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This Technical Note by D. Duncan Mara develops augehefél app&oaehgto :

the design of ventilated improved pit (VIP) latrines, based on TAG' s 'regent
experience .in Botswana, Brazil, Ghana, Kenya, 'Lesotho, Tanzanla and .
Zimbabwe. Further details of country—spec1fic designs (currently for
.Botswana, Tanzahia and Zimbabwe) are given in other Technical thes in this
series. Lo - ) . G : VT e

© ) . v

This paper is one of a series of 1nformal Technical Notes prepared by.
TAG on various aspects: of water supply and sanitation progréms in developing -
countries. The initial emphasis of TAG was on the promotion of policy ShlftS
from high-gost to low-cost on—site sanitation technologies. This empha51s is/
" now being progre551vely ‘directed to a focus on institutional. development for
on—site low—cost sanitation program delivery. SR *

* ‘This mote waSuoriginally*pr ared as an internal discussion

document. Tts wide distribution does@not imply ‘endorsement by the sector ™ s.-

agencies, government, or donor agencies concerned with programs, nor by the . .
World Bank or+the United, Nations Development Programme.’ ‘

v
"

TAG is interested in receiving comments and suggestions»on'the'paper,
and, in particular, information on costs of technology, delivery and support
systems, and generally, information on experience in program implementation.
All communication should be addressed to the Project Manager, UNDP Projectl
INT /81 /047, Water Supply and Urbin Development Department, The World Bank,
1818 H. Street, NW. Washington, DC 20433. : o

7. . . S N -

U Richard N. Middleton
U Project Manager

*/ TAG: Technology Advisory Group establlshed under the United Nations-',,‘;”

Development Programme Global PrOJect GL0/78/006 (renumbered on January. 1 :
1982; now UNDP Interregiofal Project INT/81/047: "Development and ~ - ~”/
Implementation of Low-costlSanltatlon Investment PrOJects ), executed by
the World Bank . : R
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l;, : Excfeta—rélat&d diseases are responsible for a lar

~~excreta related diseases can be greatly reduced by Ce e o : L ®

~sanitation facility in many developing countries.A They have however twq

_those countries where they have been installed.

INTRODUCTION -

~ . - - . : . -

a .
of ‘the- -morbidity and mortality ina developing countries, especially amongst
ow—income communities in urban fringe and rural areas, where adequate water =

- supplies and- sanitation facilities are typically absent. Excreta control is -

thus of paramount4!§portance if the incidence of gheseldiseases is *to be: -
reduced. Recent research sponsored by the World Bank—' ‘has clearly shown that

(b). the effective treatmént of excreta or sewage prior to discharge
" or reuse“ :

consumption is in the region of 30.to 50 liters per’ capita per
day, which is normally the minimum ‘requirement for the control
of those €xcreta-related infections which have a water-washed .
. ; mode of transmission and'

4

(@) an effective and sustained program of personal hygiene education
by the respon51ble local authority. « :

2. Economic and financial constraints dictate' that the water supply
and sanitation technologies to be used for, the control of excreta-related -
diseases in low—income communities must be afferdable: by these communities,.
these technologies must therefore have low capital and operating costs. In
rural areas and urban areas up to a populatlon density of around 300 persons
per hectare, :the least-cost technically feasfble sanitation technology will .
often -be -the ventilated improved pit (VIP) latrine (Figure 1). It is- the [
purpose of this Technical Note to discuss general design criteria beJVEPy
latrines and to review recent developments in VIP latrine design. )

hei -
VENTILAIED IHPRDVED PIT LATRINES . i@¢y s
General Description
3. Traditional (unventilated) pit latrines are a very common

setious disadvantages: generally they have ‘a bad ‘smell, as well as _
substantial numbers of flies and other disease—carrying insects breeding'in _
them. Additionally, they are all too often poorly constructed with the result
that pit collapses are common. These disadvantages are substantially reduced
in VIP latrines, which have been found to be socially very well actepted in

|
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1/ R.G. Feachem, D.J. Bradley, H. Garelick’ and D.D. Mara (1983) Sanitation L
and Disease: Health Aspects of Exereta and Wastewater Hnnage-ent. : 't"
Chichester: _John Wiley.f S '
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4. . AVIP latrine differs from a tradltional pit latrine in tha; ito R
has a tall vertical vent pipe whi¢h has -a flyscreén fitted at its top. The )
vent pipe is responsible for both,_odor and fily control as explained in
Paragraphs 6 and 7, below. o ) & . - Lo : e .
5. "There are two basic types of VIP latrlne the singlefpit latrine - '
and ohe w1th two pits, known as the alternating"VIP latrine.  The latter™
(described in paragraphs 45-52) is designed for the removal of- the pit
comtents at regular intervals of two to three years; it is’a permanent °.
sdanitation facil1ty whlch is especially suitable for use in medium density
urban areas.

'

. - B - [l
< .

Odor control o v . ‘ ' d ‘ N .

6. Fleldwork«recently done 'in Botswana and Zlmbabwe—f has shown s
. that the principal mechanism inducing ventilation in VIP latrines is the
action of the wind blowing across the top of the: vent pipe. The wind \
effectively sucks air out of the vent pipe and this air is- replacéd from the
atmosphere via the latrine superstructure and squat-hole. Consequently there
is a' strgng circulation of air from outside the latrine, through the ‘
superstructure and squat-hole, and up and out of the ‘vent pipe. Thus, any .
odors emanating from the fecal material in the pit’ are exhausted via_the vent
‘pipe, and not via 7he squat-hole into the superstructure which, as a result,
remains odor-free~ If the. superstructure openings (doorways, etc.) face o
into the prevailing wind, the resulting increased air pressure within the -
superstructure increases the flow of air up the vent pipe and thus also.helps
to control odors in the latrine; the latrine should therefore be designed so .
that any openings face into the prevailing wind. Recommended. vent pipe .
dimensions are dlscussed in paragraphs‘27 -38. Lo o . ’ '

Insect control . ' Lt .

7. Flies. The vent pipe controls1flies id VIP latrines in two -~

" ways. Firstly, since flies are attracted to pit latrines by the fecal odors -
coming from them, almost. all flies will'try to enter theé pit via the top of
the vent pipe as that is the point from which the odors emerge; but they are-
prevented from entering by the flyscreen. Secondly, although a few flies may

enter the pit via the superstructure and squat—ngle and lay their eggs in the

) . A N 3 . N

i ) E Y

i
.‘; N ' . N 4

2/ B.K.‘Ryan and D.D. Mara, Pit Latrine Ventilation' Field Investigation
Methodology, TAG Technical Note No. 4;‘and Yentilated Improved Pit -
Latrines: Vent Pipeé Design Guidelines TAG]Technical Note No. 6.

\ . :

}j An earlier explanation for the cause of ventilation was that the vent pipe:

’ absorbed heat from the sun and transferred some of this emergy to-the atr.
inside the vent pipe, which consequently bezame less dense 'than the
outside air immediately above it4: it therefore rose out of the vent: pipe :
and was replaced by air below, so establishing the air circulation ppattern. o
descéribed above. The fie dwork done in Botswana and Zimbabwe showed that =
the shearing action of the wind and its direction relative to any openings
(doorways, etc.) ip the superstructure were much more important than - the T
absorption of solar energy,,except under very 1ow wind conditions (sée” 5
paragraphs 26 - 38). : '
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'SUCCessful performance of VIP. latrines . A L

pit, the’ gewly—emergent adult flies eventually resulting from theSe eggs F1y

’ instinctively in the direction of the ‘brightest .light; provided that the

superstructure is reasonably well=shaded, the brightest light seen by the
flies is that at the tSép of the.-vent pipe:  the. .flies thus fly up th “vent
pipe but their escape is preventeaﬂby the flyscreens. Fly control is‘very
effective: in-a 78— day/monltoring period in Zimbabwe, only 146 flles ‘were - -
caught: escaping from a VIP latrime, whereas L3 ?3 were caught from an

unvented, but otherw1se 1dentical pig latrine .~ - v }g . f .
- ‘ : - s ) NS N .
8. . Thus the screened vent pipe has .three important roles in thef. -
l

3
vo. (a) it eliminates fecal odors in the superstructﬁre}
(b) it prevents most flies from entering the pit; and

&

p— ~

(c) it prevents thQSe.flies bred in the pit from escaping.

9, Mosquitoes. Culicine mosquitoges, which are the major nuisaince

(biting) mosquitoes in the urban tropics and in many countries also the vector
of Bancroftian filariasis, breed in wet pit ‘latrines--that is, pits which -~
extend below the groundwater table. Newly—emergent mosquitoes are not so
attracted to light as‘are'flies an¢ therefore not all of them will fry to
escape via the vent pipe: mang/w1ll leave via the squat—hole, even if the.
superstructure is well shaded:?! Several substances which kill mosquito -
larvae can be added to the pit; for. example kerosene, used engine 0il or +
chemical larvicides. An alternative is to place a mosquito trap (Figure 2)
over the squat-hole.’ This 878 been found to be very effective in field trlals
in Dar es Salaam (TanZania)~> householders were keen to use them onice they -
saw how many mosquitoes’ were belng caught in the traps -and they:. notlced as a
result far fewer mosquitoes in their houses.

*

Component parts _ Ce
) : c

-

Ln

10, . Both single—pit and alternating twin~pit VIipP latrines consdst of the R

same basic companent parts (Figure l: see page 2):

4/ P.R.Hﬁorgan (1976). The‘pit latrine — revived. Central Africén Jdurnal
of Medicine, 23, 1-4. ' _ CoT o : 'i e

5/ C.F. Curtis and P.M. Hawkins (1982). Entonelogical Studies'of On-site - -
Sanitation Systems in Botswana and Tanzania. Transactions of thesRoyal
Society of Tropical Medicine and Hygiene, 76 €1), 99—108.“

- » -

\ hid

6/ C.F. Curtis (1981). Imsect Traps for Pit Latrines. Mgsqdito}NEws;140*.
(4), 626-628. | / o
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- Glass.fiber fly screen =
- -‘;""‘;-' "(‘
E X
o - imm sheet metal :"

+* T s ) .C a ‘ ‘!,,' ,; ~
’ % =—— S0 paint container - . ‘
base plate : Xono x| . o
[ \ ) X 60 1;

base plate of 1mm
sheet metal cut. -

to suit container
e ¥
and latrine

I

B
B 1
! O,

Mosquito trap in position
over squat-hole

10

ST

rim of container lid
* fixed to base plate
Mosquito trap with container

removed for emptying

)

Pattern for cutting ..~ . . . \ »
fly-screen material - e s
_ Eigt.lre 2. Squat-hole md}s‘qltliiitd'tfap‘t 6/ .
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‘ SINGLE-PIT VIP LATRINES

“13.. . Volume. The required pit volume depends on the solids accumulatlon//

(a) the plt,. :
(b) the cover slab and its f0undatlon,
(c¢) ¢the superstructure; and
P (d) the:screened vent plpe.

L]

There are minor design dlfferences between the components for each typd’of VIP -

latrine, but the Basic principles remain the same. The component parts and \¢R“ j
their design requirements are first described for ‘single-pit VIP latrines,'

specific differences for alternating twin-pit latrines ‘are described in s
paragraphg 45 52 . . % o N

Pit fundtions_and design . ; : e %i

o ] . > - o 9
-~ . L H L

1. Excreta are deposited directly into the pit, which has two essential \ -
functions: _ - , s
(a) the liquid fraction of the ex¢reta.(mainly urine), together with.

- the small amount of water that .enters the pit- from cleaning the .
cover slab, infiltrates'into the surrounding soil; this may give ~
rise to problems in soils which are not sufficiently permeable
or which become unstable when saturated, and may also cause

groundwater pollution (see paragraphs 15, 16 and ,58);. and

=

(b)  the fecal solids’ in the excreta are digested anaeroblcally by f.
: 7bacter1al actlvity - this results in the production of (i) gases
such ‘as methane,” carbon dioxide -and hydrogen sulphide which ‘are
exhausted from the pit via the vent pipe; and (ii) soluble
‘compounds which are either further oxi:dized in the -pit or are .
carried into the Surrounding soil by the infiltrating 11qu1d

. fraction. \

. ! \
12. - The anaerobic digestion of the fecal solids,\which proceeds rapidly =
at tropical temperatures, does not however remove all of the solids. Some:
compounds are biodegraded only very slowly; as a result there is a gradual
accumulation of solids in the pit,. although the rate of solids accumulation is
much smaller than the rate of excreta addition. Id dry pits (those that:do -
not extend below the grgundwater table) the solids aCCumulation rate varies . -
betwee% 0.03 and 0.06 m”, per_person per year, and in wet pits between 0. 02 and "
0.04 m” per person per year.~ Accumulation rates are lower in wet pits
because b1odegradat10n is faster under wet eondltions’than under the. only Just
moist conditions in, dry pits. T i :

2

rate, the, number of users and. the desired life of thehpit. In practice the k‘*fu

- latrine for "buckét showers” ) ‘reduces the. rate of solids acéhmulation.f“V

. 'Y T ‘ § . - L ‘ Y // . “. \ \

7/ Vety little 1nformation exists o solids accumulation ‘rates in pif’ s @';Njf”
latrines. The effectsof climate and diet are largely unknown)/althoughg7”ﬁ~
it is known that the addition of . sullage to: dry pits. (e.g., b¥ using the

TAG is currently working on pit biokinetics - and the results of this-
research will be published as a separate Technical Note in this serie




: 15. Soil permeability. The hydraulic loadlng on pit- latrines is veryolow

2/ For example, for a circular pit with an effectlve depth of -5 m which .

‘

pit must not be allowed to fill up comgletely (right to the underside of the - . - J
cover slab) so a small free" space at the top of the pit must be :allowed for RS
in the design; usually 0.5 m is sufficient .for this. The effective pit volume - ./
m~, which is the total volume less the«free space volume is calculated as the - f‘ /

product: S AN : : ' PR /

-7

- . : L . .k

a

. o o SO ’ L - _
solids accumulation- -~ “number 4 % design -~ . - -
-rate, - - X . teof X life, T T

- . Ir /persou/year- ] .yedms 4 ] 'x -7 -".<V\

i
o,

m- per person per year id wet - and‘dry pits respectively, ‘a lower value may be
used if known to be loeally more apprOprlate. These design values should be’ "
increased by 50% if bulky anal .Cleansing materlals (for example, corn cobs, SR
cement bags) are used, as these degrade only. very slowly. The design life

should be as long as possible, 10" yéars should be considered desirable, The -
longer thée design life, the longer the interval between ‘relocating or-emptying
the latrine, and~ 8o ;he cost of the latrlne (when calculated in annual terms)’
is generally lower.3! -

14, Dimensions. Usually the pit cross—sectional area is not ‘more than : [
2 m” in order to.avoid cover slabs with large spans. In practice:«VIP latrines
serving one household commonly have a diameter of 1-1.5 m or, in the case of
square ‘or rectangular pits, a’ width of 1-1.5 m; communal or 1nst1tutional
latrines can of course be much larger. The -pit: depth is then calculated from
its required effective volume, and the’ tota$/depth is this depth plus the
desired free. space whlch is normally 0.5 m.& A ;

SR

)

(less than 2 litres of excreta are added per person per day), so soils _of
lower” permeability than would be considered for the disposal of septic tank
effluent are still suitable. for pit latrines.' Soils with permeabilities as
low as 2.5 mm per hour (such as clays and silty clays) are acceptable,

prov1ded expansive clays are not present. e . \ .

— ' . . - L
16. " Soil stab1lity and pit 11n1ng;\\For the purposes of pit design soils
can be considered as qﬁther stable or unstable. Stability (is deflned -

y o223

8/ This assumes that the cost of extra depth in the pit is less than the .
present value of more frequent emptying or relocation. This. -may not :
always be true, especially in very deep pits in dlfficult so1ls. : -

serves six people with a solids accumulation rate of 0.06 m /person year,
the pit life for various diameters can be calculated as follows
. ‘- [ . L
Diameter, ' Cross-sectional Effect ve volume ..Effectiv llfe“
(@) - area (m“) (m ) Ex '(YQer)

RIS
ol

1.0 0.79 - © 1,98 5
1.2 1.13 S 2,83 7.
1.5 2

1.77 t 443




. .
as resistance- to collapse, and should be assessed as described in Annex I. o
Local ex87r1ence of pit latrines is useful: . if pit collapses due to soil o

failure—' have occurred, the soil should be con51dered unstable and’ llned as
described in paragraph 18.

'L

2

17. -As a precautionary measure stable soils should be protected agalnst
possible failure (caused by, for example, gradual release of pore water
-pressure) by plasteting the soil face with'a 1 cm thick layer ofmcement mgrtar
(1 part cement, 5 parts sand). This is clearly only feasible when the
groundwater table is below the pit base, and so suitable only for permanently

- dry or only seasonally. wet pits. Llnings for permanently wet pits are
discussed in paragraph 19. .

18, Pits in unstable soils must be fully lined, otherwise there is the °
risk--all too often realized--that the pit.will collapse and the . o

'superstructure may fall into it. A wide varlety of materials can be used to
"line the pift; for example, concrete blocks, bricks, cement- stabilized soil
blocks, masonry, stone rubble, perforated oil drums; rot-resistant timber and -
wire—meshysupported geofabrlcs [Figure 3 (a) through (f)]; local availability .
normally determines what material is used. Where blocks, bricks, masoary or
stones are used, the lining joints should be fully mortared in the top half-
metre of thé pit; below this, the vertical joints should be left unimortared to

~allow the liquid fraction of the excreta to infiltrate into ‘the.soil. If the’

" surroundingvsoil is very fine sand, for example, which would enter the pit
through the,open vertical joints, a thin (say, 100 mm) packlng of fine gravel
should-be placed between the soil and the llning to prevent thls. g !

19. 'f It is difficult to excavate and line pits in areas w1th a permanently ‘

high groundwater table. If petrol or diesel driven portable pumps are w

available, the groundwater can be remove@ and short lengths of concrete pipe.

inserted as excavation proceeds, this "mini-caisson” approach is the most -

satisfactory, provided that the concrete pipes are made with sufficient holes

- for. infiltratiom. Perforated oil drums coated with b1tumas}1c paint are an ,
alternative, but corrosion is a problem in the long term. "' ~

:.v N
5 . 2 o AN
-~ ~ s

‘Cover slab and foundation , o ' N‘”
20. ~  The cover slab and its foundation ser%} to isolate the pit from ?hé B
atmosphere (to prevent the escape of flies and odors) and to support the - . AR
superstructure and vent -pipe. The foundation is generally a s1mple i b C

o

ig/ Pit collapse may, however, be due to poor,engineerlng design. "for . '
. example, the omission of a grassed slope or -bund to carry away stormwater
-~ which is then able to erode the soil at the top of the pit; fr by -~ . = .

buj ld1ng too heavy f superstructure on inadequate foundatiogs. . It may
aldo be due to poor! “"social de51gn of the latrlne, where for example no -+

allowance is made for local customs such as taklng bucket howers in =
the 1atr1ne. ' e -
- ..; t

11/ 0il drums have been used in Zambla as aqua—prlvy tanks and have lasted
approximately 10 years. R o R

4
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. Figure 3 (b). Pit lining with sconcrete blocks'. ‘
(Botswana). '
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=

Pit lining with rough coral

(Kenya) .

Figure 3 (c).
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 Figure 3 (e). Pit lined with mangrove poles

* (Kenya).
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\\

ring beam of reinforced’ concrete or, more commonly and less expen51vely,
bricks set in cement mortat; a single course of bricks laid on the ground
surface with their inner edge *flush with the pit wall is sufficient (concrete
ring beams are of similar dimensiohs). Setting the base 6f the foundation on
the ground surface enables a gentle grass slope or cement-stabilized soil to .
be made fo carry away stormwater which might otherwise erode the upper part of -

the pit wall, -so endangering the s,ructuralistahility_of_theilatr1ne. S

..L._‘“\ ’
N ' s

21. : The cover slab.must be strong enough to support the weight of the'
superstructure, vent, pipe.and _user. It should-also feel safe and should not®
deflect detectably when the. latrine is being used. The cover slab, which N
should be flush with the outer edge of the foundation, can bé made from - - -
reinforced concrete (Figure 4) otr from rot-resistant timber (Flgure 5) which *
is covered with soil and then mortared. The cover slab has two holes in it:
the squat-hole 'and one for the vent pipe. The size of the squat-hole 1s'
important: it should not be large enough for a child to fall through; key—
shaped or- pear—shaped openings (Figure 6) with a maximum width of 200 nim are |
generally used. Lf the :locally preferred défecation posture is sitting, _
rather than squatting, a simple pedestal seat can 'be provided (Figure 7). Vo

22.. “‘Where the preferred posture is squatting, it_is important that the .\
surface of the cover slab should slope .towards the squat—hole in order,-o ’
provide drainage for urine and the water used %o clean the cover slab, The -\
' recommended slope is;5Z%. Although the slab could be cast with rhis surface
slope, it is usually simpler to plaster the slab to give the required slope,

-and also to provide a smgoth finish, aftgr the superstructure has been -

built. It is also worth con51der1ng whether foot-tests are to be provided;
although not strlctly netessary, they may be a social ‘requirement and they

‘have the advantage that, provided they are in the correct position themselves
(Figure 6),-they help to locate the user directly over the squat-hole and so o
minimize fouling of the.cover slab with excreta. A glass-fiber reinforced k
plastic cover, - with integral squat—hole and foot rests, which is set - 1n cement ‘1 »
on the coverslab within the superstructure is shown in Figure 8. ‘ ' C et

Y

23, °. It is important that the squat-ﬁ/ie is not kept covered when the
latrine is not in .use. Squat hole (or pedestal seat) covers interfere w1th /?’
the essential circulation’ of air which is - ‘responsible for £ly and odor control :
(paragraphs 6 and 7). Traditional (unventilated) pit . latrineé’often rely- on ’
squat-hole covers to control fly breeding, but they are ‘not only unnecesoary

in the case of ' VIP latrines but also positively détrimental to their proper R J'A
‘operationi /This is ‘an important point to stress in .user: educatloq . L f

',programsr—— . o -

o -

iny o N . a

1

12/ 1If Covers .or Seat lldS ate required for soclOCultural or aesthetic -7' y'kq
reasons, then they. must be raised clear of the slab or seat so that an s
air space of at least 25 mm is-left when the cover or 1id is in the - .
"closed” position. Further. details are given'in the references referred A

to in footnote 2. LAt I S : o
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| Figure 6. S‘quaﬁt‘,'hovle ':géb»lmét.:f,»ies Sk
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Figure 7. Glass—fibef—reinforCed plaétic éovéf”fof»
cover slab for VIP latrines (

Kenya).

7




Figure 8. Ciass—fibér—reinforcéd' Tplé‘stic,pedﬁes"ta:livf' .
: seat for VIP latrine (Brazil).’
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24, The function of the superstructure of any type of latrine is to-

* view. The sdperstructure can be built in a wide variety of forms and fr

..’ 21 _tl

Superstrueture design

provide the user with privacy, comfort and protection from the elements. There dfr

are two additional functions 1n the case of VIP latrlneS' (a)' to provide
sufficient shade over the squat-hole S0 that newly~ emergent flies arg. not ;
attracted to leave the pit via the squat—hole, and (b) to channel air through -
‘the squat-hole and up the vent plpe, in order to control both fl1es and fecal‘
odors. : o p »

—

25. 4,Prov1ded the superstructure is able“to perform these funct1ons, 1
design details are relatlvely unimportant from a strictly technical point of

wide variety of materials [Figured 9 (a) through 9° (d)] ..In urban areas
materials such as brick, blockwork or ferrocément are often used; thé- roo
be tiled or made from'a thin concrete, slab, corrugated steel’ or asbestos
cement sheet. . In rural s-areas, it is® generally more - approprlate to pse:local
materials such as mud and.wattle, thatch er sun-dried -earth blotks;'the roof ™~
is often made from thatch. The design adopted in any one locality | depends'
largely on social prefermgnce and the availability of materials, in| general ‘
the superstructurd. form should be architecturally 51m1lar to the-lpcal- houses,
and this principle™ normally determines what materials are used.v JIn. thig way -
not only are local sensibilities takenflnto account and so mot of ended but -
(especially in rural areas) traditional housebuilding skills can e used and
the householder knows how to repair the superstruoture for examp‘e after
damage during the ralny season. . o o ;'f

~ : S ,
26. Latrine entrance. Tradltronally the latrine is entered through a
doorway, with the door providing the user with privacy.. 1It-is very important
that the door remains closed while the latrine is not in use; if it is left IR
open, any newly-emergent flies in the pit will be presented with an RN . e
.alternative source of bright light and- they may not therefore try to escape
via the vent pipe, but leave the latrine via the. squat—hole and" "+
superstructure. Fly control, which is one- of - the principal. advantages -of. VIP
latrines, therefore becomes ineffec{ive. Self c1031ng doors can be’ used (a - P
counterweight attached to the top of the door via a rope and pulley is @Q'u”;,7g
sufficient ‘for thi rpose, as shown in the earlyfexample from the USA i' S
Figure 10). Alter )
this is often done
by. unauthorized pe
doors are used the
least three times tkt
the door to maintair
undesirable not only

©can’

ié]' The air space
~door, but- th1s

14/ P.R. Morgan and
__Recent Dem‘mntmli
Bank.




Figure‘Q.(af.‘ Ferrocement spiral VIP latrine

;'superétfﬁcﬁure (ZimBABWé)y L
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Brlck sprlal VIP latrine éuperstr cture
\ . with thatched roof (Zlmbabwe)
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Figure 9 (c).

.

Mud and wattle VIP latrine superstructure;

i w1th thatched roof ° (Zlmbabwe)
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: Figure 9 (d)." Precast ferrocement VIleﬁavf‘:Il'ine
\ _ -+ superstructure (Brazil).. = @
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