatically when excreta are deposited on
it; water or sullage is then admitted under low pressure
into the pan to remake the water seal.

excreta; water-seal latrines; self-flushing

1004
Directorate General of Health Services, Ministry
of Health, Government of India, New Delhi,
India
Sanitary methods of excreta disposal in villages.
Directorate General of Health Services, Ministry of
Health, Government of India, New Delhi, India. 8p.
1955. 4 drawings.

This pamphlet describes methods for fabricating
and installing wateriseal squatting plates over pit
latrines. The squatting plate is cast from concrete in a
sheet metal and wooden mold that is also homemade.
The water seal prevents odours from leaving the pit
and keeps flies and mosquitoes from the fresh feces. It

48

requires about 0.5-1 gal (4.546 litres) to flush the
water-seal trap.

India; rural; water-seal latrines; design; construction

1005 Bhaskaran, T. R.
All-India Institute of Hygiene and Public
Health, Calcutta, India

A decade of research in environmental sanitation
(1951-1960) latrines for rural areas. India Council of
Medical Research, India. Special Report No. 4. 67p.
1962. 1 photograph. 6 tables. 2 diagrams.

A report of work to evolve an improved pan and
trap for pit latrines. Details of construction and cost
are given. Ten different types of lining for pit latrines
in waterlogged ground were tested and compared.
Four designs of septic tanks were found suitable for
rural areas with respect to removal of suspended

solids, biological oxygen demand (BOD), and

helminths.

pit latrines; India; helminths; septic tanks

1006 Bopari, M. S.
Varma, R. N.

(Both) Office of the D.G., A.F.M.S.*, Ministry
of Defence, New Delhi, India
Proceedings of symposium on environmenial
pollution. Central Public Health Engineering
Research Institute (CPHERI — now NEERI), India.
244-254. 1973. 3 figures. 2 references. 1 appendix.
Discussion.

A review of waste-disposal methods adopted in the
field by the Indian Armed Forces. A deep-trench
latrine, a water-seal latrine, and a field hand-flush
latrine are described with dimensional drawings and
their advantages and disadvantages compared. The
hand-flushed pan connected to a detached covered pit
or located over a deep trench, in either case with water
sealing, are now preferred for military use in India.

rural sanitation; field sanitation; trench latrines;
water-seal latrines; India; squatting plates

1007 Langshaw, C. L.
Sanitation in the British West Indies. Journal of the
Institution of Sanitary Engineers, U.K. Vol. 51.
82-109. 1952. 7 photographs. *~ diagrams.

This paper describes the work of the public health
engineering unit of the Windward and Leeward
Islands 1944-1950. The unit was set up to train local
personnel. Work on low-cost housing, water supply,
storm drainage, malaria control, and refuse collection
is described.. Improvement of latrines was an
important function. Standard precast concrete box
seats, squatting slabs, etc. were made for pit and
borehole latrines. Details are given of household
aqua-privies and public latrines.

British West Indies; sanitation; pit latrines; aqua-




privies; storm drains; septic tanks

¢

Morgan, P.
Booker McConnell Ltd., London, U.K.

et a2 Lo oo ccnmal Badifee ..

A new aell-lluxnmg toilet for use in rural latrines.

Submitted for publication in American Journal of
Tropical Medicine and Hygiene. USA. 10p. 4
references.

B A self-flushing squatting plate, the “Watergate,”
- has been designed specifically for people living in rural
areas. The device consists of three basic parts: a chute
and squatting plate; a swivelling pan mounted at the
base of the chute; and a valve that regulates the level
of water in the pan. The pan is pivoted and
counterbalanced so that it holds approximately 3 litres
of water to form a seal around the lower rim of the
chute. The addition of excreta and water causes the
pan io up its contienis into the pit. It then returns to
the resting position and refills with water. The device
normally flushes once during two visits. The first
prototype was tested in August 1973, and both the
pivot and the valve, the only moving parts, have
withstood considerable abuse. A rural installation,
which was inspected daily for over 16 months, showed
that water consumption per visit varied between 1.29
and 1.11 litres. It is felt that an advantage of this
system is that the pit latrine is turned into a “septic
pit” by the continual addition of small quantities of
water. The presence of water promotes digestion and
also increases exfiltration, thus prolonging the life of
the pit. Based on actual experiences, it is concluded
that simplicity of operation is a distinct advantage,
and the lack of flies and odours significantly improves
the traditional pit latrine.

1008

excreta; latrine design; water-seal toilets; pit latrines;
self-flushing

1009 Muhondwa, E.P. Y.
Department of Sociology, University of Dar es
Salaam, Tanzania

Latrine installation and use in Bagamoyo District ... a
study of sociological factors. Thesis for a Master of
Arts in Sociology, University of Dar es Salaam,
Tanzania. v-75p. June 1976. 26 references.

B This study is about the social phenomena of
peasants’ reluctance, if not objection, to building and
using latrines. The observations are based on a
2-month stay and formal interviews and surveys of 60
households in a village where a state program of rural
latrine building was underway with varying degrees of
success. Although two-thirds of the households had
built latrines (mostly under compulsion), a high
incidence of abuse or nonuse of latrines was found.
The health benefits of latrines are not sufficiently
understood by the peasants, and the connection
between hookworm and insanitary latrines is often not
acknowledged. Another serious reason for nonaccep-
tance is traditional etiquette that sees defecation as a
rather shameful activity, which more properly should
go on in the bush. There are also certain techmical

difficulties that are seen to discourage latrine use. Soil
conditions require shoring of the pit and since lumber
is not available this is often done with small sticks, the
result being pit collapse. Cleansing after defecation is
by ablution, and since the floors of the latrine are
usually earth, poor environmental conditions resuit,
as well as weakening of the squatting plate. In
addition, smelly and unpleasant interiors further
discourage adoption of “localized” defecation, and
peasants revert to traditional practices.

latrines; Tanzania; social acceptance; excreta disposal

1010 Ross Institute Industrial
Advisory Committee

London School of Hygiene, and Tropical

Medicine, London, U.K.

Rural sanitaiion in ihe tropics. The Ross Insiitute

Information and Advisory Service, U.K. Bulletin No.

8. 7-17 and 29-32. April 1972. 1 table. 14 figures. 7

references.

Family and communal waterborne latrines
(cistern-flushed and pour-flush types) are described.
These systems, which are recommended for locations
having sufficient water supply, require from 3 to 10
gal (13.64-45.46 litres) per user and their effluent can
be discharged to either septic tanks or seepage pits.
Methods of operation and maintenance of the latrines
are also discussed.

pour-flush latrines; septic tanks; seepage pits;
maintenance; community; public toilets

1011 Sikkema, A. V.
Asian Regional Institute for School Building
Research, Colombo, Sri Lanka

Sewage disposal for rural schools. Building for
Education, Asian Regional Institute for School
Building Research, Technical Note No. 6, Sri Lanka.
15-20. 1972. 6 diagrams. 2 tables.

A practical guide to the design and installation of
squatting plates, septic tanks, absorption trenches,
and seepage pits for communal toilets in rural areas is
given. The relationship between adequate sanitation
and water supply is discussed, and the importance of
social customs with respect to proper use of sanitary
facilities is pointed out.

septic tanks; construction; design; infiltration; com-
munity; rural; absorption trenches; seepage pits;
public health; squatting plates; water supply; public
toilets; Sri Lanka

1012 Stanbridge, H. H.
History of sewage treatment in Britain. I. Introduc-
tion of the water carriage system. Institute of Water
Pollution Control (publishers), U.K. Chapter 1,
“Introduction of the Water Carriage System.” 1-16.
1976. 11 figures.

[J Chapter 1 reviews sanitation practices in England
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before the introduction of waterborne sewerage in the
.mid-19th century; these included middens, water
closets connected to cesspools, simple privies, pail
conservancy systems, earth closets, and “slop-water”
(sullage) closets, the last mentioned being for use by
the working class in water-scarce areas.

England; historical aspects; middens; pit latrines;
earth closets; cesspools

Thakor, V. H.
Health and Medical Services, Gujarat State,
Ahmedabad, India
Bavla type rural latrines. Papers for Seminar on
Environmental Health Problems of Ahmedabad, Civil
Engineering Department, L.D. College of Engineer-
ing, India. B-4-1 - B-4-6. 1972. 1 appendix.

Brief review of a water-seal latrine program in
Gujarat State includes details of latrine design and
gives numbers of latrines installed between 1963 and
1970.

1013

rural sanitation; India

1014 Watt, S. B.
Intermediate Technology Development Group,
London, U.K.

Village sanitation improvement scheme, Indis. Ap-
propriate Technology, U.K. 3(4). 5-6. 1976. 1
diagram. 2 photographs. 3 references.

This article gives detailed instructions for the
construction of a water-seal latrine with soakage pit,
as provided in a village near the National Environ-
mental Engineering Research Institute (NEERI),
India.

water-seal latrines; India; rural sanitation

1015 Kira, A.
Cornell University, Ithaca, N.Y., USA

The bathroom. Centre for Housing and Environ-

mental Studies, Cornell University, School of Archi-

tecture, Research Report No. 7, 59-80. 1966. 1 table.

16 figures. 21 references.

The process of defecation is studied from an
anatomical point of view. An analytical study of
modern water closets and urinals is made, and it is
determined that biologically, the squatting position is
better than the normal Western sitting-down position
for defecating. Anthropometric data on both sexes is
synthesized and after considering daily clothing
habits, etc., new desigr.> for semisquatting toilets are
proposed. Similarly, a design for a household urinal
also is developed.

design; flush toilets; squatting plates; urinals

1016 Morgan, P. R.

(Both) Blair Research Laboratory, Salisbury,
~ Rhodesia
Recent developments in rural sanitation. Sanitation in
Developing Countries Today. A conference sponsored
by OXFAM with the Ross Institute of Tropical
Hygiene, 5-9 July 1977, Pembroke College, Oxford. 3
figures. : '

Three kinds of toilets developed at the Blair
Research Institute in Rhodesia are described: the
Watergate self-flushing toilet, the vented pit privy,
and a flood-through system. When appropriately used
with excreta-disposal systems, these three systems
have considerably improved rural sanitary conditions.

rural; hygiene; Rhodesia; self-flushing; pit-latrines

1017 Rajagapalan, S.

Shiffman, M. A.
Department of Environmental Sciences &
Engineering, School of Public Health, Univer-
sity of North Carolina, Chapel Hill, N.C., USA
Guide to simple sanitary measures for the control of
enteric diseases. World Health Organization, Geneva.
41-42. 1974. 1 figure.

The authors describe construction of a bucket
latrine. A checklist is provided to ensure proper
building of a small conservancy system. A few tips are
given on how to run a bucket latrine and on night-soil
disposal.
night-soil

conservancy systems; bucket latrines;

disposal

2. On-Site Collection and Treatment

2.1 Pit Latrine

2101
Bestobell Engineering (SA) Ltd. /Bpk., Dur-
ban, South Africa
R.O.E.C. sanitation. Patent No. 991 / 1944, Bestobell
Engineering (SA) Ltd. / Bpk., South Africa. 11p. 11
figures.

These instructions cover the installation of both
the pedestal and squat types of a composting toilet
system, the principles involved being the same but
fittings slightly different. Construction of a urinal
system for men is also described. Each closet of the
toilets and urinal, which is water-tight, works
independently with its own ventilator shaft. These
systems are reported to provide satisfactory results, as
they are odourless and free from flies.

composting toilets; installation; urinals; construction

2102
Central Public Health Engineering Research
Institute (CPHERI — now NEERI), Nagpur,
India

de V. Clarke, V. Evaluation of rural Iatrine design. Proceedings of a
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Movement of pollution in dry soil from the pit privy (from 2108).

Plan Elevation

Water-seal pan.
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symposium held at CPHERI, India on October 28,
1964. About 190p. A compilation of 21 papers
including numerous figures and tables.

The use of sanitary latrines is the only economical
satisfactory method for excreta collection and disposal
to effectively deal with the harmful parasites and
infections present in human feces. The problems of
rural sanitation in India have been recognized and are
considered of vital importance for the improvement of
national health. These reports deal extensively with
methodology of rural latrine design, its criteria,
methods of construction, operation, and mainte-
nance. Nine types of deposition devices (pans) designed
for rural uses in India are described along with various
types of pits for disposal of night-soil. The pan shape
is suggested to be smooth without sharp corners to
collect the night-soil material. Then, physical com-
forts of seating during use should determine the top
shape and dimensions of the pans rather than any
arbitrary designs. A pit design can generally be
classified as a circular or square pit with vertical walls
and some supporting masonry in mud or cement

mortar with brick work and a suitable cover. Factors -

affecting the pit designs inciude its volume to retain
the sludge and infiltration capacity of the soil to
absorb water. The shape of the pit also plays an
important part in its durability and prevention against
collapse, and the conical design with apex toward the
bottom appears to be more suitable for all general
purposes, but it results in reduced capacity. Special
design for collapsible soils is considered a must for
good latrines. Other papers address some aspects of
rational design of latrine superstructure, economics of
latrine installation, use of pit contents as fertilizer,
social acceptance of latrines, and pollution aspects of
night soil affecting rural water supply. Dissemination
of the available data has led to conclusions that
installation of latrines in rural areas is a safe and
economical means of excreta disposal provided that
proper design, construction, operation, and mainte-
nance of the latrines are well carried out. Many useful
schematic diagrams of how to construct the deposition
devices, pits, and superstructures are also included.

India; latrine design; rural; construction; mainte-
nance; deposition devices; pit latrines

2103

Nihon Suido Consultants Co. Ltd., Tokyo,

Japan .
Immediate programme for sanitation for kampung
improvement programme of Jakarta. In “Jakarta
Sewerage and Sanitation Project, Indonesia.” A
report prepared for the Government of Indonesia/
WHO /UNDP, Project INO-PIP-00Z (INS/72/
068). Draft. 1977. Vol VII. Comprises about 250p.
B This report summarizes an analysis made in
1975-77 of sanitation improvements made in 88
kampungs, i.e., low.incorsie-high density native village
communities with an aggregate population of about
1.2 million, included within the metropolitan Jakarta
area. The sanitation improvements were made as part

of an overall slum infrastructure improvement
program, called “KIP Pelita I,” carried out by the
Municipality of Jakarta over the period of 1969-74.
The sanitation improvements, comprising about 30%
of the total program, included improvements in:
(a) water supply through installation of public taps;
(b) facilities for water utilized for hygienic purposes
(drinking and cooking, washing, bathing, toilets);
(c) waste disposal; (d) surface drainage; and (e) solid
waste handling. With respect to disposal of excreta
from toilets (mostly water-seal type), it was found that
provision of piped sewers will hardly be affordable in
the foreseeable future but reasonably satisfactory
disposal can be achieved very economically by use of
cesspools, despite the high groundwater and poor soil
leaching conditions prevalent in much of the area,
provided that service is made available for periodic
pumping out of the cesspools at a frequency ranging
from a few months to 2 years, depending on
groundwater soil-loading conditions. The cost of such
a service is readily affordable by low-income families,
and the total cost of this solution is small compared to
septic tank / leaching systems. A second key feature in
the village waste-disposal picture is the role of the
paved surface drains furnished by the program. For
these to be operative for removing sullage including
kitchen wastes, and not to be used for trash disposal,
the ditches must be periodically cleaned by crews
responsible to the villager headman. Also, these

- drainage ditches discharge to the local rivers, and their
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dry-weather flow will be intercepted by a system of
sanitary sewer interceptors planned to be located
along the rivers under the master sewerage plan. Also,
for lower low-income families in the kampungs with
home toilet facilities, a system of communal toilet-
washing-bathing stations has proven successful if
within ready walking distance of intended users and
provided arrangements are made by the village
headman to recruit and support a station operations
manager who will maintain cleanliness, and that when
cleanliness is maintained the stations are used and the
users are willing to pay fees sufficient to finance the
maintenance costs. A program of work is recom-
mended that would further upgrade the improvements
built by the city to achieve an overall system meeting
minimum desirable standards applicable over the next
several decades. A pilot program including quantifica-
tion of the socioeconomic acceptance of the improve-
ments is proposed to demonstrate the feasibility of the
recommendations at four selected kampungs before
undertaking the full-scale program.

Indonesia; sanitation; pit latrines; greywater; public
toilets

2104
Port Moresby Office, Division of Building
Research, CSIRO, Boroko, Papua New Guinea
Proceedings of the seminar on sewage disposal in
urban development (with particular reference to
low-cost housing). Papua New Guinea. 67p. July 19,
1971.



Six papers were presented at this seminar, mainly
dealing with waterborne sewerage systems and their
advantages in terms of health and convenience over
other forms of sanitation. One paper, however, draws
attention to the widespread use of pit latrines and
open defecation in areas of traditional urban housing.
In another paper the use of septic tanks in urban areas
is discouraged. Instead it is recommended that the
effluent should be discharged into a percolation trench
laid in the middle of the adjacent access road, and the
pipe in this trench should be the same size as a
conventional sewer. This “septic pipe” can eventually
be used as a sewer proper, discharging into a waste
stabilization pond.

sewage treatment; Papua New Guinea; industrial
wastewater; excreta; stabilization ponds; septic tanks
social acceptance; economics; single houses

2105
Housing Research and Development Unit,
University of Nairobi, Kenya
Prototypical sewage disposal system design for small
low cost housing schemes on deep black cotton soil.
Unpublished preinvestment interim report, Housing
Research and Development Unit, University of
Nairobi, Kenya. 13p. April 1973. 5§ appendices.

A description of sanitation systems suitable for
semirural housing groups of approximately 10
dwellings is given. Dry sanitary systems are considered
appropriate where constant water supply cannot be
assumed. Semiwet systems are proposed for dry
climate conditions when water supply is reliable.
Water is evaporated in a top soil-layered vegetation
bed. Wet sewage disposal linked to oxidation ponds is
also described.

Kenya; rural; waste-disposal systems; arid climates

2106

VITA, Mt. Rainier, USA
Village technology handbook.VITA Publication,
USA. 147-181. January 1975. 19 figures.

This handbook contains a description of sanitary
latrines for developing countries with special emphasis
on water-seal privies that have been in practice in the
Philippines and Thailand. Details of construction
techniques are included, such as how to make the
mould, the bowl, and install the toilet etc.

developing countries; water-seal latrines; Philippines;
Thailand; construction

2107 Baars, J. K.
National Health Research Council, The Hague,
Netherlands

Travel of pollution, and purification en route, in
sandy soils. Bulletin of the World Health Organiza-
tion, Switzerland. Vol. 16, 727-747. 1957. 9 refer-

ences. 7 figures. 4 tables.
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The travel of pollution in sandy soils and the extent
to which purification takes place en route are discuss-
ed. Two types of soil pollution are considered: (a)
severe pollution of the surface layers with matter
concentrated in a small volume of water (e.g., pit
privy); and (b) moderate pollution of the surface
layers with matter contained in large quantities of
water. It is shown that in both types self-purifica-
tion is sufficient to prevent contamination of
groundwater, provided that the soil is fine and — in
the case of pit privies — dry and well aerated, and
provided that the water table is not too high or the rate
of infiltration too great.

pit latrines; Netherlands; sand; infiltration; subsur-
Jace disposal; soil pollution

Caldwell,E. L.

Alabama State Dept. of Health, Andalusia,
USA

Studies of subsoil pollution in relation to possible
contamination of the ground water from human
excreta deposited in experimental latrines. Journal of
Infectious Diseases, USA. Vol. 62. 272-291. 1938. 7
figures. 6 tables. 6 references.
[J This is a report of a 6-month study on the effects
of pollution from human excreta deposited in
experimental pit latrines located in unconsolidated
soils above the water table. The general observations
show that intestinal organisms are confined to the
vicinity of the pit unless transporied by water flow,
and furthermore this transportation is generally
downward with gravity flow, in previous soils. Hence,
in a pit receiving only excreta, seepage of fecal
organisms extended less than 1 ft (30.48 cm). In a
similar pit with vain seepage, organisms were carried
less than 4 ft (121.92 cm) below the pit. Another pit
that received 100 gal (454.6 litres) of water daily
showed a deeper penetration of fecal matter, but less
than 7 ft (2.7 m) down. In all three cases lateral
penetration was less than 1 ft. It was observed that
lateral carriage did occur if soil conditions at the
bottom of the pit impeded penetration. The results of
the test demonstrate that in all moisture conditions not
only is there a limit to the depth of penetration, but
sooner or later, a regression of the bacterial stream
occurs. The uniform mantle of contents at the bottom
— fecal mass or sludge — serves also to retard
penetration of fresh organisms and the clogged sands
constitute an impervious, or semi-impervious, layer
constantly increasing in thickness. The intestinal
bacteria die off at a faster rate than the fresh supply,
and there is a steady regression back toward, and
sometimes into, the pit.

2108

pit latrines; pollution; groundwater; household; sandy
soils; gravity flow; lateral flow,; pathogens; excreta

Campos de Carvalho, M. E.
Direccas de Servicos de Urbanismo e Habitacao
de Ministerio de Ultramar, Angola

2109




Contribucao para a vesolucao de saneamento de aguas
negras em agrupamentos de economicamente debeis.
(A study of sanitation systems for low income people.)
Segundas journades de Engenharia e Arqintectura de
Ultramar, Angola. Vol. 5. Paper 118. 290-310. May
26-31, 1969.

A description of a number of sanitation systems of
various complexities for low-income people is given.
The choice of system is based on the availability, or
absence, of running water. Ventilated pit latrines and
borehole privies use no water. Collective aqua-privies
are reported to need close supervision for adequate
operation. Individual septic tanks are also described.
(Original paper written in Portuguese.)

Angola; pit latrines; septic tanks; communal latrines;
design; water

2110 Coffey, K.
Reid, G. W.
(Both) Bureau of Water and Environmental
Resources Research, The University of Okla-
homa, Norman, Oklahoma, USA
Historic . implication for developing countries of
developed countries, water and wastewater technol-
ogy. A report published by the Office of Research
Administration, University of Oklahoma, USA for
the U.S. AID. 183p. December 1976. 8 tables. 34
figures. 56 references.

The thought behind this report throughout its
preparation was that certain lessons could be learned
from past developments in the technology of water
handling and usage in developed areas that might be
of benefit in accelerating progress in improvements in
this field in the developing -areas. Information from
less-developed regions was included in certain
instances where it seemed of interest. The general
purpose was to show that certain historically used
techniques in developed regions might be applicable
today in less-developed areas. The idea was to find
historical evidence of alternatives for those less-
developed regions. The first section comprised an
inventory of historically used techniques, together
with associated health conditions when possible. It
was mentioned in connection with this section that it
was difficult in many instances to determine the actual
data, place, or originator of an invention, since often
a series of ideas of only partial results can eventually
lead to a successful conclusion. In addition, it was
noted that inventions or patents are often in existence
long before the item is actually put into use. The
second section contained a description of the
chronological development of water usage and
handling; first in Great Britain, particularly London,
and also in the United States, these being the two areas
for which the most complete information was
available. In the last section an attempt was made to
describe life-style levels as a chronological concept in
the developed areas. In addition, levels of technology
were developed as a chronological concept. Finally, an
attempt was made to tie historical technology levels to
the life-style levels. A time scale was developed for the

55

2112

principal historical regions covered by the inventory.
Each regional scale was correlated with the other
regional scales as well as with the chronological scales
of technology levels and life-style levels.

developing countries; historical aspects; technical;
sewage treatment

2111 Handa, B. K.

Panickar, P. V.R. C.

Kulkarni, S. W,

Gadkari, A. S.

Raman, V.

(All) National Environmental Engineering Re-

search Institute, and Governmental Medical
College, Nagpur, India

An integrated approach to rural sanitation towards

better health. Unpublished report. 14p. 1977. § tables.

4 figures. 5 references.

A rural sanitation pilot project looking into the
health effects of sanitary latrines, protected water
supply, health education, and specific drug treatment
in 10 villages near Nagpur reports that the whole
population (793) of one village had their stools, blood,
and clinical history examined. Twenty-five percent of
the people in five other villages were examined for
base-line health conditions. Hookworm was the most
prevalent infestation and deworming medicine was
administered in one village. After latrines and
protected water supplies have been in use by the
majority of the population, stool and blood samples
will be examined over a period of time to record the
impact of rural sanitation on health.

rural sanitation; latrines; health; India; hookworm

Hardenbergh, W. A.
Jefferson County Board of Health, Alabama,
USA
Home sewage disposal. J. B. Lippincotit Co., USA.
Part 2 (Chapters 5-10) “Sewage Disposal for
Unsewered Sections.” viii. 274p. 1924.
O The need for sanitation for areas not reached by
sewers is emphasized. These chapters describe an early
American experience (before 1924) in household
sewage disposal with particular reference to on-site
waste-disposal systems. The earliest known form of
sanitary privy is the pit. For an average privy fur one
family, with one or two seat holes, design of the pit
should be 36-44 inches (1 inch == 2.54 cm) in length,
30-36 inches wide, and 48-60 inches deep. For each
additional privy seat, 24 inches should be added to the
length, but no changes made in width and (or) depth
to prevent groundwater pollution. Sheeting of the
inside of the pit will be necessary in soils subject to
caving, such as sand or loose loam. The lining should
also extend above the ground surface 4-8 inches,
forming a curb around which earth should be banked
to prevent the inflow of surface water. Methods of pit
construction and operation are described in detail and
photographs of each construction step included. The




main advantages of the pit are its initial cheapness and
ease of operation; among its disadvantages is the
danger of water pollution and the chance of the pit
acting as fly and mosquitc breeding areas. The
double-compartment concrete vault privy consists of a
concrete box built in the ground, a central wall
dividing it into two compartments, a rear wall sloped
60° to allow for easier cleaning, a seat riser, and seats
on top, and the whole covered with a privy house.
Each compartment, serving consecutively by turns,
has a capacity of 75-100 gal (341-454 litres), or
theoretically is sufficient to provide storage for the
wastes of the average family for 3-6 months.
Scavenging is through the rear, where a removable
cover is provided. The main disadvantages of this
system are high cost, difficulty in maintaining
proper cleaning service, and rapid deterioration of
flytightness. Odours cannot be prevented entirely but
may be reduced somewhat by liberal use of dust,
ashes, lime, or other absorbent material added
immediately after using the privy. The box-and-can
type of privy is so-called because it is essentially a
fly-proof box that contains a waterproof receptacle or
can to catch excreta. Scavenger service is carried out
by removing the filled cans to dumping stations by
single or double-deck wagons. The main problem is
maintenance of proper scavenging service at regular
intervals. Final disposal of the excreta can be done
through burial land disposal or by dumping through
sewers to the final treatment and disposal system.

sewage; excreta; household; pit latrines; bucket la-
trines; septic closets; aqua-privies; chemical closets;
night-soil treatment; conservancy tanks

2113 Holland, R. J.
Unit costs of domestic sewage disposal in Kenya.
University of Nairobi, Department of Civil Engineer-
ing, Kenya. November 16, 1973. 2 diagrams. 1 table.
The paper provides comparative costs of sanitation
by bucket latrine, pit latrine, aqua-privy, cesspit, and
by sewerage with conventional treatment or waste
stabilization ponds. The mode of use of each method
is defined. Capital costs and life and running costs are
estimated and the total annual costs are presented,
calculated using interest rates of 6 and 10%.

costs;, sewage; unsewered system; Kenya; latrines;
stabilization ponds

2114 Kharkar, C. B.
Tiwari, A. R.
Venkatesan, T. L.
Community waste water disposal with reference to
labour colonies around Bhilsi Township. Proceedings
of Symposium on Community Water Supply and
Waste Disposal, Central Public Health Engineering
Research Institute, India. Vol. 2. §5-61. December
19-21, 1966. 2 figures. 1 appendix.
Methods used to dispose of wastes from camps
housing construction workers around Bhilai Township
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in India are reviewed. Central sanitary blocks with
stand-post water supply draining through communal
latrines, as flushing water, to septic tanks and
drainage fields are described. Pit latrines served lower
category housing, a 3:-ft diameter X 7-ft deep pit
lasting a family of five for 3 years. Similar pit latrines
were used as public latrines, designed for 20 users per
pit to last 1 year. Borehole latrines, 15 inch diameter X
15 ft deep, were accepted by the public but trench-type
latrines were not popular. Soakage pits collecting
sullage water were unsuccessful and promoted
mosquito breeding. The problems of at-source waste
disposal are considered and costs compared but the
author’s preference is for wastewater collection and
treatment in stabilization ponds with subsequent reuse
in agriculture. A pond scheme serving a population of
12 000 is described and the per capita capital cost is
given as 25 rupees.

rural sanitation; India; labour cemps; communal
latrines; pit latrines; borehole latrines; septic tanks;
soakage pits; stabilization ponds

2115 Kouete, J. R.
Organisation de lutte contre le péril fécal dans une
localit¢ du Congo (Mossaka). (Organizing the fight
against the fecal peril in a region of the Congo
(Mossaka).) Unpublished report of the Para-Medical
Section, Ecole Nationale de la Santé Publique,
France. 69p. 1975-76. 5 references.

A description of existing conditions with regard to
sanitation in the town of Mossaka is given. The
prevalence of enteric diseases is thought to be directly
linked to unhygienic excreta disposal. Improved
practices for the construction and use of pit latrines
are described. (Original paper written in French.)

Congo; pit latrines; public health; public opinion

2116 Leich, H. H.
Oil-flushed toilets gain. Compost Science, USA.
Journal of Waste Recycling. Vol. 18. No. 1. 25p.

This article describes a sanitation method that uses
no water in disposing of body wastes. A colourless,
low-viscosity mineral oil replaces water as the flushing
media and wastes are carried to a holding tank where
the oil floats to the top and the water-saturated wastes
sink to the bottom where they are removed and
disposed of. After filtration the oil is piped back to the
toilet in a continuous recycling process.

sanitation; flush toilets; oil flush

2117 Majumder, N.
National Environmental Engineering Research
Institute, Nagpur, India

Sanitation facilities for slums and rural areas.
National Environmental Engineering Research Insti-

tute, India. 24p. 1975. 2 appendix tables. 15 figures.




This is a concise review of sanitation provisions for
slum areas and communities including communal
washing and bathroom units, communal latrine
blocks, and individual household latrine units.
Dimensional drawings of each type are given and
estimated costs tabulated.

rural sanitation; night-soil disposal; latrines; com-
munal latrines; slum senitation; India

2118 Morton, S. D.
Warf Institute, Wisconsin, USA
Sawyer, E. W,
Pennsylvania Glass Sand Corp., West Virginia,
USA
Clay minerals remove organics, viruses and heavy
metals from water. Water and Sewage Works, USA.
116-118. 1976. 4 tables. 6 references.

Various grades of attapulgite clay, sepiolite, and
an amorphous zeolite exhibit a high degree of
adsorption for enteric viruses when contacted with
contaminated water. The effects of contacting time on
poliovirus adsorption, the effects of clay concentra-
tion on poliovirus adsorption, and the removal of
organics by percolation with granular low-volatile
matter are examined.

viruses, adsorption; percolation; sewage; clay;soils

2119 Pedregal, H.

Viera, J. L.
Direcci6n de Malariologia y Saneamiento Am-
biental, Oficina de Estudios Especiales, Planea-
cién y Presupuesto, Caracas, Venezuela
Sistemss. constructivos para letrinas. (Construction
methods for Iatrines.) Centro Panamericano de
Ingenieria Sanitaria y Ciencias del Ambiente (CEPIS),
Peru. 23p. 2 tables.

Asbestos cement, fibreglass, and tablopan are
evaluated in terms of cost, availability, and labour
requirements. for the construction of latrines in
Venezuela. Tablopan, a kind of pressed wood, was
found to be the most desirable alternative for building
latrines given its low cost, the reduction of the
numbers of assembly parts, its weight, and time
required for construction. (Original paper written in
Spanish.)

Venezuela; asbestos; concrete latrines; construction;
Jibreglass latrines; tablopan latrines

2120 Richard, C.
South Pacific Commission, Nouméa, New
Caledonia
Simple environmental sanitation on the smalier
islands. South Pacific Bulletin, New Caledonia. 21-23,
Fourth quarter, 1972. 2 figures. 1 table.

Rural sanitation measures are described for
improving conditions in small Pacific islands. Pit
latrines are seen as the first step toward eventual septic
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tank and water supply installation.

rural; pit latrines; flush toilets; night-soil disposal

2121 Saldias, A.
Gutierrez, L.
Boquin, G.
(All) Universidad Tecnica de Oruro, Facultad
Nacional de Ingenieria, Bolivia
Manual de disposicion de excretas, desagues y
basuras. (Excreta, wastewater and garbage disposition
manual.) Facultad Nacional de Ingenieria, Departa-
mento de- Publicaciones, Universidad Tecnica de
Oruro, Bolivia. 78p. 1970. 14 figures. 4 tables.

This paper is divided into three parts: the first part
refers to garbage collection and disposal and presents
several alternatives for it, such as land refill,
incineration. The author recommends land refill as the
most viable solution for developing countries where
land is available. Further utilization of garbage for the
production of fertilizers is highly recommended. The
second part discusses the most common off- and
on-site excreta-disposal systems. Design criteria for
latrines, septic tanks, etc. are provided, as well as
guidelines and requirements for their operation and
maintenance. The last section of the paper is dedicated
to reviewing the methodology for project preparation
and appraisal. (Original paper written in Spanish.)

Bolivia; chemical latrines; chlorination; night-soil
collection; disinfection; disposal; garbage; incinera-
tion; landfill; maintenance; septic tanks; soil pol-
lution; pit latrines

Shelat, R. N.
‘ Mansuri, M. G.
(Both) S. V. Reglonal College of Engineering
and Technology, Surat, India
Problems of village sanitation. Journal of the
Institution of Engineers, India. Vol. 52. 21-24.
October 1971. 2 tables. 2 figures. 8 references.
Current sanitation practice in Gujarati villages (up
to 5000 population) is reviewed and methods for
sanitary improvement are suggested. These include the
conversion of pit latrines and pail latrines to
pour-flush latrines connected to a brick-lined seepage
pit; septic tanks to serve groups of latrines; improved
containers and wheelbarrows for night soil; and,
where a piped water supply is available, sewage
treatment in waste stabilization ponds. The impor-
“-...* of community education in matters of sanitation
.rongly advocated.
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excreta; India; pour-flush latrines; cartage; septic

tanks; sewerage; sewage (treatment; stabilization
ponds
2123 Subrahmanyan, K.

Bhaskaran, T. R.
(Both) All India Institute of Hygiene and Public




Health, Calcutta, India
The risk of pollution of ground water from borehole
latrine. The Indian Medical Gazette, India. Vol.
LXXXV. No. 9. 418-423. September 1950. 1 table. 1
graph. 4 references.

The use of borehole or pit latrines as a means of
safe disposal of human excreta is considered practical
in India. These latrines do not require any handling of
night soil; they are cheap and can be made fly-proof
and free from the risk of hookworm propagation. The
extent of pollution diffusing from a borehole latrine
into the groundwater is reported to depend mainly on
the velocity of flow of groundwater. Hence the safe
distance between a borehole latrine or leaching cess pit
and a groundwater source may be taken as 25 ft (762
cm) or about 8 days travel of the groundwater.
However, the above distance may have to be increased
correspondingly if the soil is fissured or spongy or
contains large voids, as in the case of badly shattered
rock, limestone, or gravel.

India; borehole latrines; pit latrines; excreta; pollution

2124 Susikaran, M.
Research Cum Action Project, Poonamallee,
India

An analysis of 296 individual house sanitary latrines in
villages in Poonamallee area (Madras State). Proceed-
ings of the Symposium on Evaluation of Rural Latrine
Designs, the Central Public Health - Engineering
Research Institute, India. 73-80. October 28, 1964. 5§
tables. 2 references.

A review of factors affecting the success of latrine
programs in South India is given. Among the subjects
discussed are health education to promote latrine
acceptance, influence of religion, influence of house
superstructure, effects of distance of house from
water source and distance of latrine from house, and
importance of type of enclosure for the latrine. The
importance of the availability of latrine materials and
need for follow-up advice and checking usage of
latrines are stressed.

rural sanitation; night-soil disposal; pit latrines; India;
public health; on-site treatment

2128 Wagner, E. G.
Lanoix, J. N.
Excrets disposal for rural areas and small communi-
ties. World Health Organization Monograph No. 39,
Switzerland. 25-120. 1958. 46 references. 57 figures.
O A review of a number of well-known rural on-site
disposal techniques, including engineering factors,
human factors, criteria for selection, and detailed
'descriptions of specific techniques, is given.

pit latrines; disposal; design; construction; infiltra-
tion; excreta; rural; household: squatting plates;
compost privy

2126 Watson, M.
Ross Institute of Tropical Hygiene, London
School of Hygiene and Tropical Medicine,
London, U.K.

A note on the construction of bored-hole latrines. The
Ross Institute Memorandum, London School of
Hygiene and Tropical Medicine, U.K. 4p. June 15,
1936. 3 figures.

The borehole latrine, one for each family or small
group, can provide a means of disposing human
excreta and has proved successful in several different
countries. Methods of latrine construction are
descnbed and a hole dlameter of 16 inches (40.64 cm)

mAdad # nid eniling nf tha cidaec naar tha
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top and to ensure a sufficient cubic capacity. Some
advantages and disadvantages of the borehole latrines
and ways to overcome the difficulties during operation
periods are included.

borehole latrines; excreta; construction

2127 Watson, M.
Ross Institute of Tropical Hygiene, London
School of Hygiene and Tropical Medicine,
London, UK.
African highway ... the battle for health in Central
Africa. Publisher, John Murray, U.K. Chap. 33,
“Latrines.” 165-168. 1953. 1 figure.

Chapter 33 describes simple types of latrines
suitable for use in labour camps on agriculture estates.
The need for strict maintenance and supervision of

sanitary facilities is strongly emphasized.

shallow-trench latrines; smoking-pit latrines; borehole
latrines; Africa

2128 Yeager, C. H.
Well pollution and safe sites for bored hole latrines.
The Malayan Medical Journal, Singapore. 4(4).
118-125. December 1929. 9 figures. 1 table.

Experiments were conducted to determine the
distance of travel of fecal coliform bacteria in very
permeable soil from borehole latrines to determine the
minimum spatial separation between the latrine and a
shallow unprotected well. The bacteria were found to
travel at least 23 m but not as far as 31 m. It was found
that fluorescein could not be used satisfactorily as a
chemical tracer of bacteriological pollution.

excreta; Singapore; borehole latrines; shallow wells;
water pollution; groundwater

2129 . Caldwell,E. L.
Field Research Laboratory of Alabama, State
Department of Health, Andalusia, Alabama,
USA

Study of an envelope pit privy. Journal of Infectious
Diseases. Vol. 59. 264-269. November / December
1937. 3 figures. 5 tables.

@ This brief study demonstrates the marked influ-
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Square pit with brick lining and base and wooden floor
Round pit with partial lining of cut tree limbs, soil-cement base, and built-up floor
Bored pit with concrete lining, base, and floor

Various combinations of different types of pit, pit lining, base, and floor (from 2125).
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Large-volume pits with small floors and superstructures (from 2125).

ence of velocity of groundwater flow on the lineal
travel of fecal organisms of the colon aerogenes
group. It suggests a practical application in safe-
guarding the groundwater from dangerous contamina-
tion, in areas of suspected or observed high rate of
flows, by ihie interposition of an envelope of
- “fine-textured ‘soil around the pit latrine. In the
experiment discussed in this paper, the envelope
encircled the pit. When the general direction of the

59

groundwater flow is known, only the lower half of the
pit would require such protection.

groundwater; pit latrines; pollution; fecal bacteria
2130 Yeager, C. H.

The bored-hole latrine. The Malaya Medical Journal.
Vol. 2. 3p. March 1929.



This paper contains a short discussion on borehole
latrines. Initially, the discussion centres around the
advantages of a borehole latrine: they are low-cost,
their construction is simple, and the cperation or the
upkeep of them is inexpensive and simple. As later
suggested, this type of latrine does pose a problem of
polluting the subsoil or the groundwater if it is not
located properly. To see that borehole latrines do not
pollute the drinking water supply from the nearby
wells, it is recommended that, in a very permeable soil,
they be located at least 100 ft (30 m) or farther from
the source of water supply. It is also reported that the
motile bacteria (E. coli) traveled through sandy
quartzite earth for a distance of 70 ft (22.5 m) but did
not reach a well 100 ft (30 m) away.

borehole latrines; groundwater; pollution

2131 Yeager, C. H.
Practical bored-hole latrine construction. The Malaya
Medical Journal. Vol. 4. 11p. June 1929. 18 figures.

This paper discusses practical methods for building
borehole latrines. Instruction for manufacturing and
maintaining inexpensive tools for digging such
latrines, in almost all types of soil, are given. If the soil
conditions are such that the side walls of the latrines
may cave in, it is suggested that a bamboo basket be
inserted inside the borehole. The basket is specially
made for this purpose and is allowed to protrude out
of the ground a few inches; bricks or stones are placed
around the extended portion, which prevents caving in
at the surface.

borehole latrines; equipment

2132 Dyer, B. R.
Studies of ground water pollution in an alkaline
alluvium soil. Indian Journal of Medical Research.
Vol. 29. No. 4. October 1941. 1 photograph. 7 tables.
5 figures.

This paper describes, at length, an experiment that
was carried out in Punjab, India, on how a borehole
latrine could contaminate the subsoil water. To
investigate, a borehole was sunk to the level of the
subsoil water in an open space away from any known
source of pollution. At measured distances from the
borehole, hand pumps were introduced tapping the
subsoil water. Before the introduction of filth into the
borehole, the quality of subsoil water drawn from the
hand pumps was determined by repeated bacteriolog-
ical and chemical examination. The quality of the
water having been established, nightsoil from a small
community of 15 individuals (2 gal (9 litres)) was
introduced into the borehole daily. Subsequent to this,
regular examinations of the water from the pumps
were carried out. The extent of the pollution, as shown
by the MacConkey method, passed the 5-ft (1.5 m)
zone but did not reach the 10-ft (3-m) zone. After
retreat and subsequent advance, pollution, as shown
by the Eijkman and MacConkey tests, passed the

2Y2-ft (.75-m) zone but did not reach the 5-ft (1.5-m)
zone.

borehole latrines; groundwater pollution

2133 Handa, B. K. (author)
Dabadghao, S. B. (editor)
(Both) National Environmental Engineering
Research Institute, Nehru Marg, Nagpur
440020, India
Rural latrines. National Environmental Engineering
Research Institute, Nehru Marg, Nagpur 440020,
India. 12p. 1976. 4 figures. 2 photographs.

A short description of hand-flushed, water-seal,
dug-well latrines is given. Material requirements and
their respective costs for building either one or a group
of latrines, for use in rural India, are presented in
easy-to-understand, simple tables. A step-by-step
explanation of how to build a pan, water-seal / trap,
soakage pit, and a superstructure to house toilet and
urinals is furnished with drawings.

rural; latrines; soakage pits; water-seal latrines; India

2134 Ehlers, V. M.
Steel, E. W,
Municipal and rural sanitation. Sixth Edition,
McGraw-Hill Series in Sanitary Science and Water
Resources Engineering, 146-150. 2 figures. 14 refer-
ences.
O Design and construction details of a pit privy,
covered with a concrete slab, are provided. How
excreta could pollute the groundwater is explained and
tips on how and where to locate a pit privy are given.
Waste disposal using water carriage may not be
possible in many farmhouses, residences in smaller
towns and villages, and unsewered sections of cities. It
is possible, however, to dispose of body wastes in a
manner that will minimize or eliminate the transmis-
sion of diseases and the pollution of soil and water. It
is stated that an excreta-disposal method should meet
the following requirements for satisfactory results:
there should be no contamination of groundwater that
may enter springs or wells; there should be no
contamination of surface water; there should be no
contamination of surface soil; excreta should not be
accessible to flies and animals; there should be
freedom from odour and unsightly conditions; and the
method used should be simple and inexpensive in
terms of construction and operation. Design and
construction details of a pit privy, covered with a
concrete slab, could meet the above requirements
provided the latrine is well located.

excreta; pit latrines; construction

Matson, S.
Warshall, P.
Drum privy guidelines. Box 42, Elm Road, Bolinas,
California 94924, USA, or Co-Evolution Quarterly,

213§




Box 428, Sausalito, California 94965, USA.
figures. 4 references.

This paper gives guidelines for the construction of
a drum-compost privy. According to the authors, it is
the best design they have encountered. The drum privy
uses low-cost materials, like a 50-gal (227-litre) drum,
a garbage bin, and a few pieces of plywood and pipes;
therefore, it should not cost more than $50.00. Since
all this experimentation is relatively recent, the
drum-compost privy is still open to modifications and
suggestions. The total volume [ the drum privy is
relatively small, and as a result it tends to Iﬂood if not

|

12

used properly. To counter peak loads resulting from
get-togethers, construction of a separate urinal is
recommended. Wood shavings are added after every
use, and once the drum is full it is replaced by a new
empty one. For fast composting, contents of the full
drum could be transferred into a trench and
composted along with animal and agricultural waste.
If the conditions for open trench composting are not
suitable for collected matter, it is allowed to compost
within the drum for at least 1 year.

construction; composting; pit latrines
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2136 Rajagapalan, S.
Shiffman, M. A.

University of North Carolina, Chapel Hill,

N.C,, USA

Guide to simple sanitary measures for the control of

enteric diseases. World Health Organization, Geneva.

41-52. 1974. 9 figures. 25 references.

This review of a number of well-known on-site
disposal techniques also includes checklists, emer-
gency measures to counter small operational prob-
lems, appraisal of existing facilities, and construction
details.

pit latrines; squatting plates; excreta; compost privy

2137 Secretaria de Salubrida y Asistancia,
Comision Constructura e Ingenieria Sanitaria,
Mexico
Los desechos humanos. Latrinas sanitarias. (Human
waste and sanitary latrines.) Comision Constructura e
Ingenieria Sanitaria, Mexico. 17 illustrations. 2 tables.
This handbook provides the design and explana-
tion for the construction of sanitary latrines that are
economical to build and run. The system is formed by
utilizing local materials like flag stones, curb stones,
and small wooden pieces.

Dit latrines; sanitation; construction

2.2 Composting Privy

2201

Clivus Multrum USA Inc., USA
Clivus Multrum in public use facilities. Report of
Clivus Multrum USA Inc., USA. 9p. 1976. 11
diagrams.

The Clivus Multrum composting toilet has been
used in public installations, and this report describes
two such installations in state parks in Sweden. One of
these facilities is used by 600-1000 persons per week on
a year-round basis. The design and operation of these
facilities are described in detail.

composting toilets; community; disposal; Sweden;
design; construction; public toilets

2202
The Department of Hygiene and Epidemiology,
Ministry of Health, Democratic Republic of
Vietnam
Double septic bins. A booklet published by the
Department of Hygiene and Epidemiology, Ministry
of Health, Democratic Republic of Vietnam. 33p.
1968, 3 tables. 12 figures.
0 A system has been developed in the Democratic
Republic of Vietnam for. on-the-spot composting of
excreta. It consists of a two-compartment watertight
vault. The compartments serve by turns for defecation
and for composting. A groove channels the urine to a
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separate container so as not to flood the interior of the
vault. Before initiating use, a layer of ashes or lime is
applied to the floor of the vault to absorb humidity, as
well as to prevent the feces from sticking to the floor
when being removed. After each use, wood ashes are
sprinkled over the feces to absorb odours, and the hole
is sealed with a wooden lid. When the tank is almost
full the contents are leveled with a stick and it is filled
with ashes. Then openings are sealed with lime cement
or clay and the adjoining compartment goes into use
as a vault. The composting (anaerobic) is allowed to
go on for at least 2 months before the contents are
removed by a rear access door. It has been found that
following an 8-week period 85% of the intestinal
worm ova are destroyed. Two factors are felt to
contribute to more effective pathogen destruction —
the use of kitchen ashes, which promote the anaerobic
process, and as long a composting period as possible.
After 8 weeks, 98% of organic nitrogen is changed
into useful inorganic form, and the percentage of
inorganic nitrogen (ammonium nitrate) increases
rapidly in the latter stages of the composting process.
The use of the Vietnamese double vault has resulted in
a recorded drop in disease due to handling fresh
excreta used for fertilization, as well as an increase in
crop production due to the fixing of the nitrogen in the
compost product. The compost product is used to
fertilize rice, as well as secondary food crops, mainly
vegetables, and the quantity of fertilizer is estimated
to be the equivalent to 2.3 million tons of protein
sulfate per year. To serve a family of 5-10 persons the
vault required is 1.2 m wide, 0.7 m high, and 1.7 m
long. A variety of construction materials can be used,
depending on local availability. Clay, lime mortar,
stone, rammed earth, bamboo wattle, unbaked bricks,
and concrete are used in various regions to fabricate
the container. In certain mountain regions where
human wastes are not used in agriculture, the vault is
dug as a pit and only a movable lid is constructed,
which is removed to a new site once the pit is full.

Vietnam, Vietnamese double vault; excreta; urine;‘
composting; agriculture; health; mouldering toilets

2203

International Reference Centre for Community

Water Supply, The Hague, Netherlands
Contribution to a maii survey on practical solutions in
drinking water supply and wastes disposal for
developing countries. A report prepared by the
International Reference Centre for Community Water
Supply, The Hague, under Contract with the
University of Oklahoma Project, USAID Contract
No. AID/CM-ta-C-73-13, Netherlands. 156 p.
February 1977. Numerous figures included.

This mail survey was conducted for the purpose of
collection of field experience and unpublished data
with particular reference to practical solutions in
drinking water supply and waste disposal in developing
countries. A need was felt for a compilation of
information on alternative techniques that would be
uncomplicated, easy to work with, require less




maintenance, and that could be managed by the local
people. These could be noncurrent techniques,
adaptions of existing ones, or new developments.
Made widely available, such a compilation would
enable engineers to select the solutions that would best
suit the social, cultural, and economic conditions of
the country and technical level of their personnel.

developing countries; sanitation; latrines; aqua-
privies; stabilization ponds; septic tanks;, mouldering
toilets

2204
Konsumentverket, Fack, Sweden

Klosetter for fritid. (Toilets for recreation.) ISBN
91-7398-068-4. Sweden. 40p. Issued April 1976. 1
figure. 4 tables. 10 references.

The document is meant as a handbook to owners
of recreation huts in their choice of toilet. It is a
follow-up of the 1973 edition of “Toilets for
Recreation Huts” and includes the new types
introduced sincz 1973, especially since the range of
mouldering toilets has increased. Principles for
different toilet types on the market are described. For
each individual toilet price, operating cost, manufac-
turer, and any special technical requirements needed
for the type of toilet are tabulated. Judging, from an
environmental point of view, is done of the effects of
the different types of toilets. The influence of given
preconditions like purifying demands, given technical
standards, service available, and soil conditions on the
choice of toilets is also discussed. (Original paper
written in Swedish.)

on-site treatment; mouldering toilets; incinerator
toilets; flush toilets; night-soil disposal; latrines

2205

Mikrobiologisk Institutt, Norges Landbruks-

hogskole, 1432 As, Norway
21 Biologiske klosetter, komposteringsklosetter for
hytter og fritidshus. (21 Biological toilets, mouldering
toiiets for recreation huts.) Reprinted from For-
bruker-Rapporten nr 10. Norway. 15p. 1975. 3
figures. 4 tables.
00 Twenty-one different mouldering toilets appearing
on the Norwegian market have been tested at the
Agricultural University, Norway. The toilets were
grouped as follows: big toilets with flat container
(1200-1600 litres); big toilets with an inclined
container (200-1200 litres); small toilets with a
warming-up system (80-200 litres); small toilets
without a warming-up system. The report is meant as
a guide for choosing toilets for recreation huts. The
tests were carried on for 5 months and during that
time the different toilets were charged with excreta
according to instructions given by the producers. The
results are given both in tables for each toilet and in a
summing up for the four groups separately. Group 1
toilets gave an unsatisfactory aeration of the material,
anaerobic conditions, and as a consequence of this the
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mouldering effect was low. None of the types worked
satisfactorily as a mouldering toilet. In group 2 some
of the types gave a better decomposition. Problems
occurred with the inclination: a steeper angle than
20% made all excreta fall to the bottom of the
container straight away and it was filled up very
quickly. Problems with the urine were also noted. On
the whole, group 2 was somewhat better than group 1.
Group 3 gave a better mouldering effect, thanks to the
increased temperature and the better aeration resulting
from built-in levers for stirring the excreta. This
higher activity is important because of the small size of
the container. One toilet from group 4 was tested and
it was found to work less efficiently than group 3
toilets. (Original paper written in Norwegian.)

mouldering toilets; composting; excreta; on-site
treatment; Norway; analysis
2206 Berry, W.

A composting privy. Organic Gardening and Farming,
USA. Vol. 20(12). 88-97. December 1973. 6 figures.

An experiment with an on-site composting privy is
described. The container has four compartments that
permit alternative use and composting of excreta and
dry organic matter. The humus product has been used
in fertilizing nonfood crops. The composting process
is primarily anaerobic.

household; design; construction; on-site treatment;
disposal; compost privy; USA

Blackmore, M. D.
Boydell, R. A.
Mbere, N.
Moselele, P.
Low cost sanitation research project: first and second
interim reports. Unpublished Reports to the Ministry
of Local Government and Lands, Republic of
Botswana and to the International Development
Research Centre, Botswana. 75p. September 1976. 1st
report, 9 appendices. 18 diagrams. 10 tables. 2nd
report, 47 tables.

Problems arising from unplanned migrations to
urban areas have necessitated a search for low-cost
sanitation systems that will be low (or non-) water
consuming, hygienic, and socially acceptable. Follow-
ing a review of local conditions and regional
experiences, three systems were proposed for consider-
ation: aqua-privies, composting toilets, and modified
pit latrines.

2207

Borswana; compost privy; aqua-privies; pit latrines;
social acceptance; economics

2208
Service de I’habitat et de I'urbanisme, Paris,
France
Le péril fécal et le traitement des déchets en milieu
rural tropical. (The fecal peril and waste treatment in




the rural areas of the tropics.) Bureau central d’études
pour les équipements d’outre-mer, (B.C.E.O.M.),
France. 139p. May 1957.
O Rural excreta-disposal techniques for African
villages are reviewed. These range from pit and
borehole latrines to septic tanks and aqua-privies.
Emphasis is placed on the desirability of separating
feces and urine in dry latrines, and a number of
. squatting plates are described that accomplish this
purpose. A movable dry compost privy is recommend-
ed. The decomposition of dry feces is reported to take
6-8 weeks. (Original paper written in French.)

Africa; rural; construction; pit latrines; compost
privy; squatting plates

2209 Danielsson, K.
Klosetter for fritidshus. (Toilets for recreation huis.)
Konsumentverket, Fack. Sweden. S53p. 1973. 9
figures. 3 tables.

This publication is meant as a guide to owners of
recreation huts in planning the sanitary part of the
house. The following types of toilets have been tested:
traditional type of dry toilets; composting toilets;
freeze toilets; packeting toilets; burning toilets;
flushing toilets. The toilets were judged from both a
private-hygiene point of view and from their polluting
effects on the environment. In addition to this, costs
and technical requirements (e.g., electricity, water,
space needed) are listed in a table. Four mouldering
toilets were tested, as well as three smaller types using
electricity and one bigger type not using electricity
(Clivus). The results show that in the smaller toilets
excreta is not completely decomposted and needs
“after-composting” for some time in addition to the
treatment in the toilet itself. In contrast to this the
product coming from Clivus is satisfactorily
decomposted and can be used immediately. The other
types of toilets discussed do not imply any final
treatment of the excreta (except for the burning toilet)
because the sludge produced has to be treated another
time in a central purifying plant. Altogether 23
different toilet types are presented. Finally, a
summing up of 13 smaller purifying plants for single
houses or small house-groups is given, with prices and
test-results. (Original paper written in Swedish.)

mouldering toilets; freeze toilets; burning toilets;
excreta; on-site treatment; composting; small-scale
purifying plants

2210 Eygelaar, J.
Composting toilets — report of a visit to the
slternative waste disposal project, Dar-es Salaam,
Tanzania. Unpublished report. Housing Research and
Development Unit, University of Nairobi, Kenya. 9p.
April 4, 1977, 1 diagram.

This is a description of a research project in
Tanzania that tested four types of improved latrines
— continuous composting, double vault, odourless
ventilated pit latrine (R.O.E.C.), and the ventilated pit

latrine. Only preliminary results are given. Operation
so far is said to be satisfactory and the majority of
users seem to adapt easily to the required operation.

Tanzania; composting toilets; rural; social acceptance;
Dit latrines

2211
Clivus Multrum USA,
Cambridge, USA
Chemical analysis of Clivus Multrum compost. A

report issued by Clivus Multrum, USA. 9p. February
1977. 4 tables. 9 literature references.

Samples of finished compost from seven Swedish
Clivus Multrum units, which had been in use for
between 4 and 14 years, were collected and analyzed
for organic matter, major plant nutrients, minor and
trace plant nutrients, and toxic metals. The Multrum
compost averaged 58% organic matter. The concen-
trations of the major plant nutrients, N, P, K, were
respectively 2.4%, 3.6%, and 3.9%, which is higher
than in ordinary garden compost, municipal compost,
or composted sewage sludge. The values are about
one-third of those for ordinary fertilizers. Also, in
regard to minor and trace plant nutrients, the compost
had suitable concentrations. For toxic metals (Zn, Cu,
Ni, Cd, Pb, Cr, Bo) the concentrations were far below
the recommended safe levels (USDA). The values were
lower than in common sewage sludge. Concentrations
of soluble salts were also measured and found
acceptable.

Fogel, M.
14A Eliot Street,

mouldering toilets; composting; soil amendment;
Dlant nutrients; metals; on-site treatment

2212 Jounge, L. D.
Enviroscope, Inc., Corona del Mar., California,
USA

The Toa-Throne — a new compost toilet. Compost
Science, USA. Vol. 17(4). 16-17. September / October
1976. 2 tables.

A Swedish Toa-Throne compost toilet capable of
processing both human and kitchen organic wastes is
described. The unit, which can accommodate from
four to six persons, is small, compact (1300 litres gross
volume), and its overall cost in Europe is about U.S.
$1000. Experiments conducted in Norway show that
reduction of mass solids after composting is from 72
to 92% and the end product is free from pathogenic
organisms such as Salmonella and poliovirus, hence its
suitability for use as fertilizer or soil conditioners.

composting toilets; kitchen wastes; Sweden; Norway;
pathogens; fertilizer; soil conditioners; excreta

2213 Lindstrom, C. R,
Institutionen for Uppvarmningsoch ventilations-
teknik, KTH S-100 44 Stockholm, Sweden
Multrum, undersokning av driftsforhallanden hos en
formultnings-anlaggning for organiskt hushalisavfall.
(Multrum, investigation of the working conditions of




a mouldering establishment for organic household-
waste.) A report issued by Clivus AB, Sweden in 1969.
44p. 5 figures.’'9 diagrams. 5 tables. 6 literature
references.

B The construction and function of Clivus Multrum
are described, and the differences between Clivus and
a normal privy are pointed out. These are primarily
the addition of kitchen waste, the aeration, and the
inclination that prevents the urine from staying with
the excreta, making it too wet. These factors make it
possible for a decomposition to take place in the
mouldering toilet, which is not the case in a normal
privy. The investigations concern the question of
balance between added and removed amount of solid
materials and water in the toilet, if an equilibrium is
reached, and the importance of temperature to this
process. Through calculations of the heat balance it is
found that at 19 °C a steady state is reached for water
and organic material, when the toilet is used by four
persons. The temperature in the mixture of excreta
and kitchen waste reached its maximum about 10 cm
below the surface (+35 °C) and sank to average room
temperature at about 50 cm depth. The decomposing
activity was also highest where the temperature was at
its maximum. (Original paper written in Swedish.)

mouldering toilets; on-site treatment; excreta; kitchen-
wastes; temperature

2214 Lindstrom, C. R.
The Clivus-Multrum system ... composting of toilet
waste, food waste, and sludge within the household.
Water Pollution Control in Low Density Areas,
University Press, USA. 429-444. 1975. 7 figures. §
tables.

The use of household composting is proposed as a
way to reduce water pollution. Properly constructed
ground infiltration systems for wastewater from bath,
sink, and laundry will have little or no impact on the
environment. Swedish experiences are cited.

household; treatment; composting toilets; wastewater

2215 Lindstrom, R.
A simple process for composting small quantities of
community wastes. Compost Science, USA. 30-32.
Spring 1965. 2 figures.

An experimentally tested process is described that
achieves an aerobic biological change in organic
wastes. The key to this process is that excreta is
deposited into a naturally ventilated chamber and
moves by gravity along the sloped bottom to a second
chamber. This second chamber holds organic refuse
from the kitchen and garden. The garden refuse adds
the important nitrate bacteria that increases slowly but
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must be present in adequate numbers later so that a
complete change of the ammonium carbonate into
ammonium nitrate occurs. The slope of the tank
bottom provides continual movement of decomposed
refuse to the third (storage) chamber as additional
wastes are added to the other two compartments.
When more refuse is added, the lower layer is
compressed and decays. The waste volume is reduced
to a fraction of the original during this process.
Experiments have shown that the bottom slope must
be between 14.0° and 18.5°. The unit is not connected
to any drain pipes and the moisture content from urine
is sufficient for the conversion process. Aeration of
the wastes is of primary importance in the decomposi-
tion process. Air movement is achieved by natural
ventilation via an exhaust stack, which also eliminates
odours. The size of the tank, which is of impervious
material such as concrete, can be varied. Minimal
dimensions are 1 m wide and 3.5 m long. The major
advantage of this process is that it is fully automatic,
does not require fuel, chemicals, or water, and the end
product contains large amounts of humus-forming
substances.

composting; disposal; household; aerobic digestion

2216 McMichael, J. K.
Health in the third world ... studies from Vietnam.
Spokesman Books, U.K. 40-50. 1976. 7 references. 4
diagrams.

A description of the Five Year Plan (1961-1965) of
the Democratic Republic of Vietnam for rural
hygiene, with particular reference to experiences with
the Vietnamese double vault, an anaerobic compost
privy. This successful program is based on social,
cultural, economic, as well as technical solutions. The
Vietnamese double vault receives feces only and
produces significant quantities of disinfected fertil-
izer.

Vietnam; anaerobic. digestion; composting; rural;
sanitation; public health; hygiene; customs; Viet-
namese double vault

2217 Nesbitt, P. M.
Seldman, N. N,
(Both) Institute for Local Self-Reliance,
Washington, D.C.
Cities need sewerless toilets. Building Systems Design,
USA. Vol. 73(3). 11-17. April-May 1976.

Advanced sewage treatment facilities in the
Washington, D.C., area alone will cost $2 billion to
build and $70 billion to operate. If 1 million biological
toilets were installed the initial outlay would be about
$800 million plus a minimal annual maintenance
~expense. Advantages of compost toilets in urban areas

-are discussed.

urban; composting toilets; USA, aerobic digestion

2218 Nichols, H.W.
Analysis of bacterial populations in the final product
of the Clivus Multrum. Report of the Center for the
Biology of Natural Systems, Washington University,
USA. 16p. December 7, 1976. 6 tables. 13 references.

The Clivus Multrum is a mouldering toilet
designed and produced in Sweden and the United
States. An evaluation was made of the bacterial
populations that occur in the final product of the
Multrum, and was compared with the populations
ordinarily encountered in soil, particularly with
respect to pathogenic species. It was found that the
bacterial composition of the composted product is
similar to that of soil, the number and species of
pathogenic bacteria present are similar to soil, and the
final product appears to be suitable for use as a soil
conditioner.

composting toilets; bacteria; fertilizer; soils; analysis;
solid wastes; excreta

2219 Nimpuno, K.
Dept. of Architecture, Chalmers Technical
University, Gothenburg, Sweden

Excreta disposal without water. Appropriate Tech-
nology, U.K. Vol. 3. No. 4. February 1977. 1
diagram. 1 table.

This article describes a low-cost latrine that uses a
two-stage biochemical process. The first stage is a two-
part decomposition process (aerobic and anaerobic),
and the second stage is a chemical treatment ob¢zined
by using household ashes. Ample supplies of natura:
oxygen ensure a rapid brezkdown of the excreta. To
neutralize the urine acids, household ashes are thrown
in each day. Paper and other household wastes supply
the cellulose needed in the process. Sustained high
temperatures destroy pathogens and help to break
down large organic molecules. The latrine serves a
family of six for 9-12 months.

excreta disposal; waterless toilets; disposal; urban;
rural; criteria; household;, compost privy

2220 Pedersen, T. A.
Mikrobiologisk Institutt Norges Landbrukshog-
skole, 1432 As, Norway

Biologiske klosetter — virkesmate og muligheter.
(Biological toilets — function and possibilities.) Vann,
No. 4. Norway. 240-267. 1974. 4 figures. 11 tables. 8
literature references.

A summary of existing toilet-types is made, and
their suitability for use in recreation huts is evaluated.
The mouldering toilet is pointed at as the most
acceptable alternative in recreation areas. The factors
of importance for obtaining an effective composting
process are discussed. These are aeration, humidity,
temperature, C:N ratio, and others. Then a laboratory
test is described where excreta was composted for 2
months under varicus conditions. The factors
altered were temperature, air humidity, and compo-
sition of the material composted. After 1 and 2
months of composting, samples were taken and
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. -analyzed with respect to rate of decomposition, odour,

production of CO3, bacteria content, development of
actmomycctc colonies, and fungoid growth. The C:N
ratio in some samples was measured at the start and
- the end of the test. The results show among other
things that a humidity of 40% seems to give the best
- decomposition, ‘while higher humidity has a negative

. effect on the process. An addition of kitchen waste

~'had a positive effect and also higher temperature gave
- afaster decomposition. The existence of actinomycete
colonies at the surface and the development of CO3 in
" the matenal gave a good indication of the decomposi-
~ tion actmty (Ongmal paper written in Norwegian.)

'compostmg. mouldermg to:lets excreta; odours;

. :“decompas:tmn, microorganisms; humidity; tempera-
o ture

2 Reid, G.

~ Practical sanitation. Charles Griffin & Co. Ltd., UK.

163-165 1905S.
A waterless. privy, Moule’s earth closet, is
o conmner Following a suitable holding period (3
f mo iths) the comp’os t:d matter is removed.

h closets compostmg,

dlsposal, household;

2222 Rybczynski, W.
Ortega, A.
(Both) Minimum Cost Housing Group. McGill
University, Montreal, Canada
Stop the five gallon flush! a survey of alternative
waste disposal systems. Minimum Cost Housing
Group, McGill University, Canada. 82p. April 1976.
18 references. 77 figures.
0O This survey describes 66 on-site disposal systems,
both proposed and commercially produced, that are
alternatives to waterborne sanitation, both from
developed and developing countries. The emphasis is
placed on systems that reduce water consumption.
Composting toilets are described in detail and a
low-cost model is proposed.

sanitation; disposal; water reduction; composting;
design; materials; on-site treatment

2223 Rybczynski, W.
Minimum Cost Housing Group, McGill Univer-
sity, Montreal, Canada

Small is besutiful ... but sometimes bigger is better,
new developments in composting and mouldering

toilets. Solar Age, USA. Vol. 1(5). 8-11. May 1976. 8

" ‘diagrams.
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Recent world developments in one-family com-
posting and mouldering toilets are reviewed. Eight




designs, both tried and untried, are discussed. Four of
these designs are intended for use in developing
countries, the others are for use in the United States
and Scandinavia. The author concludes that a large
holding volume is required for successful continuous
composting.

excreta; disposal; composting; fertilizer; sewage
treatment; design; rural; household; compost privy

2224 Rybczynski, W

Minimum Cost Housing Group, McGill Univer-
sity, Montreal, Canada

The Minimus composting toilet ... an inexpensive
sanitation solution for the Philinnines, Unpublished
Report to U.N.E.P., Philippines. 3p. September 13,
1976. 2 figures.

B The Minimus composting toilet is based on the
realization that the combination of human excreta
with organic kitchen wastes under conditions of
extreme aeration will, with time, result in first-class
fertilizer. The chamber where this takes place is
provided with air ducts and a vent pipe to promote
aeration, as well as a sloped bottom to move the
decomposing matter toward the low end from whence
it is removed, after a mouldering period of 2-3 years.
The odourless product, called humus, is a nutrient-
rich fertilizer. The chamber (2.5 m long X 1.0 m wide)
is built of concrete blocks plastered inside, and has a
concrete floor. It is covered with G.I. roofing. The
vent pipe is galvanized metal, and the air ducts are
PVC or asbestos cement. The main advantages of the
composting toilet are: operation is hygienic, odour-
less, and maintenance free; no water is used; it
accommodates all the organic household garbage;
nutrient-rich fertilizer is produced; it is self-contained
and hence not affected by a high-water table; it is a
low-cost toilet that is easy to construct. The first
Philippine Minimus, completed in September 1976 at
the Manpower Skills Training Centre in Magsaysay
Village, has shown that no particular problems occur
in the construction process that cannot be undertaken
by someone with some skill in masonry. This has also
permitted a fairly accurate cost estiinate to be made on
the basis of actual experience. The total material cost
is P 385.00 (1976). Construction time is about 6
man-days. A second toilet, located in an actual
household in the project area has also been built.

Philippines; composting toilets; urban; economics

2225 Rybczynski, W.
Minimum Cost Housing Group, McG|ll Univer-
sity, Montreal, Canada
Appropriate sanitation for the weorld’s poor Paper
presented to the Seventh Annual Composting and
Water Recycling Conference, University of Amherst,
USA. 9p. May 4-6, 1977.

A review of dry excreta-disposal alternatives for
tropical countries with specific examples of successful
applications in China, the Democratic Republic of
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Vietnam, and India is given. The author concludes
that dry biological decomposition processes are an
appropriate disposal technique, though certain ques-
tions still remain to be answered — maintenance, avail-
ability of additional organic materials for composting,
the cost-benefits of producing fertilizer, and social
COsts.

developing countries; composting; dry treatment

2226
Ekoteket,
Sweden
Odling — foda — kompostering — Ateranvandning.
(Cuitivation — food — decomposiing — reuse.)
Report from ‘EKOTEKET,’ Sweden. No. 5. 4p. 1976.
3 figures.

This article is a description of the Clivus
mouldering toilet, its function and use. In the
mouldering toilet one person produces about 40 kg of
soil amendment, instead of polluting 25 000 litres of
water a year with excreta. Waste from the kitchen and
excreta are mixed and decomposted together, without
addition of either chemicals or electrical heat. The
author points out that Clivus is both uncomplicated
and cheap to use, and it should therefore be possible
to use in developing countries where water often
is a limited resource. Clivus is the oldest mouldering
toilet on the Swedish market and also the most
efficient one, mainly because of its large size.
(Original paper written in Swedish.)

Save, U.,
Box 7287, S-103 85 Stockholm,

mouldering toilets; composting; excreta; on-site
treatment; Sweden
2227 Valdmaa, K.

Dept. of Soil Sciences, Section for Waste
Biology, The Royal Agricultural College,
Uppsala, Sweden
The Mullbank toilet. Compost Science, USA. Vol.
15(5). 23-27. 1974. 4 tables. 3 figures.

The results of an investigation into the functioning
of a particular electric composting toilet are reported
here. The composition of the final product of eight
tested toilets is identified and the occurrence of
bacteria determined. The product is comparable to
farmyard manure and is well suited as a fertilizer or
soil conditioner.

Sweden; analysis; composting toilets; bacteria; fertil-
izer

2228 Van Der Ryn, S.
Composting privy. Technical Bulletin No. 1. The
Farallones Institute, USA. 17p. January 1974. 8
references. 9 illustrations.

Instructions for building a itwo-compartment
compost privy are given. A discussion of composting
theory indicates that the privy is designed to optimize
the size of the pile for aerobic decomposition.
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The Minimus composting toilet (from 2224).

household; rural; compost privy; disposal; construc-
tion; design

2229 Van Der Ryn, S.
The Farallones composting privy. Compost Science,
- USA. Vol. 17(3). 15-17. 1976.

: Thisis a general discussion of a two-compartment

' compostmg privy. The compost is moved manually to

. the second compartment for a total decomposition
“period of 1 year. Sawdust is added with each use. The
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humus product is used for fertilizing nonfood crops.

compost privy; household; disposal; design; USA

2230 Wagner, E. G.

Lanoix, J. N.
Excreta disposal for rural areas and small communi-
ties. World Health Organization Monograph No. 39,
Switzerland. 115-119. 1958.

O The author describes the construction and opera-




tion of a double vault compost privy. The human
waste is left undisturbed for at least 6 months to
ensure destruction of pathogens and ova of helminths.

composting; rural; disposal; design; household;
compost privy
23 Winblad, U.

Compost latrines — a review of existing systems.
Unpublished Report, Environmental Saanitation Re-
search Project. Tanzania. 46p. July 1975. 23 figures.
24 references.

M A review is given of 23 existing systems of compost
privies that have been used worldwide. The discussion
is related to advantages and disadvantages of the
systems and their methods of construction and
operation. Figures of each system are also included.

compost privy, construction,; excreta; public health

2232 Winblad, U.
Evaluation of waste disposal systems for urban low
income communities in Africa. SPC Report No. 3.
Scan Plan Coordinator, Denmark. 34p. 1972. 45
references.

A description of conditions in urbanizing Africa
leads to the conclusion that an intermediate solution is
required for urban utilities, particularly waste
disposal, that will reduce per capita investment while
increasing population density. General performance
criteria for such a waste-disposal system are formulat-
ed. A review and evaluation of existing systems
indicated that no system fulfills all the criteria, though
those based on microbiological decomposition such as
composting toilets seem to offer the best possibilities
for development.

Africa; sanitation, disposal; criteria; urban; compost-
ing; compost privy

2233 McKernan, J. M.
Sym / Bios Consulting Services, Winnipeg,
Manitoba, Canada

Morgan, D. C.

Manitoba Department of Northern Affairs,

Winnipeg, Manitoba, Canada
Experiences with the Clivas-Multrum and Mull-Toa
toilets in northern Manitoba. An interim report on a
mouldering toilets testing programme carried out by
the Department of Northern Affairs, Province of
Manitoba, Winnipeg. 17p. August 18, 1976. 8
photographs. 2 drawings.
B A report on two types of composting toilets is
given. Nine Mull-Toa and three Clivus-Multrum
toilets were installed in remote communities of
northern Manitoba. It is reported that five of nine
Mull-Toas had to be removed due to chronic
malfunctioning whereas ail three Clivus-Multrums
have functioned reasonably well. The relatively lower
conspmption of fresh fruits and vegetables in the
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northern areas has resulted in little waste contribution
to the Clivus-Multrum waste unit. New substitutes like
peat moss and sawdust are being tried in place of
vegetable matter to obtain higher C:N ratio. After
monitoring two types of toilets for about a year and a
half, the interim conclusions seem to indicate that the
Mull-Toa has little practical value for use in northern
Manitoba, whereas the Clivas-Multrum could help
solve the northern sanitary problem provided it is used
with some care.

composting toilets; Manitoba

2234 Ortega, A.
United Nations Mission on Housing, Building

and Planning, Dubai, United Arab Emirates

Lefebvre, B.
Minimum Cost Housing Group, School of
Architecture, McGill University, Montreal,
Canada

Water saving devices for sanitation. United Nations
Mission on Housing, Building and Planning, Ministry
of Public Works and Housing, Dubai, United Arab
Emirates. 8p. 10 photographs. 3 drawings.

This monograph outlines how to build and run a
composting toilet in a desert climate. This composting
toilet has three compartments: in the first, human
excreta is deposited; in the second, household garbage
and kitchen waste are deposited; and the third and the
last compartment is the one from where digested,
accumulated compost is retrieved. The toilet is built
like a big container (3 X 1.5 X 2 m deep) using 20 X 20
X 40-cm concrete blocks. A slope of 30° is formed at
the bottom, which allows the compost pile to slide out
slowly toward the collection chamber. Three inverted
v-shaped ducts placed in the middle of the tank allow
the air to pass from the collection chamber, through
the compost pile to aerate it, and then escape through
the vent pipe. The cover of the container was made of
plywood; it also could be of reinforced concrete. For
the garbage chute, a plastic bin without the bottom is
used. The toilet is a squatting type, called a
“watergate”; this unit provides a waterseal with only 1
litre of water. The amount of water added to the
compost does not unbalance the decomposition
process, evaporation being so rapid in desert regions.
At the end of this monograph, operating instructions
are given.

composting toilets; construction; water saving

Regnell, S.

Nimpuno, K.

(Both) Byggnadskonsult Tekn. lic. Stig Regnell

AB Falkvagen 41, 183 52 Taby, Sweden

Excreta disposal in the less developed countries.

Report prepared for and by direciion of the Swedish

International Development Authority (SIDA). 46p.
September 1975. 5 tables. 3 figures. 17 diagrams.

The state of public health in less-developed

countries (LDCs) is often low compared with the

2235




industrialized part of the world. The low standard of
hygiene is in many respects a result of insufficient
" toilet systems. The Western systems are far beyond the
financial resources of the poor countries. In some
LDCs there are, however, some fairly good and
inexpensive types of latrines, called compost latrines,
that make use of the biological decomposition of
excreta mixed with kitchen wastes and grass, etc. A
similar process has been applied to new and cheap
types of latrines for recreation houses in the Nordic
countries. The criteria for the latrines to be used in the
LDCs are drawn up and the different types of latrines
have been scrutinized. It is recommended that some of
the new types of latrines be developed based on
decomposition suitable for LDCs.

developing countries; economics; latrines; hygiene;
compaosting

2.3 Septic Tank and Aqua-Privy

2301
Daily News, Botswana, Africa.

Aqua privy outlawed for the time being. Daily News,
Botswana. No. 218. 1p. November 13, 1975. 1 figure.

A newspaper report of a governmental ban on the
construction of aqua-privies in Botswana explains that
the ban was introduced because of scvere odour
problems experienced with aqua-privies and that the
ban would remain in force until design improvements
have been made to overcome this problem.

Botswana; Africa; aqua-privies; odours

2302
College of Agricultural and Life Sciences,
College of Engineering, University of Wiscon-
sin, Madison, USA
On site disposal of smail wastewater flows. Small
Scale Waste Management Project. University of
Wisconsin — Extension Division of Economic and
Environmental Development, USA. 85p. January
1976. 103 references. 23 figures. 10 tables.

The report illustrates the scope of the problem of
on-site wastewater disposal and describes the general
nature of the research and demonstration studies
completed and in progress by the Small Scale Waste
Management Project. Objectives of the project are to
determine and understand the causes of septic tank
system failure, to improve methods of site character-
ization, system design, and system construction for
on-site wastewater disposal, to develop more efficient
management techniques of on-site wastewater disposal
systems, and to assess the implication of new
wastewater disposal technologies for land-use
. planning. :

on-site treatment; wastewater; septic tanks; design;
construction; absorption; seepage pits; evapotranspi-
ration

)

2303

The Epidemic Prevention Station, Department

of Hygiene and Revolution Committee of the

District of Chiong, Province of Kiangsu, China
The two-parlitions—three-tanks type hygiene toilet. In

“Compilation of Daia on x:.xp‘ernence and Sanitary

Management of Excreta and Urine in the Village.”
Unpublished report of the International Development
Research Centre, Canada. Translated from Chinese
by Lee Thim Loy. 33-43. 3 tables. 26 figures.
B This article describes the design and construction
and operation of the Chinese three-tank toilet system
in which only human excreta and a minimal amount of
flushing water (2 litres / person / day) are passed
through three tanks in a series. Studies of the contents
of the tanks indicated that the first acts as a settling
chamber for the heavier solids; the excreta in the
second is liquified and undergoes fermentation; the
third tank is used for excreta storage vefore iis
extraction and use as fertilizer. The detention periods
of the first, second, and third tank are 10, 10, and 30
days. The tanks are normally circular but could easily
be rectangular. The settled excreta is drawn off at
about three-quarters depth from the first tank and
passed through the second tank entering at the same
depth. Through its 10-day residence in the second tank
it rises to the overflow pipe at the surface, which leads
to the bottom of the third tank. The water levels of the
first two tanks are therefore equal, whereas that of the
third tank depends on how much night soil is being
used. The design of the system ensures that even
during periods of high fertilizer demand the excreta
undergoes at least 20 days of anaerobic treatment
Samples were drawn from typical systems and
analyzed for ascarid egg viability and nitrogen levels.
Liquid temperatures were generaliy below 8 °C. More -

‘than 2000/ g of ascarid eggs were observed in the

upper layers of the first tank, more than 80% of them
living. No eggs were observed in the third tanks’ upper
and middle layers, but 2263 were found on the
bottom; however, all of these were dead. Active
nitrogen levels (as being available in inorganic form to
plant life) were compared to total nitrogens, which
includes organic nitrogen. At one plant in Shih Chiao
the total nitrogen before and after the three-tank
treatment was dropped from 0.39 t0 0.25%, indicating
an overall loss of 35%; however, the active nitrogen
rose from 0.08 to 0.35%, illustrating the degree to
which anaerobic treatment in the three tanks can
transform the wastes into a more assimilable form for
plant growth. (Original paper written in Chinese.)

excreta; urine; China; nitrogen; septic tanks; design

2304
Housing and Home Finance Agency, Office of
the Administrator, Division of Housing Re-
search, Dept. of Housing and Urban Develop-
ment, Washington, D.C., USA
Septic tanks — their use in sewage disposal. Housing
Research Paper No. 18. Government Printing Office,
USA. 16p. 1952. 8 figures.



A short guide to the design and construction of
septic tanks and drainfields for their effluent is given,
and soil percolation test methods are described.

sewage; septic tanks; percolation; analysis

2308 Feachem, R. G.
Ross Institute of Tropical Hygiene, London
School of Hygiene and Tropical Medicine,
London, England
Mara, D. D.
Dept. of Civil Engineering, University of
Dundee, Scotland
Water and waste water engineering for low income
communities in developing countries: discussion.
Proceedings of the Institution of Civil Engineers,
U.K. Part 1. Vol. 62. 163-165. February 1977.
Arguments were put forward for providing more
people with inferior water, and for the provision of
water only if it was of safe quality. Sewerage was too
costly for most developing countries. The aqua-privy
sewerage system with treatment in waste stabilization
ponds was advocated. Both night soil and sewage
effluent could be utilized beneficially.

developing countries; low income; water supply;
stabilization ponds; sewage treatment

2306

Public Health Service, U.S. Dept. of Health,

Education and Welfare, USA
Manual of septic tank practice. Public Health Service
Publication No. 526. U.S. Dept. of Health, Education
and Welfare, USA. 92p. 1969. 29 figures. 6
appendices. 34 references. :
[J This guide deals in a comprehensive way with the
design and construction of septic tanks and soil
absorption systems, both for private residences and
community installations. Particular attention is paid
to the absorption capacity of different soils and its
effect on design.

septic tanks; household; community; design; construc-
tion; USA

2307

Ministry of Environmental Protection, Norway
Kloskkutslipp fra spredt bolig-og fritidsbebyggelse.
(Wastewater-disposal from households in thinly
populated areas.) Ministry of Environmental Protec-
tion Publication, Norway. 52p. June 1975. 18 figures.
7 tables. 6 appendices.

This publication is issued by the Norwegian
Ministry of Environmental Protection and contains
guidelines for the solution of wastewater problems in
low-density areas. The definition of “low-density” is
given as seven dwellings or less in a limited area. The
main principle given for the treatment is that
wastewater should be infiltrated in the ground or
alternatively purified in a sand-filter bed and then be
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disposed of into a lake or stream. In regard io
treatment in the ground, infiltration or resorption can
be used. Before infiltration in the ground or in a sand
filter the water has to be desludged. Detailed
instructions are given for the construction of
infiltration and resorption plants as well as for
sand-filter beds. Tables for dimension pipes and
recharge wells are prepared for different ground
conditions. A diagram showing the importance of
grain sizes for the infiltration capacity of the soil is
given, and limitations are set up for soils recommend-
ed for infiltration. To give the infiltration plant a
longer lifetime, it is recommended that two infiltration
pipes or more should be in alternate use, and that the
water should be distributed intermittently rather than
constantly. (Original paper written in Norwegian.)

wastewater,; resorption; sand filtration; on-site treat-
ment; rural; construction; single houses; Norway

2308 Bouma, J.

Converse, J. C.

Otis, R. J.

Walker, W. G.

Ziebell, W. A.

(All) Small Scale Waste Management Project,
University of Wisconsin, Madison, USA

A mound system for onsite disposal of septic tank

effluent in slowly permeable soils with seasonally

perched water tables. Journal of Environmental

Quality, USA. Vol. 4(3). 382-388. 1975. 6 figures. 3

tables. 9 references.

Slow permeable soils with seasonal high-water
tables cannot be used for conventional subsurface
disposal of septic tank effluent. An alternative mound
system is described that consists of soil-covered
seepage trenches on top of 60.cm of sand fill deposited
on the original soil surface. The bottom area of the
mound is large enough to allow soil absorption of the
effluent. Monitoring data for four experimental
mound systems and their design and construction
criteria are discussed.

septic tanks; effluent; disposal; mound system;
seepage pits; construction,; criteria

2309
United Nations
Nairobi, Kenya
Report on a UNEP schistosomiasis study tour of
China. Unpublished Report, U.K. 1 and 8-10. 1977. 1
figure.

A three-compartment septic tank is described for
use in sanitation programs designed specifically for
parasite control. The parasite ova are retained in the
sludge zones of the first two compartments, the liquid
effluent from the third compartment containing only
relatively few ova. In one area, prevalence rates for
hookworm and ascariasis fell from 78% and 98%
respectively to 2% and 36% respectively, after one
introduction of septic tanks.

Obeng, L. E.

Environment Programme,




excreta; China; septic tanks; Ascaris; sanitation;
hookworm ’

2310 Chowdhry, N. A.
Pollution Control Planning Branch, Ontario
Ministry of the Environment, Canada

Sand and red mud filters ... an alternative media for
household effluents. Water and Pollution Control,
Canada. Vol. 113(2). 17-18. February 1975. 2 tables. 1
figure. 3 references.

For an area where the physical characteristics or
depth of soil are not suitable for installing a
conventional tile field, a sand filter of specific
effective size and uniformity coefficient appears to be
an effective device for the disposal of household
waste. Filter sand mixed with “red mud,” a waste
by-product in the bauxite purification process, are
reported to reduce the phosphate content in the waste
by 90%.

septic tanks; effluent; disposal; alumized red mud
solids; household; sewage; phosphorus; sand filtration

2311 Chuang, F. S.
C. E. Maguire Inc., New Britain, USA
Treatment of septic tank water by an anaerobic-
aerobic process. Water Pollution Control Federation
Deeds and Data, USA. D3, D8, D9, D10p. July 1976.
1 diagram. 6 references.

A report of laboratory studies on the treatment of
septic tank wastes explains that pumped wastes were
retained for 15 days in an anaerobic digester heated to
32 °C. The supernatant liquor was aerated for 40 days
at ambient temperature and then passed through a
sand bed. A 99% reduction of BOD, COD, and
suspended solids was achieved.

septic tanks; sludge; anaerobic-aerobic ponds
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2312

University of Calcutta, India
Sewage disposal in the tropics. Thacker, Sprak & Co.,
India. 232p. 1910. Chap. 2. The design of the latrine.
Chap. 10. Miscellaneous matters connected with the
septic tank latrine. Chap. 14. The dumping-septic
tank. Chap. 16. The final disposal of septic tank
effluent. Chap. 17. The management and laying oui
of ‘trenching grounds.’ Chap. 18. The incineration of
nightsoil.
O This is a well-illustrated textbook on sewage and
night-soil treatment practices in India up to 1910;
many of the designs are still suitable for use in tropical
developing countries today. Improved pit latrines,
pour-flush latrines, and septic tanks are described,
together with details of septic tank effluent disposal.
The management of night-soil collection and treat-
ment systems is discussed, with particular reference to
incineration and trenching.

Clemesha, W. W,

sewage; India; septic tanks; aqua-privies; incineration;
management; excreta, seepage pits

2313 Duchinskii, B. M.
Department of Environmental Hygiene, Kiev
Medical Institute, USSR

Effectiveness of subsurface filtration beds with respect
to Salmonella. Journal of Hygiene and Sanitation,
USSR. Vol. 35(10). 117-119. 1970.

An experiment was conducted to determine the
effectiveness of Salmonella removal from septic tank
effluents using subsurface filtration beds. The filtering
bed is made of medium-grained sand 1 m thick. No
contamination of groundwater is observed when an
applied loading is less than 15 litres / day per running
metre of the surface area. However, with a
biologically matured filtration bed, a loading of 10
litres / day per running metre of irrigation network
can be safely applied.

This opening must be 15 cm lower
than the Ist tank’s inlet
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The Chinese three-tank toilet (from 2303).
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USSR; Salmonella; loading; septic tanks; effluent;
contamination; sand filtration

2314 Englov, P.
Synpunkter pa infiltration av avloppsvatten. (Consid-
erations about infiltration of wastewater.) Proceed-
ings of Nordisk hydrologisk forening (Scandinavian
Hydrologic Association) Conference, Denmark. 64-
73. July 23-26, 1974. 3 figures. 2 tables.

Some Swedish infiltration plants for smaller
communities have been examined to find out the effect
of the treatment, the degree of groundwater pollution,
and how the infiltration capacity is decreasing with
time. The results show very high purifying effects in
all of the infiltration plants. Soil analysis at different
depths below the works show that the main biological
and physical-chemical purification takes place in the
upper part of the soil layers. Analysis of groundwater
in the surroundings of the works points at a BOD
reduction of at least 90% and an almost complete
phosphorus and colibacteria reduction. The polluting
influence on the groundwater is noticed through
increases in chloride, nitrate, and sulphate ion
concentrations. With regard to the decreasing
infiliration capacity, it is shown that a biological film
is developed in the surface layer of the soil, which
lowers the infiltration capacity. In this process the
grain size distribution is important. After resting
periods the infiltration capacity can rise again. The
article is a summary of the results of a bigger
investigation concerning wastewater infiltration car-
ried out by the Swedish Natioral Environmental
Protection Board between 1970 and 1973. (Original
paper written in Swedish.)

wastewater; infiltration; small communities; ground-
water pollution

2315 Fetter, C. W., Ir.
Sloey, W. E.
Spangler, F. L.
(All) Department of Geology, University of
Wisconsin / Oshkosh, Wisconsin, USA
Potential replacement of septic tank drain fields by
artificial marsh wastewater treatment systems.
Ground Water, USA. Vol. 14(6). 396-402. Novem-
ber / December, 1976. 3 tables. 3 figures. 16
references.

A pilot-scale waste-treatment system using
emergent marsh vegetation (bulrush, Scirpus validus)
was employed to treat septic tank effluent. The plant,
which grows in a gravel substrate in a plastic-lined
trench, is capable of removing more than 70% organic
and 99.9% coliform bacteria when it is loaded at 29
litres per square metre of surface area and a retention
time of about 10 days. The author cites potential uses
of this system for areas such as rural or summer
houses where growth of bulrushes is possible.

septic tanks; effluent; organics; bacteria; loading;
aquatic weeds; sewage treatment
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2316 Fitzgerald, E. L.
Institute of Public Health, College of Medicine,
National Taiwan University, Taiwan

Study of two kinds of Japanese septic tanks. Memoirs
of the College of Medicine of Natior.. Taiwan
University, Taiwan. 13(12). 138-153. Ap..: 1968. 5
tables. 10 figures. 8 references.

A study of treatment efficiencies of two septic tank
systems in operation in Japan and Taiwan is reported.
Although the system employing an anaerobic filter is
reported to provide better organics and solids removal
than the aerobic filter, information concerning their
loading rates and operation is not available. Schematic
drawings of the two systems are presented and the
author urges further exploratory study toward a
standard design.

septic tanks; Japan; Taiwan; anaerobic; filtration;
aerobic digestion; loading; sewage treatment

2317 Goldstein, S. N.
Moberg, W. 1., Jr.
(Both) National Demonstration Water Project,
Washington, D.C., USA
Wastewater treatment systems for rural communities.
Commission on Rural Water Publication. U.S.A.
340p. 1973.
O This book is a guide to systems and components
available for treating wastewaters in rural areas. A
representative selection of equipment is presented in
Appendix C that contains illustrations and data sheets
abstracted from manufacturer-supplied information.
Major categories of the contents include: self-
contained systems, wastewater collection and convey-
ance subsystems, septic tank systems, and water
consumption reduction techniques.

wastewater; rural; equipment; septic tanks; water
saving, sewage treatment; night-soil collection

2318 Howard, J.
Lloyd, B.
Webber, D.
(All) Oxfam, U.K.

Oxfam’s sanitation unit. Oxfam Technical Paper,
U.K. 14p. July 1975. 8 tables. 2 diagrams. References.
Following 3 years of research and development
work including microbiological studies, a prototype
sanitation unit was tested during November and
December 1974 at Dacca, Bangladesh. The unit
consists of 20 squatting plates connected in series to
two 21 000-litre flexible rubber sedimentation tanks
that provide an 8-10 day retention time. Tests
demonstrating reduction in Vibrio choleraez and

Salmonella counts are described.

Bangladesh; construction,; sewage treatment; commu-
nity; public health; diseases; anaerobic; design; public
toilets



2319 Hvatum, O. O.
PRA-prosjekt 3.5-infiltrasjon av aviopsvann og slam
bindning av fosfor i jord ved infiltrasjon av
aviopsvann. (PRA-project 3.5-infiltration of waste-
water and sludge binding of phosphorus from
infiltrated wastewater in soil.) The publication is
issued in the series “PRA-project 3.5-infiltration of
wastewater and sludge” from: Agricultural University
of Norway, Environmental Pollution Research
Group, P C Boks 57, 1432 As-NLH, Norway. 58p.
February 1977. 17 figures. 20 tables. 11 literature
references.

Laboratory tests have investigated the phosphorus
binding in various soil types. Cylinders were filled up
with soil and both wastewater and phosphorus
solutions of known concentrations were infiltrated.
The changes in phosphorus content were measured
after the tests in both the soil and the water. The
results show that the binding capacity in soil from the
Bhorizon in a podsol profile is much higher than that
of the parent material. Addition of lime to the soil also
proved to have a positive effect on phosphorus
binding. The main part of the phosphorus was bound
very weakly and could be leached out with distilled
water. At high phosphorus charging (>200 mg / litre)
the soil was saturated with phosphorus after 1-2 weeks
of infiliration and thereafter the purifying effect sank
below 20%. The highest purifying effect (72%) was
obtained in soil from the B horizon with limestone
powder spread in the soil. (Original paper written in
Norwegian.)

Dbhosphorus; wastewater; infiltration

2320 Impey, L. H.
Sewage treatmert and disposal for small communities
and institations ... the development and use of the
septic tank. Journal of the Proceedings of the Institute
of Sewage Purification, U.K. No. 3. 311-317. 1959. 2
tables. 4 diagrams.

This paper gives points governing a decision to
install ‘a septic tank and deals in some detail with the
‘design of subsoil irrigation systems. Three proved
designs of septic tanks are described.
septic tanks; subsurface irrigation; design criteria
2321 Jewell, W. J.

Howley, 1. E.
Perrin, O. R,
(All) Cornell University, Ithaca, USA
Design guidelines for septic tank sludge treatment and
disposal. Progress in Water Technology, U.K.
Vol 7(2). 191-205. 1975. 8 diagrams. 4 tables. 21
references.

A report on laboratory tests to ascertain the
treatability of septic-tank sludge is given. Methods
used . were aerated lagoons and aerobic digestion.
Settling and dewatering characteristics of untreated
- and treated sludge were examined.

. septic tanks; sludge; aerated lagoons; dewatering;
" aerobic digestion; design criteria
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2322 ~ Kamppi, A.
Erfarenheter fran system med infiltrationsdiken i
Finland. (Experiences ‘rom systems with iufiltration
trenches in Finland ) I'roceedings of Internationella
vattenvardsutstallningen Varlden, Vattnet och V
(International water .nanagement exhibition: the
world, the water, and u.), Sweden. Chap. 7. 161-171.
September 1-5, 1975. 2 figures. 2 tables. 8 literature
references. )

In Finland there are huge areas of peat bogs. As a
result some 15 smallar :ommunities have chosen to
infiltrate their wastewate: in open ditches in the peat.
The water is supplied to one ditch and after
infiltration in the pea is it led away in another ditch
some 15-30 m aside from *he first ditch. It is important
for the function that the ground be flat. The
purification of the wastew ater takes place in the upper
part of the peat. The flat + urface of the peat bog gives
the water a low velocity, which is important from the
purifying point of viewv. Comparisons between
incoming and outgoing water show a purifying effect
of around 60% for BOD~, 30% for phosphorus, 40%
for nitrogen, and some 80% decrease in enterococci.
The system works most 2fficiently in the summer when
the evapotranspiration is high. During the winter the
biological activity is low and the purification is
therefore also low. Duriag snow melting in the spring
and after heavy rains overflows may occur, which
naturally lowers the purifyir g effect considerably. The
method does not stand vp to the demands set by the
authorities for permanent dwvellings, but according to
the author it is a good solution for recreation huts with
wastewater problems. (Original paper written in
Swedish.)

wastewater; infiltration; open ditches; on-site treat-
ment; peat bogs; Finland

Khan, A. N.
Siddiqi, R. H.
(Both) National Environmental Engineering
Research Institute, Nagpur, India.
Wastewater treatment by anaerobic contact filter.
Indian Journal of Environmental Health, India.
Vol. 18(4). 282-291. October 1976. 5 tables. 2 figures.
7 references.

A 2-year laboratory study treating a synthetic
sewage in an upflow anaerobic filter at ambient
temperatures of from 24 to 33 °C is reported.
Reductions of 80% of COD were achieved
at a loading rate of 225 Ib COD / 1000 ft3 / day, with
8 hours detention time. The efficiency of treatment
did not improve above a height of 4 ft of stone
medium for the waste used (approximately 900 mg /
litre COD).

2323

sewage treatment; analysis; biological filters; India

Klein, S. A.
Sanitary Engineering Research Laboratory,
University of California, Berkeley, California,
USA

2324




NTA removal-in septic tank and oxidation pond
systems. Journal of the Water Pollution Control
Federation, USA. Vol. 46(1). 78-88. January 1974. 11
figures. 2 tables. 12 references.

Trisodium nitrilotriacetate (NTA) is being consid-
ered as a partial replacement for phosphate builders in
synthetic detergents. Field experiments indicate that
aerobic percolation fields can degrade essentially all of
the NTA from septic tank effluents containing
concentrations up to 60 mg / litre. Little degradation
of NTA is accomplished in anaerobic (saturated) soil
columns. In oxidation ponds, after a 2-month
acclimation period, removal of NTA is observed to be
in excess of 90% when influent concentrations are in
the range normally expected in wastewater (up to 30
mg / litre.)

NTA; wastewater; detergent; percolation; septic
tanks; effluent; oxidation ponds
2325 Krafft,R. J. G.

Regional Office for Africa, World Health
Organization, Brazzaville, Congo

Wastes disposal and drainage, Ibadan. Unpublished .

Report No. AFR/EH/ 131, Brazzaville, Congo.
16p. July 21, 1972.

A public toilet:demonstration project was conduct-
ed in Ibadan, Nigeria. An aqua-privy system was
introduced because it can satisfy many health
requirements if properly used and maintained. This
report includes design criteria, planning and construc-
tion ‘procedures, and operation and maintenance of
the demonstrated aqua-privy system.

Nigeria; public toilets; -aqua-privies; public health;
design criteria; planning; construction; maintenance

2326 Lindbak, P.
PRA-prosjekt 3.5-infiltrasjon av aviopsvann og slam
— aviop fra spredt bolig — og fritidsbebyggelse.
(PRA-project 3.5-infiltration of wastewater and
sludge — wastewater from houses in thinly populated
aress.) Published by Agricultural University of
Norway, Department of Hydro-technique, Norway.
296p. February 1977. 52 figures 'and tables. 1
appendix. 68 literature references.

Desludged wastewater from single houses and
smaller communities (up to 1100 population equiva-
lent) in Norway has been infiltrated in artificial
sand-filter trenches, and in some cases in natural soil
layers. One test with combined resorption and
infiltration has also been carried out. The purification
effect regarding BOD5, suspended material, phos-
phorus, and nitrogen has been measured. For six
single-house sand-filter trenches the mean reduction
of BOD7 was 95%, of suspended material 68%, of
.phosphorus 75%, and of nitrogen 47%,. No decline in

was noticed. From the technical, managing, and
pollution points of view no upper limit for the sizeof a
sand-filter trench was found. Due to the areal need

and need of pipes, an economical upper limit is
supposed to be around 100 population equivalent,
above which conventional purifying plants are
preferred. If the geological and hydrological precondi-
tions for infiltration in natural soil layers are good,

that method 1is superior to artificial filters.
(Original paper written in Norwegian.)
wastewater; . infiltration; resorption; sand-filter

trenches; biological filters; on-site treatment; rural;

single houses

2327 Machmeier, R. E.
Agricultural Extension Service, University of
Minnesota, USA

How to run a percolation test. Extension folder 261.
Agricultural Extension Service, University of Minne-
sota, USA. 6p. 1971. 2 tables. 2 figures.

This manual describes how to run a percolation
test for the determination of trench bottom area
required to’ absorb septic-tank effluent. Methods of
percolation measurement and calculation of the

percolation rates are: presented.

USA; percolation; septic tanks; effluent; seepage pits

2328 Majumder, N.
Prakasam, T. B. S.
Suryaprakasam, M. V.
(All) Section of Sanitary Engineering, All India
Institute of Hygiene and Public Health, Calcut-
ta, India
A critical study of septic tank performance in rural
areas. Journal of the Institution of Engineers, India.
743-761. 1960. 10 tables. S figures. 10 references.

In the absence of underground sewers, septic tanks
may be used for treatment of sewage. A survey
conducted in India indicates that they can function
well even when the sewage is comparatively strong.
However, the presence of hookworm and Ascaris eggs
in septic-tank effluents poses a potential health
hazard. Some hygienic techniques are suggested such
as a subsurface disposal of the septic-tank effluents
and the use of dip pipes for withdrawal of septic-tank
sludges.

septic tanks; sewage; India;, hookworm; Ascaris;
effluent; public health; hygiene; subsurface disposal

Malan, W. M.
National Institute for Water Research, Pretoria,
South Africa
A guide to the use of septic tank systems in South
Africa. CSIR Research report 219. Council for
Scientific and Industrial Research, South Africa. viii

2329

_+40. 1964. 6 tables. 12 figures.

the purifying effect during the test period (1972-77)‘
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The basic scientific principles underlying the
design of septic-tank systems and the considerations
that will ensure the most successful functioning of the
tank and disposal of the effluent are discussed. The




influence of a scientifically designed septic-tank
system of sewage disposal on public health is
considered, as well as the effects of such factors as
synthetic detergents, disinfectants, grease traps, and
racial diets on the design and operation of the system.
The relative merits of the separate and combined
methods of disposal are given, together with
instructions on starting a new tank and the
maintenance of the system. Design criteria are
suggested and useful data are given on the volume of
sewage to be expected, the best location for the tank
and the capacities suitable for different communities,
provision for the storage of sludge, ventilation, and
the materials suitable for construction. A soil-percola-
tion system designed in terms of soil type as indicated
by a percolation test or visual observation and the
possibility of applying the principle of evapotranspira-
tion to soils relatively impervious to water, as well as
to areas with a high water table, are described.

Africa; septic tanks,; percolation; evapotranspiration

2330 Mann,H. T.
Water Research Centre, Stevenage, U.K.
Sanitation without sewers — the agqua-privy. Building
Research Establishment, Overseas Building Note
No. 168, U.K. 8p. June 1976. 2 figures.

Following a review of the principal methods of
excreta disposal in sewerless areas, the author
describes in detail the aqua-privy and gives sketch
designs of its various modifications: (1) a conventional
aqua-privy connected to an evapotranspiration trench;
(2) a double chamber aqua-privy made from standard
precast concrete pipe discharging into a seepage pit;
and (3) a simple aqua-privy made from five oil drums
connected in series, drums no. 3 and 4 being filled with
loose twigs and drum no. 5 discharging into a seepage
pit.

aqua-privies; latrines; excreta; septic tanks; design

pax) | Oluwande, P. A.
University of Ibadan, Nigeria, Africa

A simplified approach to agua privy construction.
Appropriate Technology, U.K. Vol. 3(3). 26-28.
November 1976. 6 figures. 1 table. 4 references.

An aqua-privy system is considered to have greater
potential for use in developing countries than the pit-
latrine or septic-tank systems because, if properly
managed, it can function without odour or fly
breeding and with less cost. Three simple methods of
construction for incorporating an inlet drop pipe to
the aqua-privy floor slab are described in detail, with
the use of local materials suggested.

aqua-privies; pit latrines; septic tanks; construction;
materials

2332 Patterson, J. W.

Minear, R. A.

- underground and water;

77

Nedved, T. K.

(All) Illinois Institute of Technology, Chicago,
USA

Septic tank and the environment. Report No. IIEQ

71-2, USA. 107p. June 1971. 4 figures. 7 tables. 127
references.

This report reviews and evaluates the available
literature on septic tanks, and the influence of septic
tanks on public health and environmental quality. The
consistently poor performance of septic tanks
indicates that other waste-disposal methods are
necessary in densely populated areas and that more
rigorous regulation of design criteria, installation, and
operation are required in sparsely inhabited areas
suitable for septic tank installations.

septic tanks; public health; design criteria; installation

2333 Peel, C.
Elsan Sewage Systems Limited, London, U.K.
Design, operation and limitations of septic tanks.
Public Health Inspector, U.K. 328-334. April 1966. 6
tables. 6 references.

The article describes the pollution resulting from
the untreated discharge of septic tank effluents and
the biological processes in the tank. Secondary aerobic
treatment by percolating (trickling) filters and
subsurface irrigation are compared, and previously
published reports of performance of septic tanks and
filters in terms of suspended solids, BOD, and E. coli
are cited and discussed. Design criteria and advice on
maintenance are outlined.

septic tanks; design; maintenance; effluents; trickling
Silters

234 Raman, V.
All India Institute of Hygiene and Public
Health, Calcutta, India

Secondary treatment and disposal of effluent from
septic tank: — 1 — disposal by subsurface soil
absorption systems; — 2 — disposal on land,
— 3 — methods of
treatment. Journal of Institution of Engineers, Public
Health Division, India. Vol. 48(10). Part PH3.
213-221. June 1968; Vol. 49(2). Part PH1. 23-30.
October 1968; Vol. 49(6). Part PH2. 86-89. February
1969. 16 diagrams. 24 references.

B This was a field experiment conducted at three
locations in India on treatment of septic-tank effluents
using anaerobic upflow gravel filters. About 60-70%
reduction of 5-day biochemical oxygen demand and
suspended solids are reported, with the treated
effluents relatively free from any odour. Schematic
drawings of the system are shown in detail. The
authors site no serious operational problems during
the 18-month investigation.

subsurface irrigation; percolation; evapotranspira-
tion; seepage pits; septic tanks; effluents; stabilization
ponds; trickling filters; sand filtration



2335 Reid, G. W.
¢ Bureau of Water and Environmental Resources

* Research, The University of Oklahoma, Nor-

man, Oklahoma, USA
A catalog of water supply and waste disposal methods
for individual units. A report prepared for the U.S.
AID project on Lower Cost Methods of Water and
Wastewater Treatment in Less Developed Countries,
USA. 183p. October 1975. 183 figures.

The purpose of this manual is to provide a
collection of methods of water supply and waste
disposal for individual units; however, some practices
compiled are also applicable to groups of housing
units. This manual consists of 183 figures taken from
published literature listed in the reference table. A list
of subjects assists in locating topics of interest. No
explanation or discussion was given of the various
possible methods, further documentation being
possible by consultation of the reference list. Many of
the methods compiled are currently in use in small
communities of developed countries, though it is
believed that the various methods in the manual would
be appropriate for less-developed countries.

developing countries; waste-disposal systems; small
communities; bibliography

2336 Ross Institute Industrial
v Advisory Committee
London School of Hygiene and Tropical
Medicine, London, U.K.
Rural sanitation in the tropics. The Ross Institute
Information and Advisory Service, U.K. Bulletin No.
8. 18-22 and 33-35. April 1972. 5 figures. 7 references.
An aqua-privy system for family and communal
types, essentially designed for arid areas, is described.
Effluent from the privy tank is discharged into either a
septic tank or a seepage pit. Although this system costs
approximately the same as the waterborne latrine, it
can stand more abuse. Methods of operation and
maintenance are also described.

aqua-privies; community; arid climates; septic tanks;
seepage pits; maintenance; public toilets

2337 Sauer, D. K.
Boyle, W.C.
Otis, R. J.
(All) Dept. of Civil and Environmental Engi-
neering, University of Wisconsin, Madison,
Wisconsin, USA
Intermittent sand filtration of household wastewater.
Journal of the Environmental Engineering Division,
American Society of Civil Engineers, USA. 102(EE4).
Proceeding paper 12295. 789-803. August 1976. 3
figures. 10 tables. 9 references.

Intermittent sand filtration of septic tank and
aerobic unit effluents ‘is investigated as a feasible
on-site wastewater treatment technique and disposal
system. Sand filters have been constructed and
monitored at two home sites in Wisconsin. The
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hydraulic loading rates ranging from 2 to 20 gal per
day / ft2 are used. Operating data, including effluent
qualities, methods of rejuvenation, and costs of the
sand filters, are presented.

septic tanks; wastewater; sewage treatment; CcoOsts;
USA; sand filtration

2338 Schwiesow, W. F.
Soil and Water Division, Steering Committee,
American Society of Agricultural Engineers,
St. Joseph, USA

Bibliography of rural and suburban sewage treatment
and disposal publications. Special publication SP-03-
73 published by the American Society of Agricultural
Engineers, USA. 27p. 1973.

A Dbibliography of on-site rural and suburban
sewage treatments that have been in practice in various
states of the USA are given. The common system
employed is the septic tank; some literature on pit
latrines is available but date back to the early 1900s. A
total of 401 bibliography titles are included.

on-site treatment; USA; rural; septic tanks; pit
latrines; bibliography

2339 Sebastian, S.
Buchanan, I. C.
(Both) Medical and Health Dept., Anguilla,
British West Indies
Feasibility of concrete septic privies for sewage
disposal in Anguilla, B.W_1. Public Health Reports,
USA. Vol. 80(12). 1113-1118. December 1965. 3
figures.

A two-compartment septic privy (aqua-privy with
box seat rather than squatting plate) made from two
3-ft (0.9-m) lengths of 3-ft (0.9-m) diameter precast
concrete pipe is described for use in households of up
to five people. Effluent disposal is by evaporation and
percolation from a long, shallow, rubble-filled trench.
Experience over 7 years showed that there was
minimal sludge accumulation in the privy and no
odour nuisance. Public acceptance of the system was
reported to be good.

Anguilla; Caribbean; aqua-privies; concrete latrines

Shetty, M. S.
College of Military Engineering, Poona, India
Septic tank design, construction and maintenance
practices. Seminar on water supply and sanitation
problems of urban areas. Public Health Engineering
Division. The Institution of Engineers, India. Vol. II.
Paper D-5. 21p. April 8-9, 1971. 3 tables.

From a study of literature the author makes
recommendations for tank capacity and construction
methods for effluent disposal, and tank maintenance
is reviewed.

2340

septic tanks; design; construction; maintenance




2311 Skaarer, N.
PRA-prosjekt 3.5-infiltrasjon av aviopsvann og slam
bruk av resorpsjon som mottaker av avlopsvann.
(PRA-project 3.5-infiltration of wastewater and
sludge use of resorption as wastewater treatment.) The
publication is issued in the series “PRA-project 3.5-
infiltration of wastewater and sludge” from: Agricul-
tural University of Norway, Environmental Pollution
Research Group, P.C. Boks 57, 1432 As-NHL,
Norway. 47p. December 1976. 5 figures. 11 tables. 4
appendices. 59 literature references.

The report discusses resorption as a method for
wastewater treatment. The theory behind resorption is
described. The amounts of different pollutants from
households (total amount of water, phosphorus, and
nitrogen) are estimated. On the basis of the
hydrological balance equation, the space for addition-
al supplies of wastewater to the ground under
Norwegian weather conditions is discussed. In most
places in Norway it is only during a few summer
months that there is a space for resorption. During the
rest of the year the rainfall is higher than potential
evapotranspiration. In spite of this the author finds
the method interesting, and he feels that more research
and practical tests should be done in this field. Advice
and guidelines for construction of resorption plants as
well as figures of areal demand and the need for pipes
are given. (Original paper written in Norwegian.)

wastewater; resorption; evapotranspiration; nutrien?s;
on-site treatment; Norway

2342 Sproul, O. J.
Dept. of Civil Engineering, University of Maine,
Maine, USA

Virus movement into groundwater from septic tank

systems. Proceedings of a Conference on Water

Pollution Control in Low Density Areas, USA. Paper

No. 12. 135-144. September 26-28, 1973. 4 tables. 18

references.

Data from many experiments conducted in the
USA indicate the presence of viruses in the effluents
from soil and sand columns receiving septic tank
effluents. However, with-a long absorption distance
such as filtration through 200 ft (ca. 60 m) of an
8-12-ft (ca. 2.4-3.7-m) layer of sand and gravel, no
viruses could be detected in the effluents. The author
proposes criteria to promote virus removal in the soil
and discusses some research needs for this area.

USA; viruses; effluents; soils; sand; septic tanks;
absorption; criteria; filters

2343 Teodorovic, B.
University of Zagreb, Yugoslavia
A modified septic (LRS) privy. World Health
Organization, Switzerland. Unpublished report.
WHO / WD/ 68.3. 5p. 1963. 2 figures. 13 references.
B A modified septic privy (an aqua-privy with a
raised covered seat rather than a squatting platc) with
two compartments is described. The retention time in
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the first compartment is 90 days (capacity 0.3 m3 for a
family of five) and in the second compartment 180
days. Samples of digested excreta taken from 30
modified privies in Yugoslavia between April and
August 1965 (mean monthly temperatures 9-20 °C)
indicated that absence of viable Ascaris ova, although
in 12 of 13 unmodified privies with only 1-month
excreta retention in the first compartment, viable eggs
were found.

aqua-privies; excreta; pathogens; Ascaris; Yugoslavia

2344 Viraraghavan, T.
Warnock, R. G.
(Both) Dept. of Civil Engineering, University of
Ottawa, Ottawa, Canada
Treatment through soil of septic tank effluent. Paper
presented at International Conference on Land for
Waste Management, Canada. 17p. Ocotber 1973. 4
tables. 4 graphs.

Results of a field investigation of the disposal of
septic tank effluent throngh an 8-metre lay field drain
are given. The soil removed a high percentage of
BOD, COD, ammonia nitrogen, total phosphorus,
iron, and bacteria.

septic tank effluent; subsoil irrigation; sewage
treatment

2345 ' Wagner, E. G.

Lanoix, J. N,
Excreta disposal for rural areas and small communi-
ties. World Health Organization Monograph No. 39,
Switzerland. 121-155. 1958. 46 references. 13 figures.
O The author describes small-scale waterborne
waste-disposal systems for rural areas, with particular
emphasis on the design and construction of septic
tanks and the proper disposal of effluent,

night-soil collection; rural; disposal; design; construc-
tion; septic tanks; sewerage

2346 Webber, D.
Department of Biological Sciences, University

of Surrey, Guildford, U.K.
An investigation of the survival of Vibro cholerae
biotypes in anserobic sewage sludge liquor, in relation
to the developmel.; of emergency sanitation systems.
A B.Sc thesis in Microbiology, Department of
Biological Sciences, University of Surrey, U.K. 89p.
1974. 9 tables. 6 figures. 82 references. 2 appendices.
Factors involved in the survival of Vibrio cholerae
biotypes in anaerobic sewage sludge liquor were
investigated. The experimental conditions employed
are designed to simulate those of the Oxfam
emergency sanitation system. The results indicate a
rapid decline in organism numbers over a 2-week
period; however, higher numbers survive this pericd
with increasing solid concentration. The addition of
urine caused a marked rise in the pH of the liquor,



although with no significant difference in the survival
levels of the organisms. A broad survey of survival of
V. cholerae in different mediums is included.

Vibrio cholerae; anaerobic; pathogens; urine; pH;
solids

2347 - Winneberger, J.H. T.
Septic Tank Systems, Berkeley, USA
Ryon’s septic-tank practices corrected. Proceedings of
the National Home Sewage Disposal Symposium.
USA. 215-221. December 9-10, 1974. 8 references.
Contrary to traditional belief, studies conducted in
the USA have demonstrated that bottom areas of
absorption fields for disposal of septic-tank effluents
are considerably less useful than side-wall areas. A
concept of alteration of disposal fields is proposed in
which two absorption fields are used 1 year at a time.
This system is reported to be capable of extending
many times the lifespan of the disposal fields.

USA; septic tanks; seepage pits; effiuents; disposal

2348 Bendixen, T. W.
Berk, M.
Sheehy, J. P.
Weibel, S. R.
Coulter, J. B.
Studies on household sewage disposal systems. Parts
I1 and I1I. U.S. Department of Health, Education and
Welfare, Public Health Service, Bureau of State
Services, Division of Sanitary Engineering Services,
Robert A. Taft Sanitary Engineering Center, Cincin-
nati, Ohio. 1950. 1952. 1954. Part II. 37 plates. 31
tables. 23 references; Part III. 52 plates. 75 tables. 57
references.

These are research reports on individual sewage-
disposal systems mainly concerning the research
studies and laboratory work done on septic tanks and
related aspects. Design practices across the United
States and many different parts of the world are
studied; technical aspects like inlets and outlets,
percolation capacity, soil-clogging effects, sludge and
scum accumulation, etc., are also discussed.

Sewage; septic tanks; disposal

Campbell, P. A,

University of Nairobi, Nairobi, Kenya
Mara; D. D.

University of Dundee, Dundee, Scotland
A septic tank system for use on black cotton soil.
Proceedings of a Seminar on Sewage Treatment,
Department of Civil Engineering, University of
Nairobi, Nairobi, Kenya. 4147, 1973. 6 references. 2
figures.

This paper describes the design of a septic tank for
use on black cotton soil. The design of this septic tank
has an additional filter built in within the second
compartment of an ordinary septic tank. The second

2349

2351

compartment is expanded a bit to better accommodate
this filter. The filter is submerged and operates under
upward (reverse) flow. The septic tank effluent enters
at the base, flows upward through a layer of course
filter media about 0.5 m deep, and is discharged over &
weir at the top. Anaerobic bacteria grows on the
surface of the media and oxidizes the effluent as 1t
passes by. It is reported that these filters can effect
70% reduction in BOD and change malodorous,
highly turbid, grey-to-yellow influent to an odourless,
clear, light-yellow effluent. ;

septic tanks; design; filters; anaerobic

2350 Ehlers, V. M.
Steel, E. W.
Municipal and rural sanitation. Sixth edition.

McGraw-Hill Series in Sanitary Science and Water
Resources Engineering. 105-131. 14 references. 20
figures.

O The collection and safe disposal of human wastes
are among the most important problems of environ-
mental health. In this chapter, methods of treatment
and disposal of human excreta, using on-site methods,
are discussed. Soil characteristics along with excreta
and sewage characteristics and bacteriology are
studied. Fundamentals of the septic tank, its capacity,
the cesspool, large septic tanks, and seepage pits/
disposal fields are explained. Design and operaiion
guidelines for septic tanks of various sizes using
different types of filters to answer the needs oI
changing soil conditions are provided.

excreta; sewage; septic tanks; design; on-site treatment

Mara, D.
University of Dundee, Dundee, Scotland, and
University Federal da Paraiba, Brazil
Current design capabilities in appropriate sanitation
technologies. Sanitation in Developing Countries
Today. A conference sponsored by Oxfam with the
Ross Institute of Tropical Hygiene, 59 July 1977,
Pembroke College, Oxford. 3-10. 14 references. 3
figures.

Four alternatives to the conventional sewerage
system, according to the author, are the latrine
(improved pit latrine, borehole latrine ), the
compost toilet, the aqua-privy, and night-soil cartage
systems. The aqua-privy is studied in detail, and
current design problems and limitations are pointed

" out. Using the available historical data and analysis of
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existing aqua-privies, new design proposals are made.

urban; tropics; developing countries; sewerage; dis-
posal; design -

2352 Oluwande, P- A
Aqua privies in Nigeria. Sanitation in Developing
Countries Today. A conference sponsored by Oxfam
with the Ross Institute of Tropical Hygiene, 5-9 July




1977, Pembroke College, Oxford.
references.

This paper discusses the potentials of the
aqua-privy as a method for excreta and sewage
disposal in Nigeria and other developing countries.
The practical problems that were encountered when it
was introduced to communities in Nigeria are
outlined. Steps taken to solve the problems are also
given.

1 figure. 10

aqua-privies; Nigeria; developing countries; socio-
economic

2353 Stephenson, J. W.
Public Health Department, Billesdon, RDC
Common defects in design and construction of septic
tanks. Municipal Engineering (U.S.). 705-796. April
19, 1968. 7 figures.

Common defects in design of septic tanks are
described. From his wide experience the author has
observed the following seven commonly committed
errors: (1) size of the septic tank is too smail; (2) inlet
and outlet are placed on the shorter instead of longer
sides; (3) inlet and outlet are placed at one corner;
(4) compartments have poor proportions; (5) there is -
poor design of inlets and outlets; (6) there is a missing,
hanging, or wrong baffle; (7) inlet is too deep, which
could force the sludge to flow out and block up the
drain field.

septic tanks; anaerobic; design; construction

2354 Warshall, P.
Septic tank practices. Box 42, Elm Rcad, Bolinas,
California 94924, USA. To be published again in May
1978 by Doubleday / Anchor. 17 references.

This book presents a brief survey of the present
praciices of waste management. After pointing out
major problems associated with each system, it goes
on to discuss at length septic tank practices. The
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following topics are also covered: behaviour of soil;
aerobic vs. anaerobic conditions within soil; using soil
characteristics to our advantage in the design of drain
fields; laying drain fields in different types of site and
soil conditions; sizing the tank; planning and
constructing septic tanks with ecological considera-
tions; saving water; maintaining the septic tank;
sewerage problems related to small communities; and
other related topics.

septic ranks; design; soils

2355 Winneberger, J. H. T.
Francis, L.
Klein, S. A.
McGauhey, P. H.
(All) Sanitary Engineering Research Labora-
tory, College of Engineering and School of
Public Health, University of California, Berke-
ley, USA
Biologicai aspects of failure of septic tank percolation
systems (final reportj. Sanitary Engineering Research
Laboratory, College of Engineering and School of
Public Health, University of California, Berkeley.
August 31, 1960. Reprinted April 1977. 44 figures. 10
tables. 24 references.
3 In this report, results of studies conducted at the
University of California over a period of 27 months
are presented. The scope of these studies include: an
evaluation of pertinent literature, with special
attention to the relevance of data previously obtained
by the University of California in studies concerned
with infiltration and percolation phenomena; a study
of the relationship of infiltration rate to surface area
per unit cross-section of a porous soil; a preliminary
study of the possibility of confining clogging to the
surface of pit liners, from which it might be removed
to reestablish original infiltration rates; an evaluation
of the relative importance of mechanical clogging and
the growth of biological slimes in reducing soil
infiltration rates under aerobic and anaerobic condi-
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tions; studies of the mechanism of clogging by both
biological and physical means; a study of the effects of
intermittent dosing on soil clogging and on the quality
of the percolating liquid; an observation of the effect
of percolation on the quality of effluent from aerobic
and anaerobic tanks; development of appropriate
research techniques.

septic tanks; aerobic digestion; anaerobic; infiltration;
biological treatment

Raman, V.

Chakladar, N.

{Both) National Environmental Engineering

Research Institute, Zonal Laboratory, Bombay,
India

Upflow filters for septic tank effluents. Journal of the

Water Pollution Control Federation, USA. Vol. 44(8).

1552-1560. August 1972. 3 figures. 3 tables. §
references.

The use of septic tanks for treatment of sewage
from individual houses or isolated institutions is well
recognized. However, the septic tank itself does not
fulfill the object of complete sewage treatment
because its main function is to remove suspended
solids from the sewage, to liquefy the major portion of
solids that have been retained, and to condition the
sewage to facilitate further disposal in a soil-absorp-
tion field. The pathogenic bacteria, cysts, and worm
eggs may pass through the tank practically unharmed;
the effluent is highly septic and stale, becomes
malodorous, and has a high oxygen demand. Due to
its potential health hazard and nuisance, further
treatment or means of satisfactory disposal of the
effluent from the septic tank becomes necessary
before its discharge into the environment. These four
papers. describe the secondary treatment and disposal
methods of the septic tank effluent, which are usually
based on biological degradation and (or) discharging
it into land, surface water course, and subsurface and
underground water, respectively. The subsurface
tile-field disposal or soakage gallery is the most
common system used where sufficient land is
available, the subsoil is reasonably porous, and the
groundwater table is at least 1.5-1.8 m below ground
level. Tile pipes, which are placed at a depth of 45-100
cm below the ground surface, should be laid at an
average gradient of 0.25-0.50% and the filtering
materials employed should be washed gravel, broken
stones, or burnt slags of 12-60 mm size and should
surround the pipe with a minimum of 100-150 mm at
the buitom and 50 mm at the top. Design formula to
determine the absorptive capacity or the allowance
rate of application of sewage per area of soil is
presented, which is based on a standard percolation
- test at the site. However, recent investigations have
shown that the infiltration rate of sewage into the soil
is a factor more critical than the rate of percolation
within the soil to control failure of the subsurface

2356
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percolation systems. On the other hand, the ability to
infiltrate water or sewage is a function of the clogging
materials rather than of the original soil. Thus, the
largest contributing factor to the failure of percolating
systems is microbiological activity when suspended
and dissolved solids are present. The most probable
cause of ultimate clogging is the occurrence of ferrous
sulfide in association with the anaerobic activity
within the systems. The optimum combination of
criteria for preventing failure of the soil absorption
system is as follows: avoidance of continuous
inundation of the infiltrative surface; maintenance of
aerobic conditions in the soil; maintenance of the
infiltrative surface initially similar to the internal
plane of undisturbed soil; uniform and simultaneous
loading of the entire infiltrative surface if feasible;
filling the trench with material graded uniformly from
coarse gravel at the centre of the trench to sand of
almost the same size as soil particles at the side wall;
provision of maximum of side wall surface per unit
volume of effluent and a minimum of bottom surface;
and proper functioning of the septic tank resulting in
effluent with a minimum amount of suspended solids
and nutrients. Alternatives to the subsurface soil-
absorption system for disposal of the septic tank
effluent are available. They include: evapotranspira-
tion; surface irrigation; soakage pit; dilution in water
courses; sand filters, subsurface or open; trickling
filters; oxidation ponds or ditches; and chlorination.
Design criteria and construction methods of those
systems are briefly discussed. However, their applica-
tions are relatively limited as compared to the
subsurface soil absorption system and their uses
should only be considered on a case-by-case-basis.
Another promising alternative is the use of anaerobic
upflow gravel filter operation under submerged
conditions for treatment of septic tank effluent.
Results of laboratory and field studies in India are
encouraging. After a maturing period of 3 months, a
BOD removal from 65 to 75% is achieved when
influent BOD is from 170 to 240 mg / litre. Suspended
solids removal averages 53-60% with influent ranges
between 350 and 450 mg / litre. Flow rates of the
septic tank effluent are reported to be intermittent and
range from 40 to 60 litres/day for the systems
employed. The authors report that the filters can
function continuously for at least 18 months without
any need for cleaning. Washing of sludge from the
filter, which should be done once or twice yearly, can
be accomplished by emptying the filter through the
bottom and pouring water from the top. Experience
with the use of upflow filters favours 1.25-1.90 cm
medium filled to a depth of 68-90 cm. For better
efficiency, the top 7.5 cm may be filled with 0.32-0.64
cm media. Per capita filter capacity for these filters is
42.5-58.0 litres. Effluent from the upflow filters can
also be disposed of into the subsurface soil absorption
system.

India; anaerobic; filters; upflow filters; septic tanks;
effluents; suspended solids; odours; BOD




& 3 Cdllection and Off-Site Treatment

Adams, E. G.

University of Oklahoma, Norman, Oklahoma,
USA
Cost effectiveness of the socio-cultural and health
benefits of sewerless alternatives for domestic waste
disposal in developing countries. A report submitted
to the Office of Health, U.S. AID, USA. 105p. March
1976. 12 figures. Numerous references.

Cost-effective analysis of sewerless alternatives
versus conventional treatment systems for domestic
waste disposal in developing countries have been
carried out. The above analysis utilizing decision-
weighing models is considered necessary for placing
some value on the importance of varied considerations
and summing these values for each alternative when
considering projects where real data or data sources
are inadequate. Miethodology of the decision weighing
and selection of criteria and subcriteria for each
specific case are addressed in detail. Results of a
comprehensive survey of waste-disposal systems, both
conventional and nonconventional, and hardware
manufacturers on available systems are included.

3001

cost effectiveness; developing countries; waste-dis-
posal systems

3002
Danmarks Geologiske Undersogelse, Thoravej
31, 2400 Kobenhavn NV, Denmark
Nedsivning af husspildevand i bassinanlaeg ved
Frederiks. (Infiltration of household wastewater at
Frederiks.) Miljostyrelsen Kampmannsgade 1. ISBN
87-503-2052-1. 1604 Kobenhavn V, Denmark. 31p.
Issued August 1976. 1 figure. 3 tables. 20 appendices.
4 references.

Geohydrological investigations in the small com-
munity of Frederiks were carried out in connection
with an infiltration plant for wastewater. The plant
has been in use since 1965 and treats water from
households and a dairy. The amount of wastewater in
1975 was measured as up to 287 m3/day. The
infiltration - capacity was determined to be 60
mm / day over an area of 4000 m2. Observations are
made regarding both the spread of wastewater in the
soil downstream of the plant and how the chemical
/ physical composition of the water is changed during
its ‘transport in the soil. The water-bearing material
consists of water-transported glacial sand and gravel.
The infiltration of wastewater raises the groundwater
level about 10-20 cm around the plant, which affects
the groundwater flow in a way that makes the field of
wastewater flow many times wider than the infiltra-

“tion basin. Comparisons of the chemical composition
of the water in the basins and the groundwater were
made at various distances from the plant. The analysis
shows a high reduction of phosphorus and nitrogen
content in the water increasing with the distance from
the plant. The concentration of chloride, on the other
hand, does not decrease in the same way and therefore
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it is suggested that Cl” is used as an indicator of
wastewater pollution in groundwater. (Original paper
written in Danish.)

wastewater; infiltration; groundwater pollution; chio-
ride; phosphorus; nitrogen

3003
James M. Montgomery Consulting Engineers
Inc., Pasadena, California, USA
Water supply and sewerage facilities for Taiz, Yeman
Arab Republic. Wastewater System. Unpublished
report to United States Department of State Agency
for International Development. Contract No. AID /
ASIA-C-1081. Vol. 1. Chap. 9. 23p. April 30, 1975. 1
figure.

Proposed wastewater collection is conventional
waterborne. Considering the extremely limited supply
of water available, it was decided to reclaim sewage
water by recharge into the groundwater basin. Five
systems are evaluated: neighbourhood septic tanks,
raw sewage lagoons, mechanically aerated lagoons,
Imhoff tanks, and trickling filters. Trickling filters are
chosen as the optimum system with low maintenance.
Sewage flows through primary sedimentation tanks,
two stages of trickling filters, secondary tanks, and
through percolation beds.

Yeman Arab Republic; trickling filters; septic tanks;
aerated lagoons; economics; sewerage; stabilization
ponds

3004

Instituto Nacional para Programas Especiales de

Salud, Divisién de Saneamiento Basico Rural

Seccién de Promocién, Bogot4, D.E., Colombia
Manual de procedimientos en promocién comunitaria
para el programa nacional de saneamiento basico
rural. (Manual for community promotion for the
national program for basic rural sanitation.) Instituto
Nacional para Programas Especiales de Salud,
Divisiobn de Saneamiento Basico Rural Seccién de
Promocién, Bogotd, D.E., Colombia. 120p. January
1975. 2 tables. 26 annexes.

The Colombian National Program for Basic Rural
Sanitation has five consecutive and clearly defined
stages: (a) study of the community; (b) preparation
and approval of the project; (¢c) motivation promotion
and organization of the community; (d) construction
of the works; and (e) administration and supervision
of the works. This paper presents the methods and
activities to complete each phase. Twenty-six well-
prepared annexes provide all the complementary
information to undertake each step. Examples of how
to determine labour input, followed by payments for
the works, etc., are also included. (Original paper
written in Spanish.)

Latin America; rural sanitation; excreta disposal;
community development; water supply



3005 .
Swedish National Environmental Protection
Board, Sweden

SNV publikation 1974:15. Sma avloppsanlaggningar,
rening av spillvatten fran enstaka fastigheter. (SNEP
publication 1974:15. Small scale wastewater treat-
ment plants, wastewater-treatment for single houses.)
Swedish National Environmental Protection Board,
Sweden. No. 1974:15 in the series “SNV Publikation-
er.” ISBN 91-38-02022-X. 17p. 1974. 6 figures. 3
appendices. No references.

This publication is issued by the Swedish National
Environmental Protection Board to serve as a guideline
for treatment of wastewater from single houses used
all year round that cannot be easily connected to
conventional wastewater purifying plants. Three
methods for treatment are suggested and described:
(1) infiltration in natural soil; (2) treatment in
sand-filter trenches; (3) treatment in single-house
purifying plants. Advice is given about the design of
infiltration plants, suitable dimensions of pipes and
wells, and the geological preconditions necessary for
infiltration. A method for testing the suitability of
different natural soils for infiltration is given. The
construction of simple artificial sand-filter trenches is
briefly described for cases where natural infiltration is
unsuitable. The first step of purification when both
these methods are used must be to desludge the
wastewater. A method for this is described. A short
description of principles and working methods of
single-house purifying plants is given. (Original paper
written in Swedish.)

wastewater; infiltration; sand-filter trenches; on-site
treatment; single houses; rural; small-scale purifying
Dlants; sewage treatment; constructior:

3006 ;
Taiwan Institute of Environmental Sanitation
(PHA), Taipei, Taiwan

The study of microbial treatment of mightsoil. A
report prepared by Taiwan Institute of Environmental
Sanitation PHA, Taipei, under contract with the
University of Oklahoma Project on Lower Cost
Methods of Water and Waste Treatment in Develop-
ing Countries. (U.S. AID Contract No. AID / CM-ta-
C-73-13.) 31p. February 1976. 7 tables. Plus an
appendix.

B In Taiwan there are few sanitary sewerage systems
in the cities or towns, and treaiment of iarge amounts
of night soil has become a very serious problem. The
Taiwan Provincial Institute of Environmental Sanita-
tion has run studies on the treatment of night soil,
using anaerobic digestion for night-soil treatment and
activated sludge for the supernatant. The problem of
the bulky sludge remained. Therefore an experiment
was devised using a combined microbial method for
night-soil treatment. A genus of photosynthetic
bacteria (purple nonsulfuric bacteria) and Chlorella
were used to decompose the organic matter in
night soil to make it stable. The multiplied photo-
synthetic bacteria and Chloreila contain protein and
can be collected for animal feed. Aerobic digestion
was used for the pretreatment of the night soil. The
digested liquid was then used to culture the
photosynthetic bacteria (PSB). After collection of the
PSB, the remaining liquid was diluted and used to
culture Chlorella. The conditions that produced the
most Chlorella and the best BOD removal were found
to be the use of a culture liquid BOD of 400-420 mg /
litre, a tank depth of 30 cm, and a culture duration of
3 days. (If it were possible to devise a method to use a
greater depth of tank, the land area required and thus
the cost of the process could be reduced.) Following
culture of the Chlorella, the liquid was centrifuged to
collect Chlorella; then it was chlorinated and
discharged. ‘The PSB obtained on a dry basis was
0.4 g / litre of culture liquid, or 0.404 kg (dry basis)
for 1 metric tonne (t) of night soil. Under continuous
operation conditions, Chlorella obtained was 0.831 kg
(dry btasis) for 1 t of night soil.

night-soil treatment; Taiwan; bacteria; algae

3007 Chen, C. S.
Environmental Engineering Division, Asian
Institute of Technology, Bangkok, Thailand
Development of tropical design criteria for biological
disc filtration. Master of Engineering thesis no. 590,
Asian Institute of Technology, Thailand. 104p. 1973,
31 tables. 24 figures. 30 references. 2 appendices
containing 18 figures.

A report on research studies of performance of a
rotating biological disc filter unit incorporating an
anaerobic compartment for solids digestion is given.
For disc areal loadings between 16 g COD / m2d and

The septic tank- with upflow filter (from 2356): F, filter; W, effluent weir; C, effluent channel.
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30 g COD/m2d and influent COD levels ranging
from 300 mg / litre to 4000 mg / litre, COD removal
was 60-85%. Disc areal COD loading was found to
have the greatest effect on total COD and nitrogen
removal efficiencies.

sewage treatment; biological discs; rotating biological
contactors; Asia; design

3008 Devroey, E.
Les installations sanitaires dans les colonies tropicales
et le réseau d’égouts avec stations d’épuration
d’Elisabethville (Congo belge). (Sanitation in the
tropical colonies and sewerage with treatment plants
in Elizabethville (Belgian Congo).) Revue Universelle
des Mines, Belgium. Vol. 15(12). 3-8. December 1939.
4 figures.

A description of rural and urban sanitation,
particularly as applied in the Belgian Congo, is given.
Borehole latrines are used in the rural areas, as are
smoking-pit latrines and earth closets. The septic tank
linked with a percolating or biological filter is the most
common treatment in higher density settlements and
serves up to 100 persons. A sewerage network was
built in Elizabethville in 1923, and treatment is
effected by a combination of settling chambers,
coagulation chambers, and septic tanks with percolat-
ing filters. (Original paper written in French.)

Belgian Congo; borehole latrines; septic tanks;
sewerage; sewage treatment; smoking-pit latrines;
percolating filters

3009 Enayatullah
Environmental Engineering Division, Asian
Institute of Technology, Bangkok, Thailand
Performance of a rotating drum filter in treatment of
wastewaters in the tropics. Master of Engineering
thesis no. 825. Asian Institute of Technology,
Thailand. 97p. 1975. 7 tables. 44 figures. 53
references. 2 appendices containing 6 tables and 11
figures.

Performance testing of a 60-cm diameter floating
rotating biological drum treating two industrial
wastewaters with average BOD concentrations of
4200 and 790 mg / litre is reported. For the two wastes
mentioned, 82 and 98% efficiencies of soluble BOD
removal were achieved at BOD loadings of 143 and
29.5 g / day per m? of surface area of drum packing
corresponding to volumetric BOD loadings of 14 and
2.92 kg / day per m3 of drum. It was recommended
that filter contact chamber volume should be only
large enough to accommodate the drum, otherwise
mixing was poor. An additional study is reported
comparing a 30-cm diameter packed drum with a
12-cm diameter turbine aerator used on pilot scale
lagoons treating domestic sewage.

sewage treatment; rotating biological contactors;
rotating biological drums; tropics; Asia; aerated
lagoons; drum aerators

3010 Gien, I.
Vosloo, P. B. B.
‘Stander, G. J.
Digestion of night soil by an elutriation technique.
Public Health, South Africa. 31-35. January 1957. 1
diagram. 1 table. 1 reference.
Laboratory tests on digestion of night soil with
dilution are reported. Results showed that satisfactory
digestion occurs when at least eight volumes of

" diluting water are added, the effluent then being
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suitable for aerobic treatment. At lower dilutions
ammonia concentrations appear to inhibit digestion;
the pH did not rise above 7.8.

anaerobic digestion; elutriation; excreta

3011 Hindhaugh, G. M. A.
Ward, Ashcroft and Parkman, Liverpool, U.K.
Night-soil treatment. Consulting Engineer, U.K.
Vol. 37(9). 47-49. September 1973. 1 map. 1 diagram.
2 photographs.

The paper describes a nearly completed plant to
treat 190 m3 / d night soil and septic tank sludge by
screening, dilution, disintegration, and aeration in two
lagoons. The lagoons were constructed on reclaimed
land, were lined with synthetic rubber sheeting, and
were each provided with four 56-kW floating aerators.
Effluent would be discharged through a 120-m long
400-mm diameter pipe to Lagos harbour. '

night-soil treatment; Nigeria; septic tanks; sludge;
aerobic digestion; aerated lagoons

3012 Ikeda, I.
Sewage Works Bureau, Yokohama, Japan
Experimental study on treatment of night soil by the
wet air oxidation process. Water Research, U.K.
Vol. 6. 967-979. 1972. 7 diagrams. 3 photographs. 3
references.

The importance of night-soil treatment in Japan is
described. A pilot wet-air oxidation plant with a
capacity of 2.7 t/day dry solids was tested at
Yokohama, Japan, at temperatures around 200 °C
and flow rates around 50 m3 / d. Treated sludge was
stable, easily separated, and dried. Supernatant could
be treated by activated sludge.

night-soil treatment; Japan,; wet-air oxidation

3013 Jahn, S. A.
Dept. of Physiology, University of Khartoum,
Sudan
Sudanese native methods for the purification of Nile
water during the flood season. In Tourbier, J., and
Pierson, R. W., Jr, eds., Biological Control of Water
Poliution. USA. 95-106. University of Pennsylvania
Press. 1976. 4 tables. 3 diagrams. 14 references.

The waters' of the Nile have been traditionally
purified using clay soil as a flocculant, and also a
number of local plants for the same purpose.




Bacteriological studies were done to determine the
effectiveness of these methods. All samples of
untreated water were found to be contaminated with
feces. There is evidence that treatment with clay soil
. reduces E. coli to a certain extent.

Sudan; sanitation; environmental hazards; water
treatment

30i4 Martinez, J. M.
Lagunas de oxidacion con aereacion forzada, criterios
de calculo, diseno y ejecucion. Necesidad de un nuevo
standard para control del efluente. (Aerated lagoons,
design criteria and construction.) XII Inter American
Congress of Sanitary Engineering. Venezuela. 27p.
August 1970. 36 pictures.

The author proposes mechanical aeration as a
viable solution to avoid most of the inconveniences
presented by oxidation ponds. Two projects in
Argentina are given as examples of the results
achieved by introducing mechanical aeration. Trans-
formation of animal organic matter into live
vegetables is suggested as a cost-effective measure for
treatment as opposed to the traditional depuration of
effluents by retention periods. Finally the paper
demonstrates that control of BOD levels alone does
not constitute sufficient criteria to approve or
disapprove industrial wastewater treated in oxidation
ponds. (Original paper written in Spanish.)

Argentina; BOD; cost-benefit; design criteria;
effluents; mechanical aeration; oxidation ponds;
detention .ime; sewage treatment

3015 Matsumoto, J.
Endo, I.
(Both) Dept. of Civil Engineering, Faculty of
Technology, Tohoku University, Sendai, Japan
Anaerobic digestion of night soil. Second Internation-
al Conference on Water Pollution Research, Japan.
Paper No. 2. 13p. August 24-28, 1964. 1 table. 9
figures. 7 references. .

A laboratory experiment on anaerobic digestion of
night soil at temperatures from 30 to 60 °C and
detention time from 3 to 30 days is reported. An
effective temperature range was found to be between
33 and 37 °C with the optimum temperature at 33 °C.
It was concluded that night-soil digesters should not
have less than a 20-day detention time at any
temperature to avoid digester failure.

anaerobic; digestion detention time; excreta

3016 Mijares, C. R.
La desinfeccion del agua en areas tropicales. (Water
disinfection in tropical areas.) Boletin de la Academia
de Ciencias Fisicas, Matematicas y Naturales. No. 87.
Caracas, Venezuela. (Separata.) 19p. 1970. 7 tables. 2
graphs. 21 references.

Relatively little research has been done to
investigate the wide variety of parasite pathogens
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actively present in the tropical zones. Protozoa,
nematodes, pathogen trematodes, etc., are amongst
the organisms frequently found residing in humans
living in the tropics. This paper familiarizes the
sanitary engineer with the effectiveness of the various
treatment processes physical, chemical, and
biological — in destroying such microorganisms.
(Original paper written in Spanish.)

Latin America; Venezuela; tropics; sewage treatment;
bacteria; viruses; Protozoa; parasites; Salmonella;
Shigella; enterovirus; biological treatment

3017 Muga, E.
Socio-economic conditions which pertain to cost of
construction and operation of water and sewage
treatment facilities and quantity of water consumption
in Kenya. A report prepared for the U.S. AID project
on Lower Cost Methods of Water and Wastewater
Treatment in Less Developed Countries. USA. 1976.
This report entails a detailed analysis of the
socioeconomic conditions that pertain to cost of
construction and operation of water and sewage
treatment facilities and quantity of water consumption
in Kenya. It was stated that rational planning for the
supply of adequate water and wastewater facilities,
their operation and maintenance, and the total cost of
construction of such facilities consider many factors,
derived as a result of this study. Because of the
African traditional way of life many people are not in
favour of shared water and wastewater facilities.
However, communal water points may be necessary
where there are those who cannot pay for their water.
Where it is not possible to construct more sophisticat-
ed water supply and wastewater facilities due to lack
of funds, it might be advisable to use pit latrines,
which would be cheaper to construct and maintain.

Kenya; sewage treatment,; socioeconomic

3018 Pescod, M. B.
Nair, J. V.
(Both) Environmental Engineering Division,
Asian Institute of Technology, Bangkok,
Thailand
Biclogical disc filtration for tropical waste treatment:
experimental studies. Water Research, U.K. Vol. 6.
1509-1523. 1972. 1 table. 12 figures. 10 references.
Experimental studies on organic wastewater
treatment under tropical conditions using biological
disc filtration units incorporating an anaerobic
digestion are reported. Up to 95% COD removal was
achieved in treating a waste with COD near 1009
mg / litre_at an aerobic volumetric loading of 4 kg
COD /m3 day, giving 6 h detention. An anaerobic
compartment with the same capacity as the aerobic
section gave a high degree of digestion of biological
solids sloughing off the rotating discs.

sewage treatment; biological discs; rotating biological
contactors; tropics




Pillai, S. G.
Mohanrao, G. J.
Prabhakaro Rao, V. S.
Sastry, C. A.
Subrahmanyam, P. V. R,
Natarajan, C. V.
(All) Department of Biochemistry, Indian
Institute of Science, Bangalore, India
Natural purification of flowing sewage. Current
Science, India. Vol. 29. 461-465. December 1960. 4
photographs. 4 tables. 7 references.
B The object of this paper is to describe conditions,
particularly at Bangalore, India, under which some 16
million gal (72.7 million litres) of sewage flows daily
down on the outskirts of the town and purifies itself
naturally without any treatment. Bangalore is an
inland town situated on the Deccan Plateau at a height
of about 3000 ft (ca. 900 m) above sea level. Its
temperature ranges from 46 to 102 °F (7.7-38.8 °C) in
the winter and summer, respectively. The population
of Bangalore during the investigation period is
reported to have been 1.4 million and the daily water
consumption about 17 million gal (77 million litres).
Most areas of Bangalore are provided with under-
ground sewerage systems. The bulk of the sewage is
taken to three outfalls from which the sewage is
allowed to flow down in three natural channels having
varying gradients, viz., 1:50, 1:100, and 1:800. It has
been observed that the turbid, foul liquid flowing in
these channels becomes clear and is oxidized to an
appreciable extent after its flow over a distance
generally of 1 to 5 miles (1.6-8 km), depending on the
channel gradients. The purified effluent is then used
by the villagers in the vicinity for irrigating the land,
raising crops, and washing purposes. No pathogenic
organisms have been found at the point where the
liquid is used for washing but the presence of total
bacteria at densities 3000 to 10 000 numbers per
millilitre is reported. A close study of the natural
treatment process has revealed that the important
factors influencing purification of the flowing sewage
include: (a) adequate agitation or turbulence of the
sewage and other conditions in the channel, which
facilitate the dissolution of oxygen to the extent of
about 3.5 mg / litre. This evidence is supported by the
fact that, for the channel having the gradient of 1:50,
distance from the outfall at which sewage is
completely purified is 1.29 miles (2.08 km), while for
the channels having the gradients of 1:100 and 1:800,
the required flow distances are over 4 miles (6.4 km);
(b) the consequent development in large numbers of
ciliated Protozoa in the clarification zone of the
channels. These organisms provide flocculating
activity and clarification of the sewage. Apart from
that, they bring about nitrification that results in
removal of ammonia and amino acids from the
sewage. The quality of the final effluents from these
channels is reported to be similar to that from the
activated sludge process. Observations have also been
made at other locations in India on the flowing
sewage. The authors made conclusions from these
investigations that the extent of agitation of the
sewage during its flow is a basic factor in the process

3019
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of natural purification as it influences the initial
oxygenation of the sewage, development of the
Protozoa, and the consequent changes leading to
purification. When, however, sewage flowed down in
a more or less contour channel, it could not be
oxygenated or purified to any appreciable extent even
after its flow over a distance of 5 miles (8 km).

India; natural purification; sewage

3020 Reid, G. W.
Bureau of Water and Environmental Resources
Research, University of Oklahoma, Norman,
Oklahoma, USA

Final report: lower cost methods of water and
wastewater treatment in less developed countries
(LDC). A report submitted to the Office of Health,
U.S. AID, under Contract No. AID / CM-ta-C-73-13.
28p. 1 March 1977. 7 figures. 5 tables. 6 references. 6
annexes.

The specific products of this research project are: a
predictive or selection model supported with cost and
demand analysis, computer and manual user guides,
and an in-country supportable analytical kit. In
addition a data classification and collection system
was developed along with in-depth state-of-the-arts
involving historic, unpublished, and published
sources. Selected studies were made of the *high
make” technologies, at global sites, of both water and
wastewater treatment in terms of not only economic
performance but of consumer acceptance. The models
were tested for consumer acceptance and the field
analytical kit was also tested for complete in-country
capability i0 monitor water and wastewater treatment
devices.

developing countries; sewage treatment; mathematical
models

Reid, G. W.
Bureau of Water and Environmental Resources
Research, University of Oklahoma, Norman,
Oklahoma, USA

3021

Discenza, R.
University of Maine, Orono, Maine, USA
Prediction methodology for suitable water and
wastewater processes. A report prepared by the Office
of Research Administration, University of Oklahoma,
USA for the U.S. AID. USA. October 1976.

A predictive model was developed to help planners
select suitable water and wastewater treatment
processes appropriate to the material and manpower
resource capabilities of particular countries at
particular times. This model was computerized and a
manual approach was developed. The model brings
together a number of critical inputs relating to the
effective installation and use of various water and
wastewater treatment methods, processes, and
combinations of processes. The output of the model is
a list of the plausible alternatives for water and(or)
wastewater treatment in developing country com-



munities. This output allows planners or project
engineers to look at all the plausible processes and
their related construction costs, plus the operation,
maintenance, and manpower requirements associated
with each of the various processes. This technique will
eliminate the problem of overlooking good processes
for water and wastewater treatment.

computer models; developing countries; sewage
treatment
3022 Reid, G. W,

Bureau of Water and Environmental Resources
Research, University of Oklahoma, Norman,
Oklahoma, USA
Discenza, R.
University of Maine, Orono, Maine, USA
Prediction methodology for suitable water & waste-
water processes. Supplement 1 manual computation
method. A report prepared by the Office of Research
Administration, University of Oklahoma, USA for
the U.S. AID. USA. 21p. October 1975. 4 tables.
The selection of the most appropriate water and
wastewater treatment method for developing countries
by using the predictive model is not limited to
situations where an electronic computer is available. A
manual computation method has also been devised
consisting of 12 steps: first, weights are assigned to the
data, which will determine the socio-technical level of
the community under consideration. Next, determina-
tion is made from information from the data form of
the availability of the operation equipment, process
materials, operation and maintenance supplies, and
chemical supplies, and comparison is made with the
basic processes and their manpower and resource
requirements. Comparisons are also made either of
the water quality of the community or the volume of
receiving water, with the criteria given for a list of
various combinations of processes. Feasible processes
for the community have been identified at this point.
Costs for the various feasible combinations of
processes can be determined from data for the various
water treatment costs contained in Appendix D of the
model and the current population of the community.
The final step is selection of the lowest total cost or the
lowest maintenance cost combination of processes.

developing countries; sewage treatment; computer
rodels

3023 Reid, G. W.
. Muiga, M. L.
(Both) Bureau of Water and Environmental
Resources Research, University of Oklahoma,
Norman, Oklahoma, USA
A mathematical model for predicting water demand,
waste water disposal and cost of water and waste
water treatment- systems in developing countries. A
report prepared by the Office of Research Administra-
tion, University of Oklahoma, USA for the U.S. AID.
USA. 1140p. January 1976. 15 tables. 5 figures. 54
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references. 4 appendices.

This study uses mathematical modeling techniques
to develop predictive equations for water supply and
wastewater disposal models in developing countries
utilizing socioecoromic, environmental, and tech-
nological indicators. Predictive equations are develop-
ed for three regions (Africa, Asia, and Latin America)
for water demand, wastewater amounts, and construc-
tion and operation and maintenance costs of slow
sand filter, rapid sand filter, stabilization lagoon,
aerated lagoon, activated sludge, and trickling filter
processes. The primary objective of this study was to
provide engineers, planners, and appropriate public
officials in developing countries with an innovative
technique for more effective development of in-coun-
try water resources. Data analysis indicated that water
demand is a function of population, income, and a
technological indicator (percentage of households
connected to water supply), while wastewater disposal
was found to be a function of water demand, and two
technological indicators (percentage of homes con-
nected to public sewerage systems and percentage of
household systems). The predictive equations for
water treatment costs were found to be a function of a
technological indicator (percentage cost of imported
water supply materials), population, and the design
capacity. The variables that gave the best correlation
for wastewater treatment costs were population,
design capacity, and the percentage of imported
wastewater disposal materials.

developing countries; mathematical models; sewage

3024 Reyes, W. L.
Kruse, C. W.
' Batson, M. S. C.
(All) School of Hygiene and Public Health,
Johns Hopkins University, Maryland, USA
The effect of aerobic and anaerobic digestion on eggs
of ascaris Lumbricoides var. suum in night-soil.
American Journal of Tropical Medicine and Hygiene,
USA. Vol. 12(1). 46-55. 1963. 2 tables. 4 figures. 10
references.

Aerobic and anaerobic batch digestions of night
soil seeded with eggs of pig Ascaris as a test organism
have been investigated at various temperatures to
determine whether the eggs are preserved, cultured, or
destroyed. The authors report that in neither system is
the destruction of eggs complete at the end of
night-soil stabilization, unless temperatures are held at
or above 38 °C for the anaerobic and 45 °C for the
aerobic digestion. Below 38 °C for anaerobic and
45 °C for aerobic night-soil digestion, apparently
viable Ascaris eggs in anaerobic digestion remain at
the single-cell stage, while for aerobic digestion, the
apparently viable Ascaris eggs develop to multicell
stages with some reaching the infective larval stage. At
these temperatures, night soil is well digested and
drainable in about 30 days of anaerobic and 20 days of
aerobic digestion. Simple heating of raw night soil at
55 °C for 20 min can also provide public health safety
but this process has some practical objections because




the undigested nigh} soil has offensive odours and
poor dewatering characteristics.

excreta; aerobic digestion; anaerobic digestion;
Ascaris; public health

3025 Ruderman, P.
Pflucker, J.
Espinoza, R.
Brown, J. C.
(All) Organizacion Panamericana de la Salud,
Uriversidad Nacional de Ingenieria, Facultad de
Ingenieria Sanitaria, Lima, Peru
Curso sobre financiacion de obras sanitarias. (Course
on financing of sanitary works.) Universidad Nacional
de Ingenieria, Facultad de Ingenieria Sanitaria, Lima,
Peru. July 1968. 26 tables. 21 graphs. 4 references. 4
papers.

This course is designed to make the sanitary
engineer aware of the input once played by sanitation
in the overall development process of Latin America.
The four papers presented touched on different
aspects of economics, finances, and engineering
specifically applied to sanitation. Through the use of
several practice examples, the course teaches how to
evaluate cost and benefits, how to design functional
tariff structures that allow systems to be self
sufficient, and how to maximize the benefits from the
scarce resources available. (Original paper written in

Spanish.)

Latin America; sanitation; rural; financing; cost-
benefit

3026
Secretaria de Recursos Hidraulicos, Mexico

Sistemas economicos de tratamiento. (Low cost
systems for waste water treatment.) Direccion General
de Usos del Agua y Prevencion de la Contaminacion,
Direccion del Centro de Investigaciones y Entrena-
miento, Contrato No. SP-73-C-16, Clave UAPC
73-16, Mexico. 1974. 13 chapters. 37 tables. 42
figures.

Laboratory modeling and field investigations were
designed to evaluate technically and economically
seven of the most widely used alternatives for
wastewater treatment in Mexico, giving special interest
to stabilization ponds, and its application to cities
whose populations range was between 500 and 50 000
inhabitants. The study concludes that stabilization
ponds proved to be the best alternative, given the
social, technical, and environmental conditions of the
country and highlighted the need to develop design
manuals for sewage treatment in small communities.
(Original paper written in Spanish.)

Mexico; economics; extended aeration; Imhoff tanks;
primary treatment; secondary treatment; septic tanks;
Stabilization ponds; sewage treatment

3027 Sieberg, D.
Estudio comparativo de costos de construccién,
operaciOn y mantenimiento para diferentes tipos de
plantas de tratamiento de aguas residuales para
poblaciones de 1 000 a 150 000. (Comparative study of
the construction, operation and maintenance costs for
wastewater treatment plants in communities from
1000 to 150,000 inhabitants.) XIII Congreso Inter-
americano de Ingenieria Sanitaria, Paraguay. August
1972, 42 tables. 13 figures. 3 graphs.

The paper is oriented to aiding the engineer in the
selection of the different alternatives for wastewater
treatment. It analyzes the major factors that enter into
the decision-making process. A comparative study on
the costs and alternatives for small communities is
presented taking into consideration manpower, re-
source availability, soil characteristics, land availabili-
ty, etc. (Original paper written in Spanish.)

wastewater treatment plants; activated sludge;
construction; costs; design; extended aeration;
lagoons; maintenance; oxidation ponds; percolating
Jilters

3028 Yanez, F.
Centro Paramericano de Ingenieria Sanitaria y
Ciencias del Ambiente (CEPIS), Lima, Peru
Consideraciones en la selecciébn y aplicaciéon de
tecnologias de tratamiento. (Considerations in the
selection and application of wastewater treatment
technologies.) Simposio sobre Tratamiento y Disposi-
cion de Aguas Sanitarias Centro Panamericano de
Ingenieria Sanitaria y Ciencias del Ambiente, Buenos
Aires, Argentina. 31p. June 1976. 10 figures. 6 tables.
28 references.

This paper evaluates several alternatives for
wastewater treatment, emphasizing those of lower
costs in developing countries. Needs of engineering
working levels for each alternative are discussed.
Financial considerations for selecting a given tech-
nology are presenied for each case; the possibility of
saving up to one-third of the energy consumption by
intermittent operation of aerators in the deep
oxidation ditch is discussed. (Original paper written in
Spanish.)

wastewater; activated sludge; aeration; dissolved
oxygen; stabilization ponds; sewage treatment;
extended aeration; energy conservation

3029
Ross Institute of Tropical Hygiene, London
School of Hygiene and Tropical Medicine,
London, U.K.
Sanitation in developing countries today. A confer-
ence sponsored by Oxfam with the Ross Institute of
Tropical Hygiene, 5-9 July 1977, Pembroke College,
Oxford, England. 23p. Bulletin No. 2. October 1977.
Reports of six working groups on: pit latrines and
derivatives; composting latrines; aqua-privies, septic
tanks, and derivatives; bucket latrines or vaults with
cartage systems; provision of sanitation for the urban
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poor; and the reuse or reclamation of sewage for
fertilizer, fuel, or other purposes, cover the most
urgent topics of sanitation and provide a global
state-of-the-art review of alternatives that are avail-
able to conventional sewage systems.

it latrines; composting toilets; aqua-privies; cartage;
urban

3.1 Cartage

3101

Camp Dresser and McKee International Inc.,

Boston, Massachusetts, USA
Sewerage planning in the greater Taipei area. A
Master Plan Report WHO / UNDP / SF / CHA-27
prepared for the World Health Organization as
Executing Agency for the United Nations Develop-
ment Programme. Vol. II. Technical report. Part 2.
“Interim Measures for Nightsoil Disposal.” 175-197.
Vol. IV. Appendix XVII. “Data from Japan.”
XVII 7 1-XVII / 13. 1970. Part 2. 5 tables. 7 figures.
Appendix XVII. 8 figures.
8 In most parts of Taiwan, including Taipei, older
buildings have night-soil latrines and newer ones have
flush toilets with septic tanks. Removal of night soil
from the latrine vaults is done pericdically either by
public collection services or by private individuals
through vacuum trucks and manual cartages (using
dippers and buckets). The estimated quantities of
night soil generated in 1969 are 1600 m3 / day in the
urban areas and 300 m3 / day in rural areas. Some of
the night soil is used as fertilizers in agriculture and
some is dumped into local drains, canals, and the main
rivers. Although several covered detention tanks have
been constructed for the purpose of destroying
pathogenic organisms before the night soil is used by
farmers, or alternatively, of reducing the oxygen
demand before discharge to the rivers, the retention
period (10 days) is reported to be too short for any
effective treatment. Another finding is that more than
half of the latrine vaults surveyed are very insanitary,
from which it is estimated that the cost of converting
the night-soil latrines to flush toilets with suitable
septic tanks would be less than the resulting economic
benefit deriving from improved health, even without
considering esthetic and other social benefits, as long
as the new facilities will have a useful life of
approximately 5§ years or more. Treatment of night
soil to make it safe for agricultural use is technically
but not economically feasible. A carefully planned
disposal or dumping of night soil into the river or
estuary is considered practical because of the relatively
small portion of total organic pollution load that
would be contributed from the night soil. As soon as
sanitary sewers are available, night soil should be
dumped -into them for disposal with sewage. A
night-soil dumping station is needed to be included in
the sewerage program. A survey of night-soil data
from Japan reveals that the population served by
public night-soil collection and disposal facilities is

about six times that served by sewerage systems.
Collection is usually done by vacuum tanker truck,
because of the inefficiency and insanitary nature of
collzction by dipper and bucket. The general nature of
the ‘latrine and that of the night soil are simi'ar to
those in Taipei, except that a good deal of newspaper
is introduced, which must be removed before
treatment. Several treatment and disposal methods
that have been tried include: (a) chemical condition-
ing; (b) anaerobic digestion; (c) wet oxidation; (d)
activated sludge treatment (small plants only because
of expense); and (e) ocean disposal by barge and
pipeline. Sewerage progress in Japan is reported to be
slow and resulted in several years (5-20 years) delay
between the start of construction and completion of
the basic components necessary for an operating
system. The major causes of delay involve high cost
and difficulty in sewer construction and the need for
public education on the need and desirability of the
installation of modern plumbing including flush
toilets.

Taiwan; Japan; night-soil treatment; night-soil
disposal; flush toilets; septic tanks; vacuum trucks;
cartage; dipper and bucket; health; sewerage; cost-
benefit; conservancy tanks

3102
Camp Dresser and McKee International Inc.,
Boston, Massachusetts, USA
Supporting material concerning nightsoil, Appendix
X. Sewerage Planning in the Greater Taipei Area. A
Master Plan Report prepared for the World Health
Organization as Executing Agency for the United
Nations Development Programme. Taipei. Vol. IV,
Appendices. C/ 1-X / 17. 1970. 3 tables.

A survey was made of a random sampling of 1286
latrines served by truck collection in Taipei. The data
were accumulated by a questionnaire that covered the
characteristics of the households, the condition of the
latrines, and the social habits of the usars. The survey
questionnaire is discussed in detail. A check survey
showed up certain discrepancies in surveying tech-
niques.

Taiwan; conservancy tanks; truck collection; public
opinion; disease; public health; urban; hygiene;
customs; household; economics; surveys; excreta

3103

CBA Engineering Ltd., Vancouver, Canada
Belize City, feasibility study, water supply snd
sewerage. Report No. 7321. Prepared for the
Canadian International Development Agency. Vol. 2.
Water Supply and Sewerage. 6-1 - 6-9. December
1973. 2 figures.

A sani-station system is proposed for Belize City
for the disposal of excreta and sullage. The system,
which can be used as a private facility or public
facility, consists of an on-site holding tank and a
dump tank for discharging of the waste to the ocean.




Transportation of wastes from the holding tank to the
dump tank is done by buckets.

Belize City; excreta; greywater; disposal; dump tanks;
bucket latrines

3104
Maclaren International Ltd., Willowdale, On-
tario, Canada
Master plans for wastes disposal and drainage,
Ibadan, Nigeria. Vol. III. “Sewerage.” Report
prepared for WHO acting as Executing Agency for
UNDP. Nigeria. 287p. May 1971. 45 figures. 96
tables.

A conservancy system is practiced in Ibadan. Night
soil is collected manually at storage depots, and thence
removed by truck to trenching grounds outside the
town. Operating problems of this system are described
and improvements recommended. Night-soil waste
stabilization ponds are proposed. A general sewerage
plan, including improved aqua-privies and public
toilets, is also proposed.
Nigeria; conservancy systems; truck collection;
stabilization ponds; sewers

3105
Central Public Health Engineering Research
~ Institute, Nagpur, India
Night soil wheel barrows. Technical Digest No, 32,
Central Public Health Engineering Research Institute,
India. 1p. August 1972. 1 diagram. 1 table.

Designs for night-soil wheelbarrows intended for
use by scavengers are given. Public health and
personal hygiene are improved by using closed buckets
mounted on a pushcart.

cartage; design; public health; community; India;
night-soil collection; excreta

3106
Projects Department, Europe, Middle East and
North Africa Regional Office, International
Bank for Reconstruction and Development,
Washington, D.C., USA
Appraisal of the Kabul water supply and sanitation
project Afghanistan. International Bank for Recon-
struction and Development. Report No. 746-AF.
USA. 27p of main text and 32 of annexes. May 1975.
14 annexes. 9 tables. 4 graphs. 1 map.

Water supply in Kabul is totally inadequate for the
community requirements. Supply is intermitt¢nt for a
few hours daily. Proposed works to improve water
supply include the drilling of 20 deep wells and

‘construction of rusted transmission and storage
facilities. Over 200 km of distribution mains will be
laid. In addition the project would improve sanitation
by financing modifications to 8000 household latrines
and the purchase of vehicles and trailers to collect
night soil on a regular basis; the total cost is estimated
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at US$ 11 million. The Afghan Water Supply and
Sewerage Authority (AWSSA) will be the executing
agency. Feasibility studies were prepared by Proctor
and Redfern International Ltd. (PRIL) of Canada.

Afghanistan; water supply; sewerage; urban; sanita-
tion; night-soil collection; household

3107

Directorate General of Health Services, Ministry

of Health, New Delhi, India
Urban latrines (conservancy type) and public urinals.
Central Public Health Engineering Organization,
Directorate General of Health Services, Ministry of
Health, New Delhi, India. 13p. 1965. 4 appendices.

Two-thirds of the urban population in India are

not served by sewers and the conservancy system
remains the most popular method of excreta disposal.
Water-seal toilets are proposed as a method of
upgrading pit latrines into septic tanks. These can be
built safely to discharge effluent in sandy soil. In poor
soils the effluent will have to be removed periodically
by truck. Removal of night soil can be improved by
use of mechanized vehicles instead of night-soil
depots.

India; latrines; urinals; night-soil collection; conser-
vancy systems

3108 Hennessy, P. V.

Langer, W. F.

Lin, Y. S.

Rhodes, F.

(All) James M. Montgomery Consulting
Engineers Inc., Pasadena, California, USA

Master plan for development of water supply,

sewerage and drainage for Khulna, East Pakistan.

Sect. IV. “Proposed Sewerage System” from an

unpublished report to the Directorate of Public Health

Engineering, Government of East Pakistan. USA.

23p. April 30, 1965, 7 tables. 7 figures.

Phase 1 of a proposed sewerage system for a city of
265 000 persons includes the construction of public
latrines and the removal of night soil by vacuum truck
to treatment ponds, as well as water supply via street
hydrants. Future phases will include widespread water
distribution and full sewerage and treatment in
oxidation ponds. Investigation of the present econom-
ic level, family income, and tax structure of the city of
Khulna indicates that the community could not repay
the capital costs of even the phase 1 program.

East Pakistan; economics; excreta; sewerage

Hillmer, T. J., Jr
U.S. Environmenta! Protection Agency, Wash-
ington, D.C., USA
Transporting liquid sewage sludge by tank truck: an
economic perspective. Compost Science, USA. Vol.
17(4). 28-32. September / October 1976. 6 figures. 7

3109



references.

Costs of sewage sludge transportation in 15
municipalities throughout the United States of
America are presented in graphic models. These
economic analyses, which include factors such as
mileage of hauling, loading and unloading times, and
percentage solids of the sludge, are intended for
decision-makers as an aid in environmental planning.

sludge; USA,; economics; planning; mileage; vacuum
trucks

k)N L) Hogg, C.
Dyer, E. A.

(Both) J.D. and D.M. Watson, U.K.

Main sewerage and sewage purification, Kuala

Lumpur, Malaya. Proc. Conf. Civil Engineering

Problems Overseas, U.K. The Institution of Civil

Engineers. 173-185. 1958. 5 figures. Appendix.
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completed foul sewerage system at Kuala Lumpur are
described. At the Pantai sewage treatment works,
night-soil collection vehicles would unload buckets
and be washed by pressure hoses. Bucket contents and
washwater were pumped into sludge-digestion tanks
where they were mixed with primary sludge. Digested
sludge was dried on open beds.

sewerage; sewage treatment; Malaysia; night-soil
treatment; vacuum trucks

3111 Huat, T. T.
Sewerage Branch, Public Works Department,
Singapore

Sewerage, sewage treatment and disposal in Singa-
pore. Regional Workshop on Water Resources
Environment and National Development, Singapore.
Vol. 2. Selected papers. 143-180. 13-17 March 1972. 9
figures. 3 tables. 6 references.

Despite the existence of a waterborne sewerage
system since 1915, some 700 000 people (34% of the
population) in Singapore are served by a bucket
night-soil collection system, partly operated by the
Ministry of Health and partly by private contractors.
The night-soil is dumped into three special night-soil
pumping stations from where it is pumped to one of
the two main sewage treatment works. The night soil is
digested anaerobically in admixture with sewage
sludge. The paper also gives full descriptions of
Singapore’s sewage treatment works.

Singapore; sewerage; sewage treatment; excreta

3112 Lien, J. C.
Camp Dresser and McKee International Inc.,
Boston, Massachusetts, USA

Preliminary report on the flies breeding in latrine
vaults in the Greater Taipei Area. Sewerage Planning
in the Greater Taipei Area. A Master Plan Report

prepared for the World Health Organization as

92

Executing Agency for the United Nations Develop-
ment Programme. Vol. IV. Appendix X. X/ 18-
X/ 21. 1970. 1 table. 9 references.

This is a report of a study of the species of flies
breeding in latrine vaults in 14 districts of Taipei. The

----- -

largest percentage identified were Chrysoma magace-
Dphala (blow flies) and Boettcherisca peregrina (flesh
flies). In addition, Hermetia illucens (soldier flies),
Telematoscopus albipunacatus (moth flies), and
Brachymeria paraplesia (Chalcidids) were found.
Public health implications of fly breeding are

discussed.

truck collection, diseases; public health; latrine vaults;
Slies; Taiwan; night soil; urban

3113 McGarry, M. G.
International Development Research Centre,

Ottawa, Canada

Navalnning conntry canitatinn A
.’"".v.’..‘s WAFMEIES Y OSIMLISIIURIY [

the International Development Research Centre,
Canada. Chap. 5 “The Choice Between Technology.”
5.1-5.21. 1972. 3 figures. 6 tables. 2 references.

This chapter deals with a decision-making process
to determine the most cost-effective wastewater
management system for a town of evenly distributed
population, 1 km2 in area. The kilometre analysis and
assessment are done through a cost/ sensitivity
exercise on a well-defined hypothetical urban model.
Four technologies considered include (i) the conven-
tional sanitary sewerage system, (ii) the aqua-privy
cum sewer system, (iii) the Japanese vacuum truck and
household vault, and (iv) the septic tank. On a
comparative basis, the vacuum truck and vault is more
attractive than the other systems because of its low
capital cost and annual costs and there is little change
in unit costs over population densities under variations
in interest rates. However, each of the above systems
has trade-offs in itself and further investigations are
recommended for each specific location condition.
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cost-benefit; sanitation; sewerage; aqua-privies;
vacuum trucks; septic tanks
3114 McGarry, M. G.

International Development Research Centre,

Ottawa, Canada
Waste collection in hot climates ... a technical and
economic appraisal. In Feachem, R., McGarry, M.
G., and Mara, D., eds., “Water, Wastes and Hzalth in
Hot Climates.” A Wiley-Interscience Publication,
U.K. ISBN 0-471-99410-3. Chap. 13. 239-263. 1977. 6
figures. 10 references.
O A broad spectrum of technologies available to
rural and urban areas of developing countries for
hygienic excreta disposal is described. The pit privy,
borehole latrines, PRAI latrines, overhung latrine or
the fueillée, and excreta composting and the biogas
plant have been employed for rural sanitation. Other
systems for urban sanitation include the septic tank,
conventional sanitary sewerage, bucket latrine, aqua-




privy, aqua-privy-sewerage system, vacuum truck and
vault, compost toilet, and chemical and other
individual toilet units. The choice for any of the above
technologies depends on many criteria. Under
empirical conditions, the vacuum truck and vault was
found to have the lowest costs when compared to the
other urban sanitation systems.

excreta disposal; costs; urban; rural; developing
countries

3115
Lagos Executiv
Africa
The sanitation of Lagos. Journal of the Institution of
Municipal Engineers, U.K. Vol. 88(12). 441-446.
December 1961. 1 photograph. 1 map. 1 diagram. 1
table.

This paper describes a century of sanitary progress
in Lagos, Nigeria. A system used for night-soil
collection beiween 1907 and 1933 is described.
Subsequent improvements in sanitation are outlined.

\

Miller, N.

L,
e Development Board, Nigeria,

Nigeria; night-soil collection
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(@) Night-soil container (made from 24-gauge galvan-
ized iron sheet) and scraper. (b) Night-soil bucket and
scraper. (c) Wheelbarrow for three or six buckets
(from 3116). (Designs by Department of Social
Welfare, Ahmadabad.)

93

Mohanrao, G. J.
Central Public Health Engineering Research
Institute (CPHERI), Nagpur, India
Waste collection, treatment and disposal in India.
Indian Journal of Environmental Health, India. Vol.
15(3). 222-235. July 1973. 6 tables. 7 references.

The present deficiency of sewerage in India and the
high cost of providing it for those not served lead the
author to query whether satisfactory alternatives to
water-carried sewerage can be found. In India the
majority of sewage is at present discharged untreated
to land or water. Waste stabilization ponds can
provide a lower-cost alternative to conventional
treatment, 70% of the urban population is still
served by bucket latrines, and efficient treatment of
night soil should be developed. Improved refuse
collection methods are needed.

16

atmant Abeut

India; sewerage; night-soil treatment; sewage treat-
ment

3117 Morrow, D.
Sanitary waste disposal in low-income communities in
Jakarta. Unpublished report Workshop II. Public
Policy Program. 77p. May 6, 1975. Bibliography.
The present conditions with regard to waste-
disposal practices in Jakarta are described, with
particular reference to health dangers and environ-
mental pollution. Various alternatives are described
and their feasibility evaluated. The author concludes
that a night-soil collection system, utilizing vacuum
carts and steam pasteurization and eventual use as
fertilizer, is not only the most economic but has the

best chance of easy implementation.

Indonesia; urban; collection; vacuum trucks; aqua-
privies; sanitation; economics; excreta

Pradt, L. A.
Zimpro Inc., Rothschild, Wisconsin, USA
Some recent developments in night soil treatment.
Water Research, U.K. Vol. 5. 507-521. 1971. 4 tables.
5 figures. 15 references.

The collection and treatment of night soil in
present day Japanese cities is described. Three
treatment processes (digestion, chemical treatment,
and aerobic oxidation) are described in detail. The
author concludes that the night-soil collection and
treatment systems as practiced in Japan are more
practical for most Asian and undeideveioped com-
munities than a Western-style waterborne system, at
least for the next 10-20 years.

3118

Japan; collection; vacuum trucks; economics; wet-air
oxidation; aqua-privies; conservancy tanks; sewage
treatment; excreta

Tabago, J. L.
Asian Institute of Technology, Bangkok,
Thailand

3119



Evaluation of night soil collection, treatment and
utilization in agriculture. Master thesis No. 586. Asian
Institute of Technology, Thailand. 111p. October
1973. 30 tables. 15 figures. 44 references.

W A promising alternative waste-disposal system for
urban areas in developing countries is that of
night-soil (excreta) collection by vacuum trucks,
treatment, and utilization. The night-soil collection
operation for a residential city or town of 50 000
population would require about 17 units of 8-m3 tank
truck at an 8-h working day. For a 16-h working
period (two shifts), nine units of the tank truck would
be needed. The cost of night-soil collection depends on
many factors but the use of the larger tank truck and
transfer stations (tank trailers) will significantly
reduce the unit cost of the collection. For a system
using an 8-m3 tank truck with a crew of two, a
collection frequency at 2-week intervals, an amount of
flushing water at 2 litres / capita-day, and the distance
of the collection area to treatment plant equal to 2 km

the collection cost is estimated to be U.S. $ 0.40 / m5
or U.S. $ 0.60 / capita-year. A laboratory study indi-
cated that destruction of the harbouring parasites
including ascarid eggs in the night soil can be
accomiplished by moist heat treatment under atmos-
pheric pressure at 60 °C and an exposure time of 10
min. The proposed heat treatment facilities include a
receiving facility for the collected raw night soil, heat
exchanges, and a temporary storage coupled to a series
of anaerobic and aerctic lagoons having a required
area of 3.0 hectares. The boiler capacity is estimated at
1880 kg steam / h that could treat night soil at a rate
of 25 m3/h. The cost of this treatment system is
estimated to be U.S. $ 0.30/m3 or U.S. $0.45/

capita-year. The overall cost of night-soil collection
and treatment is therefore U.S. $0.70 /m3 or U.S.

$ 1.05 / capita-year. Consnderm‘, g the fertilizer value of
night soil (U.S. § 3.5-4. 5 /.m3) and the cost of land
application (U.S. $ 1/ m3), the treated night soil may
be sold at about U.S. § 2.5-3.5/ m3. These analyses
imply that the collection and treatment of night soil is
economically feasible provided that a market ex1sts for
the utilization of the umzn waste,

collection; Thailand; vacuum trucks; reuse; Ascaris;
pasteurization; excreta

3120 Thomas, R. H.
Camp Dresser and McKee Internationai Inc.,
Boston, Massachusetts, USA

Wastewater system for Taipei, Taiwan. Journal of the
Water Pollution Control Federation, USA. Vol. 44(8).
1611-1622. August 1972, 4 diagrams. 4 tables. 1
reference.

The present night-soil collection method is
described. Alternative water-carried sewerage systems
are compared and some details are given of the
proposed system, which includes a staging program
- and construction costs. Partly treated sewage would
 be discharged to sea. The proposal includes a
night-soil dumping station for six vehicles. Night soil
and washwater would pass to the sewer.
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Taiwan; sewerage; sewage treatment; excreta

3121 Briscoe, J.
Epidemiology Division, Cholera Research Lab-
oratory, Dacca, Bangladesh

The organisation of labour and the use of human and
other organic resources in rural areas of the Indian
subcontinent. Sanitation in Developing Countries
Today, a conference sponsored by Oxfam and the
Ross Institute of Tropical Hygiene, 59 July 1977,
Pembroke College, Oxford, England. 10p. (To be
published in the book “Sanitation in Developing
Countries Today,” by John Wiley & Sons, October
1978.) 52 references.

The author has examined the ways in which the
distribution and use of organic resources in Bangla-
desh and other parts of the Indian subcontinent are
affected by the forms of labour organization.
Presently underutilized resources like human excreta
may be most easily mobilized since the use of these
resources, it is assumed, is not severely constrained by
social relationships. Adoption of improved tech-
nologies for the use of limited resources is hastening
the deterioration of the resource base for the poor.
Use of human excreta might shore up this base, but
the Indian experience shows that unless programs are
explicitly tailored for the poor, these programs are
likely to exacerbate an already inequitable distribution
of resources.

organic wastes; rural, Bangladesh; India; socio-
economic

3122 Kochar, V.
Dept. of Preventive and Social Medicine,
Institute of Medical Sciences, Benaras Hindu
University, Varanasi 221005, India

Intrinsic regulators of man-parasite interactions:

culture patterns and human behavior relevant to

hygiene, sanitation and disposal of excreta in a rural

W. Bengal region. Sanitation in Developing Countries

Today, a conference sponsored by Oxfam with the

Ross Institute of Tropical Eygiene, 5-9 July 1977,

Pembroke College, Oxford, England. 23p. (To be

publisied in a book “Sanitation in Developing

Countries Today,” by John Wiley & Sons, October

1978.) 3 tables. 2 figures. 24 references.

This paper describes the attempts that were made
to develop a quantitative index of sanitation for
households to explore the relationship of such an
index to social and heaith variables. A scoring method
was developed after analyzing common indicators
such as condition of ponds, condition of cattle sheds,
etc. Such indexes, even though very crude, showed
moderate to strong association with other social
variables, namely: family occupation, caste, socio-
economic status, family size. It is concluded that the
goal of sanitary latrines and use of shoes may be able
to answer thé problems associated with the spread of
fecal diseases but will have to wait for many, many
years to diffuse in the whole rural population. The
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behavioural control measures (which are cheap,
feasible, and acceptable) offer a chance of some relief
and benefit in the immediate future.

sanitation; health; hygiene; India; socioeconomic

3.2 Waterborne

3201
Asia Projects Department, International Bank
for Reconstruction and Development, Washing-
ton, D.C., USA
Appraisal of Bombay water supply and sewerage
project: International Bank for Reconstruction and
Development. Report No. 88a-IN. USA. 76p. 22 of
main text. 54 of annexes. 14 annexes. 9 tables. 4
graphs. 6 maps.

This report covers the appraisal of a U.S. $58
million project to increase water supplies and to
rehabilitate and commence expansion of existing
sewerage systems in Bombay. The objectives are to
improve living conditions for over 6 million people by
providing 7-8 h of water supply, and expand sewage
.collection, treatment, and disposal systems. The

- ‘engineering designs were carried out by the Bombay

Municipal Corporation (BMC), Binnie and Partners,
and tata engineers.

India; - water supply; sewerage; sewage treatment;
urban; public health; septic tanks; flush toilets

3202
~ Asia Projects Department, International Bank

for Reconstruction and Development, Washing-
ton, D.C.; USA

Appraisal of the Singapore sewerage project — second

stage Singapore. International Bank for Reconstruc-

tion and Development Report - No. 1602-SI. USA.

42p. 13 of main text. 29 of annexes. June 1973. 12

.. .annexes. 7 tables. 3 graphs. 1 map.

~ . This report covers the appra:sal of a U.S. $29.5

“million ‘sewerage project to improve and expand

sewage collection and treatment. The project is the

second stage of an on-going sewerage program. Its

; i:“fobjecuve is to continue a program to provide sewer

- 'service to urban renewal and new housing areas. The
_project consists of extensions of the sewer system and
~the construction ~of new.  pumping stations and

... treatment - works These facilities will provide sewer

services to all estimated 400 000 people not now served
and reduce the number of households using night-soil
collcctxon ‘

Smgapore, sewerage; urban renewal; night-soil collec-

Asxa Pro;ects Department, Water Supply Divi-
, sxon, Internanonal Bank for Reconstruction and

95

Development, Washington, D.C., USA
Nepal water supply and sewerage project. Inter-
nationa) Bank for Reconstruction and Development.
Report No. 2702-NEP. USA. 91p. 19 of main text. 72
of annexes. April 1974, 17 annexes. 19 tables. 3
graphs. 5 maps.

This report covers the appraisal of a U.S. $10.4
million water supply and sewerage project directed to
improve and exiend the service in Kathmandu and
Talitpur. The water supply component inciudes two
new spring sources for Kathmandu and Pokhara, a
pumping station, a service reservoir, transmission and
distribution mains, etc. The sewerage component
consists of some 40 km of sewers, a pumping station,
and two waste-stabilization lagoons for Kathmandu
and Talitpur that will prevent raw sewage from
contaminating nearby popular bathing places. Tech-
nical studies were carried out by Binnie and Partners
of London.

Nepal; water supply; sewerage

3204

Black and Veatch International, Kansas City,

Missouri, USA
Master plan, feasibility and preliminary engineering
study for storm drainage and sanitary sewerage for the
city of N’Djamena, Chad. Final report of a Master
Plan prepared for the African Development Bank as
executing agency for the Government of Chad.
Africa. 12-1 - 12-8, 13-1 - 13-12, A3-1 - A3-10. 1975.
Chap. 12, Existing sanitary sewerage facilities. Chap.
13, Sanitary sewage concepts. Appendix 3, Economic
comparison between aqua-privy and conventional
sewerage systems.

Chapter 12 of this master plan reviews existing
sanitation systems in N’Djamena. The principal
systems in use are septic tanks and pit privies although
defecation in the open is common. Septic tank effluent
disposal is by leaching well. Chapter 13 discusses the
comparative merits of conventional sewerage and a
coinbined aqua-privy sewerage system, and concludes,
on the basis of cost, that the latter is the system of
choice for N’Djamena.

Chad; aqua-privies; sewerage; stabilization ponds;
costs; drainage; rainwater

3205
East Asia and Pacific Projects Dept., Water
Supply Division, International Bank for Recon-
struction and Development, Washington, D.C.,
USA
Malaysia appraisal of the Kuala Lumpur sewerage
Project. International Bank for Reconstruction and
Development. Report No. 890a-MA. USA. 64p. 22 of
main text. 42 of annexes. February 1976. 12 annexes.
18 tables. 4 graphs. 1 map.
This report covers the appraisal of a U.S. $60.5
million project to improve and extend sewage
collection and treatment facilities in Kuala Lumpur. It




is the first stage (1976-1981) of a 30-year master plan
for sewerage development. In addition, the project
would provide service to three newly created zones by
means of new sewers, treatment plants, pumping
stations, and sewage lagoons. The sewerage depart-
ment of the city of Kuala Lumpur is responsible for
carrying out the project.

Malaysia; sewerage; urban; stabilization ponds

3206
Europe, Middle East and North Africa Projects
Department, International Bank for Recon-
struction and Development, Washington, D.C.,
USA ,
Appraisal of the Amman water supply and sewerage
project — II Jordan. International Bank for
Reconstruction and Developme