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SUMMARY
Safeguardingpublic healthis themainobjectiveof
installinghouseholdsanitationsystems.Cleanlinessis
importantarounddwellings,particularlyin areaswhere
childrenplay,to reducethetransmissionof diseases
associatedwith infectedhumanfaeces.On-sitesystems
are usuallythe only sanitationoptionsavailableto most
househoidsin developingcommunities.Exceptfor
somemain city centres,full sewerageis notgenerally
possible,dueto the highcost andlack of areliable
watersupply.

Thereare particularaspectsof latrine designand
constructionthatcanhaveconsiderableeffectson
insectpopulationsbreedingin latrines,eg flies,
cockroachesandmosquitoes.Not on]y are they
nuisancepests,they canalso becarriersof senous
diseases.

Attention to good constructionandregular
maintenancecancontrolinsectpopulationsin latrines,
without relianceon expensiveinsecticidetreatments.
Insecticidescankill off insects,butremfestationsare
likely, unlessaccessto attractivehabitatin latnnepits
andtanksis prevented.
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HEALTII ASPECTS OF LATRINE
CÔNSTRUC’HON
by R F Carroil C EngM 1 MechE

1 INTRODUCTION
The installationof householdtoilets (latrmes)provides
a way of helpingto keepthe groundcleanaround
dwellings,by the collectionandisolationof possibly
harmful humanexcretaContactwith suchwastesby
people,insectsandanimalscanspreaddiseasesif there
are pathogenicorganismspresent.

Forthe majority of househoidsm the growingsemi-
urbanpopulationsin thedevelopingcountries,forms of
on-sitesanitationare generallythe only options
available.Water-bornesanitation(sewerage)is only
possiblewherethereis a sufficientandreliablewater
supply Otherconstraintson sewerageprovisionare the
highinitial costandthe ongoingsen’icecost of sewage
treatmentanddisposal

Two formsof pit latrine12,eitherdry pits (Figures1 and
2) or pour-flush(Figures3 and4), predominatein most
developingcountries.Aquaprivies3(Figure5), which
work assmallseptictanks,are fairly commonwhere
sufficient wateris available.However,becauseof
frequenteffluentsoakawayproblems.aquapnviesare
notnow generallyrecommended.

Sanitationsystemsneedto beselectedto suit site
conditions4,beaffordableandproperlyconstructedIt
is essentialthat usersknow how to maintaintheir
system,andbe rootivatedto do so.

Theprovisionof latrinesaloneis notsufficient to
control thetransmissionof diseasesof faecalorigin.
Washingthe handsafterdefecationandbeforeeatingis
of prime importancein protectingfamily health.Small
childrencommonlyputpossiblyinfectedobjects,as
well as theirfingers, into their mouthswhenplaying.

Figure3 Pourflushlatnne,singleordoubleernpiyablepit

Childrensfaecesaremorelikely to be mfectedthan
thoseof adults,particularlywith worm eggs.

ThisNote describesthe commontypesof on-site
sanitationsystemin developingcountries,and
highlightsparticularfeaturesthat canhavepublic
healthimphcations.Adviceis givenon waysof reducing
infestationsof insectsthatarenotonly nuisancepests,
butmayalso be carnersof disease.

2 DISEASE AND SANITATION
It is notonly for aestheticreasonsthathousehold
latrinesaredesirable.Directcontactby peoplewith
infectedexcretais a likely way of spreadingdisease
withm thecommunity.Insectsandanimalscanbe
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Figure1 Ventilaled improvedPit (VIP) latnne
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Figure4 In-housepourflushlatrine,singleor doubleemptyablepit

Gas

Figure S The Aquaprivy The typeB, usedin Botswina

carriersof diseaseandcanpasson harmfulorganisms,
by contaminatingfood andwater suppliesto be
consumedby humans.

Mosquitoescanbreedin latrineswith accessiblefree
water.Theydo nottransmitexcretedinfectionsasdo
flies andcockroaches,butcancarry otherdiseases
which theycanpasson,suchasmalanaandfilariasis
(elephantiasis),becausethey bite andtakebloodmeals
from humanswho may alreadybe infected.

2.1 Excreta related diseases
Thereare a rangeof bacteria,viruses,protozoaand
worms that canbe camedin humanexcreta.They
occurwidely in tropicaldevelopingcountrmes5~6.
Bactena,virusesandprotozoaarethe causeof many
diseasesin humans,suchas dmarrhoeas,dysenleries,
typhoidfever andcholera.The diseasescausedby
worms,suchashookwormandroundworm(ascariasis),
aremainlydebilitatingandarevery commonin
developingcountnes.Hookwormsusuallygamnentryto
thebodyby penetratingtheskin of thefeet.Theycan
be foundon faecallycontaminatedgroundsurfacesor
latnnefloors thatarenotkept clean.Ascanseggscan
fmnd their way into the intestmnevia themouthand
unwashedhands.

2.2 Latrinesanddiseasetransmission
Tiansmissionof disease-causingorganismsfrom in or
arounda latrine,is dueeitherto directhumancontact
with pathogeninfectedfaecesor via infectedinsects
andanimals.Insectssuch ashouseflies,blowflies and
cockroachesmnhabitandcanbreedin latrinesthatstore
humanexcreta.A wetor dry pit latrine is anideal
habitat,providmgfood,waterandshelter.Transmission
of pathogensby flies andcockroachesis by contactwith
man’s food,andeatingutensilsandcontainers,either
with their feetor bodyfluids.

Cockroaches,particularly thelargeAmerican
cockroach,are commonlyfoundin unsealedpit Iatnnes
andsometimesin aquaprivy tanks(Figure6). The
habitatis generallyideal andit is probably
overpopulationthat causesmigrationto otherlatrines,
andinto housesandotherbuildingsthatprovidefood,
water,warmthandshelter.Storedfoodstuffscanbe
contaminatedby contactwith cockroachfaeces,
depositedduring feeding.A rangeof viable pathogens
of humanfaecalorigmncanbefoundin a cockroach
gut7, andcanbereadilytransmittedon food.
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Figure6 Cockroachesandfly larvaein poorly sealedaquaprivy tank
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Mosquitoesalsowill breedin latrinesandtankswhich
haveexposedfree water(Figure7). In areaswhere
diseasessuchasfilariasis andmalariaareendemtc,
sealingor screeningof pitsandtanksagainst
mosquitoesis important(see 3.3).

3 LATRINE CONSTRUCTION
The generaldesignandconstructionof variouslatrtne
systemsis well documentedt~23.5Thechotceof building
materialsfor latrinesis largelygovernedby whatis
availablelocally at an affordableprtce.However,
whateverbuildingmaterialsareused,egconcreteblock
walls andgalvanisedsheetsteelroof or mudwalls and
thatchedroof, it is importantthat effectiveperformance
is achievedandmaintained.Good latrine designand
construction,coupledwith properuseby thewhole
family andregularmaintenance,are essentialto
safeguardingpublic health.

Thereareseveralaspectsof constructtonthat need
particularattention,suchastheprovisionof an
effectivescreenedventilationpipe oti latrineswith
inletsnot fitted with a waterseal.The ventilationpipe
is necessaryto eliminateodour,which is notonly
offensiveto humans,butcanalsobean attractionto
insects.Anotherimportantaspectis effectivesealtngof
joints in floor slabsandaccesscovers,so that insects
cannotgainaccessto faecalmaterial.

A form of pit latrine that doesnotneedtheventilation
pipe of VIP latrinesandaquapnvies,is the ‘pour-flush
latrine’ (Figures3 and4), commonin partsof theworld
wherewateris usedfor analcleansing.It is apit latrine
that incorporatesa low volume watersealpant5.The
panis flushedwith only oneto two lttresof waterfrom
ahand-heldcontainer(hencethe name pour-flush’).
The watersealpreventsthe passageof insectsand
odoursbetweenthetoilet superstructureandtheptt
contents.However,greatcareis requiredto ensure
insect-proofjointsto preventaccessto the ptt contents.

3.1 Preventinginsectinfestations
The initial attractionfor tnsectsto seekentryto a pit
latrineor aquaprivy is probablyodour The main
featureof VIP latrinesis theventilationpipe which is
fitted to conveyodorousgasesawayfrom the toilet
compartment,to dischargeoutsideandabovetheroof.
Thefitting of a ventilationpipe canremoveor greatly
reduceodoursthat couldotherwiseattractflies insidea
latrine pit or tank

Oncea gravid fly entersapit or tank,eggsarelaid and
subsequentlyhatchto producea furthei generation.
Flieshatchingout tn apit will attemptto migrate
towardthebrightestlight source,eitherthe inlet hole if

uncoveredor the light visible througha vertical
ventilationpipe. It is important therefore,to ensure
that theinsideof thetoilet superstructureis normally in
semi-darkness,in casethe inlet hole is left uncovered1f
the pipe outletabovetheroof is coveredwith a fly-
proofmesh.emergingflies are trappedandeventually
die. It hasbeenreportedthat 90% of flies hatchingin a
pit latrine havebeenkilled in this way8.

Hatchingmosquitoesdo notso readily fly towardthe
light. Experimentswith unscreenedventilationpipesin
BotswanaandTanzaniashowedthat67% of Culex
mosquitoesemergedfrom apit throughtheventilation
pipe, theremainderemergedfrom the inlet hole8.

To combatemergingmosquitoes,in additionto a
screenedventilationpipe,a meshtrapcanbe fixed over
theinlet holewhenthe toilet is not being used
(Figure8)5.6. The latrineinlet holeshouldnot be
completelysealed,as thatwill greatlyreducethe
desirableup~vardflow of air andfoul gasesin the
ventilationpipe.To maintain the ventilatingeffect,air
mustbe allowedto entera pit throughthe inlet hole.

Figure8 Mosquitoandny trap for latrine inlet hule
(variationof pedestalinseettrap-——-seereferenee8)

Othermosquitobreedingcontrol measures,alternative
to themeshtrap,havebeenfoundto beeffective.A
commonmeasureis to float usedengineoil onto the
watersurface.to cut-off the air supplyto any mosquito
larvaesuspendedin the surfacefilm, andprevent
subsequentegg laying6.Yet anothermethodis to float
expandedpolystyrenebeads,ideally a 20 mmthick

Figure7 Mosquitolarvae from septietank soakaway
(exposedwatersurfaee)
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layerot 2 mm diameterbeads,onto the watersurfaceto
preventegg laying ~

An importantaspectof the mosquitocontiolmeasures
describedabove,is that of ensuringthecontinuing
presenceof theselectedbarrier.The ownersof the
latrine systemshouldunderstandthereasonsfor
particulardesignfeatures,andthe needfor regular
inspectionandmaintenance.

Geckos(houselizards)are usefulpredatorsof both
flies andmosquitoes.Theirpresencein andaroundpit
latrinescanhelp to controlthe numbersof these
insects.

3.2 Ventilation pipes
Theobjectiveof installingaventilationpipeandwall
openingsin a latrine superstructure,is to allow thewind
blowing acrossthe open pipeendabovetheroof, to
generaleanupdraftin the pipe.Thissuctioneffectwill
slighily reducethe pressureinsidethe pit or tank which,
in turn, will drawair in throughthe inlet hole.To assist
the flow of air, it is importantthat thepressureinside
the superstructureshouldbeslightly higherthan
outside.Thiscanbeachievedby locatingmajor wall
opcningsto face theprevailingwind (see3.4)

Ventilation pipescnn bemadeof a variety of durable
materials,egplastics,asbestoscement,pitch fibre or
renderedmasonry.Fora pipewith a smoothinternal
surface,suchasUPVC, a lOOmm diameterpipeis
generallylarge enough The pipeshoulddischarge
outsideandabout500mmabovethe roof of thelatrine
supcrstructure.andtheoutletendshouldbesecurely
cappedwith an insectscreen(see3.3). Forrougher
surfaces,suchassand/cementrenderedmasonry,a
1 9Ommsquareor 200mmdiameterpipeshouldbe a
minimumto ensureanadequateupwardairflow9.

The ventilationpipe shouldbesecurelymortaredinto
thebaseslab overthe pit or tank (Figure9), so that
insectsare unableto passoutsidethe pipe.Ventilation
pipesshouldpreferablybe vertical, to maximisethe
effectof the wind blowingacrosstheopenendand
draggingair andfoul gasesup thepipe. However,wind
tunnel experimentsat the Building Research
Establishmenthaveshownthat 100 andl5Omm, UPVC,
ventilationpipescanbe out of vertical by over20
degreesbeforethe wind inducesacontinuous
downdraft in the pipe.Otherreasonsfor installing
ventilationpipesvertically, are to maximisethe light
visible from insidethe pit andfor good appearance.
Therefore,to allow someconstructionflexibihtywhile
ensuringeffectiveperformance,it is recommendedthat
the ventilationpipe shouldbeno morethan 10 degrees
from vertical (Figure10). Preferably,any inclination
shouldbe away from the prevailingwind.

3.3Jnsectscreens- materials and mesh sizes
Insectscreensmustbe madeof durableniaterial.A
screenmustbesecurelyfixed in positionandbe insect

Figure9 Ventilation pipesecurelymortaredinto a
pit latnnefloor slab— insectproofjoint

F’igure10 Smoketracerdrawnup inclined (100)
ventilationpipedue to wind acrosspipeend
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proof (seeTablefor meshsizes) Screenmeshesshould
havea maximumopenarea,of theorder of 60% or
more,sothat airflow throughthe sereenis not
cxcessivelyrestricted.The idealmaterialis stainless
steelwovenwire mesh,whichcanlastindefinitely. A
cheapermaterialis PVC eoatedglassfibre wovenmesh.
This fabric meshcanhavea life of severalyearswhere
thereis no risk of mechanicaldamage.Iron or steel
meshes,evenif zinccoated,are liable to corrode
quickly whenusedto sereenlatrine ventilationpipes.

Meshsizesto exeludeinseets.

Aperturelength Insectsexcluded
(sq)

2.27mm 1-louseflies,blowflies
1.30 mm Mostmosquitoes
1.15mm All mosquitoes --

Basedon datafrom ‘InseetsandHygiene1°

When1.JPVCorpitch fibre ventilationpipesare used,a
stainlesssteelmeshdisccanbe fitted into astandard
plasticeapfitting 1f the disc is cut at least5mmlarger
thanthe capinternaldiameter,it will deformslightly
into a shallow dome(Figure11). The capshouldbe a
tight fit on the pipeor besolventweldedinposition.1f
a suitablestandardcapis not availablefor aparticular
pipe material,stainlesssteelmeshor PVC coatedglass
fibre meshcanbe wrappedoverthepipe endand
tightly boundwith rust proofwire to secureit.

Whatevermaterialis usedfor theinsectsereen,dirt
foulingmayeventuallyoceur,partieularly if birds are
attraetedby trappedflies to perehon the sereen.
Regularcheckingthat the sereenis intact is important.
The meshshouldbe eleanedif theopenareais
obstructed,to maintain the ventilatingairflow.

3.4 Wall openings
Latrinedoorsshouldbe kept closed,to keepthe inside
in semi-darkness.Suffieientlight for toilet usersshould
be availablethroughthe wall openings.[t is important
that the brightestlight visiblefrom insidethe pit or
tank,shouldbeseenthrough theventilationpipe,to
attraetany emergingflies.

Wall openingsin latrine superstrueturescangreatly
affectventilationpipe performanceandtherefore
odourpresenceIdeallythe doorshouldfacethe
prevailingwmd, so that if the dooris aeeidentlyleft
openthewmd will slightly pressurisethe superstrueture
andpreventfoul air from flowing backthroughthe inlet
hole Theie shouldbea 75mmgapprovidedabovethe

- çJ.oseddoorto maintaina positivepressurein the
superstrueture.It is useful to havea vent of variable
area(with a maximumarealarger than theopening
abovethe doQr) in thewall oppositethe door, to be
us~dif thewind directionprodueesa suctioninsidethe
toilet superstrueture.This negativepressurewould be
indicatedby the presenceof offensiveodour,causedby
foul gasesflowing backthrough the latrine inlet hole.

3.5 Sealingaccesscoversand floor slabs
It is aeornmonfault in latrine construetionfor gapsto
existbetweenpit or tank hnings,aeeesscoversandfloor
slabs(Figure12).Flies,mosquitoesandeockroaehes
canoftenfind easyaceessto faecalmaterialthrough
suchgaps.Greatcareshouldbetakento sealall joints,
partieularlyafteraecesscovershavebeenreplacedafter

Figure II Inseeisereen— domedstamlesssteelmeshin standard
iüOmmUPVC pipefitting £

Figurefl Inseetaeeessthroughunsealedjoints in eovesof pit latrine
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desludging.Damagedcoversshouldberepairedor
replaced.Sealingjointswith weakcement:soilmortar
(1:10or t:12mix) is generallyadequate.The mortar
shouldnot be too strongso that thejoints eanbe
purposelybrokenagainwhenrequiredfor aecess.

Joint designbetweenconcretecoverslabsshouldbeas
simple androbustas possible.A simpleveejoint
(Figure13),thatcanbe easilysealedwith weakmortar,
canbe quite adequate.Coverandfloor slabsshouldbe
beddedin similarweakmortaronto the pit or tank
lining. Whereavailableandaffordable,pit andtank
aeeessopeningseanbe eoveredby eastiron orpressed
steelcoversin frames,that canmorereadilyprovidea
reliableseal.

Verybasieandlowest eostpit latrinesmustalso be
carefullysealedto preventaceessby insects.Pole
floors, for example,canbe madeinseetproofby
plasteringall gapswith mud, preferablystabilisedwith
cement,lime or bitumen.The sameinseetsereening
reeommendationsfor theventilationpipe shouldapply,
eventhoughthe ventilationpipe mayhaveto bemade
from adobemasonryor otherlocally availablematerial.

With effeetivesealingof joints,eliminatingmasonry
eraeksandfitting an inseetsereenandtrap to
ventilationpipe andinlet hole,almostcomplete
eliminationof inseetaceesscanbeachieved

4 INSECT CONTROL W!TH INSECTICIDES

4.1Theuseof insecticides
The regularuseof inseeticidesto control infestationsof
flies andcoekroachesin andaroundlatrinesis not
reeommended.It is usuallymoreeosteffeetiveto
reducetheinitial attractionto inseets,andthe available
habitatto preventbreeding,ratherthanrely on sprays
andbaitsfor control.However,oceasionaluseof
inseeticidescanbe a usefulwayof reducinginsect
numbers,while at the sametime takingstepsto reduce

habitatandattraetions,suchas odours,Lood supplyand
bodiesof aceessiblepollutedwater.

Repeatedapplieationsof manyinseeticidescanleadto
inseetsaquinngresistanee.Whererepeated
appheationsof inseetieideare unavoidable,aquired
resistaneecanbeminimisedby varying thetype of
inseeticideused.

Therecanbe harmfuleffeetson operativesusing
inseetieides,unlessoperativesaretrainedin their use
andtheywearproteetiveelothingandmasks.The
ehoieeof insectieidemay belimited in somedeveloping
eountries;the less preferredtypesmay betheonly
inseetieidesavailable.Also, for domestieuse, -

insecticidesmay notbe affordable.

Greatcareis iiéedédwhenusinginseeticidesnear
watercoursesandin the disposalof containers.All
msectieidesare partieularlytoxie to fish.

Wherethereareinfestationsof cockroachesin pit
latrines,it is sometimesanoption to spray(‘fog’) thepit
whenit is to be desludged.Theinsidesurfaeesshould
besprayedimmediatelyon openingthe accesscovers,
to cover asmanyinseetsaspossible.This treatmentwill
alsoeliminate fly larvae at the sametime.Attention
shouldbe paid to moreeffectivesealingif such
infestationsoccur.

4.2Typesof insecticide11
Thecontrolof populationsof flies,eockroaehesand

--mosquitoesis usuallywith contactmseeticides.They
fall into two groups,non-residualandresidual

Non-residual insecticides.The best knownnon-residual
insecticideis pyrethrum,whieh is anaturalinsecticide
denvedfrom pyrethrumflowers.An extractfrom the
flowersis usuallydilutedwith kerosineandusedasan
atomisedspray.The insecticidaleonstituentsof natural
pyrethrumareunstablein light andair, andsohave
virtually no long-lasting(residual)effect.

Naturalpyrethrumandsomesyntheticpyrethroidsare
veryquiek-actingandareusefulfor immediate
alieviationof biting insectsor to knock down
eockroaches.However,largerinseetssuchas
coekroachesandblowflies,canrecoverfrom this
knockdown’effectandso a killing agentis addedto
the sprayformulation.Aerosolcontainersof insecticide
aresometimesavailableandareconvenientto knock
down fastmovinginseets.

Residual insecticides.Residualcontact insecticidesare
stable,organiechemicalswhich, whenappliedto a
surfaee,remamtoxic to insectsfor severalmonths.
However,manyonee-commonresidualinseeticndesare
now knownto be healthhazards.Theyhavebeen
classifiedby the World HealthOrganisation(WHO) as
being hazardousto humansin varyingdegrees,eg
malathionis ‘slightly hazardous’,ehlordaneandDDT
are ‘highly hazardous’,anddieldrin is ‘extremely

Vee jo)ni sealed
w)Ih weekmoriar

Figure13 Veejoint betweenaccesscoversand
floor slabsof a pit latrine
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hazardous.Useof theseorganochlorines, 7 REFERENCES
organophosphatesandcarbomatesshouldonly beused
with strict control,andby trainedandprotected
personnel.(Seeref 11 for morecompleteinformation
on insecticides,including types,namesand
applications).

Stablesyntheticpyrethroids. Whereasall insecticides
aretoxic to humansto somedegree,the synthetic
pyrethroidshavebeenmainly classedby theWHO as
being‘unlikely to presentan acutehazardin normal
use.Stablesyntheticpyrethroidsnow existwith
residualeffectscomparablewith otherconventional
residualinsecticides.Two examplesof stablesynthetic
pyrethroidsare permethrinanddeltermethrin.Theyare
veryquick-acting,havelonger-termresidualeffectsand
areeffectivekilling agentsfor flies andcockroaches.
Theyarecommonlymarketedasdornesticsprays.

5 CONCLUDING COMMENTS
In this OBN, designandconstructionfeaturesof
latrineshavebeenhighlightedthatcangreatlyaffect
the healthof usersandthe generalcommunity.The
contaminationof food by flies andcockroachesis not
uncommonin communitiesthat haveon-sitesanitation
systems.A latrine that only servesto collectandstore
excreta,while probablyimprovingthe general
cleanlinessof the surroundingsof houses,canalso
provide idealinsectbreedinghabitat.It is importantto
preventaccessto apit or tank by potentiallydisease
carryinginsects

By properlyconstructingandmaintaininga latnne,a
greatreductionin fly andcockroachpopulationscanbe
achieved.However,careis requirednotto providean
attractivehabitatinsidea dwelling.Foodshouldbe
coveredto preventcontactby insects.Dampnessand
dirt shouldbediscouraged,to reduceattractivehabitat
for insects.All thesemeasurescanbenefitindividual
andcommunityhealth.

Mosquitopopulationscanalsobe reducedby improved
latrine construction.However,this is unlikely to be 50
significantasfor flies andcockroaches,unlessother
bodiesof standingwater areprotectedto prevent
mosquitobreeding.
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