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Executive Summary

This report emanates from the Water Research Commussion proect number K5/708 enilled

"Preparaton of standard engineerng drawings. spacifications and guidelines for ventilated mproved
Pt iptnnes 0 South Africa”™

At present, Ventilated improved Pit (VIP) toilet sysiems instalied in South Affica are constructed
according to @ wide vanely of cesigns and with many different types of materials, with 8 cotresponding
diversity of performance leve! and user acceptabdity. Some designs are of 3 good standard, but many
lolkets have been instalied which co not function properly and are therefore unpleasant 1o use Fly
controf 1% often inadequate and faclors such 8s poor construction, high lemperatures and bad odours

can contribute 10 negative user experience and subsequent percephions of the systems as second-1ate
or inferor

It 1s generally accepted that the government cannot afford to provise conventional waterborme sanitation
10 all communities lacking this faciity, at least lor the fareseeable future. The majority of communities
are also not n & pastion 10 provide or Maintain such systems themselves Howeaver, because of the
strong hink between sanitalion services and public health, i is imperative thal » programme which
encourages an adequate basi leved of sanitation, which s also targely affordable. be actively pursued
in order to reach the communities who have litlle or no sandation tacilies

Although it is clear that VIP todlets, correctly designed and constructed, offer an affordable and practical
saniation option 10 the majority of rural and per-urban communities, there remans much gnorance
regarcing the proper engineenng of VIP lodets. The authorities: rasponsibie for commissioning
sanitation programmes, as well as vanous funding agencies involved in such schemes, 80 not always
have at ther disposal the necessary 1ools to enable them 1o make informed decisions or ehoices and
consequently are ofien left with a legacy of poorly engineered sanitation systems. Guigelines for the

design and construction of VIP todets will assist such organizations in setting acceptable minmum
standards

The original 2im of this project was o improve the standard of VIP 1oilets in South Africa by providing
responsiile organizations with the necessary information to enable them o plan, design, construct and
maintan VIP loilets m an effective and sustainable manner. Hence, the following documents were
intendged 10 form part of this project:

« Research repon (this document)

o Vanous guidelne documents:
(a) Design and construction guiielines for domestic VIP 1oilets
(b) Gudelines for local water and sandaton commitiees on domestic VIP toilets
{c) Guidelines for users of domestic VIP todets.

However, cue 1o the length of tirme which elapsed, as well as vanious other aventualibes, the gudelne
documents as stated above have not been completed as part of this project. Guidelng (8) has been
replaced by a gocument entitied "Buillding VIPs: Guidelines for the design and construchon of domestic
Ventilgted Improved Pil toileis®,. This document, published and distributed by the Department of Walter
Affairs and Forestry, is based largely on the research camed out as pan of this project Guidehne (b)
was sventually considered as beng superfivous due 10 the existence of other documents of a similar
nature An atlempl was made 10 produce Guidelne (¢), but due to the diferng interpeetations of
llustrations, ¢ic by venous illiterate or semi-Wlerate communities in the country, it was concluded that
i would not be feasibie 1o produce a document of this nature which would be applicable countrywide
It ie suggested, rather. thal each project be evaluaied on 1S merits anc sutable posters or other
explanatary materials produced for the specific communities by involving them in the actual process

The output of 1his project. a8 far as the Waler Research Commission’s onginal contract with CSIR
Budding and Construction Technology 1s concerned, is therefore only this research report



IssueE thal were iIdentlied as being of caroinal wmportance for community acceplance of VIP 1o1lets are
as follows.

o desan and consiructhion Issues
* spcial ssues

o gnvironmenmal ang health 1ssues

Farlicular arentron was pasd 10 these aspects dunng the research phase of the prosect.

The research repor includes a bnel infroduchon 10 personal hygene, which highhghts the heahn
dangers inherent in human faeces and ihe imporance of using 1oilets and of washing hands. The
disease-carrying rowe of thes 1s also pointed out ft 15 further emphasised that three inlegras faclors,
which must coexist, are of smportance in promaolng commuruly heallh, namely:

* s53fe water supples
« adequate sanitaton facilies
* corract disposal of refuse.

The operatonal pnncpies of both VIP and VIDP 1oilets are discussed in detad, covermg important
taciors such as proper ventilauon as well as fly and odour control. This is folowed by a number of
diustrated examplaes of VIP 1oke! designs from Botswana, Zimbabwe, Lesotho, Tanzania and Brazil, as
well as vanous South Alncan examples. An in-depth discussion of research findngs and
recommendations regarding the vanous components of a VIP toilet 1s then presented, covering the
folowiIng aspects:
« substructure (i.e. the pit)

- location

- capacity

s ling

- collar

e pi cover slab
- matenals
- prienfation

e supearstruciure
- location and orientation
- malenais
- Joor
- walls
- rool
- venhilalion openings

e seal or pedestal
- lypes
- malersals

* venl pipe
- purpose
- materials
- s1ze gnd performance
- onentation

Py screen

- puIpose
- malenals

- foung
« hand-washing antachmenls



Regulat manenance of ViP todets s essential if they are to continue funchoning as they should and
remain in an attractive and scceptable conditon 1or use The research report emphasises ceanhness
and ptomgt attenbion 10 maters such as fiong of cracks, termite control. stormwater aversson, ity
screen care, treatiment of doots and hinges, as well 35 mosguito control, Faclors affectng the rate of

solics acocumulation are listed and attenlion s drawn 10 the fact that disinfecianis should nol be put
mnto the pd

Pit emptying s ofien a problem (f todlets are not specifically designed 10 facilitate the process. While
mechanical emptying may be 3 solution n some urban areas, 1 1s racely an oplion in rural sreas, and
also has cerain construction implications

Finally. the issue of population density and fs implicanons lor choice of sanitation lechnology s
addressed. The Wterature yelded ceran guideines on maximum populaton densdies for single pi

and twin pit oilets, however, attention is drawn 10 the prodiem of progressive loss of ventiation as the
number of dwellings ncreases

In conclusion it & stated that the Ventdated improved Pit Todel, when corectly designed, operated
and mantained, has proved 1o be an acceptable, cost-efiective, hygienic and environmentally triendly
sanitation system. While there are always cerain disadvaniages associaled with any sanitaton
M.atm:mwmumwdmmmmvcmo.pmmtymsocm
and cultural aspects, then there is no reason why VIP loilets should not become perfectly acceptable
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are in need of turther research, as the information available was either scanty Of
neonciusve. The two most important aspects requicing further investigaton are

. Mtdedmzymmbacwunmeopuaummmmmdm;ma

. mmmmmwaepmdmw.mmmmmmp-mtm
groundwater n order o prevent conlamination
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1. Background

At present, Ventilated Improved Pit (VIP) tode! systems instalied in South Africa are constructed
according 10 @ wide variety of desgns and with many different types of matenals, with a
corresponding diversity of performance level and uset acceptability. Some designs are of a good
standard, but many todets have been instalied which do not function properly and gre therefore
unpleasant to use. Fly control is often Inadequate and factors such as poor construction, high
temperatures and bad odours can contribule 1o negative user expedence and subseguent

perceptions of the systems as second-rale or inferior. The resull is all oo often that communities,
adults and children alike, prefer 1o use the bush

It is generally accepted that the government cannot afford 10 provide conventional waterborne
sanitation to 3l communites lacking this facity, at least for the foreseeable future. The majornty of
communities are also not In a position 1o provide or maintan such systems themselves. However,
because of the strong link between sanitation services and pubhc health, it is imperative that &
programme which encourages an adequate basic level of sanitation, which is also largely afiordable,
be actively pursued in order to reach the communities who have Mile or no sanitation facilities The
queshon of what constitutes adequate sanitation has been defined n the White Paper on Water
Supply and Sanitation Policy, Novernber 1994 */ as follows:

"The immediate prorty is 10 provide sanitation services to all which meet basic health
and funchonal requirements ncluding the prolection of the quality of both surface and
underground waler. Higher levels of service will only be achievable # incomes in poor
communities rise substantially. Conventional waterbome sanitation is in mos! cases
nol a realistic, viable and achievable minimum service standard in the short term due
to s cost. The Ventdated Improved Pit latrine (VIP), if constructed o agreed
standards and maintained properdy, provides an appropriate and adequale basic level
of sanitation service. Adequate basic provision s therefore defined as one well
constructed VIP [atrine (in varous forms, 10 agreed standards) per household *

It is therefore clear that VIP tallets, correctly designed and construciad, offer the only affordable and
practical sanitahon ophion 1o the majority of rural and pern-urban communities, Unfortunately, however,
thete remans much ignorance regarding the proper engineering of VIP todets, which has led to the
large-scale disflusionment referred to earler. The authorities responsdile for commessioning sanitaton
programmes, &8s well a5 vanous funding agencies involved in such schemes, do not slways have at
their disposal the necessary tools to enable them 10 make informed decisions or choices and
consequently are often left with & legacy of poorly engineered santtation systems. Guxdelines for the

design and construction of VIP tollets will assist such organizations in setting acceptable minimum
standards



2. Aims of the project

The agvanages of well-constructed VIP |0ilets have been demonsirated in several couniries, nolably
Lesotna and Zimdabwe, and many nahonal ang regional sandalion programmes have been
successtully iaunched using this 1echnology. The aim of this prosect 1§ 10 iImprove the standard of VIP
10ife1s in South Alrica by providing responsible organizations with the necessary information. which will
enable them to plan, design, construct and mantain VIP totels in an effective and sustanabie manner.
Towards this end, a rahonalised set of guideine documents were envisaged which would hopetully be
accepted countrywide as the mnimum requirements for property engineered and maintained VIP toifels

The following documenis were inended 1o form part of this progect:

. Research report (this document)
. Thvee guwdeline documents.

1. Design and constructon gudehnes conssing of drawings and specificalions
for domestic VIP latnnes.

W, Gundelines for local water and santation committees covering aspects such
as sluage build up rales, pit emptying methods, disposal ophons, etc
lustrahions, showing different domeshic VIP latrmes 10 assist the committee
n deciding which VIP should be used, are mcluded.

. Guidelines lor users of VIP latrines describing the operation of 3 VIP 1oilel as
well as simple, routing mainlenance tasks, It aisp emphasises the link
between the personal hygiene aspect of tode! use and family heaith.

Tne deswgn and construction guidelines were completed and published by the Department of Water
Alfars and Forestry m August 1987, and not under the auspices of the Waler Research Commission
No other guidelines were produced in lerms of this contract.

3. Methodology
31 General

Emanatng from the stated aims of the project, the following ssues have been identified as wmportant
factors contribuling 10 the general acceptability or otherwse of VIP 1oilet sanitalon schemes:

b Desgn and construchion issues

. odour

. safety

. comfont
ventilation
temperatuce
light
stormwater

fiy control
locathion

pit size

pit lining
pedesial

slab
superstructure
vent pipe size
quality controt durmg@ construction



" User 1$Sues

afforcability of system

education regarding use/abuse of system

upgradability of system

solids accumulation and removal

sullage disposal (effect of small or large quantifies of water i the pit)

mantenance, cleanmg malerials and methods
choce of matenals

pedestial or bench seat vs Squal plate

door vs Na goor

door opening inwards vs outwards

e & ® & ® 8 & = +

i, Envirgnmental and health issues

sne nvestigalions

groundwaler pollution

plot sze

population density

personal hygeene (washing hands, etc.)

3.2 Approach adopted

The approach adopted in the development of the guidelnes has been 1o promote the proper
constructon of VIP todets from two perspectives which differ in thew design philosophies, viz

« - VIP todets with a permanen supersiruciure for permanent or long term use  These
could be either a single-pit Or double-pil type, both with access 1o the pit for cleaning
PUrposes.

VIP 10ilets with temporary superstruciure for lemporary or short term use, e g
sanitation schemes for squatier settlements, These will normally be only of the single-
pit type without access to the pil, 85 emplyng would not be envisaged.

A VIP 101e1 may be designed in several ways. For example. 1 may be a single-pit unit or an allernating
twin-pit system. The latter are always designed as a permanent, emptiable faciity, whereas the former
may or may not be designed to be so. Emplying may be done either manually or mechanically, the
latter me1hod using specially designed vacuum 1ankers. Addiionally, pits may of may nol need o be

lned {to prevent structural collapse), and they may be partially rased above ground level (to mnimze
problems m rocky or high groundwater lable areas). '™

Thus there are four basic sets of desgn options:

non-emplable / emptiable

non-aiternaling (s«ngle-pit) / alternating (double-pit)
unined / hned

sunken | raiseg '**

()



4. Personal hygiene

This report deals with the technical issues of VIF lollets, but healln ang hygiene aspects are also
essential 10 the overall success of any sanitation project, This section emphasizes the need for using

the tollet as pan of personal hygene For more detad reler 10 “Actions Speak” “ and *A handbook forf
village health educators® “"

Human faeces and unne are potentially dangerous because they may conlain dsease causing
organisms. It is important therefore, to dispose of the faeces and unne i such a manner that the
organsms are not spread o heaithy people and thereby cause linesses. To prevent the ransmission

of disease and contamination of the human environment and food with excreta, it is important 1o use
todets. *

Excreta atiract flies, which can carry Cisease, and may atso contaminate dnnking and washing water,
food, as well as cooking and eating utensils. " Most pathogens are fransmitled from the excreta 1o
the mouth of another person. Some of them may reinfect by the nhalation of dust or aerosol droplets
and there are also a lew infections that can penetrate through the skin. ™' 11 is important that children
use the toilet facilities and that hands are washed after using the toilet '

An unacceptable method of excreta disposal leads 10 a lack of hygene and 10 environmental pollution,

while the proper use of loilets can be 3 major factor i the dramatic reduction of diseases such as
diarrhoeal infections.

These excreta-related diseases are responsible for a large proportion of the morbidity and mortatity n
developing countries, where adequate water supplies and sanitation ‘acities are typically absent
Sanstation technologies used for the control of such diseases must be affordable 10 the communities

It is evident that three (actors are necessary for community health: sale water, mproved sanitation
faciities and the correct disposal of refuse. It is moreaver important that these three services coexist. "

5. Defects of ordinary pit toilets

Pit 1odets suffer from undesirable defects. According to Rivett-Camac ™ the defects may ndude some
or all of the following:

the creation of breeding sites for es and mosquitoes

bad odour

structural instability

unsanitary conditions

inadequate design for small children

lack of privacy

Because of these problems, they are unpleasant to use and not a wiable solution 10 1he sanination
W&m [+ 14 LA

The twao main disadvantages of the unimproved pit todet (without the venblation pipe] are that It has &
bad odour, and that substantal numbers of flkes and olther disease-carrying insects breed in them "'
Both these disadvantages are substantially reduced in VIP toilets "' Mowever, the addition of &
vent pipe 1s not necessarily the only factor which makes the toilet satisfactory.



The principées of the VIP toilet have been apphed in couniries such as Zmbabwe, Botswans, Ghana
Tanzania and Lesotho. I is clear that the VIP toiet (and the Ventiated Improved Doubie P toiket) s
one of the mos! appropnate sanitation technologses for o wide variety of conditions in low Income rural
and urban communities in many developing countries ' Hence the ventiiated improved pit toilet ¢

now widely racognized as ane of the most important. affordable and appropriatle on-site sanitation
‘.chm nei

6. Operational principles of Ventilated Improved Pit (VIP) toilets

The VIP toilet has different components as shown in figure 6.1 The substructure, or pit, has a collar
of kning 10 support the cover siab on which the superstructure is bull. The cover siab is made with two
holes, one for the pedestal or squat-hole and one for the vent pipe " The superstruciure can be fitted
with or withoul @ door and has ventilation openings. A vertical vent pipe is fitted on the vent pipe hole.
This vent pipe, fitted with an insect screen, is the feature which distinguishes the VIP from ordinary pi

tollets. This addition makes the todet more hygenic and readily accepiable, bul does add significantly
10 the cost or effort involved in construction, especially in the case of rural tollets. ™

When the wind blows, air moves through the vent holes, usually above the door, through the squat-hole
or follet seat, into the pit and out of the top of the vent pipe. The wind also blows across the top of the

vent pipe and sucks foul air out of the pit. This aw current minmizes odours nside the
superstructure, "7

There are two explanations of the vent pipe’s role in minimising odours, namely ventilation induced by
wind and by solar radiation.

Wind passing across the 10p of the vent pipe creates a negative (suction) pressure within Ihe

pipe so that air is drawn out and replaced by air from the pd, thus establishung
ventilation, F*EMNEINOKST N

. The effect of solar radiation is 10 heat up the vent pipe and thus the air inside it This air rises
and is replaced with cooler air from the pit. In this manner odours emanating from the faecal
mater@l in the pit s drawn up the vent pipe, So leaving the superstruciure odour free “ WoN

In order 1o control Insects a gauze covenng is fitted 10 the top of the vent pipe. Flies are attracted 1o
the top of the vent pipe by the odours emanating from A Since the vent ppe Is covered with a
fiyscreen, the flies are unable 10 enter and lay their eggs i the pit. Because fhes are phototropic, those
nside the pit will try 1o leave it via the vent pipe, provided that the supersiruciure is reasonably dark

They are preventad from leaving, however, by the flyscreen and in ime they fall back into the pit and
mm"y die (PENUINIT NI

The VIP = 2 dry toflet and urine as well as small amounts of water used for cleaning the cover slab and
which is poured into the pit, infiltrates into the surrounding soll. "**¥"! Faecal solids in the excrela are
digested anaerobically by bacterial activity in the pit. ““
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Because Ihey require no water for thew operation |other than mramal amounts for cleansing) VIP 1odets
are 3 1echnically feasdble santation option In areas where waler use 15 low {ss 1han 30 Ica) and where
waler nas 1o be hang-carred lom public standpipes or communal wels "

In lerms of health and satety the VIP 1wilet compares very favourably with waterborne systems. but in

1erms ol user comion f s not compettve. Foancial restnclions ara the mam reasons why a VIP (oilet
1s 1he best alternalive in certain crcumstances. '™

The acsvaniages of 8 VIP follet can be summansed as follows:

. It 1s relatively cheap '™

. Lowes! annual cost of all sanitation systems '"*

. Simple construction and maintenance !9

. No draunage oulle! which can be clogged with foregn obpects (maize cobs, s1ones.
afc) 1"

. Odourless and mmimises the nuisance from fhes and mosquitoes "

. Hygienic ' with a small health risk

. Requires very litle water '™

. Low level of municipal nmvolvernent '

. Good potential lor upgrading '

Disadvaniages are the following:

. Suitable only for rural and lower density urban areas '

. Unsuitable for certain soil conditions '™ (problems may occur where the ground rs
rocky or where the groundwater table is close to the surface )

. May pollute ground water 10 an unacceplable extent '™

. Temporary installation, except where the pil can be emptied '

. Reguires separate disposal of waste water """

« ~  Better than the buckeat system from a health and cost point of view, but does not offer
the same user comior as waterborne systems %

. It must be outside the home “*

Although 1t 18 usually best to provide large deep pits for VIP toilets. this may not be possible where rock
of groundwater lie within one or two metres of the ground surface. A variabon of the VIP 1oilet suitable
for such situations, the Ventiated Improved Double Pit (VIDP} toilet, has two shallow piis (between 1
metre and 1.5 metras deep ‘') side by sxde under a single supersiruciure. ™

The VIDP iodet has the same operational principles as the VIP todet, but difers from the VIP n that »
has o double pi with a more permanent superstructute. '’ Each pit has 1s own hole or seat '™ and
each pi should be provided with a vent pipe. >

The pits are used alternatety “¥=! and only one pst must be available lor use al any time '* When the
first pit 1s full, the user moves the pedestal lo the second pit ano caps the used one ““*" After a
minimum period of one year it can be emptied either manually or mechanically and the contents
aisposed of on Site, 1 & used as compos!, of transported away. =4

The agvanacges of a VIDP todel can be summarised as foliows

. Low annual cost '*'

. Ease of construction and maintenance “’

. Absence of odour and minimal fly and mosquito nussance
. Miremal health risk '

. Permanent sanitation {acildy '*¥*0

. Mirumal water requwements '

. Low level! of muncipal involvement



Shaliower pits can be used so that groundwaler poliution s more easily avosded '™
It permits the restoranon of the infiltlrative capacity of the pit soil intertace ''*

. Manual emptying is permissible "'*

Greater flexdity in the precise ime when the tull pit 1s emptied '™

Folential for resource recovery '*' and production of an essentally palhogen-iree
produc! that can be handled wihout ngk to public healih '™

- Good potential for upgrading '
Disadvantages are:
. Unsuitable for very haph density uroan areas '
. Unsuitable for certan soll condiions **
. May pollute groundwater “
- Requires separate arrangements for sullage disposal '
. Capital costs may be higher '*!
- User education may be required 1o gan acceptability "
- User eduction is necessary 10 ensure that both pits are not used simultaneocusty '
. More frequent emptying of the pits is necessary

Alternating twin-pit VIP toilets should be used where appropriate and cost-effective. They are not
required ff the toilel pits are not 1o be emptied. They are essential if the pits are emptied manually or
if excreta reuse is 10 be practised. They are also essential if off-sie reatiment or hygienic disposal of
the pit contents s impraclicable, They are preferred where shallow pits are requred and raised single
pits are not feasibie. ''® The VIDP system is suitable for higher population densibes where relocation
of the tofet is not feasible due 10 a lack of available space. ¥ In the case of a ventilated improved
single pit oiel there should be at least two suitable positions per stand, which implies a lower
residential density 1'% '

With the VIP system there is no need for fresh excreta 1o be handled by people, because the pit 1s
usually covered when it is full, The initial cost of a VIP todet is lower than for a VIDP toilet and no
organizator is needed to empty the pits. However, the problem of organization is elrmnaled if the
users of the VIDP toilets are prepared to empty the pils themselves and use |he contents as
fertiiser '¥ A VIDP toilet is usually more expensive than a single-pit VIP foilet and requites a greater
operational inpul from the user, particularly in changing over pits. ™ ANl projects mvohang the
construction of double-pit toilets must allow for a prolonged suppon programme. ™ In some cases,

nowever, VIDP loillets are not generally accepted by communities, and one needs to eslablish n
advance whether they will be acceptable. “”

7. Examples of different VIP toilets

Because of local preferences, varying conditions and availabilty of materiais in offerent areas, afferent

varialions of the VIP toilet were developed. Hence some of the exisung examples of VIP and VIDP
tollets are summarised.

ROEC

The Reed Odouriess Earth Closet (ROEC) of the 1940's was the precursor 10 the VIP tolet. '™
Fiure 7 1 shows a ROEC pd latnne,
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Figure 7 1. The Reed Odouriess Earth Closet

BOTVIP ™

The BOTVIP (figure 7.2) has been used successfully in Botswana. Four different designs for the
BOTVIP are available. A rectangular (square spiral shape) superstructure is combined with &
wammmmmaauu(mwmnmmswmmh
a rectangular of crcular substructure. A schematic diagram of the BOTVIP is given in figure 73 ™"

An uriined rectangular substructure is used in stable soils, while a lined (masonry ining or wire-mesh
fining) circular substructure s used in unstable soils. "

It a BOTVIP iatrine is construcied in stable soll, a trench shouid first be excavated and a nngbeam Cas!
in-sity. This beam Is remforced with 8 mm reinforcing bars and should be cured for three days.

The circular pit for the masonry kning should be 1250 mm in diameter ang 2 to 3 m deep The hining
smwwmwm.mmwmmmmmmnwrm
mortared. ' For the circular substructure with wire-mesh lining & pit with a 950 mm diameter should
be excavated 10 a depth of 2200 mm. After the bning is placed, the space between the excavation and
the lining should be backfilled with gravel or sand. The top 500 mm should be backfiled with clay or
a weak soil-cement mixture (10 soil: 1 cement) A 125 mm square rngbeam is cast around the
periphery of the pit using the top of the wire-mesh, which is bent outwards. as reinforcement e
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Figure 7.2° The BOTVIP
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Figure 7 3. A schematic diagram of the BOTVIP

The ciecular pit can either be covered with a circular siab or two rectanguiar panels. Removable cover
slabs on the pit enable the pit 10 be repaired, maintaned and emplied. If the substructure
rectangular, three precast panels are mortared to the pit collar. =

A glass-fibre reinforced plastic seat insen or a seat made of wood or concrete s used i the BOTVIP
latrine. "

The vent pipe of the BOTVIP latrine may be either polyvinyl chionde (PVC) or cement-wash hessian,
with a plastic-coated glass-fibre or stainless-steel mesh fiyscreen secured at the top of the vent pipe
with galvanized wire or a pipe clamp. on

Zimbabwe design of Tural 3103

The rural VIP 1oilet (igures 7 4 ana 7.5) has a reclangular pit (1.5mx 0.6 m x 3 m deep) The cover
slab i mace out of logs (100 mm in diameter ), which shouid be resistant 10 lermde and fungal attack
This & coverad with anthill soil and a thin layer of cement mortar. A spiral superstructure is then built
in rmud and watte, thatch, soil or local bricks and covered with @ conically shaped thatched roof. The
vent pipe is made from local reeds, fitted with a flyscreen and rendered with coment monar %

Two types of vent pipe are also commercially avaitable in Zimbabwe, one made of asbestos cemeant,
ihe other of ultra violet stabilized PVC. "

"
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Figure 7 4: The rural VIP toillet in Zimbabwe
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stoel bars at 150 mm centres s used as reinforcement

The formwork for Ihe spiral lerrocement superstruciure is commercially available in Zimbabwe |1 is

made from 1,8 m wide corrugated galvanized ron sheeting and 40 mm stesl angles, over which cament
morar s plastered “

The roof s made of ferrocement It s shapeo in the same fashion as the superstructure. but 50 mm
larger all round. The construction procedure 1S the same as for the caver stab, aithough the roof siab
15 thinner (25 mm) and renforced with a single fayer of chicken mesh. =Y

A 150 mm diameter asbestos cement or PVC vent pipe with a flyscreen at is 1op s erected immediately
adjacent to the outside of the superstructure. Figure 7 6 shows 3 photo of the supersiructure. while
figure 7.7 & an exploded schematic diagram

Streen

Fla! Root

150mn Vent Pipe =

Spirgl Structure =

Concrete Slod

Figure 7.7 Exploded schematic dagram of the ferrocement spral VIP lodet
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Blgr VIP Latrinegs

Blar latnnes i Zimbabwe are built of drick and cement mortar and the pas are sized 1o last for a perod
of 10 1o 12 years. The standard Blar model consumes about five bags of cement. Other models
derived from this model use between one and four bags of cement. A doubdle compartment and multi-
comparnment Blair latrine have also been designed ana used extensively throughout Zimbabwe <

One bag of cement is needed to bulll & one bag Blar model, two bags of cement for the two bag model
olc

For the one bag model (figuwre 7.10) 3 2 m deep pit, with & diameter of 1.2 m, is dug. The pit is unlined
with & grouted stone or brick nngbeam (1,65 m outside diameler). The cover slab has a dameter ol
1,5 m. The vent pipe can be either a round morar pipe, Mace by usng a orass mould. or a
bamboo/reed pipe covered with cement/piastic (110 mm nside diameter). The superstructure is @
round spirai built from wooden poles covered with reeds of Orass, of poles and dagha. It has a thalch
roof and the floor consists of bricks or rammed termite sod and stones. ™

Figure 7.10. The Blair latrme (One bag moded)

The pit of the two bag model is dug 10 a depth of 2 m and a diameter of 1.3 m. 118 brick lined with an
inside diameter of 1.1 m. The lining is extended (0 one course above ground level The siab has a
diameter of 1.3 m. The vent pipe s canstrucied with mortar and four bricks per course and should have
internal dimensions of 140 mm x 140 mm. The superstruciure has 2 square spiral shape and is buill
with bricks or blocks bonoed with anthill mortar, The Inside is also plasterad with anthill mortar. A
thatch roof is used and moriar with a cement skimming is used for the fioor. ™%
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Figure 7. 11" The Blarr latnne (Stancard mode)

The three bag model has the same siab, fioor and vent
) pipe as the wo bag model. Thept is2.9 m
deep, 1.3 ‘m in diameter and brick lined, with an nside diameter of 1,1 m The supersiructure has &
square spiral shape and s built with bricks bonded with anthill morar. The walls are 1 8 m high and
internally with cement mortar, A corrygated zinc or ashestos r0of supporied by wohoden

plastered

heams is used, but a thatch roof can also be constructed. '™

The pit, slab, floor, vent pipe and superstruciure for the four bag model are the same as for the Ihres

bag model The roof, however, is made of lerrocement with chicken-wire reinforcing. '
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The five bag model {(standard mode! shown n figure 7.11) has 8 oit of 2.8 m deep and 1.5 min
diameter. The brick kning in the pit has an inside diameter of 1.3 m. The slab has a diameter of 1.5m.
The miernal dimenswons of the vent pipe are 225 mm x 225 mm and 15 built wih monar and sux hncks
ser course. The superstructure, roof and floor are the sarme as for the four bag modet =

The one bag model is the only unlined pa version Thes model has the smallest pa and the five bag
model the 1argest pit. All the slabs are 75 mm thick and renforced with 3 mm steel wire, spaced at
150 mm in @ gng. All the fiyscreens for the different Blar models are stainless steel of dumwnium mesh.
The superstructure of the one bag model s a round spiral shape, bul all other models are square spirals
with identical intenior dimensions. Naone of the models nave doors.

200 VI | atr

In Lesotno, the VIP concept was adapted from work carried oul In Bolswana and Zimbabwe. The
designs required modfication for the particutar congibons N Lesotho. For example, consumer

preferences aicialed thal squatling slabs in VIP 10de1s were totally unacceplable. and a seat had lo be
ncorporated into the design.

m;mznmm(mmnadw)mmmm.pmymmnlmmom
often Irightened that snakes or other small anmais might lurk n the todel, A bench seal was preferred,

as an animal would not be able to hide behind it. The preferred construction matenal lor most people
in urban areas was concrete blocks. '

Four ditferent designs, each with different sized slabs, were onginally promoted in Lesotho. This led
10 increasing confusion and the need for a standardized national design. The national design does not
restrict the type of materials that are used for the superstruciure. These can be alleéred accordng to

1aste, local avalabiity of matenals, financing, etc. The National VIP n Lesoiho can be bullt 2s a
nngbeam VIP or with a fully lined pit. "

In Lesotho the fully lined VIP pit has a top area of 0,9 m x 2,2 m and a depth of 1,85 m. The siab used
in the national VIP and VIDP designs for Lesotho should cover at least 1 m span  The use of crushed
slones should be avoided and a simple formwork (one size of form for all the siabs) should be used.
The agreed slab size is 1.2 m x 0,85 m, and the thickness should be 50 mm. Eight reinforcing bars of
& mm diameter should be used over the 1.2 m length, whereas six are needed over the 0,85 m span. n

Wits VIP Iatring

The Unwversity of the Wawatersrand (Rural Facility) proposed two standard designs for VIP toilets, The
one design consists of @ circular pit, a blockwork superstructure, galvanised corrugated swon root and
a locxable door. The other design has a spiral shape without a door and s simply 2 modification of the
stanoard design. The same malerials are used lof the superstructure. "

SanPiat ™

The SanPiat {hgure 7.12) concept orginaled from eadier loilet designs where the pit was bas.Cally
sealed except when in use. Although 1 1s not a VIP toiet, it 1S also not an ordinary pittodet. The system
comprises a pit with a $/ab and a supersiruciure as in any other 1oitel. 1he main vanation, however, IS
n the slab fisell, which 15 dome-shaped and does not allow ventiiation of the pa, but rather isolates it. ™
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Urban VIP toilet in Tanzania "'

The single-pd VIP toilet shown in figure 7.13 has been construciéd in seversl low income sreas in
Tanzania. W comaine several novel features, The pd (1.3 m x 1.3 m x 2.5 m) is ined in special
plockwork. Each block has two reciangular openings in it for pit drainage. The superstruciure s not
offset from the pit but, to allow access for desludging, the central part of the cover slab, which contains
the squat-hole, is removable. The vent pipe s buit up mtemally in one comer ol the superstruciure.
The roof is made from fibre-reinforced cement sheets and the vent pipe passes through # and projects
400 mm above it. PVC-coated glass-fibre or stainless steel flyscreens are used. ™

Urban VIP todet in Brazi

The VIP 1oilet developed in Brazil is shown in figure 7.14. The pit dmensons are 15mx 1 imx25m
deep. and the pit s lned in open-joint brickwork. The cover siab is in three sections, of which two are
removable 1o permit access for desludging. The superstruciure, which s offset from the pit, is large
mmu.smxo.ammnwmmwmwuw The resulting sullage is drained
10 @ small adjacent soakaway. '

NERI VIP latrine

The NBRI VIP toillet has a circular substructure which is ined with seif-supporting bricks and a
rectangular supersiructure built with concrete blocks. Removable precast slabs or self-supporting
bricks can be used to cover the pit. Floor slabs are often unsafe because of poor quality control and
ounng. eymwmmumumumqutmﬂaw
is required, """

REC Il (VIDP latring in Botswana) ™

The Revised Earth Closet Type Il (figure 7.15) latrine in Botswana is particularly suitable for use in
urban areas. It was defived from the traditional pit 1oilet for the more complex urban conditions. The
wumwmmmwmimuwmm“m. Because
plots in urban areas are small, however, 3 more permanent superstructure was preferred. The REC Il
pmmmwmwm.smwamwmc. Iif one pit is full, the
du:-ﬁbmreuﬂucodpluﬂcp.dublbnmdbﬂmohupummulpuhm“"

in stable sod conditions a 250 mm square ringbeam is cast in a trench around the perimeter of the pis.

After excavation, only a single strp foundation 1o support the dividing wall of the REC Il (VIDP) latrine
1 poured in this case. ™

In unstable soits a perimeter trench should be dug at the bottom of the excavation and a concrete sirp
foundation cast for the perimeter wall. The 1op of this foundation should be no less than 1250 mm below
meneturalgrw!dma.mmmmmpomwdwonmbd150msdnblodu.wuhmalop
two layers fully sealed. Al joints in the central dividing wall should be well sealed, however. ol
mmamnecnvmpmmwmawmmmmmmw

Nammmummmwm.wmnduwtorwmm.nsmowdtothe
adjacent pit and the full pit s sealed. Both pits are ventiated by separate black PVC vent ppes. ™
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Double Compartment Blair tatnne

ThedoublecompaﬂmemBtwlaumelsbullmlyalsmooisanodmcsmdmmesdsoutamly
househoids. Two adiacent superstructies with square spiral shapes are bult on twin pis, '™

National VIDP Todet Design in Lesotho

Although VIDP todets seemed a perfect, permanent sandtation solution for small urban piots, they were
not actively encouraged after 1987 because people refused 1o empty the pits manually, irrespective of
what the contents looked and smelled lke. Also, they would never use the decomposed contents in
their vegetable gardens. About 10 to 20 percent of all rural toilets in Lesotho are VIDP "

Nepal VIDP Latnne

in refugee camps in Nepal ventitated improved double-pit 1oilets, each used by twa neighbouring
families, were bullt. The tasks involved in building the tollets were classed as ‘skiled’ and ‘unskilled’
The refugee family performed all the unskilled tasks with supervision and advice, while construction
teams did the skilled tasks such as setting ring moulds and hand-forming the squat plate. "

The substructure of the Nepal VIDP latrine provides two pits, each with a volume of about 1 m’ The
average fil-time of the pits s more than 500 days. The pits are partially ined with 1.2 m wide concrets
rings to add support 1o the pit sides. The wall thickness of the rings is 40 mm_ “"

Concrete lids are used 10 cover the substructure. The lids have jonts and Ifting rings cast into them
50 that they can be removed and the pits deaned out when necessary. ™

The door and walls of the supersiructure are made of bamboo poles with wattle and mud daudb. The

bamboo is available locally. The todets have a sandwich-panel roof, made of layers of flattened bamboo
and plastic sheeting to provide rainproofing. *"

NBRI VIDP latring

The pits of the NBRI VIDP latrine have a depth of between 1 and 1.5 m. Vertical joints in the lining
should be left open, except for the top 200 mm to 300 mm. However, the joints in the dividing wall
should be well sealed. The lining should extend 1o at least 75 mm above ground level. Earth st the
bottom of the pit should be loosenad to improve drainage. The pits are covered with removable siabs.

The superstructure is built of concrete blocks and a standard steel door is fied, A precast pedestal with
seatl and cover 1s recommended.

Although a single 150 mm venl pipe can be used to ventiate both pds of the tollet, each pit should
preferably have its own vent pipe with fly screen. The vent pipe should be corrosion resistant. '/
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8. Substructure

8.1 General

The substructure, or pit, of the VIP todet can be crcular or reclangular. Circular pits are more stable

than rectangular (or square) anes "'*°* and bacause It lends tself 1o greater stability a circular pit is
recommended wherever possble, "%

A distinction is drawn between wet and dry pits. Dry pits are dug in permeable soil and any water in
mepitsoeksmyemly.mmuwmmmumanngmmmlomwmanywam
added to the pit is retained for a longer penod. Decomposition takes place more rapidly in wet pits than
in dry ones. ™ Hence wet pits have the advantage thal they last longer than dry pits, as ther rate of

solids accumulation is lower. However, wel piis can pose problems such as mosquito breeding and
groundwater pollution. "

Depending on the soll conditions, the pit may be lined or unlined. If s dug n stable sods the pit need
not be lined, whereas lining is necessary In unstable soil conditions. Stable and unstable soils are
described in the Design and Construction Guidelines for domestic VIP loilets

It the soil is rocky or the water table i within 1 m of the surface, the pit can be built partly above ground
ievel In such cases the cost advantage of the VIP toidet may be elminated. "

wnummwwwowmm.lhiamymummmwcka
gmdwmhmmwmmdmwmm.‘“ Where there is @ solid rock profile

base within 1 m to 1.5 m of the surface, a different shape (rectanguiar as opposed 1o circular). or an
allernative type of toilet, should be considered. ™ The VIDP fodet has two shallow pits side by side
under a single superstructure and is suitable for such conditions. ™

82  Location

The substructure should not be closer than 2,75 m from the boundarnies of the plot. This leaves space
for sccess by maintenance crews. ™!

The pit should be at least 30 m away, and downhill from, a borehole or well. ™**2 It should be on
slightly raised ground with firm sod, It should also be near the house and away from trees. ™

While choice of position is kmited in crowded areas, every effort should be made to avoid water

courses, carth banks and other positions which enable disease bearing effiuent to flow into areas of
human contact. **

O tiver terraces generaily have few, if any, binding matenals in the soll, therefore making it unstable
and dangerous 10 excavate. VIP toilets in such locations should therefore be avoided. ™

83 Pit capacity

The pit should have sufficient volume 1o provide for several years of continuous use. without the nesd
for emptying or relocating.

Thevowwedpnvo\medeperusonmwmoccunuawnram.mmdmwmcmm
lde of the pit. A free space al the top of the pit, usually 0.5 m, must be allowed for in the tesign The
effective pit volume, which is the total volume less the free space volume, is Calculated as follows

Salids accumulation rate x Number of users x Design life (in years)
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in dry pits the solids accumulation rate varies between 0,03 and 0,06 m’ per parson per year, and n
wet pits between 0,02 and 0,04 m” per person per year, Accumuiahion is lower in wet pits because bio-
gegradation is faster under wet conditions than under the just moist condgions in dry pits. These design
values should be increased by 50% if bulky anai cleansing materials (for example, com cobs, cemen

bags, eic ) are used, as these degrade only vary siowly For the design life, ten years should be
considered desirable ''®

According to Riveti-Carac ' the formula for designing the required effective volume {V,) of the pit s

V, = CPN(m")
where P = number of people using the pit 1oiet
N = pit design life in years
C = rate of solids accumutation (m*/person/year)

Values for C vary from C=0.02 10 0,09 m'/person/year. The recommended freeboard for a pit is
0.5 metres. Thus 0,5 metres should be added to the depth of the pit. *

Analogous 1o the formula above Heap " presented the following formula 1o determine the design
volume (V) of a pit:

V=CPN+05(m’)
where P = number of people using the pit toilet
N = pit design life in years (usually 10 10 15)
C = design capacity, m’/person/year (usually 0,04 for dry pits and 0,03 for wet pits)

The factor 0.5 provides for the fact that the top 0,5 m of the pit will be filled in with soil. These figures
are suitable for cases where materials such as grass, mage cobs and cement bags are used for
mmmmmmmmmmwwmhmmmum The

wwmmmmmmmeumudunsmmmmmam
or used as a wash room. "'%

An accumulation rate of 0,087 m*/person/year for a dry pit and 0,021 m¥/personiyear for a wet pit is
recommended by Evans, "

In Zimbabwe the pils were initially designed with a capacity of 0,087 m’ per person per year. This s
now realized 1o have been much 100 conservative. In family todels examined in Zimbabwe, sludge
accumulation rates rarely exceed 0,02 m® per person per year where the tollet is regularly washed

down and paper of some sort is used for anal cleansing. This figure rises when the pit is always dry
or when solid objects are used for anal cleansing. “*

ThcpitWNM&WNMMMMMMWM&3WMMO
volume.

Assurnmgmataloldisusodmlilhplblwtomo.Smbdowgrmmm.a1.5monamem

m,ammmmuwwydsummwuyuyomluamgunwwwwaownana
20 years il it is 8 dry pit. **

mmmuwwmunmmmmm1.5mxo,5mx3mm.uuw.mme
Wmmmammbnhmbmewwmmdmmmm
opening. **

in Lesotho the fully lined VIP pit has a top area of 08 m x 22 m, Al a depth of 1 BS m it should
accommodate 3 family of six for eight years (accumulation rate of 0,06 m* per person per year) M
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A pit with & diameter of 1,7 m and 3,5 m deep should fast a family of ten for 15 and more years ™'

The section area of the pit vanes from 0.8 m? to 1,8 m? ™ Usually the pit cross-sactional ares is nol

more than 2 m? in order 10 avoid cover slabs with large spans. Commonly pils have a damater of
110 1.5 m or a width of 1 10 1,5 m in the case of square or rectanguiar pits. '™

The total depth is the depth required by the effective volume plus the desired free space of 0.5 m """
It usually varies from 3mto 8 m %

For a VIDP loilet the design capacily of 8 single pit (V) may be calculated as follows

V =0,.25P (m?)

where, P = number of people intended 10 use the todet
The ifetime of each pit is usually two 1o three years and has a depth of between 1 mand 1,5 m ™' With
shallow pits, however, more frequent desludging of the pits becomes necessary, ™' Each pit should
have a capacity to allow the family two 10 three years use before becomes full. 7™

Each pit for the VIDP foilet in Lesotho has an area of 1,02 m¥ and a depth of 1.5 m. Using the
accumulation rate of 0,06 m’ per person per year it gives a life of 3.4 years for a family of six '

84 Pit lining

For the purposes of pit design, soils can be considered as either stable or unstable. The stability of the
soll is defined as resistance 10 collapse, '

ONymoupwmdmplnmmmwwmshbmmmm. " Rivett
Camac ™ recommends that the pit should be lined to a depth of at least 0,5 metres from he lop with
masoncy or concrete, while Evans ™ recommends plastenng the top 1,0 10 1.2 m of the pit. In very hrm
solls the pit wall can be adequately lined 10 a depth of 1 m by plastering 3 10 mm layer of cement
morar (1 cement : 5 sand ') directly onto the soll face, /"4

For a wel pit the lower quarter and botlom of the pit is lined 10 retan waler. If i 1s partly ined 10 ensure

that there is always water present, the decomposition of excreta is more rapid and more complete, thus
considerably extending the life of the pit. **

If the material beneath the surface is of shale or layered rocks, the whole pit need not be lined and the
wall can be plastered drect, as necessary. Where the sod consists of firm semi-weathered rocks (hard
1o pick), the wall can be plastered. ™

In less stable soil or in shallow groundwater areas [t is necessary 10 extend the lining 10 the base of the
pit. 7 and to support #t upon sutable foundations. “' If the pit is not fully lined in unstable sods there
is the risk that the pit will collapse and the superstructure may fall into it, '

A variety of materials can be used 1o ine the pit (Figure 8.1). Examples of such inings include concrete
blocks, open-jointed brickwork, cement-stabilized soil blocks, masonry, stone rubble, perforated ol
drums, rol-resistant timber and wire-mesh-supported geofabrics. V"' The lining may also consist
of self-supporting bricks or @ thick layer of plaster. '

lflhuemtargoanmmw.smorum-qramlumamm.orammualwee. or matenal is
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Where blocks, bricks, masonry of stones are used, the bning joints shouid be fully monared in the top
0.5 m of the pit. Beiow this, the vertical joints should be left unmornared to allow the liquid fraction of
the excreta 1o infilirate into the soil. ™% Except for the top 400 mm 10 600 mm (upper three courses or
300 mm =), the lining must be grooved so that iquids can be dramed. '™ Special care must be taken
10 ensure that the holes are not too large, where the sodl is very sandy for instance, as 1 may be

washed into the pit. It may sometimes be necessary 1o provide a gravel fiter layer around the pit lining
10 prevent this. *

Rats consider excreta as a food source. Not only coes this creale a possible ransmission route for
disease but the rats deposi large volumes of sod in the pit which rapidiy fill A full lining of the 10p
0.5 10 1,0 m of any pit should prevent rats from entering, ™

mmmmmumwmmmmusmmmmm The 1op
sections of the pit walls should be impervious o the passage of water. Any protrusion of the pit walis
above ground level should be protected by an earth bank.

KMwm\dhgsoﬂbvwﬁnsmummmdmmeepwmmm
and the lining 10 prevent the sand from entering the pit. "'

mmmmbmmnww.mmmmmmommsmmm
for infiitration, Inserted as excavation proceeds, wocks satisfactorily. Perforated ol drums coated with
bmmwucmmm,mmummhmwm.“m

Limngumwdmwbwummuwamm.ﬂerm(ma
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construction difficult in areas of permanently high groundwater, '

mmmummmmeMmmmm.me
dead as well as live loading. ™

mmmmmamnmmmwmm.m

There must be no cross ventilation between the two pit compartments of a VIDP tollet. Therefore the
wnualumwdlmwmuuwepmdmwmbewbymmm. The

.mmgdmwmmummmmmmmmmmwwm“wmair
movement. %%

85 Pit collar

mmdmwmmmwmdamnwmwmmmdaﬁm

water. B389 Only where a dry pit is dug in very stable soil and the cover slab has sufficient support
all around, might the pit collar be unnecessary.

The collar forms the foundation of the cover slab and is generally a simple ringbeam of reinforced
wmmm.mmmmmemwhmnWr(Fwea.Z)
Ammdm.lwmmgomUMwwﬂhmeﬁwmmmhnwpnwdlmy
also be sufficient. "9 Evans * suggests that approximately 45 bricks cemented end-on in & complete
cmum“amnowwmbmmcedmcpnmm

Semgme!omdahmon\opofnngrmmﬂmwuamuemsbpeotcmmt-atab‘tzed
soil pank to be constructed 10 divert stormwater which might otherwise erode the upper part of the pit

wall ™ Wnere the pit is lined with masonry, it can be extended another course abave ground level 10
form a haaved pi coliar,



(d) Wire mesh and
geatabne pithining

Extend 1o bottom
of pit where full
lining s requited

(e) Perforated oil drum lining
(Temportary use only)

> N
{c) Stone pit collar* (1) Pt ined with treated poles

Figure 8.1: Typical pit inings
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Concrete collar
{cast in situ)
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Figure 82: Typical pit colars
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9. Cover slabs

9.1 General

Important 1aclors 1o consider i ceciding on a cover slab are the ease of quality control, and the use
of available materiais "

The cover slab over the pa should be properly supported. I the stab rests on bare earth (where the pil
is without a pit collar), it needs about 200 mm wide support all around the pit, for example a 1100 mm
diameter pit requires a 1500 mm dameter slab. On a good base, such as the lop of & brick lining or

other type of pit collar, 50 mm width of suppor! is enough. ™' The cover slab should be flush with the
outer edge of the foundation or pit collar. ™%

Various materials may be used for the siab. A reinforced concrete siab cast in-situ, a brick arch siab
or treated poles can be used to cover the pit. ™ Ferrocement slabs or fiat domes can also be used. ™

I reinforced concrele cover slabs are used, the slabs shoukd be desgned to compensate for
deficiencies in the precasting operation {poor quality control and curing ') and for overloading, such
as storing heavy building materials on them. ' Large slabs should be constructed in sections or
paneis, so that each part can be ifted by two men. Each section should be at least 600 mm wide,
however, 1o allow enough room for pit emptying operations. The removable panets usually come with

handles made of reinforcing steel 1o I them. ™ These panels should be sealed with weak mortar to
ensure an nsect-proof joint. 1

Congcrete slabs can be made in-sitlu or can be precast. Precast slabs are remnforced with 6 mm steel
bars spaced 150 mm aparn or B mm bars spaced 250 mm apart, in both directions. This is sufficient
for @ B0 mm thick slab spanning up to 1,5m, ™ The slab can be rectangular or circular. Circular siabs
have the advantage that they can be rolled into the correct position. ™ Stabs are usually over-designed
by engineers and are 1oo heavy. Mvula Trust recommends a 75 mm thick slab, reinforced with 6 mm
bars & 150 rom centres. " Coarse aggregate is not essential, provided cean river sand 1s avallable,

a perfectly acceptable slab can be cast using a 5:1 cement sand mix. The slab should be kept damp
for at least 5 days. ™

Removabie cover slabs are essential if the pit needs to be emptied. The seat opening is not big enough
for this purpose. "*

Ferrocement slabs, made of cement reinforced with wire mesh may be thinner, lighter, and easier 10

handle then concrete siabs. To construct such a siab two to four layers of chicken wire are plastored
with a rich cement mortar to about 20 mm (i.e. a total thickness of 40 mm). ™

Siabs can be cast as flat domes with no reinforcement. They are strong enough 1o support their own
weight as well as the weight of users. Domed slabs 1500 mm in diameter can be made 40 mm thick
at the edges, with the botiom face rising by 100 mm at the centre

Another option is a slab constructed of sell-supporting building blocks. There s aiso no reinforcing
used in this case and the construction can be compleled very quickly, '

Logs and bamboo are often used 1o make the slab. If imber poles are used, they should be protected

against rot and termite attack by soaking in used oil. They are covered with a layer of gravel and/or
mud finished to @ smooth, hard surface. /"""

Other materials that are suitable for use are sawn imber, metal sheets (lor example, old advertisement
signs), natural stone, and brck arches. The chassis of an abandoned car or lorry makes a ood

support for a slab, and the siab itsell may be made from flaftened car doors and other scrap
material. >
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The floor siab must be st ieast 75 mm (not higher than 1 m for raised VIP iodets) above ground level '™
and well sealed 10 prevent an ingress of surface water. “ (Figures 8.2 10 8 4)

The cover siab has two holes, namely one for the squat-hole or padestal and one for the vent pipe
Where the preferred posture (s squatting. 3 5% slope towards the hole in order o provide drainage for

urine and waler, is recommended. Although foot-rests are not necessary, they may be socially
fm'ed [aLY}

An eflective way of ensuring that a skab is strong enough 10 support the heaviest users is for five men

to stand on i, while it is supported at the corners with bricks. It should not crack under these
conditions, !

9.2 Orientation

In placing the cover siab, the openings in the slab should be onentated so as 10 comrectly position the
vent pipe relative 10 the superstructure,

Before placing the cover stab, the direction in which the entrance of the lodet should face (preferably

within the arc between southwest and southeast 10 avoid sunlight entering directly into the lodet) should
also be considered. ™

10. Superstructure

101 General

The funclion of the supersiruciure is to provide the user with privacy, comfort and shelter against the
weather. It should exclude vermin and be compatible with the exterior of the house. ' The structure
should be waterproof 10 stop rainwater from getiing into the pit and floading & ®" and it should be
constructed $0 as to inhibit the ingress of surface water. " To prevent flies which may have entered
the pit from being attracted into the supersiructure, the inside of the superstructure should be fairly
dark. 94909 Thys it should provide sufficient shade and it must channel air through the squat-hole and
up the vent pipe, in order to control flies and faecal odours. "%

Users of the tollet may fear the dark interior, and possible lurking insects or small animals. It seems,
however, that some iight can be admitted without affecting the fiy-catching, provided that the vent ppe
15 large enough, and the screen is kept clean, Residents in communities often have some form of
electrical connection, and s0 a bulb outside the toilet can also provide reassurance at night. '™

From the health point of view the superstructure s less important than the pit and slab, ™ but the toslet
must be attractive and well buill in order to encourage its use. '™

The superstructure can be budt in 3 wide variety of forms and with many different materials. The design
adopted depends on social preference, affordabiity and the availability of material. """ Making use
of contemporary and traditional building materials and lechniques encourage self-help bulding
practices. "' Construction techniques that are famiiar 1o local builders will generally be preferred 1o
ones requiring special skills raining. *

There are two possible basic shapes, namely, a simple rectangular box, with or without a privacy wall,
and a spiral, which may be round or rectangular. Although the spiral design uses more wall matenals
(whie allowing the possibility of saving on the possibly more expensive door and hinges), t nas the

advantage of keeping the inside of the bullding partially dark a&nd is therefore more suitable for
ventilated pit tollets. ¥

As part of this research project, ihe Division of Buiding Technology carried out some indicator tests 10
determine whether the various supersiruciure patterns had any effect on venting efficiency. Simple
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tests were performed under controlled conditions in a laboratory, using 1°5 scale models of the
rectanguiar box, the round spiral and the rectangular spiral 1odets. A simple fan was used 10 simulste
different wind directions and chemicals were used to produce white fumes in the pit, which simutated

the odorous gases emanating from the pit contents. The different modets were visually inspected and
analysed for back-venting under various circumstances.

The tests indicated thal 1he rectangular box shape superstructure performed well except when the roof
angle was raised so that the highumdwummewpdthevemam.mnmovemm

occourred, mmmwmmmamm:mmwummammamt
of the roof.

The rectangular spiral superstructure performed well In all the different wind directions, whether its roof
was exiended over the entrance 10 the privacy wall or not. The round spiral shape, however, did not
perform well. Substantial back-venting occurred with almost all wind directions except when the wind
blew more or less directly into the entrance and the air flow was thus scooped it the superstructure.
For this reason the round spaal shape superstructure should be used with caution.

Many different matenials can be used for the superstructure. The permanence of the struciure should
be considered when construction methods and building materials are decided upon. """ Locally
avauabbmalaﬁdsshouldbeumastuupouble.uummammnsusuanya

problem, “**7 The malerials used should preferably maich the house, because it makes maintenance
by the owner easier and is aesthetically better, “"

Examples of differant materials are (Figure 10.1) "

Wattle and daub hut with a corrugated iron or thatched roof
Timber walls and corrugated iron or asbestos roof

Brick walls and tie, corrugated iron or asbestos roof
Rough-cut free limbs and logs

Steel mesh covered with hessian, with a sand-cement mixture apphed 1o the
framework "%

Screens and fences made from grass, gran stalk or woven paim can be used. It should be noted that

a ViP design needs a rooled and partially darkened superstructure, thus screens and fences alone,
without walls o a roofl, will not be ideal. ™

In many areas housing consists of mud and wattie, i.e. upright poles with the bark removed, interwoven
with small branches, the whole structure being plastered with mud. Mud and wattle may be improved

bymhg:unboowbcbwuwnmﬂmlpolswm”wmmmwuom
with mud.

Shelters can be made from larger diameter bamboo poles forming the main frame, with smaller
bamboos nasded or strapped to them 1o form the walls. Allermatively palm leaves or bamboo matting
can be used to fill in the walls of the bamboo frame. ™

Increasingly. sawn timber is becoming an expensive and rare commodity n low income areas., but if
off-cuts are available from a saw mill, these can be used 10 clad a simple timber-framed structure. ™

Bricks made from a mixture of well-puddied and tempered clay, formed in wooden formers, of
machine-pressed blocks can be used. They can be strengthened with the addition of natural fibres.

such as fine grasses. '™ During the Mvula Trust piot projects the householders made the bricks
themselves "

Brick, blockwork or ferrocemeant is often used in urban areas, and local avadable materials such as mud
and watile, thalch or sun-gned earth blocks in the rural sreas. ' Two popular designs of the VIP todet

include a concretle block superstructure and 8 framework covered with chicken wire. hessan and
cament mortar, "
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The different superstructures are divided info two categories, namely, temporary of removable
structures and permanent structures. The temporary structure 15 manufactured with available
indigenous materials (thatch, reeds or saplings). There are also a number of commercially available
hightweight portable supersiruciures prefabricated from GRP or moulded plastic. Moulded ferrocement,
corrugated iron, galvanised iron sheet and imber are some other buiding materials which are used for
temporaty structures. Blocks or bricks are used for the more permanent structures. ™

Where the pit Is not emplied, the superstructure should preferably be consiructed so that 4 can be
moved 10 a new location when the pit fills, Because the VIDP is & more permanent structure than the
VIP, more permanent building materiais are often preferred for this version. ™

The floor area of the superstructure of a VIP todet should be between 0.8 Y and 1.5m° Mvula Trus!
recommends that internal dimensions should be at least 750 mm x 1000 mm. “*' For the VIDP toilet
the plan area should be 2,35 m® minimum. ' The height should accommodate 8 person standing
upright without his or her feeling oppressed by the roof (at least 2 m high ")

If the tollet is in an open field the superstructure mus! be rigid and not collapse f 8 cow rubs against

1 “% The privacy wall is often pushed over by cattie and should be provided with an exira corner at
the end of the wall for stabilty purposes. "**

As parnt of Mvula Trust's pilot sanitation project a VIP 1oillet of ordinary brck and mortar was buill. It has
nad widespread acceptance, not because it is anything particularly special, but simply because it s
robust, has a roof, a white uPVC pedestal that looks exaclly like an ordinary ceramic pedestal, and s
sesthetically pleasing. “*

10.2 Location and orientation

mmémommumwmmmw.awunmmtm
squat-hole, or hole for the pedestal. and vent pipe hole. ™

Preferably the todlet should be 10 the rear end of the plot. ® The tollet should be situated in a place
where it is convenient 10 empty. '

The todet should not be under or close 10 trees. as these interfere with the proper operation of the vent
pipe. Where the prevailing wind direction 5 known, it should also not be upwind and within 10 metres
of the dwelling In order 1o prevent foul air from reaching the latter. The use of a taller vent pipe (3 m)
might help prevent foul air from reaching the dwelling. ™'

The door or the opening of the spiral structure should not face either east or wes! in order 10 prevemt
direct sunlight from entering the toilet. ““*"' The rectangular spiral superstructure should be onentated
80 that no direct sunlight reaches the seat. "" It should face either north or south, decided by the

relative positions of the house and the toilel, in order 10 provide maximum privacy. It should preferably
face the house. =7

In some cultures there may be a prohibition on facing in 8 particutar direction when defecating This
must obviously be taken into account when the todet is being positionea. '™

The superstructure should not be part of the house. When #t Is cold outside, 1hie nterior of the house

might warm up the superstructure. Back-venting will occur if the temperature nside the supersiructure
is higher than the lemperature of the vent pipe
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103 Walls

The walis must be waterproo! and aiso provide sufficient privacy for the user. They should also keep
out vermin and blend with existing bullding styles. %

A toilet that is bright and light is more attractive 1o (s users, but a ventiated pit requires a partially

darkened supersiructure. However, the internal walis of the superstructure may be whitewashed and
some light allowed through ventilation openings. ¥

Galvanised wire with two free ends should be incorporated into the wall construction in order 1o e the
vent pipe and the roof 1o the superstructure, ™

Reducing the heat gain of the superstruciure adds 1o the efficency of thermal convection eflects ™ and
provides more comfort for the user. Therefore the use of bad conductiorns of heal, such as ferrocement
and bricks, is preferred. Because galvansed ron sheeting and PVC are good conductors of heat, using
these materials for walls 1s discouraged. In Lesotho, howaver, where hot windless days do not occur
often, iron sheeting is used for the superstructura. Y

According to Evans * the walls of the supersiructure should be laid with brick and a mortar mix (5:1).
The portion of wall overdapping the ground must have a 250 to 350 mm wide foundation for support. ™
A brick wall across the cover slab will generally support a large proportion of its own wesght, but as
comers in such 3 wall may nduce concentraled siresses in the slab, comering on the slab should be
prevented.

Morgan also advised that the interior walls be painted 1o a height of approximately 50 cm with black
bitumastic paint. !

The use of bricks or blocks for walls is preferred to corrugated iron in South Africa. “"** Although
ferrocement may be siightty cheaper it is not advised “""* bacause of some people’s lendency 1o make

spyholes in § and pick off the plaster. ““* Fibreglass and PVC superstructures are 100 expensive and
may be badly damaged in windstorms, %!

104 Door

The door of the superstructure should preferably face the house. The door should not face west or east
50 as 10 prevent direct sunlight from entering the structure, which should be kept as dack as s
practicalty possible. " The flow of air is increased if the doorway and the ventilation openings of the
superstruciure face the prevailing wind. ™=

Doors ¢an be made from bealen tins of corrugated iron on a wooden frame, bamboo strips, wood or
anything else that is available. ™ Timber doors should be painted, varnished, of given some othes
protective treatment such as engine oll. Untreated doors do not kast in local weather conditions. %

The door can open inwarcds or outwards depending on the user's preference. If it opens outwards the
interior floor area of the todet can be minimized, thus the superstructure can be less expensive A door
opening outwards can, however, be damaged by the wind more easlly than one opening nwards. """
A door opening miwards permits a larger inferior, which make i easier to work ingide when cleaning the
toilet. " Contrary to normal bullding practice, the door is usually designed 10 open oulwards 10
increase the usable space inside the superstructure and to avo hitting any footrests. This may not
be practicable n grass-roofed structures with low eaves. In some cultures a privacy wall is required
10 screen the door. ™ Rivett-Camac ™, Heap "' and De Villiers ' suggest that the door should open
to the outside to minimize the intenor floor area. It should be lockable on the ocutside and a cakch
should be provided on the nside for greater privacy. "%
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i a door s fitted If should be kept shut at all imes in order 10 keep the inside of the tollet reasonably
dark. ™ I 1 is left open, flies n the pit will leave via the pedestal or squat-hole because of the source
of bright ight. Self-closing doors can be used (counterweight). Allernatively, the foilet should be locked
on the outside. "™

Where possible it is advisable 10 mount the door on self-closing hinges. H:nges do not have to be
manufactured in steel. Strips of old car tyres or leather from old shoes can be used equally well ™

In Zimbabwe doors were considerad undesirable, not only because they ware frequently left open, with
resultant poor fly-control, but also because wood is expensive, hinges rust and occasionally the doors
were removed and chopped up for firewood ™ Thus where a door is considered unnecessary, the

Zimbabwe spiral VIP toilet may be used. This simplifies construction and also eliminates door
maintenance. '

105 Roof

The roof must be waterproof 10 ensure user comfort. ' It must be adequately tied into the walls of the
structure, which must be strong enough 10 resis! the uplift forces caused by high winds, ™

Materials such as thatch, paim leaves, clay tiles, fibre-cement tiles, wood shingles, corrugated iron,
corrugated alumnium, asbesios cement, ferrocement and precast concrete can all be used for roofing
the toilet superstructure. ™

The roof should preferably slope away from the door, &5 @ rool sioping lowards the door might obsiruct
the opening and closing of the door or shower the users in rainy conditions.

Some materials, for example, galvanized corrugated iron, lead to greally ncreased temperatures insde
the toilet which may increase odowr and make the buiding unpleasant to use. ™ Evans suggests tha
a 25 mm thick concrete slab reinforced with chicken wire be used as a roof. ' A ferrocement slab

(30 10 40 mm thick) has the advantage that no timber or fixings are requrred; it s moreover durable and
unlikely to be stolen, ™

10.6 Ventilation openings

The toflet must afford complete privacy 1o the occupant, while maintaining ventilaion ™ Theretore
wwm?mmmmpmwwmmmwmwmhm
superstructure.

Inlet vents are most eflecive when they face the prevading wind and should preferably be at a different
height from the outlet in order 1o improve the efficiency of ar exchange. Where there is a farly constant
prevailing wind, any openings should be on the windward side 10 ensure maximum air movement
through the pt. However, where the prevailing wind is vanabie, it may be necessary o have other
openings in the structure to prevent a suction effect when the wind blows from a different direction
Such a suction effect can lead 10 back-ventilation. ™9 It is extremely important 10 avoid openings on

opposite sides, as this would significantly reduce the pressure difference which causes updraught in
the vent pipes. '

The ventilation openings should preferably be screened and should be left a1 the 1op of the walls or
between the top of the door and the roof. '

The minknum size of he ventiiation opening(s) should be &t least three times the cross-sectional area
of the vent pipe 1o allow for head losses in the superstructure, W aas
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A minimum requirement of about six complele air changes of the superstruciure per hout (10 m*/h) has

been recommended by Ryan and Mara. ™ An apening of at least 0,15 m® should be adequate in most
climates ™

11. Seat

A squat-plate or a seat in the form of a bench or a pedestal should be provided in the superstructure
The beneficiaries should decide which option they prefer, '

In Botswana people prefer 1o sit rather than squat. "' Sitling s also preferred to squatting in Zulu

communities. while in Asian communities squat plates are normally preferred. ™ Bench seats are used
in Lesotho '™

The squat-hole is normally key-shaped or pear-shaped with @ maximum width of 200 mm to prevent
children from falling in. "' It is usually about 400 mm long, and about 180 mm wide. Fool-rests are
often provided and they are usually raised about 10 mm above the surface of the slab. They enable
users 10 find a good position for squatting, which is especially helpful at night. ™

in South Africa most people want a proper pedestal and the use of squat plates is not advised "
Where seating is preferred a bench seat or pedestal will be necessary, of which bench seats would be
cheaper. ™ The seat support can be made on site from brick, concrete, mud block or timber.

Commercially available or project-manufactured pedestals made of ceramic, glass-reinforced plastic
{GRP). PVC or ferrocement can also be used, “*

Moulded seats made of ferrocement fitted with a plastic seal cover are not recommended. The seal

covers often get stolen and the seats are uncomfortabie 10 sit on. People then sometimes delecate
inside the toilet on the floor slab. '**

The upper opening of the seat should be large enough to minimize fouling of the bowl and the lower
opening small enough so that children will not fall into the pit. "7" The seal level should be at a
position that is comfortable for the majority of the users. This is normally about 350 mm above the 1op
of the stab, ™ The hole in the seat is commonly 250 mm wide. Children may be frighlened by a large
opening, so a separate hole with a smaller diameter may be provided for them, This seat may be buit
lower or a block, suitably placed for the children's feet, can be fitted. ™ Analogous to this Heap %
mMMNMWﬁMNWMmNSﬂOmNdeZﬁOmm

300 mm is suitable for adults. An exira seat cover (opening not bigger than 200 mm) for children
should be provided, '

The prefabricated pedestal should be of adequate strength and ngidity. It should not be higher than
450 mm., with an upper opening which is large enough (310 mm) to minimise fouling of the pedestal and

a lower opening small enough (210 mm) to encourage parents 10 let ther chidren use the folet without
{earing that they will fall in,

The mside of the pedestal should be designed to prevent constant fouling by excreta  One approach
is 10 use a large-ciameter opening of 250 mm or more, but this might discourage use by children who
are frightened by the large opening. An aiternative is 1o have a 180 mm diameter hole through the
pedestal which 8 lined with @ smooth material. A third altermative s a tapered hole, increasing from an
opening size of about 180 mm at seat level to 300 mm at the slab. A special ftment with a smail
opening can be made 10 encourage children 10 use the loiet. Alternatively the pecesial top can be

enbtgedloaccommuaum“mwlhaundlunom.possblyalabwum.formby
chiidren. ™



Contact between excreta and concrete should preferably be avoided. A plastic bucket with the bottom

removed may be usad as a funnel 10 line the seat pedestal and provide a cheaper alternative to a
proptietary plastic pedestal unit. %

It is imponant that the squat-hole s not kept tighlly closed when the tollet is not in use Wheregs the
iraditional todets refied on covers 10 control fly breeding, it is not only unnecessary in the case of VIP
tollets but 2iso positively detrmental 10 their operation. "*¥* If the superstructure is kept reasonably
cdark inside, a squat hole cover piate is unnecessary. If the superstruciure s not dark, a suitable cover
can be made of plywood and so shaped as to fit between the foolrests. Strips of wood of 25 mm
sQuare cross-section mus! be screwed 10 the underside of the longitudinal edges of the cover in order
to permit the free passage of air. If @ seat cover is used with pedestal seats, small blocks of wood,
25 mm thick, should be screwed 10 its uncerside at the front for the same reason. ™ Rivett-Carnac '
suggests a minimum gap of 15 mm around the circumference of the tollet seat, between the seat and
the cioseable cover, while Heap "™ suggests that spacers of 15 mm to 20 mm would be sufficient.

12. Vent pipe

The ven! pipe must be designed so that i can mduce sufficient air flow through the tolet 10 leave the

superstructure odour free, Under-design of the vent pipe will normally cause problems in odour and
insect control, while over-design will increase costs unnecessarily, *9

A vent pipe covered by a fly screen, combined with a relatively dark intenor 1o the superstructure, will.
. eliminate faecal odours in the superstructure "%

. prevent most flies from enterng the pit ™ and thus reduce the amount of fly breeding n the
p.m
. prevent fies which have managed to breed in the pit from escaping. **

Uninterrupted ventiialion by means of air flow down the pedestal or squat-hole and up through the vent
pipe should be maintaned. "' There are two possible mechanisms for maintairing the circulation of
air through the toilet system, namely, the thermal effect of solar radiation on the vent pipe's exlarnal
surface, and the suction effect of wind across the top of the vent pipe. 7%

Studies in Botswana and Zimbabwe showed that the two most important faclors governing the
ventiation rate are the local wind speed and its direction. Thermadly induced updraught caused by the
absorption of solar radiation by the extemnal surface of the vent pipe was found 1o be of retatively minor

The vent pipe should be painted black, and fitted on the sunny side of the follet so it can heat up and
creale an updraft. ' However, it was found that blackening the external surface of the vent pipe had
only a very small effect on increasing the venting efficiency, but this factor may be of greater impontance
under windless conditions. '™ In areas where the local wind speed s less than 0,5 m/s, the external
surface of the vent pipe should be panted black in order to Increase the magnitude of the
thermally-induced venting  In aréas where the mean wind speed is above 0.5 nv's the colour of the vent
pipe is not important. * Thus, although painting the vent pipe black and orentating it lowards the sun
helps 1o create thermal convection currents during sunny windless days, it is not essential, #4128

The direction of the wind relative 10 openngs (00ors, windows) in the superstructure was found to have
a major influence on the ventilation efficiency. ™!

Wind speeds of 2 m/s and higher induce air velocities within the vent pipe of at least 0,7 mis. Venting

velocities were found to ncrease substantially when the tollet superstruciure opening faced into the
wind )
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Afier extensive monitonng of the ventilation performance of different VIP 1ollets in Zimbsbwe and
Boiswana, members of the Technology Advisory Group (TAG) compiled preliminary design guidelines
for the vent pipes of VIP todets  All the toilets studied in Botswana and Zimbabwe were completely free
of faecal odours, although a few of them had a shight odour of ammonia from urine splashes on ihe
squatting plate. Odourless conditions were associated with vent pipe air flow rates of 10 m*h and
shove. which seemed a reasonable minimum requirement in cases where costs must be kept as low
as possible A desirable design standard in urban programmes which provide permanent lodets located
close 10 living quarters, would be 20 mYs. *

Vent pipes should be siraight 1o ensure entry of light into the pit to attract the fies. ™" A straght
pipe also maximizes the air flow, whereas bends in the vent absorb part of the energy in the air
movement. With certain types of stabs, or where existing slabs require upgrading with a venl, there
maybeaneedbmmptpeommmalymdmammuabbeMBmmwwwvemcal In

lmssilutmonanmdwlghtmwbmwﬁnmfmmdamumpaxmmlm
bend. ¥

mmmmwmummmmdmmmm.mumu«nm
wexmbmoawpwmmmwmdemdevmmgo‘rumrmm
@ "M% Moraover, in areas where thermally-induced ventilation may be more important than that due
10 wind. the vent pipe must be placed on the outside of the superstructure. However, in urban areas,

emmuvompwmmmmwmbym.m,ummmmm
reports of this happening. ™

mmmdmwmumhmmmmmmummm
upper end of the pipe. ™ Thus it should be at least 2 m away from anything thal might impede the

action of the wind across the top of the vent pipe, such as existing trees and overhanging
branches, ('E0

nm-mwmmwwm.wmdmemmuolmmummm
adequate ventilation. ™' The vent pipe should be located on the side of the budding which faces the

m,mumsmmmmwﬂ Therefore the vent pipes should preferably
{ace northwards and not southwards in the southern hemisphere, 7

rmmmnmumuummummunwdnmmwmm
turbulence. ™ Rain cowls also reduce the air flow through the vent pipe and the amount of rain
mummepalsndﬁwwbc:qiﬁwnmmmﬁcu*

mvmtmmmwmwmsmwemunmm.‘” Galvanzed wires
should use 10 tie the pipe to the wall and its base should be built up with cement mortar el

A wide variety of different materials have been successfully used to form vent pipes, namely

asbestos cement (AC)

polyvinyl chioride (PVC)

unplasticized PVC (uPVC)

bricks

blockwork

cement-rendered reads

cement-rendered hessian supported on sleel mesh
anthill soll

hamboo with the cell dividers removed "4

pitch fibre (PF)

important factots in the choice of material are its durability, availability, cost and ease of fixing it n
m' (M
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Brick vent pipes have the advantage that they retam heat longer than aither PVC or asbesios cement
pipes and can thus maintain a thermally induced circutation of ar well Ino the night, ** Thin galvanized
steel sheet is not recommended as it is prone 1o corrosion “* PVC ppes become brttle when exposed

o high sunlight intensities, it is thus better 10 use PVC pipe made with a special stabllizer 1o prevent
damage by ultraviolet radiation, "W

The following myimum ven! pipe szes are recommended for vanous applications,

Table 12.1: Recommended minimum intemal size for vanous pipe materal >

AC or PVC Brick Cement-rendered
reed or hessian

Permanent instalatons, mean wind | 150 mm 230 mm 250 mm
speed below 3 m/s (design venling | dameter square diameter
capacity 20 m'/h)
Pearmanent installations, mean wind | 100 mm 180 mm 200 mm
speed above 3 mis (design venting | diameter square diameter
capacity 20 m’h)
Rural instafiations, minimum cost 100 mm 190 mm 200 mm
urban installations diameter square. diamater
Recommendations for the minimum intemal size of vent pipes by Mara ' are as follows.

AC or PVC 150 mm diameter

Brick 230 mm square

Cement-rendered reed or hessian 230 mm diameter

(and other rural types)

In exposed locatons where wind speeds are greater than 3 mi's, the minemum diameter of AC and PVC
pipes may be reduced 10 100 mm, and to 200 mm in the case of rural vent pipes. %

Evans '™ suggests that homemade pipes (brick incorporated in the superstructure, weldmesh and
hassian, reeds, grass) should have an nside dameter of 280 mm to 300 mm, whie an inside diameter
of 150 mm is recommended for the manutactured pipes (PVC, AC, PF) ™

Circular vent pipes should normally have an internal diameter of at least 150 mm for smooth maternials
(PVC or AC) or 230 mm for rough surfaces (such as locally produced cement-rendered pipes), although
in exposed places with high wind speeds a smaller diameter may be sufficient. ™

In Zimbabwe lests have shown that a vent pipe of 200 mm is much more efficient than one of 150 mm
or 100 mm_ "9 The minimurm diameter of the vent pipe should be 100 mm for pitch fibre, asbestos
cement of polyvinyl chloride, 200 mm for @ homemade pipe of cement-coated thatch or reeds, and
180 mm for square brick shafts. If houses are closer together or the toilet is close 10 the house,

diameters of 150 mm, 250 mm and 230 mm respectively, are recommended. %' Diameters of at least
150 mm " and nomingl diameter from 110 mm to 150 mm " are aiso recommended

Vent pipes may be made from bricks with cement mortar joints in the form of a chamney that is at leas!
225 mm? internally “es

The vent pipe should extend af least 500 mm above the highest point of 3 sloping roof. In the case of
a corvcal shaped roof, it should be at leas! as high as the apex of the rpof ''"#1WimaITEN
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An enlarged section (sbout 50 mm length) al the top of the ven! pipe has been iNCorparated iINo certam
designs in order 10 compensate for the reduction in effective cross-sectional area and air flow head loss
due 10 the fly screen. ““™ Algo there is @ danger that cobwebs, dint or insect matier may budd up on
the screen and restrict the air flow; beling the top of the ppe can serve 10 balance these restnctions. '
However, during the field studies in Zimbabwe it was found that this feature did not significantly
increase venting capabdities, and is therefore not recommended, %4

The vent pipe must be straight, clear of the roof and must not protrude into the pit. *¥ The siab can be
cast with a piece of wire across the vent pipe hole 10 prevent the pipe shiding down into the pit. “%

13. Fly screen

By covenng the top of the vent pipe with a fly screen, flies are prevented from entering the pa through
the vent pipe and those which enter via the pedestal are trapped inside and will eventually die, "™

The fiy screen should be made from cormosion resistant material, '*** % Glass fibre screens have
been found 1o be more durable than aluminum screens and less expensive than brass or siainiess
steal. #* PVC-coated glass fibre screens are effective for five years and with more permanent
instaliations stainless steel screens can be used ** Plastic fiy screens are weakened by ultraviolet
light and galvanized steel corrodes quickly. =

According o Rivett-Camac glass-fibre reinforced plastic mesh with 1 mm x 1 mm openings has been
found to be ideal. ™ A mesh size of 1,2 mm x 1,5 mm can also be used. 4" If the aperiures are

larger small flies can pass through. If the apertures are smaller there is 100 much resistance to the
updraught of air, ™

Gauze screens are secured horizontally over the 1op of the vent pipe so that leaves cannot accumulale
on top. ™% It the vent pipe is buit of bricks the fly-proof screen should be siretched over the top
surface of the highest bricks. If it is built into the course joint one brick below the top, a receptacie is
created which catches leaves and other debris. ™ However, in rural areas the fly screen should be

approximately 50 mm below the top of the vent in order to prevent eagles’ claws from damaging
them. "

Thevemmmmmanymenmbpmauhunmwmswadummm.“

14. Hand-washing attachments

The construction of a Blair latrine wash hand tank is an addition 10 the tolet to improve the personal
hygiene of the users. ¥ Such tanks or basins should provide a thin siream of water from a small
diameter outlet that is just adequate to wash and rinse the hands, without wasting water. ™ A water
container with a small opening which can be closed with a match is often used. "

15. Groundwat_or pollution

Bacteria and viruses are the only excreled organisms of importance in groundwater pallution and the
depth of sol above the groundwater table is the most important line of defence against them '™

I groundwater pollution from VIP toilets might occur, alternatve sanitation options should be considerad
of the polluted water should be treated before it is used. If the groundwater is baing used as a source
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of supply, the design of the follet should be maodified so that the groundwater is not poliuted or the
axtent of poliution s acceptably low {faecal coliform counts below 10 per 100 mi) "™

Systems which use more water will cause the contaminants 10 travel further, all other factors being

equal, and Ihis needs to be borme i Mind when assessing the potential paliution impact of different
types of on-site santtation systems.

The base of the pit should be 8t least 2 m above the water table of the underlying aguier. " Under
most conditions a depth of 2 m of unconsolidated material (st or sand) s sufficiont 1o avord
groundwater poliution. "%

Pit depths should be restiicled 10 a minimum, thereby increasing the attenuation zone between the

effluent and the water 1able " Contrary 10 this a greater depth (bigger pit volume) increases the
Ifetme of the pit.

if the water table is high, the todet can be raised above ground level or the VIDP sysiem, with shallower
pits, can be adopled. ' Otherwise the pit should be lined with acid peat 4 there is not enough soil
material 1o serve as an attenuation filter. “? Crawford recommends a T-piece connected 10 a soakaway
downhill for a permanent high water table. "

Raising the pil is essential when the groundwater is, either permanently ot seasonally, within 0.3 m ol
the ground surface. ™ In Zimbabwe it has been found that the ventilation performance of VIP torlets.
where the water table is close 10 the surface, is still satisfactory provided that the cover siab s rawsed
300 mm above ground level " and that raising the cover siab 0.5 m above ground level is an effective

strategy under such high water table conditions. ““ The floor slab shoukd not be raised higher than 1 m
above the ground level. "

If the groundwater table is permanently near (within 0.3 m) o at the surface, and on a slope, a pil Toke!
should not be built. However, where the waler table is high but fluctuates 1 10 2 metres on & seasonal
basis, the pit could act as a septic tank, but the slab must be raised well above ground level ™

Pit toilets should not be constructed within the 1:50 year flood lines of rivers and streams. ' Evans ™'
suggested that a pit toilet should not be buill within 100 to 200 metres of a natural drainage course
(stream, river, borehole or well), as this may cause a serious poliution problem. ™ The minimum
distance between a borehole and a pit todlet proposed for South Africa s usually about 30 metres, but
is also dependent on the geolechnical conditions at the site.

In general, it appears that as long as there is sufficient depth of intact, unsaturated soll between the
source of the contamination and the groundwater, bacterial contamnation should not be a major
problem. There is no consensus on exactly what constitutes “sufficient depth”, and there 1s a need o
establish appropriate guidelines. ™ Unless the soil has a very open structure, or the water table s
shallow, most harmful constituents will not reach underlying aquifers. The most serious concern is
usually with regard to possible nitrste contamination of the groundwater, in particular where there are
many VIP loilets in a small area. Y

16. Maintenance

Cleanliness Is of the utmost importance, Squatting slabs and seats easdy become fouled Fouled ana
unhygienic pit toilets become a focus for disease transmission and may make matiers worse than

before "' Therefore regular cleaning of the interior of the superstructure (floor slat and seat) is
necessary. "“7IHE The toilet siab should be washed down every day =



A superstructure that i leht dirty and in @ constant state of disrepair will scon be unused as a toile! and
abandoned It is therefore important that the superstructure & maintained properly. ™ Cracks in the
walls. floor, door and roof of the superstructure should be repaved. ““ The cover slab occasionally

needs 10 be repainted with bitumastic paint. **' Poles, reeds or thatch in the structure should be
checked for termite damage. "™

Pencdically the slormwater diversion bank around the skab needs 1o be checked for eromon, A grase

cover around the superstructure will prevent erosson. ™ The area around the toilet should be kepl free
from vegetation. ™"

The flyscreen, the vent pipe, the vent pipe oponing in the slab, and the cover siab should be regularly
inspecied 1o ensure that they are in good condition. Any gaps and cracks should be repaired el

mmmmmmumveamwdw.m It should also be checked
periodically 1o ensure that it is stll intact, =

Onceeachmonm.amcualolwaw:houldbepmuoddommeventptpologmmofsp’d«
m}ﬂlﬁ’l‘oi

Because the VIP is a dry loilet excessive amounts of water must not be discharged into the pit. ™
DMmsde.stnudm(ndmaMmedayumad)
assist in decomposition of the pit contents and can be added 10 the pit. The pit cannot be used for the
wdmmmmwp«mmmmm.m

The pit must not be used for the disposal of household rubbish

or non-decomposable rubbish, as
this will shorten the life of the pit. "W :

Refuse thrown into the pit may also hinder the emptying process. '

Usowuetpa_pummpoubb.‘“ To discourage people from dropping pieces of paper on the
floor @ suitable container should be provided inside the toilet. **

Thodoof(whenﬁtbd)mdoeuwvashmbcuptdosedmmonbﬂdhmtnm“ﬂ
At the end of each winter old engine oil should be rubbed into a wooden door to make it last longer.

Disinfectants and antiotics or chemicals should not be added to the contents of the pit. % Because

some pits smell people add disinfectants to them. This kills the bacteria and makes the pit fil

anamwowmmwe.mummmmadhm Mosquitoes are less
mmw@tww.MMaommmwwMMWMQm.wen
if the superstructure is dark. Mara ™ says that several substances which kil mosquito larvae can be
wmmmwwum.mcwmuam|m. However, it has been
found that some of these substances destroy the bacteria which digest the faeces in the pit. and the
use of substances other than vegetable of i therefore not recommended. ' An allemative is to place
a mosquito trap over the squat-hole, "= Covering the surface water in the pits with polystyrene
halis has also been found 1o be an effective mosquito control siralegy. el

mp-ndavmwmmmdmmammummm."' The drop-nole of the pit
which is not in use should be well sealed. ' The pits need 10 be emptied when they are full and the
Mpm,umamm.mmwmmwwmmmum.m
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17. Solids accumulation

Unne as well as small amounts of water lor cleaning the cover skab which are poured nto the pit,
nfiltrate into the surrounding sol. Faecal solids in the excreta are digested anaerobically by bacterial
activity. Thes, however, does not remove all the solids. Thus solids accumuizte in the pil, aithough the
rate of solid accumulation is much smalier than the rate of excreta addition. "'

Factors affecting the rate of fitl-up of the pit are:

. the extent of water flow through the pit

. the permaability of the soil surrounding the pit ana the porosity of the pit liner
. the degree of pit ventilation ¥

By adding disinfectants o the pit, the bactera are killed. This stops decomposition and increases the

rate of sludge accumuiation, whereas biological enzymes added every four months may promote the
breakdown of the pit contents, '**

18. Pit emptying

When single-pit VIP tollels become full, there are two options available to their owners. They can either
construct a new toilet on an adjacent site, or empty the existing toilet. "'

In rural areas construction of a new loilet, reusing as much of the materials from the old 1oilet as
possible, is generally the preferred solution, as space for the new loiet! is usually avallable """ Pit
emptying is essential if there is insufficient space to relocate the pit. '

Manual emptying poses health risks due to the excreted pathogens and Ihis is often not a socially
acceplable task. Mechanical emptying is not normally feasible in rural areas. In urban areas manual
emptying has the same disadvantages, but mechanical emptying might be feasible. '

Pit tollet emptying vehicles (vacuum tankers) have been used successfully for emplying pits. The use
of such a vehicle is not recommended if pits are unlined, because this might erode the pit and lead 1o
toilet collapse. "™ However, unlined pits with & ringbeam can be emptied by hand. "* Desludging of
lined pits results in a significant extension to the life span of the toidets al @ minmal cost 10 owners
Furthermore, destudging & accompanied by minimal environmental degradation compared 1o what
would be experienced if full pils were covered and replaced by new units. '™

Dry pits are considerably more difficult 1o destudge mechanically than wet pits. A solution in urban
areas is 10 use single-pit VIP tollets with soakaways or alternating twin-pit VIP tollets. "'%

All excroted pathogens die within twelfth months at temperatures above 20 “C '™ and the nisk involved
in re-using faecal material that has been buried for at least twelve months s very small, "' Therefore,
one year is the minimum storage requirement for each pit. '® During physical-chemical emptying of
tollets @ chemical solution is added 10 the pit to destroy all visible pathogens. After about 20 minutes
the contents of the pit can be emplied. The contents can be dumped into an adjoining pit.

Local authorities ofien experience problems in providing a reliable, effective and affordable mechanized
service 1o emply the pits, so plannars should ensure that emptying can be done by the family, or by
private entrepreneurs. This involves establishing not only that people are willing 1o handle stabilized

numus, but also that there is some safe place for ultimate disposal (ideally, of course, on the family's
vegetable paich or fruit trees), '™
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The advaniage of emplying is that it permits the faciity 10 be a permanent one, and thal | makes reuse
of the excreta product possible. Disadvantages of pit emptying are that the purchase, operation and
maintenance of specialized pt emptying equipment may be requred, operational costs are higher and
pit rungs are required. Manual emptying should only be used with alternating twin-pit VIP tadets. It
should anly be used when it is both socially feasible and less expensive than mechanical emptying. ™'

In Lasotho pit toilet sludge has been disposed of at nightsod farms. These sites are fenced areas
outside of the towns and away from habitation, where nightsoll from the bucke! system s dumped into
large hand-dug ditches. Unfortunately the ideal of regularly covering the waste does not work; in tirme
the diches fill up and a dry crust forms on the surface, which prevents any further drying underneath '

19. Plot size and population density

In rural and urban areas up 10 a population density of around 300 persons per hectare (maxamum of
250 persons per hectare according 1o Heap '), the least-cost technically feasile santation technology
will often be the VIP tollet. " Where the density of population is greater than 300 persons per hectare,
a pit tollet should not be built. However, much will depend on the depth 1o which pis can be dug and
the carrying capacity of the soil types involved. ™

Where plot sizes are really small, # may be feasible io iocate the pit-access hatches outside the
property tself (for example, under the edge of an alleyway, if there is no trafiic), "

If the number of users of a single-pit tollet is high (more than 10) then the required pit volume may be
unacceptably large, especially i the solids accumulation rate is high. Under these cxcumsiances the
designer should assess the comparative feasibilities of the following options:

. an *alternating sngle-pit® VIP toilel system, where two single-pit tolels are used

alternately for 5 years al a ime (the pits being covered when full and re-excavated
when needed agan)

. one single-pit VIP toilet which s 10 be desludged mechanically every 3-10 years
. a single-pit VIP todet with an individual or communail soskaway

. an alternating twin-pit VIP toilet which is to be desludged, manually or mechanically,
every two to three years. '®

Al higher densities alternating twin-pit VIP todets may be feasibie, but other options, such as solids-free
sewers, may be a more appropriate solution. ' The VIDP toiet can be particularly suitable for areas
housing from 200 to 400 people per hectare, if the disposal of waste water 1§ properly managed. "' The
ides of sharing a toilet between households is not socially acceptable, except in an emergency '™

A more senous problem, which may indeed lead o failure (or at least 1o the VIP toilet becoming
unacceptable in the community) is progressive loss of ventilation as populaton density increases,
houses are crowded together, and second storeys are added 10 some buidings. Ventilation efficiency
fails as more structures obstruct the wind flow. A solution being tried in Jamaica is 1o budd the vent
pipe from 8 inch hollow concrete blocks. The hollows form twin chimneys for each pit and, if the ven!
does not work efficiently, it can be raised several courses. With mixed-height housing, or on steep
slopes, however, there is the risk of ground level VIP's discharging odours 3t the window level of
adjacent homes. "7



It is not realistic or technically supportable 10 suggest that the ‘modern’ ventialed pi privy improved
matters by inducing large pit ventiating air flows that dilute and disperse pit odours 10 the atmosphere
The hydrogen sulphide smell which is the basis of pil odours, results from anaerobic conditions within
the pit. The general stench noticeable n crowded areas will neveriheless remain the same, despite
strong airflows through the pit and out the vent pipe. ™

20. Conclusions

The Ventlated Improved P Toilet, when correctly designed, operated and mamtained, has proved 10
be an acceptable, cost-affectve, hygenic and environmentally friendly santation system. This research
report has presented design and construction methodologies from many countries and has further
highhghted the advantages and disadvantages of the vanous systems commonly used. Cultural and
social critena have been shown to play an important rofe in the choce of sanitation technology and
also in the manner in which certain technologies are used These factors should be taken nto
consideraton in the mplementation of any sanitation project.

The hardware and other lechnical aspects of VIP toillet design and construction, namely pits, cover
slabs, superstructures, seats, vent pipes, fly screens and hand-washing attachments have been
discussed. Maintenance matters such as solids accumulation and pllemptymgmglven attention,

while factors contributing 1o groundwater poliution, as well as various soco-aconomic aspects which
affect the operation and maintenance of VIP toilets, have also been examined.

The factors that have been identified as being of greal importance with regard to the general
acceptability of VIP toilels are:
« design and construction issues dealing with
- safety
- tomfort
- ventilation
- user preferences

« social issues dealing with

- education regarding proper use of the system
- disposal of todlet wastes
- maintenance of the system

« environmental and health ssues dealing with
- location of the toilets

- poliution
- personal hygiene of users.

21. Recommendations for further research

During the course of the research project it became evident that certam aspects of VIP 1odet technology
are in need of further research, as the information avaiable was ether scanty or nconclusive The two
maos! important aspects requiring further investigation are:

. the role of enzymes and baclena in the operation and maintenance of pis. and

. the mirimum requited depth of intact, unsaturaled soil between the pit and the
groundwater in order 10 prevent bactenal contamination
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