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In the name of God, the Compassionafe fhe Mearciful

FOREWORD
By
Husssin A Gezairy, MD, FRCS

Reglanal Qirectar far the
Easterm Mediterranean Region of
the World Health Organization

Since fts Inceptioh In 1948, the World Health Crganlzalion (WHD) sieny
with the United Natlong®™ Children Fund (UNICEF), hias bean cogperaling wilth
gavernments ineresied in the improvement of envivonmeatal sendaton in
rural greas and small communites By 1360, three WHD muoncgrapns hag
been prepdred dealing with excrats disposal, water supply ang composting of
croanic wasles m rwral areas Tnere followed & périva of apoul two dacsdes
auring which WHQ's paority In the environmenltel heaith feld shiftsd 1o
community (chiefly urban) water supply. However, there has recenlly Heen e
renewal of interest ang concern sboul the appalling conditions of sanitalion
frequently encountered in rural areas and small communttiss of Membsr
Countries

Several inlernalionel and Ligleral agencies, especially Iire Warit Bani,
have devoled considerable sitention to Ihe study, research andg Naid
mvastgations of present proplems. wiln 8 view 10 proposing sppropnaie
lechnologies and solutions Most of the pudlications which have bean Ssusd
by these agencies afe addressed o engingers, Soclal sclantisls amg tigh-lvvel
govemnmen! administrators of environmental health programinies. Arm-..g-n
there has been lilfle change in the basic lechnofugies wivch have beer
devefuped In mcent decades, cerlain cheap conshruchion inalenals ais mave
raadily svallable (for example, PVC, plastic sheels fbre cemen! anit
fibargiass), therelly increasing the feasibility of soms of hese dxcréts
disposal lechnologles.

In many eounines of the Easlern Mediterranean Region of WO,
sanilation In rurgl &reas and small communities s often the respansiblity of
middle-lavel sanitarlans and techniclans who act upon thelr own williglive,
withoul immediate guidance and supervision fram sanitary engineers ang
withou! the passibility of referral fo higher technical levels. Govemrent
agencies concemned are invileg to elaborate (he nécessary placlcal
instructions for use by their fiela staff, preferably in 5 form ang prazentation
which will facilitate direct spplication fo the solution of logal sarrahon
problems. (I Is hoped that Ihe presen] Guidelines may serve as areference or
perhaps a5 a model. for Ifvs ourpose



These Guidelines have been written with the following objectives:

. To facllitate the work of governmen! health and other administrations concemed
with the preparation of practical guides, or instructions, describing eppropriate
solulions 1o local sanitstion problems, which are acceplable from the szoclal,
ecanomic and technologies standpoints.

To extract snd sdspl from pas! and recen! publicalions the technical informalion
of immediate relevance lo the social, economic and physical conditfons of the
couniries of WHO Easterm Mediterranean Region, for the use of middie-level
technicians.

The following considerations limit the scope of these Guidelines,

. Since these Guidslines are inlended for use by personnel working in different
cultures and physicel settings, several of the technologies described may have 1o
be adapted to sull local conditfons. The text is written In simple lenguage 1o make
such adaptalion possible in mast instances by the middle-level lechnicians
themsaives.

. Everi though these guidelines might be of value ln tralning middie-fevel and
frontiine sanitation workers, they should no! be considersd a5 a substitute for
text-book an environméntal sanitation,

. In view of the above objectives, there is very litile theoretical coverage of efther
the brological. chemical, sociological or engineering aspects of the subjecis
coverad, the emphasis having been placed on praciical and field implementation
of sanitation facilities.



ACKNOWLEDGEMENTS

The ‘Word Health Organization's Regional Office for the Eastern Mediterranean
acknowledges with gratitude the work undertaken by Dr B.B. Sundaresan and Mr J.N.
Lanoix who prepared the orlginal manuscript of the manual, Later, the first draft was
summarized, abridaed and reviewed by Dr M.1. Sheikh, Director, Environmental Health, Mt
M.A. Mullick, Regional Adviser, Community Water Supply and Mr T.L. Videnov, WHO
Sanitary Engineering Consultant In the Regional Office. The names of the experts who
reviewed (he second draft are listed below and their support is slso gratefully
acknowledaed.

Special thanks are due to Ms Katherine Wedgewood, Messers Jamie Bartram and Andy
Rickards from Robens |nstilute, University of Surrey, United Kingdom, who reviewed and
edited subsequent draft. Finally, acknowledgement is made to Eng, M. Malkawl, CEHA
Documentalist, for his assistance in finalization of drawings and document production,

REVIEWERS QOF THE SECOND DRAFT

1. Or B.B. Sundarezan Farmer Vice Cnanceller,
University of Madras, and
Ex Director, National
Enviranmental Engineering
Institute (NEERI),
Magpur, India

2. Dr Bashir M. El Hassan Associate Professar in
Environmental Engineering,
University of Khartoum,
Sudan

]

. Mr Cdyor A. Sperandio Formerly Manager,
{Community Water Supply)
Ward Health Organization,
Geneva, Switzerland

4. Mr Joseph Lanolx Formerly Sanitary Engineer,
Waorld Health Organization,
Geneva, Switzerand

LE]

. Dr Fanmy M. El-Sharkaw Professor of Sanitary
Engineering, High Institute
af Publiic Health,
Alexandria, Egypt

B. Mr S.M. Rafi Ahmad Formerly Managing Director,
Fakistan Environmental
Planning and Architectural
Consultants Lid.,
Lahore, Pakistan

=~

Eng. Cbaldullan Siddigi Sanitary Engineer,
Saud| Consulting House,
Riyadh, Saudi Arabia



Sanitation Guidelines

GUIDELINES ON SANITATION FOR SMALL COMMUNITIES:
APPROPRIATE TECHNOLOGIES FOR USE BY MIDDLE-LEVEL TECHNICIANS
IN COUNTRIES OF THE EASTERN MEDITERRANEAN REGION OF WHO

Table of Contenis Page
I. INTRODUCTION 1
1.1 On-site Technologies
1.2 Off-sine Technologes 2
2. RECOMMENDED EXCRETA DISPOSAL OPTIONS 6
2.1, Latrine Method of Excreta Disposal 6
2.1.1. Factors Influencing the
Design of Sanitation Facilibes 6
2.1.2. Pil Lamine and Ventilated
Improved Pit Latrine (VIP) 25
2.1.3. Reed's Odourless Eanh Closet (ROEC) 58
2.14. Double Vault Compost Latrine (DVC) 62
2.2, Water-carmied Methods of Excrets Disposal &8
2.2.1. Pour-Flush (PF) Tollet (ot
2.2.2. Aqua Privy 79
223, Septic Tank 04
i1, OTHER EXCRETA DISPOSAL OPTIONS 130
3.1, On-site Technologies 130
3.1.1, Bawchole Latrine 130
3.1.2, Overhung Lawine 154
3.2, Off-site Technologies 135
3.2.1. Buckel Lauine 135
3.2.2 Vault and Cartage Systems 139
3123, Cammunal Sanitation Facilities 144
4. LOW COST UNCONVENTIONAL SEWERAGE 149
5 BIBLIOGRAPHY 154

6. GLDSSARY 157



1. INTRODUCTION

These guidelines are based on existing knowledge. For theorencal background,
for information on recent resedrch or field investigations, and for & methodelogy of
environmental health programme planning on a large scale, the reader may wish o
consult some of the publications listed in the Bibliography. A good deal of the tech-
nical matenal, including the illusirations, presenied in these guidélines originates
from these publications. It has been reproduced, or adapied, with their publishers’
authorization, for which EMRO is grateful. Use has been made of WHO's own
publications and of the valuable comments made by a number of WHO siaff mem-
bers and of outside expers.

There are many problems mvolved in the selection of the right type of excreta
disposal technology for 2 small community, In planning a permanent solution (o an
excreta disposal problem, many interrelawed facwors must be considered. These in-
clude cultural paterns, religious customs, hydrological and geological conditions,
economic aspects, political and social organization of the community, general and
health education, skills of local population, the availability of construction materials
and personnel for technical supervision. What may sppear on the surface to be a
simple probtem has ofien, upon more careful examination, been found to be a rela.
tively complex one.

Generally, the process of selecting the appropriale echnology begins with an
examination of all of the alternatives available.

The following types of sanitation facilities are presented in these Guidelines for

use by the middle-level sanilation technicians in countries of the Eastern Mediterra-
nean Region of W.H.O:

1.1 On-site Technologies

1. Pil Latnine

2. Ventilaied Improved Pit Lainne (VIF) Tormerly known a4
Samtary Pit Latrine

3 Reed's Odourless Earth Closet (ROEC);

4. Borehole Latrine
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5. Compost Latrine
& Aqua Privy
T. Pour-flush Latrine (PF), also known as Water-seal Latrine;
8 Septic Tank
1.2. Off-site Technologies
1. Bucket Latrine

2 Wault and cartage Systems
3. Communal Sanitation Facilitics

These technology options are discussed in Parts 2. and 3. of the Guidelines
which, in addition, discuss briefly the problems of sullage disposal and of reuse of
excrela

Usually, there will be some technologies that can be readily excluded for tech-
nical or social reasons. For example, septic tanks requiring large drainfields would be
technically inappropriate for & site with a high population and housing density,
Similarly, a composting latrine would be socially inappropriate for people who have
strong cullural objections o the sight or handling of excreta. Inappropriate sanitary
options can casily be eliminated by ensurmg the active participation of the communi-
ty in the early planning stage of the project. This process can be greatly assisted by
collecting relevant information through the application of a socioculiural and sani-
Lary survey.

The selection process must take into account the cost element. Cost estimates
must be prepared for the types of lamines under consideration. Watercarried sewer-
age systems with Mush toilets are very expensive and generally beyond the economic
possibilidies of small communities. At the other extreme, it is possible for everyone
1o relieve themselves in the most primitive manner &l no immediate cost whatsoever,
However, such behaviour is insanitary and represents 2 high public health risk, which
can have enormous economic repercussions. Between these extremes a solution
should be sought that will maximise health protection, be within the economic capac-
ity of the people and not conflict with their cultural attitudes,

Every sanitstion worker should carefully consider the economic aspects of the
problem, nod only as they apply 1o latrines, but also as they relate o other
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types of sanitary improvement. At the community level, the health and other agen-
cies cancerned, through sanitation technicians, should assist each family in finding
and implementing the most appropriate solution. It is difficult to prepare cost esti-
mates for projects that are new and drawn up mostly from unreliable information,
The cost estimate should be realistic. honest, and correct. If the basic data are poor or
incomplete, this should be made abundantly clear to those officials who will decide
on budget matters. In this instance, it is wise to include generous allowances for
unknown factors such as soil condidions. The total sum required may appear large,
but iz much betler in the long run Lo accept the more difficult job of promoting a
sanitation project that seems to be expensive beforehand than iry to justify 4 budget
increase halfway through its implementation,

There is a great variety of excreta disposal methods from which 1o mike a
choice. However, in selecting or designing & type of latrine cost should not be the
dominant factor. It is necessary to strike a balance afier careful consideration of all
the factors involved. Preference should be given to those factors which are condu-
cive 1o & sanitary environment and provide an accepiable level of service st mini-
mum CosL

From a purely technical and sanitary standpaint, the sanitation facility selected
should satisfy the following requirements;

1. The soil surface should not be contaminated.

2. There should be no contamination of ground water that might enter
springs and wells,

3. There should be no contamination of surface water,

4. Excreta should not be accessible 1o fies or animals,

5.  There should be no handling of fresh excreta: or, when this is
unavoidable, it should be kept to & strict minimum and certain
precantions applied.

6. The system should be free from odours or unsightly conditions,

7. The method used should be simple and inexpensive to construcy,
operate and maintain.
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In addition to these critenia, the choice of installazion must be made in thee light
af:

8.  What the community neads and is prepared o accept
9. What the commumity can afford.
10, 'What the community can mantain in the futumre.

The words that should describe the design chosen are approprigieness and
soundness. They do not mean luxurious or poor. expensive or cheap. They do mean
the hest passible lechnology a1 3 cost which the particular community, or Gimily, can
afford.

Once a tentative selection of the most appropriate technology has been made,
several check questions should be asked again:

I, Dwthe mtended beneficiunes really wanl sanitation?

2. s the iechnology selected socially accepiable?
Is 1t compatible with cultural and religious requirements?

3. (Can it be mamntained by the user? Are community-support services
(2 g. for health education, or sanitary inspection) reguired?
Can these be provided?

4. Have benelicianes bean mvolved in deciding where latrines will
b located? Are the planned sharing arrangements (if any)
acceptable to beneficianies?

5. Are the beneficiaries able and willing 10 pay the full cost of the
proposed factlity? If not, are user subsidies (direct grants, or
loang) wanted and available?

6, Are the beneficianies able and willing Lo contribute labour andior
malerials for the construction of the sanitation facility?

7. Are special equipment, or skills, required for the technology? If
lacking, can they be developed?
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What 18 the potennal [or reuse? Is reuse of wastes desirable and
sconomically leasible?

I the selecied wechnology cannog deal with sullage, what
facilities for sullage diepo<al are required.
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2. RECOMMENDED EXCRETA DISPOSAL OPTIONS

2.1, Latrine Method of Excreta Disposal

A ratiomal approach is based on &t least 8 minimum knowledge and understand-
ing of the fundamental biological and physical factors involved in excreta disposal. It
is assumed that the sanitation technician already possesses the relevant education and
knowledge. Therefore, only 2 brief reminder of the most significant factors which
nfluence the design of sanitation facilities are outlined below. The text 15 written as

simply as possible.

2.1.1. Factors Influencing the Design of Sanitation Facilities
(a) Biological Considerations

Excreta, wherever deposited, immediately start to decompose. After a period of
time they are ulumately converted 1o an inodorous, inoffensive, and stable product.
In the design of excreta disposal facilities it is important for the health worker to
know and understand how this process takes place, and how it affecis the material
itself and the disease causing organisms (pathogens) such material may contamn. The
sanitation technician is often called upon to explain in simple terms what actually
happens 1o faeces and the health hazards mvolved in madeguate disposal systems.

The main actions of decomposition arc:

{i) to break down complex organic compounds into simple and more slable
products in the form of liguid, gas and reduced solids;

(ii} to reduce the volume and mass (sometimes as much as 80%) of the decompos-
ing matenial by the production of gases (such as methane, carbon dioxide, ammonia,
and nitrogen) which are dissipated into the aimosphere, and by the production of
soluble materials which, under some circumstances, leach away into the underlying
soil; and
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(iii) w destroy those pathogenic organisms which are unable to survive the process-
es of decomposition or attack by other biological organisms present in the decompos-
ing mass.

Bacteria play the major role in decomposition of excreta and other organic
wasies, whether in latrines, aqua privies, sepiic tanks or composi piles. Bacterial
action may either be serobic - i.e.. carmied out in the presence of air - or anaerobic -
L.e., carried out in the absence of oxygen. In a fluid such as the contents of & septic
tank the process will generally be anaerobic, as it is in agua privies, or at the bottom
of deep pits. Alternatively, it may be aerobic, as m certain composting operations.
Decomposition may also occur as a result of more than oné stage, some anaerobic
and some acrobic, depending upon the physical conditons encountered. For exam-
ple, anaerobic processes may take place in a septic tank: but ag the liquid efflyent is
discharged into an underground tile distribution system, the water drains away leav-
ing much organic matier in the upper layers of the soil 10 be decomposed by aerobic
saprophytic bacieria, which thrive in the top 60 cms. of the soil. Human wastes, (a
mixture of faeces and urine), are relatively rich in nirogenous compounds whose
decomposition follows part of the "nitrogen cycle” (see Figare 1). In an initial stage -
putrefaction - odorous gases are released. This is followed by oxidation in which
nitrogenous materials are converted 1w stable forms. The strong odours noted during
the decomposition of urine are due to ammonia which escapes upward before it is
converied into a more stable form,

The rate at which decomposition takes place depends on conditions of tempera-
ture, moisture, aeration and Lthe nature of the decomposing mass. The time required
can vary from a few days for carefully controlled composting to about year under
average conditions in a pit latrine,

Conditions prevailing in decomposing faeces are generally unfavourable © the
survival of pathogenic organisms. Not only do temperature and moisture conditions
inhibit the growth of pathogens, but predatory micro-organisms are present. Bacterial
pathogens tend 1o die quickly when the humus-like end product of decomposition is
spread out and dries. Bacterial pathogens probably do not survive more than two
monthg in undisturbed latrine contents, However, ava of hookworm will remain
vigble for much longer periods. Depending on moisture and air temperature, ova may
live up to five months (eg. in cool climates), but this period is substanually reduced
under ropical conditions. They will eventuaily hatch in the presence of air and will
produce larvae which may survive for several weeks in moist, sandy soil. Ascaris ova
may live for two weeks or two (0 three months in pit latrine material
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Fig. 1. THE NITROGEN CYCLE
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The final products of decompasition are & valuable s0il conditioner and contain
soil nutmients. They may profitably be used as fertulizers. Some farmers complam of
the small nirogen content of digested or composted excreta. Indeed, fresh excreta do
conlain more nitrogenous matter. However, plants can ublize nitrogen only as
amvmaonia, nitrites or nitrates, which are only prodoced during later stages of decom-
pasition. Thus, when raw excreta are spread on the land, much of the mtrogen s
transformed into volatile matier, which evaporates inlo the air instead of being used
by plants_
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®) Soil and Groundwater Pollution

The study of pollution of soil and water by excreta provides useful information
concerning the design of disposal facilities, especially their location with respeci o
sources of drinking water supplies. Afier excreta are deposited on the ground or in
pits, the bacteria, unable o move much by themseives, may h-c l_mnspurwd horzon-
wally and vertically downwards into the ground by leaching liquids, such as arine or
rain water. The distance travelled by bacieria in this way varies with several [aclun_‘.
the most important of which is the porosity of the soil (see Figs. 2,3, and 4), Their
horizontal travel through soil in this manner is usually less than 90 cm. The down-
ward distance travelled is less than 3 m in pits open to heavy rains, and normally not
miore than 60 cm in porous soils.

Figure 3 shows the results of studies where the soarce of contamination was homan
excreta placed in & hole which penetrated the ground water table. Samples positive
for collform organlsms were picked up quite soon hetween 4 m and 6 m from the
source of contamination. The area of contamination widened out to 2 width of
approximately 2 m st a point 2boat 5 m from the privy and tapered off at about 11 m,
Contamination did not move “opstream” or againet the direction of flow of the
groond water. Afrer n few months the soil around the privy became clogged. and
positive samples conld be picked up at only 2 m to 3 m from the pit. In other words,
the area of 20il contaminarion had shronk.

The chemical pollution pattern Is similar in shape to that of bacterial poliution but
extends to much greater distances,

From the point of view of sanitation, the interest is in the maximom migrations and
the fact the direction of migration |s alwaeys that of the flow of ground water, In
locating wells, it most be remembered that the water within the circle of influence of
the well flows towards the well. No part of the ares of chemical or hacterial
contamination may be within reach of the circle of Infloence of the well.
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Fig. 2. MOYEMENT OF POLLUTION IN DRY SOIL
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Fig. 3. BACTERIAL AND CHEMICAL POLLUTION PATTERNS
AND MAXIMUM MIGRATIONS
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Fig. . MOVEMENT OF POLLUTION IN UNDERGROUND WATER

A =~ Tap salt B = Water-bearing formation £ = Dirmglion ol ground-wated Miw

Hookworm larvae, although unable to move through the soil in a horizontal
direction lo any appreciable exient, are able o climb upward along the pit walls and
reach the top surface of defective wooden or earthen (loors, where they may infect a
person with bare feet.

Depending upon conditions of humidity and lemperature, pathogenic bacteria
and ova of parasitic worms will survive for varying lengths of lime in the ground.
Pathogenic bacteria do not usually find the soil 10 be a suitable environment for their
multiplication, and will die within 8 few days. On the other hand, hookworm ova will
survive as many as five months in wet. sandy soil, and three months in sewage.

Hookworm disease is transmitted through contact of the skin, usually bare feet,
with soil containing hookworm larvae, Other parasitic diseases may be transmitied
when fresh faeces or sewage is used (o lertilize vegelable crops which are subse-
quently eaten raw.

12
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If groundwater is located near a source of pollution within the distances men-
tioned above, it may become contaminated by harmful bacteria and by chemical
substances which originate from faecal decomposition. A source of pollution may be
excrels deposiled on the ground, 2 pit latrine, a cesspool, or a Jeaky sewer pipe. The
contaminated groundwater, which is usually ¢lose 1o the surface, may be tpped by a
well used for drinking water and other domestic purposes. Consumption of this
contaminated water may lead to human infection and diseases such as diarrhoeas,
typhoid and pararyphoid, hepatitis A, cholera and the dysenteries and schistosomia-
sis

{c) Location of latrines

(i) inview of what has been said above, it 1s extremely important 10 locate a larine
or cesspac] remote and generally downhill from a well. Where uphill locations
cannot be avoided, 2 distance of 20 m will normally prevent bacterial poliution of the
well. Seiting the latrine off 10 either the right or the left would reduce the possibility
of contaminating the ground water reaching the well.

{ii) In most soils the chance of groundwater pollution is virally nil if the bouom
of a latrine is more than 1.5m above the groundwater table, The same may be said if
the bouom of a cesspool is more than 3 m above the level of the ground water,

{iif) A careful investgation should be made before bulding pit latrines, borchole
latrines, cesspools and seepage pils in areas containing fissured rocks or limestone
formations, since pollution may be carried directly through channels in the rock o
distant wells or other sources of drinking water supplies.

(iv) A latrine should not be located closer than 20 m (o the nearest waler course.
Regarding the location of latrines with respect o dwellings, experience shows that
the distance between the Iwo is an important consideration in the acceptability of
sanitary facilities. The location of lamrines, private or communal, at a considerable
distance and/or uphill from dwellings reduces the likelyhood of their being regularly
used and properly mainwined, A larine in more likely w be kept clean if it is close o
the house or other building which it serves. However, 8 mimmum distance of 6 m is
desirable. Fig, 5 gives an example of proper location of lawrines with respect to wells
and dwellings.
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Fig. 5. WELL AND LATRINE LOCATION IN A TYPICAL
RURAL COMMUNITY

Other considerations are;
(v) The site should be dry, well drainad, and above {lood level.

{vi} The immediate surroundings of the latrine, i.e., an area 2 m wide around the
structure, should be kept clear of wastes, and other debris, and vegetation should be
regularly cut back. This recommendation may be ignored, however, in the initial
stages of sanitary development of rural areas where it is necessary, for example, in
arder to secure acceptability of the larine by the local population, to avoid dismrbing
the natural bush-type surroundings which were previously used for defaecation.

(d) Reuse Potential of Excreta

In arcas where human and animal excreta have tradiionally been used in

14
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agricalture, material from latrines and sludge from agua privies and septic tanks can
be applied as a soil conditioner and fenilizer, The pits must not be used for 12
months or mone prior o the removal of the material. Alternatively, proper compost-
ing must be ensured. The feasibility and the sanitary aspects of such a scheme must
be thoroughly and realistically examined. In areas where excreta reuse is not a tradi-
tional practice it is unlikely 1o become acceptable and small-scale testing should be
carmied oot

(e) Anal cleansing materials

The type of malerial used for anal cleansing affects the size of latrine pits and
the design of efffuent disposal systems. In some rural areas, the materials used, e.g.
stones and mud balls, are not degradable, and they fill up the pits rapidly, The same
applies 10 aqua privies, the operation of which depends, over lime, in the reduction of
decomposable excreta. In such instances the capacity of latrine pits and aqua privies
may need w0 be substantially increased. In other arcas, maize cobs, stones and cement
bag paper clog the water seal of pour-flush toilets and prevent their operation, The
use of water for anal cleansing presents problems for compost latrines only, whose
contents may become too wet for efficient composting,

(f) Fly breeding

The role of flies in the transmission of (aecal-bome diseases 1s very important.
The common housefly lays its eggs by preference in horse and stable manure, but
will also do so in exposed human cxcrement and any other decaying organic matter.
The fly crawls and feeds on this material, picking up microorganisms on its hairy
body, as well as bacteria which pass unharmed through its alimentary tract and are
often deposited later on human food. Besides the housefly, various other flies {(e.g.,
bluebottles and greenbotiles) may also breed in human excrement and decaying
maltter. In temperate climates. excreta-borne diseases are usually more prevalent
during the warmer months when flies are more numerous and most active.

In designing a latring, attention musi be paid lo means of preventing Iy contact
with excrela and fly breeding. In so doing advanlage may be waken of the fact that
flies are attracted by light and avoid darkness and dark surfaces. The best latrine |s
one in which the excreta are promptly flushed away inw a closed pit or tank. Other
types of latring would also be effective in this respect if all openings leading o the
excreia, meluding the seat, were kept clean and closed when not in actual use. This is
not usually the case.

15
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Attempts have been made to atract and wrap flies which have hatched in lamine
pits. These attempts have apparently not been successful, as the mechanisms in-
volved (inverted glass bottle, perforated cans, or others) da oot seem to last or siay in
place very long.

Disinfectants should not be used in pit latnnes. They are quickly neutralized by
the organic matier and interfere with decomposition.

Cenain chemicals may be added periodically to latrines as larvicides 1o control
fly breeding. Their application requires careful monitoring and entomological super-
vision. Furthermore, their repeaied application ends 1o make them expensive in the
long run and will interfere with the biological system, For these reasons chemicals
are not considered in these guidelines.

(g) Hole covers

The subject of 2 cover for the hole n & latrine slab, or for a seal, is an interest.
ing but controversial point in the design of latrines. There is no doubt that a cover is
desirable, and in some places necessary, W prevent mgress of flies and other vermin
and o reduce odours,

In addition, depending on the Lype of latrine superstructure, a cover will help 1o
prevent entrance of light and sun rays into the pit and will help keep the pit in dark-
ness.

Self-closing covers have nol been successful because the condensation which
Lakes place on the underside of a closed seat is objectionable to the users. Covers that
are hinged 1o the slab or seal nser are osually lIeft in the open position, Covers nol
hinged to the slab are seldom replaced on the hole and are soon carried away by
children. Hinges of even the most rugged design are soon broken, People quickly get
rid of covers which lean on their backs or which become infested with fireants or
other vermin.

In view of the above, the illustrations in these guidelines do not inclode seat or
hole covers, except figure & which shows a simple type of cover, the use of which
may be promoted by the local sanitation worker as part of a long-term health educa-
uon affort, especially in communities where flies are zbundant.
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Fig. 6. SIMPLE HOLE COVER
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(h} Pitand wank venuladon

Az mentionéd above, the putrefaction of excrela and urine produces foul-smell-
ing gases which may invade the latrine's superstructure through the hole in the slab,
and which are objectionable 10 users. This is the case in the traditional pit privy. In
the 1920s efforts were made in some countries o alleviate this problem by installing,
behind the hole or seat riser, a small-diameter vent pipe which rose up through the
superstructure's roof and was capped by metal screen. The vent pipe was made of
thin galvanized iron sheets which rust rather quickly because of the cormosive nature
of the gases produced. When provided with a seat (or hole) coverand a
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vent pipe, the mraditional pit latrine became the "Sanitary Fit Privy® which was con-
sidered to fulfil all seven sanitary reguirements listed in the Inrodoction.

Following recent field investigation in southemn Africa, the “Sanitary Pit Privy”,
under the new name of "Ventilated Improved Pit (VIP) Lamine”, has been confimmed,
with minor modifications, to be the latrine of choice for many rural and small
communities. These investigations have shown that the principal mechamsm mduc-
ing ventilation in VIP latrines 1s the action of the wind blowing across the wp of the
vent pipe, which must therefore be well above the level of the latrine roof. The wind
effectively sucks air out of the vent pipe which is replaced from Lhe atmosphere via
the latrine superstructure and squat-hole. Consequently there is a circulation of air
from outside the latrine, through the superstructure and squat-hole, up and out of the
vent pipe. Thus, any odours from the faccal material in the pit are exhausted via the
vent pipe, and not via the squat-hole. As a result the superstruciure remzins odour-
free.

An earlier explanation for the cause of ventilation was that the vent pipe ab-
sarbed heat from the sun and mansferred some of this energy 1o the air inside the vemt
pipe, which consequently became less dense than the oulside air immediately above
it. It therefore rose out of the veni pipe and was replaced by air below, so establish-
ing the air circulation pattern described above. Fieldwork done in Botswana and
Zimbabwe showed that the shearing action of the wind and its direction relative Lo
any openings (doorways, ¢te.) in the superstructure were much more impontant than
the absorption of solar encrgy, except under very low wind conditions.

If the superstructure openings {doorways, eic. ) face into the prevailing wind, the
resulting increased air pressure within the superstructure increases the flow of air up
the vent pipe helping to control odowrs 1n the latrine; the latrine should thercfore be
designed so that any opemings face the prevailing wind.

These findings apply to the ventlation of pits or lanks of all types of lalnnes. [t
has always been the practice to provide venl pipes for agua privies, pour-{lush toilets
and septic tank systems, The development in recént decades of new piping materials
such as fibre cement (FC), polyvinyl chloride (PYVC) and polyethylene (PE), now
commonly available in many developing countries, should help simplify latrine
ventilation. Vent pipes may also be built of local materials, such as bricks, block-
work, cement-rendered reeds and cement-rendered hessian supporied on steel megh,
Recommended vent pipe dimensions are indicated in the description given for each
type of latring,
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(1) Housing density

In many rural areas, dwellings are dispersed or are located within compounds
with plenty of ground space between the structures. In such places, VIP latrines,
Reed's Odourless Earth Closets (ROEC), and compost latrines are technically feasi-
ble. So are aguaprivies, pour-flash {PF) toilets and septic tank systems if dwellings
have an adequate water supply. In some countries, such as rural Egypt or Yemen,
small communities are concentraied in a limited area. housing is dense and the space
available for household sanitation facilities is at a premium. From a purely technical
point of view, the selection of the appropriate type(s) of latrine can be complex,
especially in areas such as the Nile Delta where the groundwaler table is ofien only a
metre below the surface. The choice of facility may vary from house 10 house or

from village 1o village, depending upon particular circumsiances.

It is impassible to define at what population density on-site gystems such as
VIP latrines, ROEC, PF and composting latrines are no longer feasible, Preference
should be given to the type of latrine which will last longest, ideally, not less than 3
years, before emptying or relocation is required.

(i} Communal versus individual larines

Communal, or public, larines are usually constructed in markets, camps,
schools, factories, urban poor disricts, and similar localities. They are also useful in
places where large number of pertons congregate occasionally, such as sites of reli-
gious pilgrimage, provided that permanent and close attention is available wo ensure
cleanliness and proper operation.

1t is obviously cheaper and easier to construct 8 few communal latrines in a
community than 1o build 2 large number of individual household latrines, Further-
more, an appropriate solution to each family's excreta disposal problem is not always
casy Lo find. For such reasons, the construction of communal excreta disposal facili-
Lics has been common practice.

Hawever, experience indicates that, except in unusual circumstances, multiple
units should never be substituted for the individual family latrine. The reasons for
the failure of communal latrines are many and various,

In general, communal latrines are found to be used by only a portion of the

population for which they were intended; the remaining population may continue
their original practice. Where this is indiscriminate defaecation then the public
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health risk has not been significantly reduced, The reasons for this situation appear
Lo be due to inadequate design and/or the lack of cleanliness, However, in most
instances, where attempts have been made to improve these elements, communal
latrines, irrespective of design, have failed to salve the sanitation problems in the
CoOmmunity.

The communiiy is generally expected 10 be responsible for the maintenance of
community latrines, Generally, such community administrations of public sanitation
facilities are meffective in ensunng mainienance. There is little likelihood of achiev-
ing adequate operation and maintenance of communal latrines, which many people
do not consider essential.

The above does not mean that consiruction of public latrines should be disre-
garded, but one should be aware of their limitations and of the limited success of
prajects depending on maintenance by the community. It is often the case that
communal authorities require as much as, or considerably grealer, pressure than
individual [amilies 1o ensure effective maintengnce.

Public latrines should therefore be built only where absolutely necessary or
where experience has shown that they are maintsined by the community. They
should be designed 1o facilitate maintenance and wherever possible be permanent
constructions. Unless cleanliness 1s observed, they will nol be used and they must
therefore be kept clean at all tmes. Water and other matenals should be constantly
available for use in keeping the latrines clean.

(k) Human factors

In all mauers of excreta disposal, human [aclors are at feast as important as
technical features. Most of them have been outlined in the Introduction of these
guidelines. Two remaining factors affecting the design of sanitation facilities are
privacy and separation of facilities provided for men and women. Various sysiems
have been designed o provide privacy. These are shown in Figure 7, logether with
those for separating the sexes. [ should be noted that latrine doors should preferably
apen inwards,

A latrine design, whether of the family or communal type, which does not
permil easy cleaning will not be acceptable 10 most people. In this respect, smooth,
hard-surface floors of concrete, cement, brick, or similar material are best because i
15 easy o fMush them with water.
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Fig. 7. Latrine Designs Ensuring Privacy and
Separation of the Sexes
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A latrine which is designed for too large a number of people 15 likely 10 get
dirty quickly and remamn so. This is likely w0 inhibit use of the larine and may resull
in defaecation around the lamne building or in neighbouring bush. A one-hole latrine
is adequate for a family of ve or six persons. For communal lawrines In camps,
markets, and similar places, one hole should be provided for every 1S persons. In
schools one hole should be provided for every 15 girls and one hole plus a urinal for
every 25 boys.

() Soil conditions

Soil conditions are important for all sanitation technologies except those that
can be completely built above ground level (i.e., vault latrines). Soil stability is
important for VIP latrines, ROECs, aqua privies and pour-flush toilets. [n unswable
soils pus must be lined, often w their bases.

Soil permeability is also important for these technologies, as well as for septic
tank sodkaway trenches. In impermeable soils these technologies are mappropriate.

If the groundwater table is within | metre of the ground surface, VIP latrines,
ROECs, and pour-llush toilets are of doubtful feasibility and will contaminate
groundwater, They may be feasible if the soii is sufficiently permeable so that the
liguid level in the pit will never be less than 0.5 meter below ground level: However,
the pit may be unstable unless supported to its base, and mosquito bresding 1s likely
to be a problem except in pour-flush toilets. Under these conditions the Loilet slab
may need 1o be raised above ground level. For ROEC: and single-pit VIPs, which
require large pits, pit excavation and lining are likely to be hazardous and very diffi-
cult.

The presence of rock near the ground surface creates difficulties for all technol-
ogies affected by soil condidons. VIP latrines, ROECs, and pour-flosh toilets become
considerably more expensive, but the lemptation 1o build single pits with an effective
life of Tess than 2 years should be resisted. Where possible assisiance with mechani-
cal diggers may facilitate the digging of the pits. Alternatively, shallow alternating
pit latrines or raised pit latrines may be considered,

(i) Soil permeability

It is often useful 1o know the basic soil type of an area before starting o dig a
well or latrine. Figure 8 gives a simple guide for the rapid identification of the main
sail types.
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Fig. 8. IDENTIFICATION OF 50IL
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The total amount of Tiquid entering dry latring pits is normally low, so soils of
lower permeability than would be considered for the disposal of sepiic ank effluent
are sull sunable for pit lairines,

Soils with very low permeabilities such as clays and silty clays are unsuitable
for pit latrines as the liguid fraction of the excreta is unable to infiltrate the soil. This
waould necessitate frequent emptying of the pit, which may lead to unecessary health
hazards, if not carried out praperly.

{ii} Soil suability

For the purpose of pit design, soils are either stable or unstable. Swbility is
defined as resistance to collapse and should be properly assessed. A simple, but
rough test, runs as follows:

Soil samples are ken by hand-auguring. One sampie should be taken every 50
cm 1o a depth of 3 m. Each sample is then hand-rolled to form a rough cylinder of
approximately 2 ¢m diameter and 5 cm length. After sun-drying for two days or,
preferably, oven-drying for two hours at 100 C°, the sample is gently crushed be-
tween one's thumb and fingers. Unstable {cohesionless) soils crush casily, whereas
suable (cohesive) soils do not. This test requires some experience, and it is therefore 4
good idea 1o praciise the test on soils of known particie size distribution and un-
drained shear strength,

Local knowledge of pit latrines is useful: if pit collapses due 1o soil failure have
occurred, the soil should be considered unstable and pits should be lined.

(m) Construction of [acilitics

Besides the design of sanitation facilities, the middle-level anitation technician
may somelimes face problems relating o the construction of the selected technology.
For instance, the construction of latrines or seepage pits in areas where rock or
groundwater is encountered near the ground surface may pose problems which have
na obvicus or simple salution.

The saniation echnician should be aware of the nature of construction prob-
lems, in prder w identify them and refer o the proper specialist. S/he must also



Sanitation Guidelines

have some understanding of how Lo solve these problems. Some suggestions regard-
Ing construction features are included in the sections describing each technology
option. These suggestions are, 50 far as is possihle, oriented o the facility under
consideration,

2.1.2, Pit Latrine and Veniilated Improved Fit Latrine (VIP)
() Description

These two types of latrines are discussed wogether, as they appear similar except
for a vent pipe to reduce odours from the decomposing excreta.

The Piy Larrine, as shown in Figures 9 and 10, consists of a hand-dug hole in the
ground coversd with either a squatting plate or a slab provided with riser and seat. A
superstructure i2 then built around it

The Ventilated Improved Pit (VIF) latrine, shown in Figure 11, differs from the pit
privy in that it has a tall vertical vent pipe with a flyscreen fitted at its top, There ane
two basic types of VIP latrine: the single pit latrine, and one with 1wo pits known as
the alternating VIP lawine or Ventilated Improved Double Pit Latnine (VIDF),
shown in Figure 12, The VIDP is designed for the removal of the pit contents at
regular intervals of 1wo to three years. It is a permanent sanitation facility which 1s
especially useful in medium-density housing areas, both rural and urban

(b} Components and their design

The pit latrine has five main components: the pit; the hase or foundation; the
floor or slab; the mound, and the superstructure or shelter. The VIP has the same
components, plus the venl pipe.

The pit

Thie funciion of the pit is to isolate and store human excreta in such a way that
no harmful pathogens may escape. Provided that the soil is sufficiently permeable,
urine and Lhe liguid part of excreta seep into the ground through the walls and floor
of the pit, The presence of solid rock or very hard soil near the ground surface
generally prevents the construction of these latrines, Elevated pits or shallow alter-
nating twin-pit latrines, with the cover siab raised above ground level as necessary,
are preferable in such circumstances.
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Fig- 9. THE PIT LATRINE
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In general, a circular pit serving a single household (5-7 persons) requires a
diameter of 1.0 10 1.5 meires. For square or rectangular pits 2 width of L0 to 1.5 m is
recommended, although they are generally less stable.

In deciding on the volume of a pil, it is necessary 1o consider whether Lhe pit
will be wet or dry, i.e. whether it will penewate the groundwater table or not, Wel
pits have the advantage over dry pits in that they last longer, as their rate of solids
accumulation is lower. However, wel pils can pose problems of mosquito breeding
and of groundwater pollution. This is generally inadvisable and presents a major
health hazard in areas where groundwater is used as a source of drinking water. If
groundwater is never used for drinking purposes, then pollution of groundwater by
latrines may be of little sanitary or health significance.
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Fig, 10, TWO TYPES OF PIT LATRINE
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The required volume depends on the rate of solids sccumulation, the number of
users and the desired life of the pit. For design purposes, the rate of solids accumula-
tion may be taken as 0.04 cubic metres per person per year in wet pits, and 0.06
cubic merres per person per year in dry pits, These design values should be increased
by 50 per cent if bulky anal cleansing materials (e.g. com cobs, cement bags, mud
balls) are used, as these ¢ither degrade very slowly or not at all.
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Fig. 11. THE VENTILATED IMPROVED PIT LATRINE
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Fig. 12. THE VENTILATED IMPROVED DOUBLE PIT LATRINE
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The design life should be as long as possible; 10-15 years i considered desira-
ble. The longer the design life, the longer the interval between relocaung or empty-
ing the latrine. For a circular dry pit with an effective depth of 2.5 m (1.e. with 3 total
depth of 3 m) and a rate of solids accumulation of (.06 ¢ubic metres per person per
year serving a family of six, the pit life for various diameters is given in Table 1:

Table | Effective Life of Dry Pit Latrines Three Metres Deep (i.e., with an effec-
tive depth of 2.5 m) Serving a Family of Six

Diameter  Area Effective Effective Total pit volume

Volume Life below slab
(m) {(m?) (m?) (years) (m%
1.00 079 1.48 55 2.37
1.20 1.14 285 78 342
1.50 1.77 4.42 123 531

Foomote: solids accumulation is assumed to be 0,06 cubic metres per person per
year.

The pit must not be allowed to fill up completely (right up to the underside of
the cover slab). A free space of about 0.50 metres should remain empty. When the
level of excreta reaches o within 0.5 metres of the underside of the Moorslab the pit
should be closed and filled with earth.

A new pil should be dug and the superstructure moved over it or rebuill. The
faeces in the old pit should be left to decompose for at least 12 months, after which
the digesied matenial may be removed and uulized as soil fertilizer or otherwise dis
posed of. The cleaned pit may then be repsed. Il may be necessary o provide support
to prevent the pit walls from caving in, This is particularly important where latrines
are dug in fine-grained alluvial, sandy soils, and similar formations {especially
during Lthe rainy scason), or when they penetrate deeply into groundwater, Local
experience with pil lawrines is useful: if pit collapses due to soil failure have oc-
curred, the soil should be considered unstable and the pit needs to be lined. Even in
stable soil formations, it is desirable 1o line the top 0.5 metres of the pit, or to consol-
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idate this portion of the pit by plastering the soil face with a | ¢m thick coating of
cement mortar (1 part cement. 5 parts sand).

Pits in unstable soils should be fully lined, otherwise there is the risk that the pit
will collapse and the supersiruciure may fall into iL. A variety of materials can be
used to line the pit. Examples include concrete blocks, bricks, cement-siabilized soil
blocks, masonry, stone rubble, perforated oil drums, rot-resistant timber and wire-
mesh-supported geofabrics (Figures 13 and 14). Local availability normally deter-
mines which material o use. Where blocks, bricks, masonry or stones are used, the
lining joints should be fully mortared in the 1op half metre (0.5 m) of the pit. Below
this, the vertical joints should be left unmortared to allow the liquid fraction of the
excretd o infiltrate inlo the soil. If the surrounding soil is very fine sand which
would enter the pit through the open vertical joints, this should be prevented by
placing a thin (approximately 100 mm) packing of fine gravel berween the soil and
the Tining.

It is difficult 10 excavate and line pits in areas with a permanently high ground-
water (able, If petrol or diese] driven portable pumps are available, the ground water
can be removed and shon lengths of concrete pipe insened as excavation proceeds,
This "mini-caisson” approach is the most satisfactory, provided the concrete pipes
are made with sufficient holes to enable infiltration to occur, Perforated oil drums
coated with bitumastic paint are an allemative, but corrosion 15 a problem in the long
ferm

The base or foundation

The base serves as a solid, impervious foundation opon which the floor {or slab)
can rest. [t also helps w prevent the escape of hookworm larvae which climb up the
pit walls. Properly made of a hard, durable material, it helps 1o prevent the entrance
of burrowing rodents and of surface waler inlo the pit. The base should be high
engugh to raisc the Moor at least 10 10 15 e¢m above the level of the surrounding
ground thus protecting the pit from flooding (see Figures 15 and 16).
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Fig.13. VARIOUS COMBINATIONS OF DIFFERENT TYPES OF PIT,
PIT LINING, BASE AND FLOOR
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The following materials may be used to construct the base, depending upan
local availability and cost:

a)  plain or reinforced pre-cast concrele - USINg same mix
as for the [loar,

by soil-cement - 5 10 6 per cent cement mixed wilh sandy
clay soil and tamped al optimum moisure content;
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c) clay - tght clay, well tamped al optimum moisiure
cantent;

d)  brick - mud dned, bumed, adobe, elc,

e}  mough-cut logs - hardwood, termite-resistant.

Fig. 14. LARGE VOLUME PITS WITH SMALL FLOORS
AND SUPERSTRUCTURES
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Fig. 15. CEMENT BASE

Massuremants shawn are in cantimelres

The floor slab

The floor supports the user and covers the pit. It should be constructed so as to
fit tightly and be flush with the outer edge of the base. It may be made from cein-
forced concrete, from rot-resistant timber which is covered with soil and then mor-
tared, or from fibreglass-reinforced plastic if such material is available (see Figure
17). Concrete floors are generally considered 1o be the mosi practical, most accept-
able, and economic. The next most suitable are wooden floors. "Built-up” floors, as
shown in Figures 18 and 19, are less desirable because they are difficull 1o keep
clean and, as they are casily soiled, are more likely 1o spread hookworm,
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Fig. 16. LOG BASE

Measurements shown are in centimetras

The squat-type latrine slab is the most suitable for rural areas of the Eastern
Medilerranean Region, although in some areas a slab provided with a riser and seat
may be preferred. Slab design requires careful investigation. The customary posture
of defaecation has an importani bearing on the acceplance or rejection of latrines. In
squatting plates, the hole should be of a size and shape that will minimise accidental
soiling of the Noor. An opening of approximately 40 cm length will satisfy this re-
quirement. The hole should not be so large that small children may fall into the pit
An opening not exceeding 18 cm in width or diameter will meat this requirement
(see Figure 20). A keyhole shape is suitable,
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Fig. 17. FLOOR SLAB CONSTRUCTION
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Fig. 18. BUILT UP WOODEN BASE

A om FHI in wiit compac) sarth all ground after the base 15 placed and before covering wilh 1eee
limbs

B = First layer of lImbs is covernd with §am (F in) of dense marth; talinwed by another [ayer of
Irgs limbs

Fig. 19. BUILT UP EARTH BASE




Sanitation Guidelines

Fig. 20, SQUARE CONCRETE SLARB FOR PIT AND
BOREHOLE LATRINE

secilon &b

section a-m

Measuremeants shown are in canfimetres

Squatting slabs should be provided with slanting foot-rests lo minimize the
possibility of soiling the floor. Foot-rests usually form an integral part of the squat-

ting plate. They should be designed for use by adults and children and be easy 1o
clean (see Figure 20).

The distance between the rear edge of the opening and the superstructure wall
should be between 10 cm. and 18 cm.. This should prevent the user’s back wuching
the wall which may not always be clean and free from ants and other insscis.
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Where the preferred posture is squatting, it is important that the surface of the
cover slab be very smooth and that it slopes wowards the squat hole in order to pro-
vide easy drainage for urine and water used to clean the floor. The recommended

slope is § per cent.,

In VIP latrines the cover slab has two holes. Besides the squai-hole, another
hole, circular or square depending on the design of the veniilator, must be provided.

The mound

The function of the mound is to protect the pit and base from surface run-off
which otherwise might enter and destroy the piL. It should be built up to the level of
the floor and be very well tamped (see Figure 9). It should extend ar least 50 cm
(20in.) beyond the base on all sides. The mound may be built up considerably above
the ground for protection against tides and flood waters. It will normally be built
with the earth excavated from the pit or surrounding area, and may be consolidated
with a stone facing to prevent it from being washed away by heavy rains. In front of
the entrance door, il may be preferable to supplement the mound with a masonry or
brick-built step. This helps o keep the latnine floor clean,

The supersiructure

The superstructure affords privacy and protects the user and the installation
from the weather. Figures 21,22,23,24 and 25 show various types of shelier and a
lypical wooden superstructure frame for use in rural areas. From a sanitary point of
view, the superstructure 15 less important than the pit or the floor. Given limited
advice from the sanitation echnician, the superstructure may be left 1o the users
themselves Lo construct, They can choose to build the superstructure from a variely
of locally- availahle construction materials, using available skills and preferred archi-
tectural styles. In this way, social preferences are respecied, the householder is more
likely to know how to repair the superstructure should it become damaged, and
should be able to move it when this becomes necessary,
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Fig. 21. COMPLETED LATRINE, SHOWING PALM THATCH WALL
AND ROOF COVERING
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Fig. 22. WATTLE SUPERSTRUCTURE WITH PALM THATCH ROOF
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Fig. 23, SUPERSTRUCTURE OF CUT LUMBER WITH CORRUGATED
METAL OR FIBRE CEMENT ROOF
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A properly-built superstructure should conform 1o cerain rules, the most signif-
icant of which are:

1. Size Ideally, it should fit the dimensions of the floor or slab and should never
be too large as this may encourage users to defaecate on any part of the floar. At the
door, the distance of the roof from the slab near the entrance door should be 2 mor
MOTE,

2. Ventilation of superstructure. Openings of 10-15 cm width should be provided
at the wp of the superstructure walls to provide ventilation.
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3. Lighting, Natural light should be available wherever possible. However, the
supersiructure should provide sufficient shade over an uncovered seat or hole in
order not to attract flies.

4. The roof should cover the house completely and have a largs overhang 1o pro-
tect the mound and the walls from ram or roof drainage.

Fig. 24. TYPE OF SUPERSTRUCTURE RECOMMENDED
BY US PUBLIC HEALTH SERVICE

& = Ygnl plpe with laters| outied
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Fig. 25. SUPERSTRUCTURE OF BRICK WITH TILE ROOF

Vent Pipe Design for VIP Latrines

Vent pipes have been successfully constructed from a variety of materials,
These include fibre cement, polyvinyl chloride (PVC), unplasticized PV, bricks,
blockwork, cement-rendered reeds, and cement-rendered hessian supporied on steel
mesh, Large diameter bamboo with the cell dividers removed can also be used.
Important factors 10 consider when selecting vent pipe material Include durability
(neloding corrpsion resistance), availability, cost and ease of construction. Thus, for
example, ventpipes made [rom thin galvanized stee] are not recommended as they
corrode rapidly, PYC pipes become britile when exposed 1o high sunlight inensities,
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and i1 is therefore betier w use PVC pipe made with & special stabilizer to prevent
damage by ultraviolet radistion. However, this grade of PVC may not be gencrally
available,

The vent pipe should be sufficiontly long so that the roof does not interfere with
the Mow of wind across the top of the vent pipe. With flat roofs, the top of the vent
pipe should be at least 0.5 metres above the roof, and in the case of sloping roofs the
vent pipe should also be 0.5 metres above the highest point of the roof. Current
recommendations for the minimum intemal size of vent pipes are:

Fibre Cement or PYVC 150 mm diameler
Brick 230 mm sguare
Cement-rendered reed or hessian 230 mm dismeter

In exposed locations where wind speeds are greater than 3 meters per second,
the minimum diameter of fibre cement and PYC pipes may be reduced to 100 mm,
and o 200 mm in the case of cement-rendered reed or hessian,

The latrine should be located al least 2 metres away from gverhanging lree
branches and anything ¢lse thut might impede the flow of wind across the lop of the
vent pipe. The vent pipe and any openings (doorways, windows, gaps between the
roof and walls) should be located on the windward side of the superstructure. I,
however, il 13 impossible 1o have bath vent pipe and openings on the windward side,
&t least one of them must be and this should preferably be the openings. It is extreme-
ly important (o avoid openings on opposite sides of the sheller, as this would signifi-
canlly reduce the pressure differences which contribute to the updraft in the vem
pipes.

In general, the vent pipe should be located on the outside of the superstructure,
since it is more difficult and expensive to ensure a rainproof and wind-tight seal
between the roof and a vent pipe going through it. Moreaver, in very sheliered areas,
thermally-induced ventilation may be more impontant than that due to the wind, and
thus the vent pipe must be placed outside the superstruciure, on its sunny side and
pamied black. The vent pipe must be rigidly fixed w the superstructure and the cover
stab. Design recommendations are given in Figure 26.

The purpose of the screen fixed at the wop of the vent pipe is 1o prevent the
passage of Mlies and mosquitoes. The mesh size must not exceed 1.2 mm x 1.5 mm,
Finer mesh is not recommended as it will resull in decreased ventilation rates, The
flyscreen must be made of comusion-resistant material that isable to withstand in-
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tense rainfall, high temperatures, strong sunlight and comosive gases. Inexpensive
PVC-coated glassfibre screens have been extensively used but afler about five years
they become very brittle and susceptible to damage by birds and lizards. It is prefera-
ble 1o use stainless steel screens which last indefinitely. Even though they are more
expensive the cost is small in comparison with the 1otal cost of the lairine.

It is important to ensure that the flyscreen is tghtly fixed to the wop of the vent
pipe in order to prevent access by insects. Design details are shown in Figure 27,
When the Myscreen is in place there should be no obstruction o the wind flow across
the top of the vent pipe.

Alternating Twin-pit Latrines

Allernating twin-pit latrines (see Figure 12) have \wo separate pits, ach with
their own vent pipe. but only one supersiructure. The cover slab within the super-
structure has two squat-holes, one over each pit. Only one squat-hole and pit are used
al 2 ime. After one to three years, when this pit is full, its squat-hole is covered up
and the second pit put inw service. After a further period of one 10 three years, when
the second pit is full, the contents of the first pil are removed 1o enable it 1o be used
again. Thisallernating cycle is repealed indefinitely, This iype of latrine 1s a
permanent sanitation facility, especially suitable for use in urban areas, and in small
communilies with high housing deasity, where there is insufficient space on each
housing plot for two or more single-pit latrines. Many of the design details for alter-
nating twin-pit latrines are the same as for single-pit latrines; specific differences are
as follows:

1. Piifunction and design

The function of the pit is Lo store excreta unlil they can be safely removed. With
the exception of human roundworm ova, Ascaris lumbricoides. all excreta pathogens
die within 12 months at lemperatures above 20°C. In most developing country cli-
maltes, one year is therefore the minimum storage requirement for each pil. Usually,
to provide some degree of flexibility in the design of latrine emptying schedules
(especially to allow for breakdown of any mechanical equipment and for seasonal
problems of access), a minimum period of two years is specified.
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Fig. 26. METHODS OF FIXING VENT PIPES TO VENTILATED LATRINES
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Fig. 27. METHOD OF FIXING FLY SCREEN TO A VENT I'IPE
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Calculation of the necessary pit volume shows that in most cases the pils are
quite small; for example, for a family of 10, each pil should have an effective volume
of only 1.2 cubic metres, assuming a solids accumulation rale of .06 cubic metres
per person per year only gnd a two-year storage time. Consequenty, pits can be
much shallower (often less than | metre (otal depth) than for single-pit latrines. This
may be a significant advantage if either groundwater or hard rock is close to the
surface of the ground.

The pit shape is normally rectangular and the pit may extend either 1o cach side
of the superstructure or 10 ils rear (se¢ Figure 28), The pits are lined as necessary.,
Suitable locally- available matenial (such as bnck, concrete or cement-stabilized soil
blocks) 18 used 1o build up the partition wall berween the two pus. This partition wall
must have a good foundation and be fully mortared to prevent any cross-flows of air
between the pits. This would interfere with the ventilation and might cause odours o
enter the superstructure, For the same reason, the cover slab must be firmly bedded
with mortar on the partition wall, as well as on the brick or blockwaork collar,

2. Cover slab design

The cover slab is usually made in reinforced concrele in three or more sections
(Figure 29): a central section with two squat-holes and holes for the two vent pipes,
and at least two removable covers (onc for cach pit) to allow access for cmptying.
The edge details of the cover slab sections shown in figure 29 are important as there
must not be any gaps between the central and outer sections which permit the escape
of cither flies or odours. A lime mortar or 2 weak cement morar should be used o
bed the removable slab sections 10 the central section and to the collar, As with
single-pit latrines, the cover stab should be sloped towards each squat-hole.

3. Superstructure and vent pipe design

The superstructure and vent pipe design detatls are similar 10 those for single-
pit latrines. Alternating twin-pit latrines have been installed inside houses, with the
pits accessible from outside; in some cultures such an amangement may be socially
preferable to external superstruciures.
4. Emptying of pits

Manual removal of the humus-like material in the pits, which should not be

handled until iL is at least one year old, should present little or no health risk as all
the excreted pathogens are non-viable, except for a few Ascaris ova. Discussions
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with the intended beneficiaries (or their leaders) prior w0 the installation of alternating
twin-pil letrines may indicate that they consider the handling of the pit contents 1o be
a socially-unacceptable task. Mechanical emptying can be planned a long time
ahead, while the emptying of 2 single pit latrine is aiways an urgent matier, The pit
contents may then be used to fertilize agricultural land or disposed of in sanitary
l=ndfills.

Fig. 28. ALTERNATIVE PIT GEOMETRIES FOR ALTERNATING
TWIN-PIT VIP LATRINES
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Operation and Mainlenance

When pit or VIP latrines become full, i.e. the level of excreta reaches to within
50 cm of the cover slab, there are 1wo oplions available to their owners: the construg-
tion of a new latrine on an adjacent site, or emplying the existing latrine.

In rural areas and in small communities with low housing density, construction
of a new latrine is generally the preferred solution, as space for the new latrine is
usually available, As much as possible from the old latrine (for example, the cover
slab and veat pipe) should be reused.

Manual emptying poses health risks due to the excreted pathogens that may be
present in the fresh fecal material at the wop of the pit. In addition, this is often not a
socially accepiable lask. Mechanical emptying is rarcly feasible in rural areas. In
urban areas manual emptying has the same disadvantages, bul mechanical emptying
might be feasible, especially if the pit were wed, as the procedure is essentially simi-
lar to desludging septic tanks, However, the solids at the bottom of deep pits will
often be highly compacted and difficult 10 remove by the standard vacuum equip-
ment psed 1o desludge seplic tanks. Dry pits are considerably more difficull to des-
ludge mechanically than wet pits. Air drag mechanical systems are the only current-
ly-available option for emptying such pits. When a latrine which 13 10 be mechani-
cally emptied is built in the backyard of a house or compound, space must be lefl free
around the superstruciure for the desludging truck or equipment to reach the pit
easily. A width of 2.75 1o 3.00 metres is recommended for this purpose,

Pit latrines and VIP latrines require a minimum level of day-10-day operation
and maintenance.

1) The most important aspect is cleanliness. A latrine which is dirty and soiled
with excrets and in a constant state of disrepair will soon be abandoned. The slab and
squat-hole must be Mushed with water and kept clean at all limes, and no poultry or
animals should be housed in the superstructure. The superstructure should be kept
clean, and vegetation immediately surrounding it should be trimmed.

1) Cracks in the slab or foundation and holes in the surrounding mound leading
directly to the pit should be prompily scaled.
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Fig. 29. COVER SLAB DETAILS FOR ALTERNATING TWIN-PIT
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3) In simple pit latrines the pit should be kept dark with a proper cover which
prevents the entry of sun rays, This helps to prevent fies from entering the pil. The
regular use of a hole cover should be encouraged in pit latrines, but not in VIP la-
trines.

4)  In VIP lamrines, it is imporant that the squat-hole or pedestal seat be kepl open
at all times, as covers interfere with the circulation of air which is essential for fly
and odour control,

5} To prevenl mosquite breeding in wel pits, it may be desirable to add a cupful of
kerosene each week to the pit, or 10 spray it with an insecticide (e.g. Malariol, or

similar prodsct),
6) Nodisinfectant should be added to the pit.

Suggestions for Construction of a VIP Latrine

1. Select the best location for the pit and clear the area of vegetation. Mark out on
the ground the dimensions of the pil using wooden stakes or pointed sticks, as shown
in Figure 30, Mark the excavation for the chute if an offset pit 13 1o be constructed.

2. Build the base arcund the pit site before digging the pit to prevent the top of the
pit walls from crumbling and to ensure that the slab or cover can be put in place
immediately afier the pit is dug and lined. The comérs of the base should normally
be square,

2(a) Wood Base: Cut four logs. poles or wood beams 1o the desired length. Cuot two
notches, as shown in Fig. 30(B), through each log, o fit together and form the base
around the pit site. Bind the logs with heavy cord or twine or nail them together.

2(b) Concrete Block or Brick Base: Lay a straight row of bricks or blocks along each
side of the pil sile as shown in Figure 30(C). The blocks should either be mortared
together or fit tightly, Tamp the blocks in place or scrape away dirt 1o ensure that the
rows or blocks are level. [f the blocks or bricks are mortared wogether, cover them
with damp straw, leaves, or grass and allow a few days for the monar 1o se1.
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Fig. 30. PIT LATRINE (a) LOCATION OF PIT SITES
(b} WOOD BASE (c) BLOCK OR BRICK BASE

£
Minimym givigncs ""--&h"l*\ . ig
Mazimam glatanes 30m l K
TAKES MARNR

NAIL ON 3PIKE

e
ST
24

BAICKS

ERC
Tt gy o st ol _.L_
_,J'I'?::EPT nrte 2 ’ T

dOINTE MOATARED

e L
e
L] ﬁ |f'r',._..




Sanitation Guidelines

Zic) Poured Concrele Base: Dig a shallow level trench 150 mm wide and 100 mm
deep around the pit site. The width and depth of this trench deiermine the width and
thickness of the base. The trench lines should be straight, the botiom tamped, and the
sides and bottom ¢lean and free of loose dire Mix concrete in the proportions (by
volume): one part cement, two parts sand, four parts broken stone (not over 2 cm in
diameter) or gravel, and just enough water 1o produce a stiff but workable mixture.
The sand and grave! should be free from din and other material. Fill the french with
the concrete mix, cover with damp straw, leaves, or grass and allow a few days for
the concrete to sel thoroughly.

3. Dig the pit after the base has been constructed making the sides smooth and
verticel. Use a plumb line (string tied to rock or weight) to check the sides during the
excavation.

4.  Suppon the sides of the pil 1o prevent caving when excavating deeper than 2 m.
Secure the sides wilh logs, poles, boards, bamboo or other local shoring material
when the depth reaches about 2 m. Continue digging, leaving 2 75 to 100 mm step or
ledge around the wslls to support the shoring material. Shore up the lower walls
when the pit reaches the correct depth. Do not hand dig a pit deeper than about 3.5m.

5. Measure the depth and make the pit floor fairly level when the correct depth has
been reached,

6. I required, install the lining afier the pit is fully excavated. The lining should
extend from the bottom of the pil to the base. [f the pit has been shored, the shorning
material can be left in place and serve as the lining,

6(a) Log, Pole or Bamboo Lining : Cut Jogs or poles o a length equal 1o the depth of
the pit. Place the logs or poles vertically along the sides of the pit. The poles should
reach from the bottom of the pit to the base and should be placed 25 to 75 mm cpart.
Cut four cross poles equal 1o the length of the pit, and four cross poles equai 10 the
width. Nail or tie the cross pales in place about 0.5 m from the top and bottom of the
pit walls to secure the vertical poles.

t(b) Wood or Board Lining: Cut boards in lengths equal to the length and width of
the pit. Cul four long boards or posts to a length equal to the depth of the piL. Put a
long board or post in each comer of the pit and place the shorter side boards horizon-
tally along the pit walls and nail them 10 the comer posts. The side boards should be
spaced about 25 1o 75 mm apart.
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&{c} Concrele Block or Brick Lining: Build the blocks or brick up the walls of the
pit leaving 75 mm open spaces between the bricks. Do not use mortar except for the
top two courses of blocks or bricks in arder w provide additional srength.

7. The siab may be cast in wooden formwork on & leyer of sand spread over the
ground. Remnforcement may be made of hog-wire or of 6mm diameter reinforcing
steel. Concrete should be carefully poured in the form and should be well tamped or
spaded as this will make It Mow well around the reinforcing bar, Allerabout 610 8
hours the surface of the glab should be rowelled with a sieel trowel (o produce a
smooth finish 1o the concrele. The fresh concrete should be covered with a damp mat
or straw, which should be sprinkled with water and kept constantly in a moist condl-
Lion for seven days,

8. Set the slab or cover in place over the pil, The size of the slab should be such
that it has a minimum bearing of 8) mm (preferably. 100mm) on the base wall on all
sides. If the slab or cover is in sections. use tar or other materials 1o seal all joints.

9. Waterproof around the edges of the slab or cover where Lhe slab rests on the
base. Do not mortar the slib or cover 1o the base when the glab or cover 1s designed
to be removed for emptying the pit

10. Place an carth mound, well tamped or lined with flat stones or masonry, around
the edges of the base and slab,

11, Build the shelter sbove the slab using local materials and construction style.

Cost

The cost of pit or VIP latrines will vary considerably from couniry (o country
and within countries. Cost will depend on the design, local costs of labour and
malterials, and the extent of community, or family, participation and self-help. In
some countries, it has been recommended that the maximum cost of a household
simple pit Litrine, including all labour and materials, should not be mare than the
average monthly income of 8 manual labourer. While this may be a somewhat opti-
mistic goal. it is extremely desirable that a latrine's cost should be reduced to the
minimum consistent with the critenia of health protecuon, structural salety, and

social acceptability,
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Advantages and Disadvaniages

The VIP latrine satisfies most of the sanitary requirements cited earlier and can
play 3 major role in the prevention of excreta-borne diseases in small communities. It
has the advantage of significantly reducing odours and flies but the provision of the
screened vent pipe adds to its cost and maintenance,

Simple pit lamines, however, have a number of disadvantages. They are proba-
bly the most widely used excreta disposal facility in the developing world. Although
many traditional pit lawrines are gquite well constructed a large number require sub-
stantial improvement in order to become safer and more hygienic.

Due to & Llack of technical knowledge many simple pit latrines are indequately
constructed on unstable ground with the result that many collapse after s relatively
short ime. This is not only dangerous Lo the user but represents a loss of investnent.
Floors are often constructed from wood which is sometimes covered with earth.
Such surfaces are casily fouled and provide ideal breeding grounds for hookworm.
Dampness and termiles can erode the wooden floor causing its collapse into the pit.

The simple pit latrine presents both odour and fly problems. 1t concentrates
excreta in a single location close 10 the home and, unless scrupulous cleaning and
covering of the drop hole are ensured, the flies which invade the Iatrine are a serious
health hazard.

Wherever possible the upgrading of simple pit latrines should be considered so
that the floor slab is made as hygienic as possible and fly and odour problems are
reduced.

With 2 minimum of auention w location and construction of simple pit and VIP
latrines, there should be negligible soil pollution and no surface or groundwater
conaminaton. Both the simple pit and the VIP latrines have simple designs and are
easy to use and maintain, Their life span will vary from § to 15 years. depending
upon the pit volume and the use and abuse w which they are put. Water is nesded
only for cleaning the slab. The chief advantage of simple pit and VIP latrines is that
they can be built by the family with little or no outside help and from locally-avail-
able matertals.
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2.1.3. Reed's Odourless Earth Closet (ROEC)

Description

The significant difference between Reed’s Odourless Earth Closet (ROEC) and
the VIP lairine, is that in the former the pit is completely offset. Excreta is intro-
duced into the pit of a ROEC via a chute, as shown in Figure 31. Usuaily the pit is
longer than in other types of pit latrine.

Components and their Design
The Pit

The volume (V) of a pit of less than 4 metres depth may be calculated from the
equation:

V=133CxPaN

where C = rate of solids accumulation, cubic metres per person
per year,
P =number of people using the lamrine;
N = number of years the pit is to be used before
emptying, usually 15 1o 20 years.

The rate of solids accumulation (C) of a dry pit should be 0.06 cubic metres per
person per year, Where anal cleansing materials that are not readily decomposed
(such as grass, leaves, maize, mud balls, cement bags, etc) are used, this figure
should be increased by 50 percent. For wel pils, the rate of solids accumulation
should be 0.04 cubic metres per person per year.

The factor 1.33 is introduced because the pitis either filled in with earth or
emptied when it is three-quaners full. Where soil conditions permit. large diameter
or cross-section pils may be constructed, although special care must be given o
supporting the latrine base and superstruciure, As an example, the pit volume of &
household ROEC dug in dri- soil and ssrvmg 10 people for 20 years would be 1,33 x
EIDG:!.{]:ZD—IS%U ,say 16 m”. For a wel pit, the volume would be: 1,33 »
0.04 x 10 x 20 = 10. 64[:-
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The ROEC pit can be built with a floor which slopes away from the superstruc-
lure 50 a5 w0 fEcilitate redistribution of the excrela.

The ROEC pit offers the following advantages over those of pit and VIP la-
trines,

(1) The pitis larger and thus has a longer life.

(2) Since the pit is completely displaced, the users (particularly children) have no
fear of falling into it.

{3)  Ttis not possible o see the excreta.

{4) The pit can easily be empued, so that the supersiructure can be & permaneat
facility. The width of the pit is generally 1 metre and, for easy emptying, its depth
should not exceed 3 metres,

The pit cover, located behind the superstructore, will consist of emovable slabs
whose joints are sealed with monar or tar. A manhole with a heavy and light fitting
cover may also be provided.

The squaning plate

Along with the concrete squatting plate, a steep (60°) sloping chute is provided
to direct the excreta into the adjacent offset pit, as shown in Figure 31, The chute
diameter should be 20 cm., increasing under the squatling plaie so as 1o atach
around the entire squatting hole which, of course, is larger. The chute may be made
of metal, palyvinyl ¢hloride (PVC), or ferrocement. 1t is important that the chute be
straight and smooth o facilitate cleaning.

Orperation and Mainienance

The operation and maintenance of ROECs are the same as for other latrines.
The only difference is the additional care which must be given 1o keeping the chute
pipe clean at all times. For this purpose a long-handled brush is required, the brush
itsell being washed after use. As for VIP latrines, the squat-hole or pedestal seat must
not be covered, so as not to interfere with the circulation of air down into the pit and
up the vent pipe (for odour and My control purposes).
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Fig. 31. REED'S ODOURLESS EARTH CLOSET (ROEC)
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Suggestions for Consmucuon

1. For the construction of the pit, follow the same suggestions as those given in
respect of pit and VIP lawrines,

2. Note that the latrine slab of a ROEC is usually elevated about 40-60cm abave
ground level, This facilitates the installation of the chute, as well as access o the pit
for emptying,

3. Itis very important that the concrete slabs and manholes be water and airdght,

Cost

The total cost of construction of a ROEC will vary considerably from country 1o
country, depending chieflly on local costs for labour and materials, and the extent of
community, or family participation and self-help.
Advantages and Disadvantages

The ROEC, like the VIP latrine, satisfies most of the sanitary requirements
cited earlier. Its advantages may be summarized as follows:

(1) Long life span

{2) Low annual cost of operation and mainlenance.

(3} Relative ease of construction and mainienance,

(4) All types of anal cleansing materials may be usad,
(5 Minimal odour, fly and mosquito nuisances.

(6) Minimal water requirements (for cleaning cover slab)
{7) Low level of municipal involvement.

(#) Minimal risks to health.
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[tz disadvantages include the following:

{13 The chute is easily fouled with excreta and thus may provide
a site for fly breeding if not cleanad frequently.

(2) Frequent altention is required 1o ensure thal the cover
slabs, or manhole, fit ightly, thus preventing (lies,
vermin and sun rays from entering into the pit

(3) The greater space requirement of the ROEC make them less suitable for high
density areas than the vertical drop VIP latrine.

2.1.4. Double-Vault Compost Latrine (DYC)

2 K

This latrine consists of a large vault divided into two compartments, each of
which is topped by a slab and a hole, as shown in Figure 32. The superstructure is
also divided into two shelters with separate entrances. In practice, the vaults are
filled alternately. One vault is used until it is about three quarters full. [tis then
filled with earth and sealed, and the other vault put into use, Ash and organic wastes
(eg. leaves, grass clippings, sawdust) are added to the vaolt daily, When the second
vault is filled and scaled, the contents of the first vault are removed and it 1s put into
service again. The composting process requires approximately one year 10 make the
compost hygienically safe for use as 3 soil fertilizer. Compost latrines require 3 high
degree of user care and attention. They are successful when there is a demand for
composted excreta (for example as fertilizer) and where there is a high degree of
concemn by health and agricultural authorities 1o the sanitary aspects of their opera-

For proper composting no water should be added o DVC lutrines except for the
small amount needed to clean the squatting plate. This implies that unlined under-
ground vaulis should not penctrate groundwater. The unlined bottom of the vault
should be 2 minimum of 1 metre above groundwaler.
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Components and their Design

Vaults are usually built of reinforced concrete, or with brick and mortar. They
may be placed onderground, as shown in Figure 32, However, it may be desirable to
build them above ground (see Fig. 33) as 1t is casier 1o empty them through back
openings. The squatting plate used 13 identical to those described previously under
the pit and VIP latrine section. It must be flush and fit tghtly over the outside walls
1o prevent the entrance of water and insects into the vault

In some DVC lamines, urine is excluded from the vault and is cither drained to &
small gravel soakaway or collected for use as a liquid fertilizer. This is not recom-
mended in most Eastern Meditarranean Region countries whers the prevalence of
urinary schistosomiasis is known to be high,

Each vault must have its own vent pipe whose diameter should be not less than
100 cm. The vent pipe may be made of PVC, uPVC, or ferrocement, but preferably
not of galvanized iron sheets which corrode oo quickly. The top of the vent-pipe is
covered with a fly-screen.

Each vault must have an opening for removal of the composted contents, For
underground vaults the opening will be in the cover. Above-ground vaulis usually
open al the rear. Openings should be constructed 50 that they can be tightly closed w
prevent the entry of insects or animals.

The capacity of cach vault is calculated on the assumption that it will be used
for one full year, In addition, il is assumed that satisfaciory composting reguires the

volume of organic material (leaves, manure, sawdust. eic.) which 1s added daily 10 be
roughly four times greater than the volume of excreta:

As an example, the vaolt capacity of a DVC serving a family of 7 people would
be calculated as follows:

(8) Excreta production/personfyear = (.06 m>
(b) Rrafamﬂyuf?pums:?:ﬂ.ﬂﬁ-ﬂ.dim3

{c) Volume of all other wastes =4 x 0.42 = 1 .68 m°
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(d) Total, effective volume of vault = 2.10 m

(g} Add 50 cm of fres space below squatting plate. This space
will be filled with earth at the end of one year before the
second vault is pul inlo service,

(f) Each vault would then be 1.10 m wide, 1.60 m long and 1.70 m
(i.e. 1.20 plus 0.50 m) deep.

Operation and Mainlenance

The proper operation of a compost latrine requires considerable care in order o
achieve the right mixture of excreta and other waste material and to prevent fly
breeding and foul odours. Some experimentation may be required befarchand.
Monthly inspection and prompl repairs are necessary for maintenance purposes. Only
gne vault is i be used at a time. The following steps should be followed:

{1) Cover the floor of the vault with a loose layer of leaves, weeds, straw, grass
clippings or sawdust Lo soak up the liquids; but do not use rubbish such as metal
cans, glass and plastic boules, or similar materials.

(2) In addition to depositing human excrement, throw the daily garbage into the
vaull, along with cattle, horse, sheep, and/or chicken manure, as well as urine-soaked
carth or straw. The latter materials are important, as uring is rich in nitrogen, an
essential plant nutrieat

(3) About once a week throw a few kilograms of grass clippings, line-1exture
leaves and ash into the vault,

(4) When the contents of the vaull reach a level of 50 cm below the squatting plate,
full it with 15 cm of grass clippings and leaves and the top 35 cm with well-tamped
earth.

The latrme should be cleaned ai least once a week. It should not be used as a
washroom as the vault will receive oo much water which will impede the compast-
ing process. Afler a period of twelve months, during which the second vault has bean
in operation, the compost in the first vault may be removed through the rear wall
opening and used safely as fenilizer.
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Fig. 32. DOUBLE-YAULT COMPOSTING LATRINE
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Fig. 33. DOUBLE-VAULT COMPOSTING LATRINE USED IN VIETNAM

&
iam 0
245 MnJ

'__,_L__,—'— e

Amictiepl




Sanitation Guidelines

Sugpestions for Constroction

. The same suggestions made previously concemning construction of pit latrines,
VIP tatrines and ROECs, apply 10 the double-vaull compost latrines.

2.  The vaults* walls and floors may be built of reinforced concrete or with brick
and morar. In the later case, use a mortar Mix containing one part cement to three
parts send, and enough water 10 make a workable mixture.

3. In addition, attention should be paid to the wall separating the two vaults. This
must be made watertight by plastering it on both sides with a 1.25 ¢m coat of a rich |
10 3 cement-sand mixture, paying special care to seal the bottom edges of the walls.

4.  In3 similar manner, the vaults themselves must be watertight.

5. Cover the rear openings and seal with tar or equivalent, ensuring that the seal is
strong enough to hold the weight of the accumulating compost. Do not use cement
to seal the covers because eventually they will have o be removed. The covers may
also need 10 be braced.

.  Mortar the squatting piate in place.

Advantages and Disadvantages

Proper composting in latrine vaults is complicated and users may find it diffi-
cult 1o understand the processes involved. Close supervision by health and agricul-
ture officials and sysiematic education and follow-up are required during the first
two or more years of application. Furthermore, latrine vault composting is not free of
hazards and requires atiention. Proper location is essential o prevent pollution of
groundwater and the entrance of water into the vaull

Under proper conditions of operation, this method will sstisfy most sanitary
requirements, It is more expensive than the ordinary pit latrine since it involves the
construction of two or more vaults,

Another difficulty with the double vault composting latrine is that both com-
paruments are often used simultaneously, thus defeating their purpose. DVC toilets
are generally unsuitable for high-density housing areas, in communities where users
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are unwilling to handle the composted humus and where there is no local demand for
the humus produced.

2.2. Water-carried Methods of Excreta Disposal

Water-carried or wel systems for excrewa disposal require a perennial water
source for Mlushing. All water-carried systems use water to seal off the latrine pit
which eliminates odour and fly problems. The receptacles of the water-carmed
methods can vary from simple leaching pits o sepuc tanks, or even small bore sewer
SYElems.

2.2.1. Pour-Flush (PF) Toilet
Description

The pour-flush toilet, also known as the water-seal latrine, consists of a squat-
ting slab into which a specially made pan is incorporated, as shown in Figure 34, The
pan has a bottom slope of 257 1 307 o the horizontal and 2 2 cm. waterseal trap (U-
rap). After use it is flushed by hand using a small container holding about 1.5 10 2
litres of water. Such a slab may be insialled direcily over or connecied by a pipe or
drain to a leach pit. If sufficient space exists two leach pils are used alternately.
Because of the waterseal [ies cannol gain access to the excreta, and odours cannot
escape, With simple care the pour-flush toilet Is 3 satisfactory and hygienic sanitation
system which can be located inside or outside a house. It is a particularly appropriate
wechnology wherever water is used for anal cleansing.

Components and their Design
Squatting pan

Details of one type of squatting pan are shown in Figure 35. The horizontal
length of the pan should be at least 425 mm and the tap should be 70 mm diameter
with a 20 mm waterseal. The pan can be of ceramic, glass fibre-reinforced plastic
{GRP), PVC, high-density polyethylene (HDPE). mosaic or cement concrete. Ceram-
ic or plastic pans have many advantages over the concrete ones. They are smooth and
require less water for flushing. Plastic pans are cheaper, lighter and easier 10 trans-
port than ceramic ones. Concrele pans are heavy, difficult to ransport and become
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are unwilling to handle the composted humus and where there is no local demand for
the humus produced.

2.2. Water-carried Methods of Excreta Disposal
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The pour-flush toilet, also known as the water-seal latrine, consists of a squat-
ting slab into which a specially made pan is incorporated, as shown in Figure 34, The
pan has a bottom slope of 257 1 307 o the horizontal and 2 2 cm. waterseal trap (U-
rap). After use it is flushed by hand using a small container holding about 1.5 10 2
litres of water. Such a slab may be insialled direcily over or connecied by a pipe or
drain to a leach pit. If sufficient space exists two leach pils are used alternately.
Because of the waterseal [ies cannol gain access to the excreta, and odours cannot
escape, With simple care the pour-flush toilet Is 3 satisfactory and hygienic sanitation
system which can be located inside or outside a house. It is a particularly appropriate
wechnology wherever water is used for anal cleansing.

Components and their Design
Squatting pan

Details of one type of squatting pan are shown in Figure 35. The horizontal
length of the pan should be at least 425 mm and the tap should be 70 mm diameter
with a 20 mm waterseal. The pan can be of ceramic, glass fibre-reinforced plastic
{GRP), PVC, high-density polyethylene (HDPE). mosaic or cement concrete. Ceram-
ic or plastic pans have many advantages over the concrete ones. They are smooth and
require less water for flushing. Plastic pans are cheaper, lighter and easier 10 trans-
port than ceramic ones. Concrele pans are heavy, difficult to ransport and become
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rough and unattractive after use due to the action of uric acid. However, they are less
expensive,

Connecting drain or pipe to leach pits

The wap should be connecied o the pits either by a pipe or & covercd dramn. If a
pipe is used, a juncuon chamber of minimum internal size 250mm x 250 mm shouid
be provided al the junction point, as shown in Figure 36. Asbestos cement may be
used as it is smooth and often cheap. Alternatively, a drain can be made with a
semicircular Moor of bricks or stones with a minimum size of 75 mm x 75 mm, as
shown in Figure 36. The slope provided should be | in 5w 1 in 15. Bends and curves
in the drain should be avoided. The inlet pipe or drain should project a minimum of
100 mm into the pit.

Leach Pit

The size of a leach pit depends upon a number of factors. These include:
number of users, cleaning interval, seil properties {including its permeability), water
table level, and the quantity of water used for flushing and cleaning.

When the squatting plate is placed directly over the disposal pit, the latler is
designed and buill in much the same manner as for ordinary pit or VIP latrines, Since
waler is used in the pour flush oilet it will usually be necessary 1o line the walls of
leaching pits with brickwork, stonework or concrete (o prevent the saturated soil
from collapsing. If the squsiting plate is installed inside the dwelling, the pit is dug
outside and assumes the shape and design of a leaching cesspool pit (see Figures 37
and 38).



Fig. 34. POUR-FLUSH WATER-SEAL LATRINE
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Fig. 35. DETAILS OF PAN AND TRAP

Measurements shown aré in milimetres
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Fig. 36. DETAILS OF DRAIN AND JUNCTION CHAMBER
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Fig. 38. DESIGN OF LOW COST WATER SEAL LATRINE
WITHIN THE PREMISES
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The leach pit may be dry or wer. It is wet if it penetrates the groundwater table
throughout the year. The effective volume of a pit is the volume below the level of
the pipe or drain which brings in the excreta and flush water. Effective depth is Lhe
depth below the level of the inlet pipe. Assuming that a leach pit will serve for three
years before being emptied, its effective volume for different numbers of users, under
dry or wet conditions, is shown in Table 2.

Table 2 EFFECTIVE YOLUME OF LEACHING PIT
UNDER DRY AND WET CONDITIONS

Number Effective volume in cubic meters for three years
of users
Pit under dry conditions Pit under wet conditions
s 0.68 1.0
G 0.81 12
10 136 20
15 204 3.0

The pit shape may be circular or rectangular. However, circular pils are prefer-
able as they are more stable and cost Jess. Piis are usually between 0.9 and 1.3 meires
in diameter, and beiweeen 1.0 and 1.6 metres in depth. A free space, of not less than
25 cm above the inlet pipe, should be provided. Smaller (bul not less than 0.8 metres
in diameter) and deeper pits may be dug where available space is resiricted.

The minimum space between two pits should be equivalent 1o at least the effiec-
tive depth of the pits. The minimum distance of the leach pits from foundations of
existing buildings depends upon the soil characteristics, the depth and type of the
foundations of the building, and pit depth. The greater the pit depth, the greater the
distance from the building foundations shouid be. As an indication, a pit 2 metres
dezp in sandy clay should be & minimom of 0.9 metres from the nearest building

foundanon. However, in clayey sand it may be located as linle as (L6 metres from the
nearest building.

Leach pits should not be located in water-logged areas or in areas subject to
fooding, Wet leach pits represent a health hazard with respect (o possible risk of
pollution of drinking water sources. Consequently, they should not be less than 30
metres from a drinking water spurce. Dry leach pits, provided that they are well
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clear of the groundwater table, shonld never be less than 15 metres from & drinking
waler source.

Pits should be lined with honeycomb brickwork, stone in cement or lime mor-
tar, or random stone masonry without any mortar. Alternatively, the pit can be lined
with bumt clay rings or concrete rings. Under special circumstances, lining can be
bitumen-coated bamboo mating, but the life of such lining is limited. In brick lining,
the width of openings should be 7.5 am. Whatever the lining material used, the lining
above the top of the inlet pipe or drain up to the top of the leaching pit, should be
solid masonry (i.e. with no openings),

Pit covers should be water tight, and built of reinforced concrete, stone slahs or
other suitable locally available material,

Superstructure
The superstructure should be economical and affordable,

Suggestions for Construction

The pour flush wilet components made from ceramics or plastics usually have
the Moor slab, pan and trap made as a single integral unit, greatly simplifying con-
struction procedures. The ceramic type is commercially available in most countries
of the Eastern Mediterranean Region and procedures for its installation in a concrete
floor are quite well known by local artisans,

Figures 34 1o 38 show construction features and details of pour flush wilets,
These recommendations are based on a design developed in India where this type of
toilet has been in use since the late 1940s. The following suggestions relate to this
incxpensive type of pan and trap sections which may be appropriate for sanilation
programmes in niral areas,

1. Deermine where the pan is to be located and compact the underlying earth,
excavaling where necessary, for placing the pan and trap.

2,  Assemble the pan and trap, caulking the joint with spun yarn soaked in neat
cement mortar. Fill the joint and make a fillet with 1:] cement:sand morar.
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3. Place a brick or flat stone al the point where the bortom of the trap will rest,
raising or lowering Lthe tamped carth as necessary to bring the top of the pan 1o the
proper final height

4,  Fill around the pan and trap, first with & 50 mm layer of gravel or crushed brick
followed by a 20 mm layer of sand. A space should be feft fora 25 mm layer of
concrete floor,

§.  Tamp the fill maierial. Place the final layer of concrete. Vibrate and work the
concrete 1o make it dense. Smooth the surface so that there is & slope of about 3%
towards the pan. Place the foorests, as shown in Figure 34, with their tops at least 10
mm abhove the adjacent siab. Allow the concreie 10 cure for & to 8 hours then use a
steel rowel 1o give a smooth Mnish.

6. The leaching pits should then be lined with either brickwork, stone masonty,
dry stone pitching or burnt clay rings. The open spaces between bricks or siones
should be about 115 x 75mm in size. The top pan of the pit wall, above the inlel
pipe, must be made watertight.

7. All pipe joints and connections with the waterseal trap, the junction chamber
and the leaching pits, must be watertight.

8. One drain or pipe should be blocked at any one ume, so thal the discharge from
the squatting pan goes to one pit only.

9. Make sure that there i3 no blockage of the squatting pan and trap due 1o falling
mortar during construction, In addition, ensure that the pan, trap and footrests have
besn sei cormectly.

Operation and Maintenance

The most imponant daily maimenance required is 1o ensure thai the slab end
pan are kept clean. A bendable brush is useful for cleaning the walerseal trap.
Sullage from laundry, bathing or the kilchen should not be disposed of into the la-
trine unless the leaching pit has been designed 10 receive such wastewater. No solid
wasie or any solid anal cleansing material should be pul into the pan as it is likely 10
cause blockage.
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Operation and Maintenance

The most impoernant daily maintenance required is 1o ensure that the slab and
pan are kepl clean, A bendable brush is useful for cleaning the waterseal trap,
Sullage from laundry, bathing or the kilchen should not be disposed of into the la-
trine unless the leaching pit has been designed 10 receive such wastewater, No solid
waste gr any solid anal cleansing material should be put into the pan ag it |s likely o

caise blockage.

The first indication that the leaching pil is full is usually given by the inabifity
to fMosh the pan. Once it is established that this is not due to blockage then it is
necessary to seal off the leaching pit, if it is designed not to be emptied. For the
single offset leaching pit an emptying service has to be called. This indication is
usually given rather late, as the outlet of the waterseal is normally less than 50 cm
below the ground, and so the recommiendation to cover the pit with at least 0.5 metre
of earth cannot be met, The desludging service may not be available at short notice
and overllowing may therefore occur. ILis advisable to have some other means of
indicating the level of the pit conlents, such as a marked stick which fiis in the cover
slab.

Advantages and Disadvantages
These may be summartzed as follows:

Advantages:

I.  The water-seal (pour-flush) latrine, when properly operated and maintained,
satisfics all sanitary and aesthetic crileria:

2. [tis especially suitable where water is used for anal cleansing.
3. It can be inswalled near or inside the dwelling.

4. [t minimizes contact with [lies and vermin.

5. The odour nuisance is kept to 8 minimum.

6. Itis entirely safe for children.
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7. Tiis fairly simple and inexpensive 1o build.

4. Itis moderately simple and incxpengive lo operate and maintain,

Disadvaniages:

1. ltcan be used only in areas where water is obtainable throughoul the year (a
small volume will suffice),

2. Itrequires a period of intensive education in its proper use and cleaning and
continued follow-up by sanitation amhorities.

3. It costs slightly more than ordinary pit latrines, but less than aqua latrines.

4, In many rural areas of the world, it would require & change in customary use of
cleaning materials. For instance, mud balls, comcobs, or stones cannot be used for
anal cleansing in pour-flush lainnes as they would block, or destroy, the waterseal

trap.
5. ILis not readily applicable in areas with impermeable soils.

6. For the off-set leaching pit a balance has to be found between desludging costs
and construclion costs. In most cases it is better (o dig a deep leaching pit as the

organization of desludging services is generally inadequate.

1.2.2.Aqua Privy
Descrint

The aqua privy consists of a squaning plate situated immediately above a small
septic lank thal discharges its effluent o an adjacent soakaway (see Figures 39 and
40).

The squatting plate has an integral drop pipe, of 10 to 15 cm diameter, the
battom of which is 10 to 15 cm below the water level in the tank. In this manner a
simple water seal is formed between the squatting plate and the tank contents which
is necessary to prevent fly and odour nuisance in the toilel. In order to mamtan this
water seal it is essential that the wank be completely warertight and that the user add
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sufficient waler o the tank via the drop pipe to replace any losses. A superstructure
1s provided for privacy and s small vent pipe is normally incorporaied to expel the
gases produced in the tank.

The excreta are deposited directly into the tank where they are decomposed in
the same manner as in & septic tank. There is, as with septic tanks, a gradual accumu-
lation of sludge (approximately 0.03-0-04 cubic metres per user per year), which
should be removed when the tank is two-thirds full of sludge.

Components and their Design
The Tank

The function of the wnk is W receive, store, and digest the excreta, 0 keep them
away from [lies and other vermin, and 1o render them innocuous. The shape of the
tank depends on local construction lacilities and materials; it may be round, square,
or reclangular. Concrete anks built on location are usuzlly square or rectangular
since formwaork for these shapes is easier to construct. Round tanks may be made of
plain concrete sewer pipes ¥ ¢m or 120 ¢m in diameter placed vertically in an carth
pitl and sealed at the bottom with concrede,

The size of the tank varies with the number of persons for whom it is designed
and wilh the time interval allowed berween slodge removal operations. The tank
volume 15 usually calculated on the basis of 0.12 cubic metres per user, with 8
minimum size of 1 cobic mewre. Desludging 18 normally required every 2 1o 3 years
when the tank is two-thirds ull of sludge. The liquid depth in the tank 15 normally
1.0 to 1.5 meters in household units. As an example, the volume of an aqua privy
serving 10 persons, assuming desludging every 210 3 years, willbe 102012 = 1.2
cuhic metres.

This corresponds to a rectangular tank with a liquid depth of 1,10 m, inside
length of 1.10 m and inside width 1.00 m. A free space of 30 cm should be provided
above the waner level (and below the squatting plate) for the normal accumulation of
scum. The wotal 1ank depth in this instance would be 1.40 mewes. The fact that squa
privy tanks are not very deep is an advantage from the point of view of construcuon,
e¢specially in areas where groundwater or rock is close o the surface,

Materials commonly used for the construction of the tank include plain or
reinforced concrete, or brick of stonc masonry with a plaster cover. Concrele is the
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best material 10 ensure water-tightness. In addition, it is permanent and relatively
¢asy 10 work with. In areas where bricks and stones are casily oblained they may be
cheaper 1o use. However, they require a coat of rich cement plaster o make them
walter-tight,

Tank Ventilation

In aqua privies, where the decomposilion of excreta is entirely anaerobic in
nature, it is necessary 1o provide a vent pipe for the escape of the large volume of gas
which is normally produced by fermentation (see Figure 39). [is opening in the tank
should be just below the slab and away from the scum which might choke it. Its
outside opening should be sbove the roof of the superstructure and away from doars
and windows of neighbouring houses, in order o avoid odours. A 7.5 ¢m (3.in) pipe
will be sausfactory under mast circumstances.

The Squatting Plate

The squatting plate is provided with a short length of pipe, as shown in Figure
40. Depending upon its design, it may or may not include a bowl or pan. Since the
aqua privy is permanent in nature, the foor is usvally made of a durable material
such as concrete. This material lends itself well to mass production methods. Typical
slab designs for agua privies are shown in Figures 40 and 41, The slab surface has a
smazll slope from the edges wwards the hole or bowl to ensare that the waler used for
cleaning, flushing, ablution or cleansing purposes drains into the tank.

The bowl is usually made of cement and is pre-cast with the slab. The chute ar
drop-pipe is made of earthenware, plastic or vitrified clay. Cement pipes may also be
used, bat will not last as long as other materials since the lower extremity will tend (o
disintegrate along the line of contact with the liquid in the tank. The size of the pipe
varies from 10 cm 10 20 cm in diameter, depending on the anticipated use and main-
lenance of the privy. If the privy is properly used, the smaller size will be satisfacto-
ry. However, in places where stones, mud balls, or sticks are likely to be used for
anal cleansing, the larger size will tend 0 reduce blockage of the pipe. The smaller
pipe size will prevent the water from splashing and will normally be free of crusi-
forming scum when the latrine is in constant use. Pipes larger than 20 cm expose too
much of the waler surface, over which mosquitoes may lay their eggs. In addition,
splashing water is likely 1o be a nuisance.
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Fig. 39, THE AQUA PRIVY
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Fig. 40. SQUATTING PLATE AQUA PRIVY
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In these latrines, perhaps more than in pit latrines, there is a great need for foot-
rests, because the floors of aqua privies are likely to be wet from splashing of cleans-
ing and ablution water. Foot-rests should be properly designed to ensure rapid and
casy drainage of water towards the hole.
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Fig. 41 BOWL FOR PUBLIC AQUA PRIVY
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The Disposal of Efftuents

For each litre of water added to the water-tight tank of an aqua privy.a corre-
sponding amount of “sewage” must be evacuated and disposed of as efffuent. This
effluent is loaded with finely divided, decomposing faecal matter.
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It may also contain harmful bacteria and the ova of parasitic worms, Further-
more, because of the small size of the tank, there is a possibility that water may
short-circuil from the chute 1o the outleg pipe, For these reasons, the effluent, though
small in volume, should never be permitted to run freely over the ground or in open
ditches. It should not be used for irrigation of garden crops which will be eaten raw.

The average amount of water to be evacuated from an aqua privy is about 4.5
litres per person per day. However, a capacity of 10 litres per person per day is
recommended for its design, This figure will vary with the degree of availability of
water for cleaning purposes and should be corrected by field observations. For
example, when an aqua privy is provided with a water tap inside the superstructure,
the tank may be expected to receive much more water than mentioned above. In such
circumstances, an effluent disposal system designed for a rate of 10 litres per person
per day would soon be overloaded and ceass 1o function.

The effluent is carried away through a 10 cm pipe inserted into the side of the
Lank at the cormect level. [n order 1o prevent the soum from entering the disposal pipe,
the outlet is fited with a tee or an elbow, as shown in Figure 42. For small installa-
tions the disposal of effluent is usually through seepage pits or subsurface immigation,

The size of a secpage pit (or soakaway) should be calculated assuming an infil-
tration rate of 10 litres per square metre of sidewall daily. For example. if an agua
privy serves 15 people, its effluent may reach 150 litres per day (ie. 15 people x 1)
litres per person). The required sidewall area of the seepage pit will be 15 square
metres {i.e, 150 litres per day divided by the design infiltration rate of 10 litres per
square metre per day). IF the seepage pit is square, each sidewall will have a surface
area of 3.75 square metres {i.c. 15 square metres divided by four sides). This cormre-
spands 1o a pit 1.50 metres square and 2.50 metres deep below the inlet pipe.

The other common method of disposal of aqua privy effluent, subsurface imgs-

ton, is also commonly gsed for the disposal of efTluent from septic tanks. If 15 de-
scribed in the section entitled “Septic Tank" under the title “Subsurface |rrigation”.
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Fig. 42. FAMILY-TYPE AQUA PRIVY USING 90 cm OR 120 em
DIAMETER CONCRETE SEWER PIPE FOR THE TANK
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Orperation and Mamienance

The first operation in starting an aqua privy is filling the wank with water up to
the mver level of the effluent pipe. Some digested sludge, taken from another privy,
may be added in order 1o seed the water with the right types of bacieria and micro-
organisms o carry out the decomposition process. This is nol absolutely necessary,
but, if the tank is not seeded, a minimum of six 10 eight weeks is required to reach an
efficient level of operation. Once established, the aqua privy will work satisfactorily
provided it is in daily use. In areas where anal cleansing with water is not practised,
the wnk should receive the small amount of water necessary for it to function cor-
rectly if the slab and bow! are given a daily wash down with two or three buckets of
waler - i.e., approximately 25-40 litres,

The digesied human wasie deposited in the tank will be considerably reduced in
volume. After about 3 years the digested sludge in s family-size installation will need
10 be removed as it will occupy 50 1o 60 per cent of the wank water capacity, Stcks,
mud batls, coconul husks, and similar cleansing agents will not disintégrate and will
cause the tank to fill more rapidly. In areas where such cleaning materials are used
the sludge will have 1o be removed with greater frequency. Provision should be
made in the design of an aqua privy for periodic sludge removal through an airtight
inspection cover. Such an inspection cover may be located either inside or outside
the superstructire. 1t should facilitale casy access 1o the sludge, as well as the outlet
lee and the vent pipe opening, both of which may need to be cleaned of scum or
other solids, The inspection cover should be tightly fitted to prevent the entry of {lies
and mosquitoes. 1t should be easily accessible, and not be buried under an garth
cover and forgotten. The sludge removed will contain some undigested matter which
is still offensive and presents a health hazard. This should be buried in shallow
trenches. 40 cm deep.

One difficulty often experienced with poorly maintained agua privies s that the
drop-pipe gets choked with fresh faeces upon which flies lay their eges. Maggots
then hatch and migrate all over the interior walls and ceiling of the superstructure,
creating a considerable nuisance to the users. A plain stick may be used to push the
faeces down.

Maintenance of the water seal has been a problem with conventional aqua

privies, except in some Islamic communities where the water used for anal cleansing
is sufficient o maintain the seal.
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In all communities it is necessary for the vaull Wb remain water tight However,
in some areas people are either ungware of the importance of maintining the ssal or
they dislike being seen carrying water into the toilet. If the seal is not regularly
maintained, there are problems with odours, flies and mosquitos. This is one reason
why some authorities hesilate lo recommend the agua privy as & sanitary means of
excrela disposal

Wherever this type of latrine is used il is essenual that the sanitation lechnician
and the local health authorities implement an on-going programme of health educa-
tion, particularly with school children, In addition, there must be regular sanitary
inspections, in order 10 ensure that aqua privies are properly used and maintained.

The Self-topping or Sullage Aqua Privy

In communities where houses are provided with a water supply sysiem, the
daily sullage may be disposed of through the aqua privy (see Figure 43). Sucha
system helps 10 maintain the water seal. A sullage compartment having a volume of
(0.5 cubic metres is connected 1o the aqua privy tank with a horizontal pipe m order to
avoid disturbing the tank contents, The effiuent of the self-topping aqus privy con-
tzins a much smaller concentration of suspended solide and il will be abhsorhed more
easily by the soil through the walls of the seepage pit. The infiltration rate through
the sespage pit walls may be taken as 30 1o 50 litres per square metre of wall per day.

Cost

Costs of both types of aqua privies are higher than the costs of pit or YIP la-
trines or pour-flush toilets, because both a watertight tank and a seepage pil are
needed, There is also the additional cost of emptying the aqua privy’s tank every
three years,

Sugygestions for Construction

A properly operated aqua privy is a clean and odourless installation which may
be safely located close 10 a dwelling. If proper operation and use cannot be guaran-
leed, the minimum distance of about 3 metres from the dwelling should be increased.
It should be Jocated downhill and at least 15 metres from the nearest source of drink-

ing water supply.
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Similarly, the scepage pit should be downhill and at least:

30 metres (rom nearest source of waler supply (i.e, a spring or
well)

& metres [rom nearest building

3 metres from nearcst property line

3 metres from nearest tees o bushes,

The pit (or trench) Noor should be at least 1 m above highest groundwater level,
The minimum distance between the aqua privy tank and the seepage pit should be 3
metres in ordinary soils. This distance should be increased if the soil permeability is
very high (e.g2. sandy soil). It may be reduced if the soil 1s impervious (e.g. clayey
ioam or clayey sand).

Depending on local conditions and availability of materials and skilled workers
the following steps are recommended:

A. For concrete construction (see Figure 44)

1.  Use location map to lay out the structures, keeping the minimum recommended
distances from dwellings, water sources, property lines, =ic,

2. Dig the hole for aqua privy vaull, allowing a working area 30 cm wide all
argund.

3. Level and tamp down the botlom of the vaoll. Spread 50100 mm of gravel,
pebbles or broken stone on the bottom,

4 Build formwork for the floor,

5 Mix concrete 1o the comect proportions (cement:sand:gravel:1:1:4), use water 1o
make a workable mix.

6. Half fill the formwork with concrete. Put reinforcement in place (mild steel
rods, wire mesh or bamboo strips), and fill the remainder of the formwork. Smooth
the surface with a trowel.

7. While concrete Noor is setting, build formwork for the slab 1o be placed on wp
of the completed walls, (see Figure 44a)
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8. Halffill the slab formwork with concrete. Lay the reinforcement and fill up
with concrete. Trowel smooth.

9.  When the concrete floor has set, remove the cover material and formwork.
Build the formwork for the walls, allowing two openings in the rear wall, one for a
vent pipe and the other for an overflow pipe (see Figure 44b). The vent pipe opening
should be near the lop comer of the wall,

10. Care should be taken wo ensure that the reinforcement in the walls is maintained
in the correct position, In addition, the formwork will need 1o be adequately braced.
Coat the formwork with oil or grease.

11. When filling the formwork with concreie to make the walls, use a steel rod or

suck 1o work between the reinforcing bars in order 1o prevent holes forming in the
concrefe.

12. Cover the top of the walls with wet straw or burlap and keep moist for 30 7
days,

L3. Remove formwark after 7 days.

14. Fix the *T" fitting and overflow pipe in place with mortar, Install the elbow
fitting and venl pipe.

15. Excavate the trench in a-straight tine, of slope 1 in 100. from the vaul 1o the
soakage pit.
16, Excavale the pil siie,

17. Fill the space between the agua privy vault and sides of the hole with soil
without disturbing the overflow pipe.

18. Connect the overflow pipe with the secpage pit and backfill the trench,

19. Remove cover matenal and formwork from the slab. Ser the slab over the vault
afier mortanng the drop pipe-line which should penetrate the water (o a depth of 100
mm. Use tar or other material 10 keep the edges of the slab waterproof. Do not use
mortar as the slab will have to be removed later for reuse,
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Fig. 43. IMPROVED SEWERED AQUA PRIVY WITH SULLAGE DISPOSAL
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Fig. 44, CONSTRUCTION DETAILS FOR AQUA PRIVY
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20. Fill the vault with water up to flow fine,
21. Build a shelter around the privy slab according to local requirements.

22, Aunach the remaming sections of the vent pipe 1o the rear wall or reof of the
shelter.

23, Cover the secpage pit to prevent entry of insects or animals.

A,  Forbnck and monear construction (Fig. 45 )
i. Follow step | m 8 as abave.

2. Afeer the concrete floor has sel, remove the cover matenal and formwork. Use
cement mortar of 1:3 mix 1o build the wall.

3. When the rear wall reaches the flow-line height, {ix a section of the overflow
pipe in position using mortar. Fix a section of the vent pipe near the lop of ane comer
of the rear wall, as shown in Figure 45. Fill the wop course of bricks with monar to
keep the slab in position.

4. Allow 1 1o 3 days for the monar to set,

5. Plaster the inside of the vault with two coats of 1) mm cement mortar to make

it wateright,

6. Follow steps 15 to 23 described sbove.

Advantages and Disadvantages
Advantages;

1, [f properly used and maintained, the aqua privy satisfies the previously cited
sanitary requircments relating (o health hazards and aesthetic considerations,

2. Itisarelatively simple, permanent installation.

3. Corectly main@ined there is no odour and no problems with fly or mosquito
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breeding.

4, [ltcan be located near the dwelling.

S. It will not be clogged by bulky anal cleansing material.

6. If a community sewerage system is subsequently installed, the agua privy tank

may be connecled directly with it. [f aqua privies are common then small bore
sewerage may be appropriate at lower cost than conventional scwerage.

Disadvanlages
1. T rather high imitial cost may prevent its extensive use in rural areas.

2, It may not be successful in rural areas where there are no organized sanitstion
and health education services.

3. It requires water for its operation, although a small volume only will suffice.
4. Nrequires daily operation and maintenance.

5. Ttcannot be used in very cold climates, where the water seal would freeze.

2.2.3. Septic Tank
-

The septic tank is the best of the water-camied excreta and liquid waste disposal
systems. [t is suitable for use in individual dwellings, small groups of houses, or
institutions located in rural areas which are not connected to sewer systems. The
septic tank consists of a covered settling tank into which the raw sewage is led by the
building sewer (see Figures 46, 47 and 48). All liguid sullage wastes, including those
from bathrooms and kitchens, may be sent lo the septic tank without endangering its
normal operation. The processes which take place inside the septic tank constitute
the “primary treatment” of the raw sewage. Those processes which occur in the
disposal field form the "secondary treatment”,
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Fig. 45. CONSTRUCTION DETAILS FOR BRICK VAULT OF
AN AQUA PRIVY
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Household septic tanks are usually designed in accordance with standards esiab-
lished by the appropriate government department. Larger sysiems such as those for
hiotels, schools or hospitals should be planned and designed by a senior 1echnician or
an engineer. Construction needs 1o be carefully supervised, especially of the seepage
ficld, to ensure that effluent is uniformly distributed. Middle level technicians
should understand the principles of operation and maintenance of septic ianks and be
able 1o explain them 10 the public who may require advice. guidance and assistance
in the installation of 2 household seplic wank system.

Components and their Design

The Tank
(1) Function

Incoming sewage 18 held in the wank for & period of one 10 three days, according
to the tank capacily. During this period the heavier solids seltle 1o the bottom as
sludge. Most of the lighter solids, including grease and [ais, remain in the tank and
form a scum over the water surface. Material thal neither settles nor floats is carried
away by the effluent into the final disposal system.

The solids retained in & septic tank undergo anaerobic decomposition through
the activity of bacteria. This results in a considerable reduction in the volume of
sludge, which allows the tank to operate for periods of one to four years or more,
depending upon circumstances, before it needs (o be cleaned,

The effluent of a properly designed and efficient sepuic tank ig slightly wrbid
duoe to finely divided solids in suspension. However, it is still offensive in character;
on standing, it vields liide sediment bul has a characteristic, putrid odour. In addi-
tion, the effluent is potentially dangerous (o health, as it may contain pathogenic
bacteria, cysts, and worm eggs which pass unharmed through the tank during the
relatively short retention period.

As the sludge decomposes the gas produced rises to the surface as bubbles.
These carry with them particles of decomposing sludge which inoculate incoming
sewage with some of the organisms which decompose organic maner, The bubbling
of gas through the liquid interferes to a centain extent with the normal sedimentation
of sewage solids. This interference may be minimized by the addition of a second
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compartment Lo the septic tank. The lighter, suspended solids carmied from the first
compartment find quieter conditions for setiling in the succeeding compartment. This
is especially valuable al times of rapid anaerobic decomposition when sludge solids
are found in greater quantity in the tank's first compartment. The sludge in the
succeeding compartment is usually more homogenous and floccalent than that in the
first comparument, and there is also Jess scum production. The ¢ffluent of such a tank
will contain a lower propartion of suspended matter than that from 2 single-com-
partment system. A two-compariment seplic tank is now generally preferred to one
with a single-compartment.

For the efficient development of the biological processes, turbulence should be
avoided, and the disturbing effects of surge flows should be reduced 1o a minimum,
Turbulence and surge flows may be so serious in small or overloaded tanks as 1o
cause a complete breakdown of wank operation on secondary-treatment processes.
The space available for clarification in larger tanks has a certain compensatory of
equalizing effect.

In order to ensure and speed-up the onsel of biclogical processes, newly con-
structed septic lanks are usually seeded with a quantity of sludge taken from another
lank already in operation, This sludge, which is in an advanced state of decomposi-
tion, provides the bacteria necessary for the biological process which follows the
initial breakdown ol raw organic matter by anasrobic bacteria,

(2} Size of tank

The principal factors to be considered in deciding on the capacity of a seplic
tank are:

{a) the average daily flow of sewage:
(b) the relention period, from -3 days, usually 24 bours;

(¢) -adequate sludge storage, for desludging every 2-3 years,
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Fig. 46. TYPICAL LAYOUT OF SEPTIC TANK SYSTEM
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Fig. 47. TYPICAL HOUSEHOLD SEPTIC TANK
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The average dai'v flow of sewage depends on the average walcr consumpuion im
the area under consideration. In rural areas and small communities the water con-
sumption per person is usually lower than in urban areas, Sewage flows of less than
100 litres per person per day may be expected in most rural areas of the world.
However, experience indicates that such low figures cannot be used for the design of
septic tanks since they are seldom cleaned before trouble develops. It is therefore
important that their capacity be large enough to permit reasonably long periods of
wrouble-free service and 1o prevent frequent and progressive damage to the effluent
ahsorption systems due to discharge of sludge by the tanks, For this reason the capac-
ity of residential, single-chambered, septic tanks should be at least 1900 litres.



Fig. 48, SEPTIC TANK WITH TWO COMPARTMENTS
AND DOSING CHAMBER
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Another methad of calculation is based on the estimation of the sludge accomu-
lation rate, which is usually between 0.03 and .04 cubic metres per person per year.
The 1ime interval between desludging operations is usually taken as 1wo or thres
years. An example for a septic tank, serving 10 persons, is as follows:
the sludge accumulation rate will be 10 x 0.04 = 0.4 cubic metres per year. For 3
years, il will amount to: 3 x 0.4 = 1.2 cubic merres. Since a septic lank must be
cleaned when the volume of sludge reaches one-third of the tank's liquid capacity,
the liguid volume of the tank should be 1.2 x 3 = 3.6 cubic metres, or 3600 litres.
This figure compares favorably with the corresponding figure shown in Table 3 (i.c.
3420 liters).

The design of septic tanks for schools, rural hospitals or other public institu-
tions may provide for a retention period of less than 24 hours, when the effluent
discharges into a sewer. In these circumstances it is expected that the septic Lanks
will receive regular inspection and maintenance, including more frequent <leaning
than individual household septic tanks.
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Table 3. REQUIRED CAPACITIES AND DIMENSIONS OF SEPTIC TANKS
SERVING INMVIDUAL HOUSEHOLDS

Number Liguid Recommended Dimensions - m

of people capacity Width Length Liquid Total depth

served of tanks depth  of tanks
Litres dimensions

4 2200 050 LBO 120 LS50

6 2300 090 213 120 150

L} 2000 10T 226 120 1.50

10 3420 1LO7T 234 137 1.67

12 4200 120 255 137 1.67

14 4920 120 300 137 167

16 5700 137 3 137 1.67

The total tank depth is equal to liquid depth plus 30 cm height of free space
above water line up to the cover of the tank.

The capacities indicated in Table 3 should, in most countrics, provide sufficient
sludge sworage space for a period of two years or more, and an additional volume
equal 10 the sewage flow for 24 hours.

The invert of the inlet pipe should be 7.5 cm above water level, Connections
between two compartmenis are best made by means of a pipe (ell) whose lower end
does not pencirate into the liguid at a depth lower than the outlet device, as shown in
figure 48,

(3) Shape of tank

The shape of the tank influences the velocity of flow through it, the depth of
accumulstion of sludge and the presence or absence of stagnant comers. If the tank is
o0 deep, the other dimensions will be small and a direct current from inlet 1o outle
will ocour, greatly shonening the reiention period.

If the tank is too shallow the sludge-clear space will be too small, and the effec-
tive cross-section of the tank will be reduced. When the width is w0 greai, there will
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be dead pockets of appreciable size at the comers where Little, if any water move-
ment takes place. Finally, if the tank is too namow, the velocity of flow will be so
great as w interfere with efficient sedimentanon,

In a tank comprising two equally-sized compartments, there is no difference in
performance between rectangular and cylindrical shapes, if equal solids storape
capacities are provided. Rectangular tanks should be designed with a length not less
than two, but nor more than three, times the width, The liquid depth should not be
less than | metre, but not more than 1.8 metres in large tanks. Clearance above the
water level is usually 30 cm.

{4} Location of @nk

The septic tank should be located 10 permit easy drainage from the dwelling and
to the effluent disposal system. The location of the tank should ensure that sufficient
area is available for disposal of the efffuent and that tile lines may be laid on a gentle
slope at 3 depth not exceeding 75 cm at any point.

Table 3, for the design of septic tank capacities, is based on the determination
of the average daily flow of sewage from dwellings. Such & determination is not
always easy to make and must be estimated from local observations and expenience,
and given a large safety factor,

{(5) Inlet and outlel arangements

Yarious inlet and cutlet amangements have boen used in septic tanks. The baffle
arrangements, shown in Figures 47 and 48, have been found to be preferabie 10 the
“ganitary T" which may become clogged by paper or other debris. The inlet baffle or
tee should extend 30 cm below water level. The outlet baffie should penemate below
the surface to a depth of 40 per cent of the liquid depth.

Both devices should permit free ventilation through the tank and through mlet
and outlet pipes. These should extend at least 15 cm above the water line and leave al
least 2.5 ¢m clearance below the tank's cover for ventilation purposes. Bafiles are
usually placed 20-30 cm away from the inlet and outlel pipes, whose ends are Mush
with the walls of the tank.
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Since periodic inspections are necessary, the tank should not be buried more
than 30-45 cm below ground level, Inspection covers should be exiended to reach
ground level. Precautions should be taken to prevent surface run-offl entering the
tank.

Because of the possibility of leakage, especially around the inlet and outlet
pipes, the tank should be located downhill and at least |5 metres from wells and
other sources of water supply. In addition, septic tanks and drainficlds should be
located ar least 1.5 metres from buildings. 3 metres from large trees or water pipes;
and 7.5 metres from streams.

The Building Sewer and the Venl Pipe

The building sewer is that pan of the horizontal piping of a building drainage
system which carries the liquid wastes from the house 1o the septic tank. It should be
constructed of cast irom, vitrified clay, concreie, asbestos cement or plastic pipe.
Joints should be watertight to prevent leakage and to prevent damage by or blocking
by tree roots.

The points to be observed in the construction of the building sewer are as
follows:

(1} Minimum pipe diameter of 15 cm if sewer is of vitrified clay or concrele, and
10 ¢m, if sewer is of cast iron, asbestos cement or plastic.

(2} Minimum gradient of 1 per cenl, but 2 per cent is preferable,

(3) Cleanout at every change in line of 45° or more. Bends of 90° should be avoid-
ed wherever possible. Cleanouts are desirable within 1.50 m of the septic tank where
tanks zre Jocated more than 6 m from the building. An inexpeasive cleanout can be
made by inserting a tee in the line with the vertical leg extending W ground level and
plugged with a cap. Inspection chambers may be constructed as an allemnative to
cleanouts.

{4} All joints made watertight and protecied from damage by roots wherever neces-
sary,
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The gases produced in household tanks usually flow back through the building
sewer inlo the veal pipe of the domestic plumbing system. Where there is no domes-
tic vent pipe, or where the septic tank is located far from the house, the tank itself
must be provided with 3 vent pipe capped with a plastic screen (18 mesh size).
Deflectors are sometimes installed in the tank's second companiment in order to stop
the gases escaping through the septic lank oullel pipe into the effluent disposal
system.,

The Disposal of Effluent

The secondary treatment of septic-tank effluent is based on the oxidation of
organic matler through the activity of aerobic bacteria. These thrive in the upper
layers of the soil and in sand or stone beds whose pores are naturally acrated by
oxygen from the air. The effluent is spread as uniformly as possible over the grains
of soil or sand, or over small stones. A biclogical slime develops in which the asro-
bic bacteria and microorganisms are active, It is important that this biological slime
should not be overloaded or submerged for any great length of time; otherwise, the
acrobic bacteria will die and anaerobic conditions will develop. In large installations,
aeration is achieved by intermitent dosing with a dosing siphon installed next 1o the
septic tank. In this way, the soil or sand bed recuperaies, and air penetrates into the
spaces between soil or sand particles during the inlervals between lMushes of the
siphon. Natural aeration of the soil is facilitated in filler renches through the drain
pipes and sometimes throogh a vent pipe or seepage pit installed at the lower end of
the disposal field.

Ventilation of the soil or sand medium may stop if the pores are allowed 1o
become clogged by suspended matter carried by the effluent or by excessive slime
growths. In cither case, the trouble may be traced 10 defective or inefficient operalion
of the septic tank itself, although excessive slime growth may also be due 1o over-
loading of the disposal field.

The cfMuent from the septic tanks should never be permitted to run into canals,
open ditches or small fishponds, or be used for immigation of craps without adeqguale
treatment and the permission of local health authorities. Only three of the more
commeon and simple methods of effluent disposal are presented in these guidelines:
the seepage pil {or leaching pit), subsurface irigation (or drainfield), and sand filters.
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(1) Seepage pit

The seepage pit receives the effluent from aqua privies, cesspools or septic
tanks and allows il w percolate away into the ground, [t can also be used for the
disposal of laundry, bathroom, and kitchen wastewater. The seepage pit can be built
at the lower ends of subsurface disposal lile lines in order Lo catch the septic-tank
effiuent which may have gone through without percolating away.

Fig. 49. SEEPAGE PIT
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As shown in Figure 49, the seepage pit consists of a round hole in the ground
dug sufficiently deep so as to penstrate @ minimum of |.8 metres into a porous layer
of the carth. Diameters of between 1.0 10 2.5 metres and depths of 2 10 § metres are
common.
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The walls are lined with bricks or stones laid without mortar below the level of
the inlet pipe. Altematively, the hole may be filled with stones, in which case a
lining is not required. The seepage pit should be ughtly covered to prevent the entry
of surface water, mosquitoes and MNies.

I the goil in which the pit has been dug is not sufficiently porous, the effiuent
will slowly accumudate and will uldmately overflow.

Even in porous soils such a situation is common. The pores of the earth walls
become choked by the deposit of finely divided matter carmied by the effluent and by
solids built up by organisms which thrive on grains of soil in contact with the efflu-
ent. These factors influence the life span of a seepage piL. A pit should normaily
last for perhaps 6-10 years if the effluent is only slightdy twrbid as 2 result of efficient
primary treatmient of the maw sewiage.

When a scepage pil slops operating, 4 new one should be dug several meters
away. In order to increase the life span of the disposal system, it is possible w dig
two or three seepage pits and to connect them at the top. The distance between any
two pits should be not less than the diameter of the larger piL

The obvious disadvantage of seepage pils is the danger of groundwaler pollu-
tion. They should be located downhill and at least 15 metres from drinking water
sources and wells. The construction of secpage pits is not usoally permitied by health
authorities in built-up areas where groondwater is used for domestic purposes.

(2) Subsurface imgabon

This is the method most often employed with small septic tanks serving house-
holds and institutions. Tank effluent is dispersed into the wp layer of the ground by
means of open-jointed drain pipes laid in covered trenches. The effluent is purified
through the action of the asrobic saprophytic soil bacteris, afier which it drains away
into the ground. This method cannot be used where the subsoil is not porous, where
the groundwater table rises to within 1.2 metres of the ground surface, or where there
is a danger of polluung water supplies {(eg. in fissured limestone formations), In
particular, it is not applicable in impervious clay soils and swampy lands.

106



Percolation Tests

In order to calculate the length of pipe required in the disposal field, it is neces-
sary to determine the degree of permeability of the soil by making percolation tests.
The following percolation test is suggested:

1. Number and location of tests.- Six or more tests shall be made in separate tesi
holes uniformly spaced over the proposed ahsorption field site.

2. Type of test hole. - Dig or bore a hole, with & diameter of between 10 - 30 cm
and vertical sides, 1o the depth of the proposed absarption wreach. In order Lo save
time, labour, and volume of water required per test, the holes can be bored with a 10
O AUET.

3. Preparation of test hole. - Carefully scratch the bottom and sides of the hole
with a knife blade or sharp pointed instroment, in order 10 remove any smeared soil
surfaces and o provide a natural soil interface into which water may percolate.
Remove all loose material from the hole. Add 5 cm of coarse sand or fine gravel to
protect the bottom from scouring and sediment

4, Sawrstion and swelling of the soil. - Carefully fill the hole with clear water w0 a
minimum depth of 30 cm over the gravel. By refilling if necessary, or by supplying a
surplus reservoir of water, such as an automatic siphon, kesp water in the hole for at
least 4 hours and preferably overnight in order that the soil swells. This saturation
procedure ensures that the soil approaches the condition it will be in during the
wettest season of the year, Thus, the lest will give comparable results in the same soil
whether made in & dry or a wet season,

In sandy soils conaining little or no clay, the swelling procedure is not essential
and the 1est may be made as descnibed under item 3C below, after the water from one
filling of the hole has completely seeped away.

5. Percolation rale measurement.- With the exception of sandy soils, percolation
rate measurements shall be made on the day following the procedure described in
item 4, above.

A, If water remains in the test hole afier the overnight swelling period, adjust the
depth 1w approximately |5 cm over the gravel. From a fixed reference point, measure
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the drop in water lével over a 30 minute period, This drop is used w calculate the
percolation rate,

B. If no water remains in the hole after the overnight swelling period, add clear
waler 1o bring the depth of water in the hole to approximately 15 cm over the gravel,
From a fixed reference point, measure the drop in water level at approximately 30
minutes intervals for 4 hoars, refilling 15 cm over the gravel as necessary. The drops
measured will provide information for possible modification of the procedure 1o suil
local crcumsiances.

C. Insandy soils (or other soils in which the first |5 cm of water secps away in
Iess than 30 minotes, after the overnight swelling period) the time interval berween
measurements will be 10 minutes and the test run for | hour. The drop that occurs
during the final 10 minutes is used 1o calculale the percolation rate.

. The percolation rates in Table 4 are Tisted in uniis of the time required for the
water level in the test hole 1o drop 2.5 om. A calculation is required to convert the
measured values into the appropriate unit. The length of time of the test (30 minotes
in A and B above, and 10 minutes m C) is divided by the distance in cenumeires that
the water level drops and the result is multiplied by 2.5. For example, the water level
in & test hole dug in silty lpam soil drops 7.5 cm in 30 minutes The percolalion rate
will be 30/7.5 x 2.5 = 10 minutes.

The effective ahsarption ared required may then be found in Table 4;
(see next page).

A percolation rate of 60 or more is an indication that the spil is unsuitable for
effluent disposal by subsurfacs irngation, In such a case, the options may be consid-
ered of constructing seepage pits which penetrate inlo a desper, permesable layer of
ground or use of sand filter renches.

Effective absorption arca means the Mat area in the bottom (only) of trenches.
The figures in Table 4 arc based on a daily flow of 190 litres of sewage per person. In
many parts of the world, the daily flow of sewage will be substamially less than this,
in which case the figures in Table 4 may be reduced on the basis of ficld experience.
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Table 4. ABSORPTION AREA REQUIREMENTS FOR RESIDENCES AND
SCHOOLS

Percolation rate Required effective absorption area (square meters of
(time required for  absorption trench bottom per person served)
water to fall

2.5 em in minoles) Residences Schools
2orless 230 (.54
3 280 093
4 3.25 1.12
5 150 1.21
10 4.65 1.67
[ ] 538 .86
30 700 270
45 R4S 10
&0 9.30 350

aver 6 Unsuitable for shallow absorption system

Drainfield

Plain-end tile pipes. 10 cm i diameter and 30 - 60 cm m length, are commonly
used (see Figure 51). Bell and spigot sewer pipe of the same diameter and of maxi-
mum length 60 ¢m may be prefermed. A small stone or cement Tillet may be used in
the bottom of cach sockel joint Lo centre the spigot in the bell. Plain-end Ules need 3
firm suppon to remain on an even grade Lo enable umiform distribution of the septic-
tank effuent. Such a support is provided by means of 2 [lat board, eg. 2.5 2 10 ¢m in
size - which is s=1 on edge and nailed to stakes driven al imervals in the bottom of the
trench. The wop of the board can be laid accurately 10 the desired grade (see Figure
S0,

Both plain-end tile pipes and Bell and spigot pipe are laid in soch 8 way as 1o
leave an open space of 0.6 10 1.2 cm between pipe lengths for the efMuent to run oL
When plain-end pipes are used, the upper half of the joint must be coversd with a
strip of asphait or tar paper o prevent entrance of fine sand and sily which might
interfere with the flow of effluent. Bell and spigot pipes do not require this protec-
tion, since the joints are protected by the bell ends. In both cases the jints should be
‘covered with a1 least 5 cm of gravel,
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Fig. $0. ABSORPTION TRENCHES
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W = Earth-tamped backdil

The depth of pipe-inverts should be between 30 cm and 75 cm. An earth cover
of about 30 cm will protect the pipe against damage. Under roads or paths used by
heavy agricultural machines, it may be necessary (o use cast-iron pipes ot strong
vitrified sewee-pipes, Laid with tight jints, in arder to maintain line and grade.

The gradient of the disposal pipefines should not be 1oo small or 100 great: if
t00 flat, only the upper area of the disposal field will receive the effluent; if 100 steep,
there will be a rush of liquid down 10 the lower portion of the disposal field, which
will soon become waterlogged. The optimum slope is between 0.16 and 0.32 per
cent, and should not exceed 0.5 per cent. In order 10 maintain such grades on steep-
sloping land, disposal pipes should be laid along the contours of the ground, and
changes of direction should be made by means of drop-boxes or terracolia L's laid
with cemented joints. At such points special precautions should be taken Lo cut off
the underground flow of sewage which is normally runming above the upsueam
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trench botom since it may cause erosion of the ground around the drop-boxes and
terracolta L, This may be done by filling with well-tamped clay soil the last 30 cm
of ench preceding each drop-box or L-pipe.

Fig, 51. TYPES OF DISTRIBUTION BOX

A = Baffle in wood & Brigk
B = Iniet trom seplic tank or oosing champor
€ = Qutiel to sbsarption lnes
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The size and lengths of renches required should be calcolated on the basis of
the effective absorption area: The size and mimmom spacings recommended may he
obtained from Table 5.

Table 5. SIZE AND MINIMUM SPACING REQUIREMENTS

FOR DISPOSAL TRENCHES
Width of trench Depth of Trench Effective absorption Spacing
at bottom a of lines*
(m) {m) {m*“) {m)
045 045w 0.75 047 1.80
0.60 045w 0.75 061 1.80
0.75 045w 0.9 0.76 2.30
0.90 (.60 10 0.90 054 275

* A grealer spacing is desirable where available area permits

Trenches should not excesd 30 mewes in leagth; otherwise, the effluenr will not
be evenly distnbuted over the dispogal field. The smallest houschold disposs| system
consists of two trenches 45 cm wide at the bottom and 30 metres long, So far as
poassible, menches should be laid along straight lines. After the trenches are dug w
the required size and depth a layer of at least 15 cm of filler material is placed over
the bottom.

The pipes are then laid to the required gradient and surrounded by more [Mtef
material, which should be al least 5 cm thick above the top of the pipe, The rest of
the trench is then backfilled with earth. The filter matenal may be washed gravel,
crushed swne, slag, or clean clinker ranging in size from 1 cm 106 cm, although one
single size is sometimes prefered.

Surface run-off should be diverted away from the disposal feld in order 1o
avoud waterlogging of the soil, especially during heavy rains.

Trenches shouold be laid at least 7.5 metres away from large trees to avoid
blockage due o the penetration of roots into the pipes. For the same reason, the land
arca above the disposal field should not be cultivated, but may be planted with short-
rooted grass.
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Depending upon the layout of the trenches, it is good practice to build one or
more secpage pits at the lower ends of the absorption lines. This serves to catch
excess effluent snd to ventilate the renches through the piping system. The last 1.5
metres of oench preceding the scepage pit should be filled with well-tamped clay
soil in order 1o stop the flow of sewage above the trench bottom and to prevent ero-
sion.

Distribution Box

A distribution box is a chamber which insures an even distribution of the efflu-
ent to the subsurface disposal Reld through the drain pipes (see Figure 51). If easily
accessible, it may also sérve as an inspection manhole for checking the amount of
suspended matter in the effluent from the septic tank as well as the proper distribu-
tion of effluent. It requires careful design and construction. Occasional imspection
and mainienance are required 1o ensure efficient operation i.e., the equal distribution
of flow amang its vanous outlets. If a septic tank needs cleaming an outlet may
become partially obstructed by foating matter or by other solid matter (twigs. small
stones, e, ), which may accidentally fall through the manhole. As a result, 8 portion
of the disposal ficld may become inoperative and the rest overloaded, becoming
"sewage sick” within a short time,

The general practice followed in the design of distribution boxes may be de-
scribed as follows:

The inlel pipe should enter at one end of the box about Scm above the boitom.
Sides of the box should extend approximately 30cm ahove the invert of the inlet pipe
and the box should be provided with a removable cover. Since frequent inspection is
not necessary, the cover of the box may be placed 30 w 45 cm below the surface of
the ground. The invenis of drainage lines should be set within the lower 3 cm of the
box and all must be at the same elevation. They should run straight in the desired
direction; horizontal bends should be avoided where possible. When necessary,
hawever drainage pipes of different diameters may be used under the same head,
pipes all of the same size are more likely o receive an equal Now.

The box need not be more than 45 ¢m in width, nor longer than is necessary o
accommodate drains for effecuve outlet capacity, Diversion baffle boards should not
be installed in distribution boxes on systems serving individual dwellings. However,
such construction may prove advisable on systems serving public baildings where
constant supervision and mainienance are provided and where lines may be shut off
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for repairs or to rest the field when it becomes waterlogged. Flow diversion devices
may be installed in a properly designed disiibution box 1o facililate rotation of use of
the distribution lines where adequate and proper maintenance is assured.

Sand Filters

Sand-filter trenches may be buill in soils which are tight and impervious (clayey
soils) and which have a percolation lactor exceeding 60. They may aiso be installed
in places where groundwater occasionally rises and reaches a level 90 cm below the
ground surface, or when insufficient area is available for subsurface imigation.

As shown in Figure 52. a sand filter rench 15 wider than a regular absorption
trench and includes:

(1) an effluent distributing pipe, usually 10 cm in diameter;

(2) a sand-filter bed not less than 60 cm deep, preferably 75 em, through which the
septic tank effluent trickies and undergoes biological filration;

(3} an underdrain, aiso 10 ¢m. in diameter, surrounded by 2 layer of gravel laid in
the bottom of the trench, This undendrain receives the filtered effiuent and discharges
it into a ditch or similar watercourse, It also prevents groundwater from interfering
with the binlogical processes taking place in the sand bed.

Much depends upon the porosity of the soil, fine-grained sand being best n
terms of both permeability and veatilation, Impervious soils, such as clay, are tolly
inappropriate. Where groundwater is very close (o the surface, it may not be possible
to dispose of the effluent into the soil, since the pores of the so0il above the water
table are clogged with water held by capillary action. Experience shows that tile
pipes should not be laid closer than 90 cm above the gromdwater level.

Special care must be taken 1o ensure that the effluent-distributing pipes are laid
on & uniform gradient. If grade boards are not used, the sand bed should be flooded o
ensure Lhorough settlement before the distribution pipes are laid.

Clean, coarse sand should be used as flllering material, because [ine sand will
guickiy clog and lead o failure of the system,
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The distribution piping and underdrains may be built of the same pipes that are
used for the construction of the standard absorption trenches already described, ie.,
plain-end tile pipes or bell and spigot sewer pipes. Long. perforated pipes have the
advantage of maintaining the desired gradienl, and may be preferred for distributing
seplic-tank effluent over the sand bed. The slope of the efMuent distribution pipes
may be the same as that previously mentioned for standard absorption trenches.
However, the slope of underdraing may be as much as 1 per cenl.

The loading rate for sand-filier trenches is estimated at about 38 litres per day
per square metne of Tiler surface.

Sand-filter trenches asually produce a highly punified effluem which may be
disposed of in open ditches or sireams, There is, however, no certainty that the fil-
tered effluent is bacteriologically safe and it should not be discherged into a water
source which is abstracted for drinking. Sand-filter renches should never be con-
structed without the prior approval of the local health department.

Sub-surface Sand Filiers

Sub-surface sand filters operate under the same principles as sand filier trench-
¢s, They constitule a maximal artificial development of the fillering capacity of the
subsurface (soil). The area required for filtration is dug up to the required depth.
Underdrains are placed and covered with at least 5 cm of coarse gravel or crushed
stone and the area 1s filled with 75 cm of coarse sand. A 10 cm layer of coarse gravel
or crushed stone is placed over the sand and the effluent distribution pipes are faid on
this, as shown in Figure §3. The area is then covered with soil and sloped 10 divert
rainwater away from the filter area. The loading rate for subsurface sand fllers is 35
to 40 litres per square mewre of filter per day. The effluent is usually of good chemi-
cal and physical quality but will contain many bacieria.

For large installations, subsurface sand-filters are likely to be cheaper than filier
trenches and should be selected when dosing siphons are installed. Siphons have the
advaniage of ensuring adequate dosage and of providing 4 long rest-period for the
filter sand. Dosing tanks equipped with single siphons should be installed where the
total filier area exceeds 17 square metres and where the length of distribution pipes
exceeds 90 metres. When the length of these pipes is greater than 250 metres the
filter bed should be divided into two or more sections and dosed separately by alter-
nating siphons. Lining of the bed (or beds) is not necessary excepl in very wet, sofl
soil.
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Fig. 52. SAND FILTER TRENCH
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Subsurface sand filters, like sand-filter irenches, may be built in mast rural
areas of the world. They require little attention. However, since they cannot be
maintained, they eventually become clogged and must be rebuill
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Fig. 51. SUBSURFACE SAND FILTER
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Open Sand Filters

In areas where groundwater remains permanently close to the ground surface, or
where subsoil conditions are onfavourable (e.g,, rock formations) for the constructon
of the disposal systems already described. open sand filters may be considered,
These filiers are built above or parily below ground depending on local conditons,
In both tases masonry or concrele walls are needed to support Lhe sides and (0 retain
the sand, Earth embankments may also be used,

In open sand filters, purification of the septic-tank effluent is due o the action
of acrobic bacteria in the interstices of the sand bed and to mechanical suraining.
Since thess bacteria require oxygen in arder 1o sarvive, the filters are psually operat-
ed intermittently $o that air is drawn into the filter bed during the intervals between
dosing. For this reason, these filters are frequently referred 1o as intermittent sand
filters. If properly conswructed and operated, open sand filters produce an effluent of
high and stable quality.

Cpen sand filiers are usually divided into two or more companuments in order o
facilitale regular cleaning of the beds and 1o regulate operation (see Figure 54) A
bed of clean coarse sand 75 10 105 ¢m thick, underlaid with gravel is used. Sand
possessing an effective size of 0.2 to (1.4 mm and a uniformity coelficient of 4,0 will
give salisfactory performance. Effective size (D) is determined from a sieve analy-
sis of a sample of the sand; 10 per cent by weight of the sample is finer and 90 per
cent by weighl is coarser than the effective size. A sieve analysis is also used (o
determine the uniformity coefficient, by determining D gy (60 per cent by weight of
the material is finer and 40 per cent by weight is coarser) and dividing it by D .
the effective size,

In small installations, the underdrainage sysiem and effluent distribution pipes
may be arranged as shown in Figure 34, The larger systems are buill and operated on
the principles of municipal sand filters,

Loading rates for open sand filters are greater than those allowed for subsurface
sand fllers and depend upon the degree of iremment achieved in the septic tanks, the
size of the sand particles usad, and the temperature, Loading rates applicable in warm
climates are higher than those in temperate and northern countries. As an example,
the loading rates on open sand filters with uniformity coefficients not exceeding 4.0,
as recommended for application in the USA, are shown in Table &, in litres per
square metre per day:
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Table 6. LOADING RATE ON OPEN SAND FILTERS

Region Loading rate, litres per m? per day
EfTective size of sand
02mm 0.3mm 0dmm 0.S5Smm 05mm
Southern USA 378 000 493 000 606 000 682 000 756 000
Northern USA 300 000 378 000 455 000 $30 000 606 000

The intermitient operation of open sand filier beds is usually achieved by use of
dosmg siphons. Depending on the volume of sewage 10 be treated, these siphons ane
operated in such a manner as 10 supply one or more doses per day or a single dose in
several days. Most commonly one o four doses per day are provided, the bed being
covered cach time to a depth of 5 to 8 cm. The best practice calls for the installation
in the same chamber of two siphons operating allernately and discharging upon dif-
ferent beds.

Open sand filters nead not usually be covered. However, in order to prevent
odours and nuisances occurring when operation is deficient, it may be advisable Lo
cover (he sand beds with a 15 cm layer of earth,

The great disadvantage of these filters is that they require considerable atten-
uon. Constant mainienance and cleaning of the sand surface are required: otherwise,
the ventilaton of the beds is interrupted, and the nitrilying bacteria dic away, Clean-
ing is done by raking the beds and, when necessary, by removing the top 2.5 cm of
dirty sand. This sand is washed and returned o the bed in order to maintain the depth
of the filter bed.

Because of the care needed in their construction and especially in thelr opera-
tion, open sand filters are recommended only for use in communities which can
afford the services of competent sanitary engineers and sewage-plant operators. The
advice and approval of the local health department shoald be sought prior to their

COnsStrucaon.
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Fig. 84. OPEN SAND FILTER
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Operation and Maintenance
A newly-built septic ank should first be filled with water up to outlet level and

then should be seeded with several {5 1o 8) buckiets full of ripe sludge (or decompos-
ing stable manure ripe enough 10 give off an ammonia odour),
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Although the recommended designs provide for desludging about every two
years or more, the tank should be inspected every 12-18 months in the case of house-
hold installations, and every six months in the case of schools and other public inst-
tutioas. The inspection should determine:

(a) the distance from bottom of scum to bottlom of outlet {scum-clear space) (see
Figure 47), and

{b) the depth of accumulation of sludge over tank bottom_

The scum-clear space should not be less than 7.5 cm, and the total depth of
scum and sludge sccumulations should not exceed 50 cmi.

Sludge may be bailed out by means of 2 long-handled, dipper-type bucket, or it
may be pumped out by a specially equipped cesspool-emptying vehicle.

The scum and sludge removed from septic tanks will normally contain some
undigested material which is still offensive and potentially dangerous to health, It
should not be used immediately as crop fertilizer, but may be composted along with
other organic wastes (kilchen waste, grass clippings, eic). Altemnatively, it should be
buried in shallow wenches, 60 cm deep,

Local heslth authorities may require that the effluent from septic Lanks or dis-
posal fields be disinfected before discharge. This is particularly true of hospital
effluent, which is likely 1o comain pathogenic organisms. Chlorination with calcium
hypochlonite. is commonly used for this purpose and is applied by means of hypo-
chloonaiors,

Because of the need for regular and careful maintenance to ensure the proper
operation of septic wnk systems, it is recommended that members of the community
be rained in their mainienance and repair. Local health authorities should stimulate
the formation of co-operatives or the setting-up of private concerns willing (o under-
lake the maintenance work. These authorities should be able to provide technical
guidance in response w0 public requests for advice on septic tank construction, opera-
Lion and maintenance.
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Suggestions for Construction

Construction of a sepiic tank system normally requires technical planning and
supervision by engineers or experienced building contractors as well as skilled la-
bour. Construction procedures vary a great deal from one country to another, The

following suggesuons are given only as a guide 1o the middle level sanitanion techni-
cian whose duty it will be w ensure:

{1} that the system is being built according to his overall design, and

(2) that il pperates satisfactorily after completion.

A, General construction steps

1. Assemble all matenals, tools, workers, and drawings needed to begin construc-
pon. Study all diagrams carefully.

2 Locate the site of the wank using the location map and mark it on the ground
with wooden stakes or pointed sticks as shown in Figure 55,

3. Excavaie the trench from the building Lo the septic tank zite with a downward
slope of between 1 in 50 w0 ) in 100. Figure 56 shows the slope of the pipe wenches.
Avoid bends. The trench need not be more than 300 mm wide and 300 mm deep,

4, Lay sewer pipe in the trench, Seal all pipe joints with tar, mortar, oakum, or
other local caulking materials. Pour water in the pipe at the building to see if it flows
through the enlire pipe. If it does not, re-excavate the rench and relay the pipe until
the slope is correct.

5. Excavate the seplic tank, Allow for outward slope of the sides (at Teast 1 in 10),
and for a working area at least 30 cm wide around each side.

6. The bottom of the pit should be level.

7. Spread 75 mm of sand, gravel, or crushed rock on the bottom of the excavation.
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Fig. 55, SEPTIC TANK SYSTEM - STAKING SITE

Dwelling

Saptic Tank Site

Trench Site

B, For Reinforced Concrete Tank
1. Follow "General Construction Steps” 110 7 above.

2. Build wooden forms for the tank foor according Lo the design dimensions
{length, width and thickness), The NMoor should should not be less than 10 cm thick,
with adequate reinforcement. Align forms with the sewer pipe. Check the distance
down from the end of the sewer pipe to the top of the forms. This distance must be
75 mm plus the liquid depth,

3.  Mix concrete with the proper proportions of cement, sand, gravel and water. A

common mix by volume is one part cement to two parts sand to three pans gravel
and enoogh water o make a fairly stff but workable mix.
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4.  Pour concrele into forms. Use a stoul stick or steel rod to work concrete into the
forms and between the reinforcing material. Leave no voids. Use a board or rowel o
smooth concrele surface,

5. Cover freshly trowelled concrete with straw, burlap bags. or other material to
prevent goncrete from drying out too rapidly and losing strength. Keep this cover
maierial moist for seven days, then remove the cover material and the wooden forms.
During this curing period, continue with sleps 6 and 7.

6.  Build forms for the septic ank top, as shown in Figure 57 The top is made in
gections which must be strong enough 10 withstand the weight of earth cover and
occasional extra loads, Each section is 3100 mm wide and its length equal to the
outside width of the septic tank.

7. Mix and pour concrete into the forms as described in steps 3 and 4.

8. Set handholds into the concrete near both ends of each top section. Follow step
5.

9. Build wooden forms and position reinforcing material for the walls of the Lank.
Build these forms in place on the congrete floor of the tank, Brace the forms
prevent Lhe risk of collapse when the concrele is poured, as shown in Figure 58. The
walls should be not less than 10 cm. thick, with adequate reinforcement

10. Set one pipe section for the inlet and one for the outlet in place in the forms
befors pouring concrete (this may require some realignment of reinforcing matenal),
then pour concrete for entire wall. It is most important that the inlet and outlet fit-
Lings are sef at the comect elevations.

11.  Mix and pour concrete imo the wall forms as described in earlier sieps.

12. Trowel lops of walls smooth and cover with moist material as described in step
5 above. Leave cover material and forms in place for seven days, then remove.

13.  Use maortar 1:3 (one cement, three sand) for the joints between walls and floor
10 ensure that the tank will be waler-tight. Mortar inlet and outlet pipe "T" fittings in
place, and mortar extensions Lo the fillings.

14, Extend the sewer pipe 10 the inlet fiting and mortar in place.
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Fig. 57. SEPTIC TANK SYSTEM - CONSTRUCTION OF TOP
OF THE TANK

Fresn concrete, Troweled Smoom

Handholds
[Plece of Meta| or Harsashos)

Waeoden Forma

Sheet of Tin
Wood or Targaper

MNole: Any number of sections to give outside length of tank

15 Excavate at least 3 m of trench from the outlet end of the septic tank owards the
site of the subsurface absorption system at a slope of about 1 in 100, Extend sewer
pipe from the outlet of the septic tank into the trench. Mortar all pipe joints.

126



Sanitation Guidelines

Fig. 4. SEPTIC TANK SYSTEM - CONSTRUCTION DETAILS
OF THE TANK

Section of Sewer Fips
I, Set mto Wall Form

Hardened Concrels

L - Shaped Ba
aps 5 within Floor with Forms Rempved

Wall Forms

16, Remove cover material and wooden forms from the top sections of the tank.
Carcfully place sections on top of tank. Thoroughly water proof with tar or other
water-proofing matenal between each section and between the sections and the top
of the tank walls.

17, If the top of the tank is below the surface of the ground, cover the tank with a
mound of garth to prevent surface water from forming a pool on top of the 1ank.
Mark the tank site with sticks, stakes, piles of rocks, or other means to help find it at
inspection ume. Preferably, a raised inspection cover above the tank inlel should be
provided. For large lanks, two inspection covers (one above the inlet and the other
gbove the outlet) are necessary, The minimum size of manhole should be 50 cm
square, of 60 cm in diameter,
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C. For Brick Masonry Tank

1. Follow "Genéeral Construction” Steps 1 w 7.

2. Follow construction steps “For a Reinforced Concrele Tank™ 1o 8§,

3.  Remove cover material and wooden forms seven days afier pouring concrete for
the tank floor, Using masonry stone, bricks and cement mortar, begin to build up the
walls of the septic tank.

4. When the walls auamn the proper height, install the "T™ fitings on the inlet and
outlet pipes. Be certain that the elevations of these filtings are correcl. Mortar the
joints around the fitings and extensions to the fittings. These may have to be braced
with wood until the mortar sets,

5. Continue building up the walls 1o the lop. IT hollow blocks are being used, fill
in the hollow spaces in the p layer.

6. Plaster the inside walls of the septic tank with a 25 mm layer of cement mortar
1:3 mix. Apply the layer in two applications of 12 mm each. Let the first layer set for
several days before applying the second.

7. Follow the construction sleps "For a Reinforced Concrete Tank™, 14 10 17 after
the walls have set lor seven days.

(Note: The seplic tank is pan of a system and is not ready 1o operate until i1 is con-
necied by sewer line 1o a subsurface absorption System.)
Cost

Septic tanks and their drainage fields are among the most expensive forms of
household waste disposal, In some countries, their operation and maintenance costs,
On a community basis, have been found 10 exceed the cosis of conventional sewers
and sewage treatment by as much as 50 per cent,
Advanlages and Disadvantages

The main advantage of septic tnk systems is their fexibility and adapwbility o
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a wide variety of individual household waste disposal requirements. Septic tanks are
only appropriate for houses thal have both an in-house waler supply and sufficient
land for effluent disposal, These two constraints effectively limit the responsible use
of septic tanks 10 low density housing areas. In such arcas they are a very acceptable
form of sanitation.

Their major disadvantages include large $pace requirements, the need fora
reasonably high degree of user attention, and high costs.

The main physical Tactors that affect the suitability of septic tanks are soil

permeability, space available for drainage fields (subsurface irrigation), level of
walter service, and proximity of underground drinking water sources.
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3. Other Excreta Disposal Options
3.1. On-Site Technologies
3.1.1.Borehole latrine

Description

The borehole latrine is a variation of the conventional pit Iatrine. ls pit has 3
much smaller cross-sectional area which makes it a less desirable lype of installation
for disposal of excreta. The bored-hole Latrine slab and superstruciure are the same as
for the pit latrine (see Figure 59).

Components and their Design

The Borehole

This consists of a circular hole, usually 40 cm in diameter, bared ventically inlo
the ground by means of an earth auger, or borer, o a depth of 4 - § metres, most
commanly & metres (see Figure 59). Holes of diameters 30 em and 35 cm have also
been used extensively, and are casier to bore but experience shows that their capaci-
ties are much wo small,

Becanse of its small capacuy, the borehole larine dug into dry ground and used
by a family of 5or 6 does not usually last more than one and a halfl 1 rtwo years -
legs where bulky cleansing materials are used,

The lifespan can be extended by boring two holes a short distance apart. When
the first hole is filled, it is coversd with 50 cm of well-tamped eanh, and the slab and
superstructure are relocated over the second hole. Afer about one year, the weil-
digested material in the first hole may be removed, making Lhe hole available for the
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next move. The life of a borehole latrine (like that of the pit latring) is appreciably
increased when it penetrates into groundwater although this in wrn presents a signifi-
cant health risk, Because of its small capacity, the bored-hole latrine is appropriale
for household use but should not be considered as an option for public use.

The greatest difficulty encounlered in the construction of bored-hole latrines is
the collapse or caving of the pit walls, Collapse is fairly frequent, especially in sandy
or alluvial soils, and is sometimes s0 severe & 1o obstroct the hole complelely. Holes
have been bored into dry and firm ground requiring no casing and have caved in
during the next rainy season when the groundwater rose and flooded the hole. To
avaid such ocewrmences, casings or linings may be provided to support the walls of
the hole although this will add significantly 10 the construction cost.  When planning
borehole latrine installations it is imponant 1o study ground formations and flucioa-
tions of groundwater levels in the area under consideration.

Because of the small dimensions of the borehole, the upper section is likely to
be soiled by both excrets and urine, This may resull in offensive conditions, and flies
may be attracted and breed in the carth below the squatting plate. To alleviate this
situation, it is good practice to line the upper 30-60 cm of the borehole with a tight,
impervious lining (e.g. concrete, baked clay).

The Slab

The Noor of & borehole latrine 15 identical in size and shape to that of the pit
tatrine. When the floor is built of congrete, it needs little or no reinforcement because
of the small unsupported span (40 cm) of the borehole lairine slab, The thickness of
the concrete slab may be safely reduced 10 5 cm on the slab edge and 10 4 cmi at the
centre. Hog-wire or similar reinforcement should be wsed w prevent cracks caosed by
temperature differences or shocks during transportation. The floor is usually raised
15-20 cm above normal ground level, but a specially built base is generally not
necessary.

The Mound

A mound of earth should be built around the Moor w protect it against run-off,
The mound should be at least 50 cm wide and well tamped. In Aood plains and tidal
areas, the floor should be elevated abave the highest water level, and the mound
solidly built. As shown in Figure 59, the mound may be built of moist earth in well-

13



Sanitation Guideli

tamped layers of 135 cm depth. Where necessary, the mound should be revetied with
flat stones.

As in the case of the pit latrine, it is preferable to supplement the earth mound
in front of the entrance door with & masonry or brick step. This will help prevent dirt
from being trodden inside the latrine from the user’s feel
The Superstructure and Ventilation

The superstructure is identical 1o that recommended for pit larines. It should
be ventilated to minimise odour. Ventilation of boreholes Is generally congidered 1o
be unnecessary.

L ocation of Borehole Latrines

The basic considerations regarding the placement of latrines in general with
respect 1o sources of water supply and dwellings have already been discussed. In the
case of the borehole latrine, there is a risk of groundwater pollution if it is construct-
ed 50 as to deeply pencirate groundwaler in order to achieve more efficient and
durable operation. This should not be undentaken close to (i.e,, within 30 metres) of
sites of groundwater abstraction for drinking. The general rules govemning the loca-
tion of borehole latrines are the same as those for the pit latrine.

Advantages and Disadvantages

The main advantages of the borehole latrine are:

(i) cheapness;

{ii) ease of construclion,

The disadvantages of the borehole latring are many:
(i) small capacity and shon life;

(ii) possibility of caving;
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(iii) no ventilation;
(iv) possible odour and fly nuisance, and

(v} special equipment required for ils construction.

Fig. 59. TYPICAL BOREHOLE LATRINE
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Penetration of groundwater is both an advantage and a disadvantage, as previ-
ously noted. 1t is an advaniage because it will generally increase the lifespan of the
latrine, It is & disadvantage becanse it tends 1o induce collapse of borehole walls and
because of the nsk o health caused by groundwater contamination. In addition, the
formation of a thick scum above the water level in the bole may seriously impair the
operation and life span of the lamrine. In such siations the borehole fifls up quickly
since the solids deposited floal over the scum. This is especially rue in arcas like the
Nile Delta in Egypt where heavy groundwater fluctuations may bring the water table
to within a few feet of ground level. By breaking the scum layer with a pole (3
procedure which is admittedly impractical in many instances), the efficiency of the
latrine may be restored.

In summary, the borehole latnine is classiflied among the less deswrable excreta
disposal technologies and is seldom recommended for widescale use, However, asa
temporary measune, or for emergency use, the borehole latrine can be a valuable
installation.

3.1.2.0verhung Latrine

Thie overhung latrine congists of a superstructure and a latrine Noor built on top
of wooden poles above water, It is found around seaports and fishing villages in
every continent and is very common in coastal areas of some Asian countries whem
many people inhabit land areas that are frequently or periodically covered with
‘water. For people living in raised huts with cat-walks for streets, water supply and
sanitation are problematical, In the case of brackish rivers or tidal flats, drinking-
waler is difficult to obtain and inhabitants may rely on rain water or well water from
a distanl source.

Under such circumstances a carefully located overhung or “drop” lairine may be
the only available excrela disposal technology, Nevertheless it should be recognised
that it represents an enormous health hazard and should only be employed where no
other options are feasible, The health hazard which such a latrine represents may be
reduced if the following general conditions are met:

{1} The receiving water is of sufficient year-round salinity 10 prevent human con
sumption;

{2) The latrine is installed over such water depth that the bed is never exposed
during low tide or the dry season:
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(3) Every cffort is made to select a site that will carry floating solids away from
habitation and facilitate dilution;

(4) There is a minimum stream flow of 14 litres per second per family for adequate
dilution;

(5) The walkway, piers, squatting openings, and superstructure are made structural-
Iy safe for adults and children,

However, in genéral, this is an unacceptable excreia disposal technology, and
should not be considered as a possible option for the following reasons:

(@) The very high degree of faecal contamination which will inevitably arise and
present a significant health rigk:

(h) The universal habit of prolonged contact with water in bathing and fishing; and
(¢} The possibility that this type of latring would become established upstream,
where il would empty into smaller and fresh-water courses.

3.2. Off-site Technologies

3.2.1.Bucket Latrine.

The bucket latrine consists of a bucket in which excreta are deposited and
which is removed for empying and cleaning at frequent intervals,

The Bucket or Receptacle

The bucket or receptacle is usually made of scamless galvanized iron, rubber, or
white enamel, Typically, it is about 38 cm in diameter at the top and 30 cm deep and
has a handle for lifting and carrying. Ideally it should be provided with a removable,
tight-fitting lid held in place by clamps. It is betier practice to have (wo buckets,
painied different colours. available for each latrine hole or seat so that a clean pail
may be placed in the latrine when the other pail is taken away for empting,
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The Collection Chamber and Superstrocture

The bucket is placed in a collection chamber (or box) situaled below the squat-
ting plate {or seat), as shown in Figure 60. The chamber may be buill of brick or
concrete, with rounded comers 0 as 10 heip centre the pail. Mosi chambers open
the rear of the lalrine into the service lane used for collection. Where seals are used,
the space benecath constitutes the box, and the pails may be removed through the
hinged latrine scats,

It is important that the collection chamber be fly- and animal-proof. The
chamber should also be ventilated by means of a pipe vent carried to roof level of the
superstructure. The vertical distance between the bottom surface of the floor slab and
the rim of the bucket should not be greater than 2.5 em.

The superstructure itself is built in the same manner as for an ordinary pit la-
trine, excepl that the floor is raised above the collecting chamber and ground level,
In some countries the floor is designed in such a manner as Lo separate solid facces.
Urine and ablution water tend 1o fill up the buckets quickly and keep their contents
in a semi-bquid state. Urine and other liquid wastas are therefore directed by troughs
to cither an impervious catchpit, which is emptied periodically, or 10 a soakage
rench,

Collecton and Conveyance of Buckets

Collections are usually made daily, although in some places they are made only
weekly or even less frequently. The collected pail should be sealed with a fly-tight
lid and replaced by a clean and disinfectied one of different colour, eg. all buckets
collected on a Monday are red and all replacement buckets on that day are yellow so
as o help distinguish the buckeis which have been disinfected from those which have
not. Sometimes the contents are emptied into a tank carried by a vehicle, and the
bucket taken away o be washed. The practice of empiying buckets into a tank or
wagon and immediately retuming them o the latrines is unreservedly condemned.

Methods of transportation vary widely and include the "hasket™ system, push-

carts, bull-carts and motor vehicles. Spilling the contents of the buckets must be
avoided during collection and transportation to the disposal groanids.
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Fig. 60. THE BUCKET LATRINE
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Al the disposal site the buckets are emptied, thoroughly washed, and disinfected
with a phenol or creosol type of disinfectant before being stored away and re-used.
The wash waler is disposed of underground by means of soakage pits, and should not
be permitted 1o run freely in open ditches or used, without adequate control by local
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health suthorities, for farm irrigation, Disposal sites should be isolated from humean
habitations and remote from sowrces of drinking water.

The collecuon sysiem is best carned out by the community administration and
under direct supervision of the health authorities. A fee is usually paid by the family
for this service, sufficient to cover operation costs and replacement of equipment.

Methods for Final Disposal of Night-Soil

Night-soil is the term used 10 describe human excret2 transported without flush-
ing waler,

a) Disposal of nightsoil into water bodies is practised o some arcas but gencrally
presents a very high health hazard. This is especially the case with surface waters
which miay be used downstream for drinking or other domestic purposes.

b} A simple and common, bul labour intensive, method is 1o bury the night-soil in
earth pits or renches.

c) Incineration of night-soil along with other types of refuse fulfils sanitary re-
quirements bul is expensive.

d} Retention in specially designed tanks is practised in some Asian countries
whete human excrets is used as a fertilizer. Co- composting with other organic
malenals - oflen wasies - may also be practiced. Public health critersa are fulfilled if
the retention period is of sufTicient length to ensure that pathogens are deswoyed. The
cost of this operation depends on the cost of storage and transport and the selling
price of the ferilizer produced,

e) In some countries, raw or partially decomposed night-soil is used for agriculiur-
al purposes, This practice is universally condemned on pablic health grounds,
Advantages and Disadvantages

The only advantage of the buckel-latrine system is that it offers & means for
collecting night-soil which, in some arcas, is ultimately vsed as soil fenilizer. It has

many disadvantages. The act of emptying the bucket typically involves spillage and
the srea becomes heavily contaminated. A bucket latrine system, though cheap in
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initial cost, is in fact very expensive to operaie and mainizin. In addition, it has
obvious health hazards for the community and the collectors, in particular, A bucket-
larrine system may lead to social problems because of the stigma aunached to the
collectors. Where this method 15 used it is becoming increasingly difficalt to recruit
labour for collecting. However, in rural areas it may still be possible to secure the co-
operation of interested farmers for this job.

A bucket-latrine sysiem can only work well under simations of tight institution-
2l control, where all operations are carefully supervised. It should generally be
regarded as & lemporary measure suitable for camps, for instance, while more perma-
nent solutions are construcied.

The use of dry earth, sawdust, or ash is often ignored even in areas where the
latrine is still called a "dry earth closet” or fipeire. As a result, the contents of the
buckets are highly odorous and aitractive (0 Mlies, which lay their ¢ggs in them at the
first opporwunity. The door of the collection chamber and the squatting hole or seal
are seldom My-proof and closed. In spite of active supervision, the contents of buck-
ets are often spilled carelessly near the latrines or along the road (o the disposal site.
The bucket lids are rarely kept in place and coverless buckels are sometimes left
exposed for hours in the sieet pending collection. The system which depends on the
separation of urine and facces is seldom built and maintained properly. As a result
the urine runs over soaked ground and forms unsightly pools. Conditions at the
disposal sites are often intolerable due to spillage, inadequate water supply, intense
fly-breeding, odours, and rodent infestation. Owing 1o the enormous difficullies in
operating this system in & sanitary manner, the bucket latrine usually violates most,
or all, of the samtary requirements.

The cost of operation of this sysiem is, in most instanees, very high, although
this is not often recognized by town councils. 11 is strongly recommended that
communities which use the bucket-latrine system underake a thorough sanitary and

financial study of their operation with a view to changing to a safer and more
economical excreta disposal technology.

322, Vault and Cartage Systems
\ i

Vault latrines are similar to the Pour-Flush (PF) toilets, except that excreta are
discharged into a sealed vault that is emptied at regular miervals (see Figure 61).
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Fig. 61. ALTERNATIVE DESIGNS FOR VAULT LATRINES

Vault Below Squatting Place
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1he vault should be empued by vacuum tanker (.. a tanker-truck equipped
with a regular or vacuum pump), aithough in areas where access is difficult it may be
necessary to use altemative methods as described below. The vault latrine may be
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installed as a pour-flush toilet either with the vault immediately below the squatting
plate or with a completely offset vaulL In the latter case the vault may be shared with
adjacent houses, with some savings in construction costs.

Components and their Design
The vault volume may be calculated from the following equation;

V=NxQxD
K

where ¥ = vault working volume in litres;
N = sverage number of users;
Q = excreia and flushing water, litres per person per
day,
D = the number of days between successive emplying of
the vault;
K = vault volume anderutilization factor,

From 0.8 to 1.8 litres per person per day of night-soil are collected from vaull
latrines. The maximum probable combined excreta and flushing water for vault la-
trines may be estimated as 10 litres per person per day, The vaull volume underutili-
zation factor, K, is introduced since the vault will normally be emptied before it is
completely full. In arcas where Lanker collection is excellent, K may be taken 10 be
0.85; in other arcas K may need 1o be as low as 0.5.

The vault working volume, V, and the number of days between emptying, D,
are directly proportional w each other. Once vault construction and emptying costs
are known, it is therefore possible to minimize the towal cost by optimizing the
combination of vault size and emptying frequency. The vaull need not be very large;
for example, for a family of six producing 10 litres per person per day, if the vault is
emplied every two weeks and K is taken as 0.5, the required vault volume is only
1.68 cubic metres. Each time the vault is emptied 0.84 cubic metres of night-soil
must be removed.

The vault may be constructed from concrete, brick, or concrele blockwork

suitably rendered with a stiff mortar to make it watertight. Small vaulis may be
constucted from prefabricated plastic tanks if they are locally available and economi-
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cally competitive. Loss of water from a vault latrine may cause pumping problems;
vault contents with more than 12 per cent solids may have 1o be scooped or ladied.

Collecoon Vehicles

In order to minimize collection costs, night-soil collection vehicles should, in
general, be as large as possible. Vacuum tankers usually have capacities of 1,500
litres. The length of vacuum tubing that can be anached 1o them can be as much as
100 metres, In areas where access is difficult even this length is insufficient and
smaller collection vehicles must be used. These may be hand- or animal-drawn carts
with capacities of only a few hundred litres equipped with manually operated dia-
phragm pumps, or small mechanically or electrically operated vehicles (even three-
wheeled vehicles) fitted with mechanically operated pumps.

Since vault lawrines are considerably cheaper than sewerage, il is extremely
importan( that design engineers consider all possible collection methods, even
though thiz may usually mean that some site-specilic improvisation is required.
Access may be extremely difficult, but only very rarely will it be impossible for
some son of vehicle o be used to emply the vaults. For those households where 1L is
not possible, manual emptying of the vaull by the dipper and bucket method may
have 10 be used. This is only & marginal improvement in collection practice over
bucket latrines g5 some night-soil spillage is inevitable, A pipe connection Lo &n
accessible communal vaul is mcommended in such cases,

The average number of vaulls that a tanker can empty ¢ach day depends on the
ratio of mnker size to vault size, the average distance of Lhe tanker depot and disposal
point or treatment works from the vaulis to be serviced, the average time taken o
empty one vault, the average distance betwesn vaults, and the speed of the tanker.

Dizposal of Yault Contents

The tankers transpont the vault contents to & trenching field, a night-soil treat-
ment warks, or & marine discharge point. In the trenching method of disposal, the
excreta is deposited and spread on the bottom of long, shallow (50 to 60 cm deep)
trenches. The renches are then filled with a layer (not less than 30 cm thick) of well-
tamped earth. It is in this Lop layer of the soil where aerobic saprophytic bacteria are
mast numerous and active. These bacteria reduce the offensive material in a short
time in warm climates (usoally 2 few months), The wenching field should be located
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far from the community and in such 2 way that odours will not be camed back (o the
community by prevailing winds. The trenching operations must be carned out under

SiTict Sanitary supervision.

In areas where excrela is ré-uséd 3¢ soil fertilizer, vaolt conlents are taken to
special night-soil reaiment warks where they undergo decomposition, or are com-
posied, under controlled conditions and iemperature. The humus produced is hygien-
ically safe and valuabie as fertilizer,

In other areas, vault contents are simply dumped into the sea at a distant point
from the community in 8 usually unsuccessful attempt Lo avoid possible pollution of
nearby recreation shores,

If small tankers or other collection vehicles are used, il may be necessary to
provide transier stations. Night-soil is transferred (o larger vehicles for conveyance o
the treatment works or discharge poinl in order lo minimize vehicle haulage dis-
tances and hence collection costs.

Adequate tanker washwater should be available at the treatment sile or marine
disposal point.
Advantages and Disadvaniages

The vaull and cantage system fulfils environmmtal bealth criteria if, at every
stage of excreta collection, canage and disposal. strict sanitary precautions are taken
to avoid possible spillage and pollution of the environment. The system may be
suitable for communities (especially in urban areas) where housing density is high,
and for medium-rise buildings. Excreta can readily be flushed down a vertical pipe
(e.g. in Yemen) inlo a covered vaull a1 or below ground level,
The principal advantages of vault lamrines are as follows:
{1} low ital cost for the householder;

(2) high labour requirements, with consequent generation of employment (provid-
ed, of courss, that local people have no aboos against working with excreta);

(3) minimum water requirements;
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(4) possible location within the dwelling;
(5) high potential for resource recovery;
(6) reduced risk of groundwater contamination.
The main disadvantages include the following:

(1) high cost of tankers and of transfer and disposal installations which may be re
quired;

(2) in most developing countries, foreign exchange is required to pay for the collec-
tion tenkers and pumps;

(3) high degree of municipal involvement 1o ensure equitable and sanitary service,
in additon 10 proper vehicle mainienance.

These disadvantages are serious enough o only justify the vault and cartage
system of excreta disposal for special situations where municipal services, including
sanitary control, are dependahle and efficignt.

32.3.Communal Sanitation Facilities

Advantages and Disadvantages

Communal sanitation faciliies provide a service level ranging from sanitation
only 10 a combined latrine/hathing/laundry unit. Figure 62 shows an example of a
communal facility, Their principal advantage is their low per capita cost

The decision to install communal facilities should never be taken lightly. The
most fundamental problem with a communal facility is that it appears wo belang o no
one so that there is very litie commitment by individual users to keep it clean and
operating properly. Once a latrine compartment is fouled, the next user may have no
choice but to foul it further. As a result many communal latrine blocks are very
unhygienic. To avoid this it is advisable 1 provide one or more well-paid and well-
supervised atiendants o keep the facilities in good operalional order, One way of
raising the salaries of the auendants is 1o introduce & tariff for use of the facilities.
Lighting and a water supply must also be provided. It is also essential that the

144



Sanitation Guidelines

Fig. 62. A COMMUNAL SANTTATION FACILITY
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employers of the attendants (often the municipality) should regularly inspect the
facilities 10 make sure that they are being properly maintained.

Technical Appropriateness

There are some iechnical disadvantages of communal sanitation facilities.

145



Sanitation Guidelines

Firsy, there is the difficult question of privacy. An individusl's requircments for
privacy must be clearly understood and respected. Cultural attitudes toward defeca-
tion vary, but generally it is regarded as a private personal act. Therefore each toilet
within the communal block should be designed as a separate compartmeni and
provided with a door that can be bolued.

This may seem obvious, bul there are many public toilet blocks that merely
contain a row of holes with no internal partitioning whatsoever, In some societies
privacy is not so important, Questions of privacy must be discussed with the
community when considering communal facilities. [n addition, there is the problem
of defecation at night, during illness, and during wet or cold weather. [f the commu-
nal block is not lit, it may not be used at night. In any case it is unreasonable Lo
expect even it adulis - iet alone the young, the old, or the infirm - 10 walk 100
metres or more in the middle of the night or in torrential rain, often along a dark or
muddy street or alleyway, in onder o relieve themiselves . There must be some péner-
al provision for the disposal of nocturnal and “"bad weather” excreta.

Communal facilities cannot be upgraded. This means that they should be de-
signed with eventual replacement by individoal househaold lacilities io mind. It ks
sensible o tie the provision of sanitation facilities 1o a residential upgrading pro-
gramme; this is particularly advisable in the case of slum improvement schemes.

Communal Facilities Design

There are two basic approaches to the design of communal sanitation blocks.
The first is to have a completely public system in which a user can enter any com-
partment not in use at the lime, The second apperoach is o provide cubicles for the
exclusive use of one household. This system is essentially a compromise between
public and private facilities, Experience has shown that each household will zealous-
ly guard its own cubicle and keep it clean but that mainlenance of the communal
parts (e.g., the passageways and panticularly the effluent disposal system) can canss
organizational problems. This second approach is generally preferable 1o the truly
public system, but it is also more expensive since a greater number (depending on the
average hoosehold size) of latrine compartments is needed. The advantage to the
municipality is that it is relatively easy to levy rental fees and collect payment from
each household using the facility.

A third approach to the design of communal facilities is to provide a sanitstion
block of the [lirst type but reserved for the exclusive use of a large Kinship group.
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Individual households that belong to a kinship group (clan or tribe) or "extend-
ed family,” of between 100 and 1,000 members, are located on the same piece of
land, which is held in communal ownership by the kinship group. Each kinship group
is {or is planned Lo be) provided with a communal sanitation block with toilets,
showers, and laundry facilities, Part of the construction cost is borne by the extended
family and part by the governmenL The [amily is responsible for maintenance and
for water and electricity charges. This approach 10 the provision of communal sani-
tation facilities can only work under suitahle social conditions,

Number of Toilet Comparmments Required

in the completely public communal sanitation biock, the best available evi-
dence suggests that one loilet comparnment can serve from between iwenty-five o
fifty people (although it seems prodent to take a design figure of 1wenty-1ive users
per compartment),

The toilet compartments should be arranged in separate blocks for men and
women, Urinals should be provided in the men's block and the total number of uri-
nals and companments in the men’s block should be the same as the number of
compartments in the woman's.

Location

In high density areas (over 1,000 people per hectare), the number of people that
can be served by one communal sanitation block (usually 200 to 500 people) will
normally determine the required number and location of communal facilities, The

maximum distance that people may be expecied to walk 1o the wilet is around 100
metres,

Toilet Type

One of the flushing types of wilet is preferable for communal sanitation facili-
ties. Water use may amouant to 15-20 litres per person per day.
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Shower and Laundry Facilities

If shower and clothes washing facilities are not available in individual house-
holds, these can be provided at the communal sanitation blocks {approximately one
for every fifty users in warm climates). The water requirement for showering 15
between 15 and 25 litres per person per day. In addition, handbasins should be pro-
vided at the rate of one for every ien users. Their waler use may be estimated as
between 5 to 15 lires per person per day. Water consumption in both showers and
handbasins may be considerably reduced by the provision of water-saving plumbing
devices. In cold climates it is usually necessary to provide hot waler since the cold
water storage tank will not normally contain water warm ¢nough for personal wash-
ing.

It may also be necessary to provide laundry facilities, The exact style of these
facilities should conform o local preference. Approximately one washing lub should
be provided for fifty people. Clothes drying lines may be required.

In communal facilities with compantments reserved for the exclusive use of one
household, if space permits then each compartment may contain a shower and
handbasin in addition 10 the wilet: The decision as to whether it is necessary Lo
provide a private laundry lub rather than communal laundry facilities is best 1aken
after discussion with the commumity,

Effluent Drisposal

Generally a low-cost sewerage system should be used but soakage pits for pour-
flush toilets and sullage water disposal to storm drains have also been used success-
fully. Tf the Loilets are of the flushing type, a septic tank should be provided so that
the sewers can be of small diameter and laid at flat gradients. If the wilets are aqua-
privies, a settdement ank will be included in the design and provision needs only 1o
be made for a small tank 1o settle sullage. If the errain is such that velocities of 1
mete per second can be obtained in the sewer without the need for excessive excava-
tion or pumping, the sewerage sysiem can be of the conventional kind and the septic
tank would no longer be necessary. Where communal sanitation blocks can be in-
stalled near a trunk sewer serving other parts of the wown, they should be connected
lo L.
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4.0. Low-cost Unconventional Sewerage

The transport and collection of excreta and sullage through buried pipes is
generally thought of as an inappropriate sanitation option for small communities in
the developing world. This is chiefly because sewerage systems have traditionally
tended to be very costly both in economic terms and in the amount of water required
for toilet flushing. In addition, such systems tend to be under-utilised in developing
countries, where there is a very low rate of connection to the sewerage system.

However, there are now examples in the developing world of sewerage systems
which are appropriate for small communities. They operate with the low-volume,
pour- or cistern-flush toilet, which use between 3 to 5 litres per flush as compared to
between 15 and 20 litres used in conventional sewerage.

Some systems include a sewered interceptor tank, as shown in Figure 63. These
tanks are designed to collect solids before they enter the sewer network by prevent-
ing the majority of solids from entering the sewer network. The cost of the network
may be reduced by using small-bore pipes and flatter slopes. Sewers have been used
which have a minimum diameter of 40 mm, compared with 150 mm pipes that are
used in a conventional system. In addition, treatment costs will be reduced because
screening, grit removal and primary sedimentation will not be required since they
will occur in the interceptor tank. In a waste stabilization pond treatment system,

anaerobic ponds may be unnecessary.

- Latrine pits and septic tanks may be adapted to serve as interceptor tanks which
will further reduce cosis and small-bore sewerage may therefore provide a means of
up-grading in areas where these are common. A disadvantage of the small-bore
sewerage system is that the tanks will have to be periodically emptied of sludge
which needs io be safely disposed of.
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Fig 63. SEWERED INTERCEPTOR TANK
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Unconventional sewerage schemes have substantially reduced costs by making
the pipe layout as efficient as possible. For example, connecting households to a
sewer running through the owners’ back-gardens rather than o one under the street at
the front of the house. This form of sewer layout has the advantage of reducing the
amount of soil cover required by the sewer because the pipe is subject to smaller
loads than if it were beneath a road. This type of design is also known as “shallow

¥

sewerage’.

Disadvantages of Water-borne Sewerage

Water-bourne sewerage is often considered the ideal form of excreta disposal.
Indeed, water-borne sewerage has the advantage that potentially dangerous excreta is
rapidly and efficiently carried away from the household. However, it should be
remembered that properly constructed and used on-site systems such as V.LP and
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composting latrines also treat excreta by containing it for a suitable period and there-
fore reduce the health risks to the population. Sewerage alone does not do this. While
sewerage is effective in removing excreta from the houschold, unless the sewage is
treated, the health hazard is simply transported from one site to another. Discharges
of untreated sewage into water courses which are used (albeit downstream) for water
supply, irrigation, washing or recreation, present a significant health risk. It is impor-
tant that the risk to human health which sewered excreta disposal represents is recog-
nised and that the sewage is adequately treated.

Sewage Treatment

There are various methods available for treatment of sewage; for example
trickling filters, activated sludge, oxidation ditches and sewage stabilisation ponds.
Some of these treatments are not suitable for reducing the hazard to human health,
although the effluent they produce is less toxic to the receiving water course. This is
the case with trickling filters for example. Some also require very high levels of
operation and maintenance and cannot be recommended for small communities.

A treatment method which is suitable for reducing the health hazard of untreat-
ed sewage, which requires less stringent operation and maintenance is by use of
oxidation ponds. These will be described briefly here.

Wastewater Stabilisation Lagoons
Description

A typical system for treatment of sewage in stabilisation lagoons for a warm
climate would comprise a series of ponds of different depths. The first (primary)
pond is often relatively deep. Here, solids settle and intense bacterial activity robs the
water of all oxygen and so it is called an 'anaerobic’ pond. The effluent from the
anaerobic pond flows into a shallower (secondary) pond (2.g. 2 m deep). The second-
ary ponds are often anaerobic at the bottom but towards the surface where oxygen is
absorbed and algae grow (and produce more oxygen) they are aerobic, These ponds
are also known as "facultative’ ponds. The effluent from the secondary ponds passes
into tertiary ponds (e.g. 1.5 m deep) which are aerobic and which may be used for
fish culwre.
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Fig. 64. LAYOUT OF WASTE STABILISATION PONDS
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Normally, two series of ponds are constructed (e.g. a total of six ponds), see figure
64. This is to facilitate cleaning (desludging) when it becomes necessary. The overall
retention time of the sewage in the ponds is typically about two to three weeks.

During treatment in stabilisation ponds a number of factors reduce the polluting
effect of the sewage considerably. Pathogens both sediment out with particulate
material and are killed by the hostile environment. In addition, sedimentation and
bacterial activity reduces the load of suspended solids and of substances which
would remove oxygen from a river inte which it is discharged (biological oxygen
demand). The effluent of sewage stabilisation lagoons is nutrient rich and may be
used as a combined fertiliser/irrigation water.

Wastewater treatment lagoons require quite large areas of land, ideally downhill
of the community and sloping in order that pumping *~ not necessary. However, they
require little operation and maintenance. They are also generally resilient and can
accomodate over-loading. With proper operation and maintenance there should be no
problems of odour or of fly or mosquito breeding.

Routine maintenance of ponds is largely limited to:

(i) cleaning and maintaining the inlet and outlet structures;

(i) cutting the vegetation from the sides;

(iii} removing algal mats and scum from facultative and tertiary ponds;

(iv) maintenance of the "hard edge’ at water level which prevents wave erosion of
the embankments;

(¥v) cleaning screens and grit channels.
These may be undertaken by unskilled staff under minimum supervision.

Cleaning (desludging) is only required at protracted intervals. Anaerobic ponds
may require cleaning every 2 to 3 years, but facultative and acrobic ponds should

require cleaning every 20 years or less frequently. The sludge which is removed is
often suitable for use as a fertiliser/soil conditioner.
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GLOSSARY

Aerobic

Micro-organisms which require air to maintain life.

Anaerobic

Micro-organisms which will not grow in the presence of air.

Ascaris

Large worm that can live in human intestines.

Alluvial soil

Soil containing clay, silt, sand or gravel formed by the disintegration of rock, that has
been deposited by running water.

Beneficiary

Person who benefits from something e.g. a latrine.

Biological

To do with living processes.

Composting

A biological process in which various organisms under controlled conditions break
down organic matier into humus.

Cesspool/Cesspit

A pit for collection and disposal of sewage.

Condensation

Conversion of a vapour to a liquid e.g. water vapour to water.

Data

Factual information e.g. measurements.

Decompaosition

A biological process in which various organisms break down organic matter.
Digest

Soften or break down a material.
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Discharge

Release of something e.g. water from a pipeline,

Excreta

Mixture of facces and urine from human beings.

Effluent

Something discharged into the environment

Entomology

Study of insects.

Faeces

Waste matter excreted from the bowel, consisting mainly of cellulose, unabsorbed
food, intestinal secretions and micro-organisms.

Fissure

Marrow opening or crack e.g. in rock.

Geology

Study of the composition of the earth especially of rock formations.
Groundwater

‘Water under the surface of the ground.

Hand Auger

Tool for boring holes in soil by hand.

Hookworm

Worm which enters the human body through the feet and eventually transfers to the
intestines.

Humidity

Quantity of water in a material or the atmosphere.

Humus

The end product of decomposition. A major ingredient in topsoil.
Hydrological

To do with the distribution and circulation of water on the earth.
Hygiene

Actions or practices of personal cleanliness that lead to good health,
Impermeable

Water-tight.

Insanitary

Unclean enough to endanger health.

Interfere

To get in the way of or hinder somthing.

Larva

Young worm-like form that hatch from the eggs of many insects and parasites.
Larvicide

A poison used to kill larvae.
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Leaching

Loss of liguid from a material by percolation, usually into the ground e.g. toxic
liguid from a waste dump into the ground and possibly into groundwater.
Micro-organism

A tiny plant or animal so small that it cannot be seen with the naked eye.
Nitrogenous

Containing high proportion of the chemical element, nitrogen.
Organism

Living thing (animal or plant).

Organic

Derived from living organisms.

Ova/Ovum

Eggs/egg of parasite.

Pathogen

An organism which is capable of causing disease.

Putrefaction

The breaking down of plant or animal matter.

Parasite/parasitic

Worms or other tiny animals that live in or on another animal or person and cause
harm.

Pollution

When water, air or so0il is made foul or filthy.

Permeable

Allows water to pass through.

Retention time

The period of time which excreta are kept in a tank or container,
Sullage

Waste water from washing clothes, dishes or personal hygiene.
Sociocultural

Dealing with social and cultural aspects.

Sanitation

Excreta disposal and cleanliness in relation to excreta disposal.
Sewerage

Pipe work taking sewage away from the house.

Sewage

Human waste (faeces and urine) mixed with water and possibly sullage.
Soluble

Can dissolve in something.

Sludge

Solid component of sewage left at the bottom of a septic tank.
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Seepage

Leaking of liquid from a container into the ground.

Stabiliser

Chemical used to stop something from being destroyed e.g PVC by sunlight.
Schistosomiasis

Disease caused by a tiny worm in the blood stream of humans.

Volatile

Something that rapidly becomes a gas or vapour and is lost into the atmosphere.
Vermin

Animals which cause nuisance.

Waste

Discarded residue to be disposed of and considered to be of no value.
Water table

The level where water is found when a hole is dug.
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