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DISINFECTION SYSTEMSOFAPPROPRIATETECHNOLOGYIN COCHABAMBA-
BOLl VIA

Alvaro Mercado,TecnicoInvestigador,Programade Aguasy SaneamientoAmbiental’

Bolivia is a countrylocatedin theheartof SouthAmerica,its economicalconditionsdoesnot
allow it to supply good quality water for consumptionto the most of the population,which
live in the country field, far from the main cities or in the penpheriesof them. The main
problem of thesegroup of peopleis that most of the water available is bacteriologically
contaminated,coming from rivers,channels,irrigation systemsor wells which areproneto be
in contactwith animalsorresidualscomingfrom otherorganisms.
No morethan40 percentofthepopulationis suppliedwith treatedwater,while morethan 50
percenthaveaccessto waterofnotcontrolledquality.
According to a study on mortality madein 1981, 34% of mortality is relatedto intestinal or
parasiticdiseases,whicharecommonlycausedby consumptionofbadqualitywater.
Sincemostof theaffectedpeoplehavelow income,aswell as low educationallevel in water
relatedhealthmatters;thesystemswhich intend to benefitthemshould be effective,versatile,
requiringof low maintenanceandoperationalskills.
Aiming to deal with situations like the above mentioned, the university of Cochabamba
(UMSS)by meansofProgramade Aguas,hasbeenworking in the improvingofthequality of
the waterby meansof appropriatedtechnologytechniques.Some of thesetechniquesarea
hydraulic chloridedosing system(alreadypresentedin the previoussimposium),and theuse
ofslowsandfiltration asdisinfectionmethods.
Programade Aguas,in collaborationwith EAWAG — SANDEC, also testedand verified, in
laboratoryandin field, thedisinfectionby solarradiation.
Summariesofthementionedtechnologiesarepresentedin thefollowing paragraphs.
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SOLAR WATER DISINFECTION FOR HUMAN CONSUMPTION w

Antecedent

Water disinfectionfor humanconsumptionis a requirementin regionswhere the water is
consideredasnot safe,sincecontaminationaffectsto mostofsurfacesources.This situationis
worst in arid andsemiaridregionswheredueto theshort rainy seasons,peopleis obligatedto
drink waterthat hasbeenstoredfor longperiods,or which is alsousedby animals.
The sustainabilityof a method is important, since even though a method is effective, its
sustainabilitydependson theoperationandmaintenanceof theusers.
In therural area,a sustainabledisinfectionmethodmustbe availablefor a commonfamily,
whichmeansthatit mustbe easyto understand,to operateandwith aminimumcost.
Temperatureis oneof theformsof eliminateorreducingthequantityofmicroorganismsin the
water. EAWAG — SAINDEC studiedthe sinergic effect of the pathogenmicroorganisms
inactivationby meansofthesolarradiationandheating,proposingSODIS asan alternativeof
waterdisinfectionfor low incomeanddispersedpopulations.
Programade Aguasperformeda field surveyto verify the acceptabilityof the peopleto the
proposedsystem.

Zone of theproject

It was located approximately to 90 km to the south of Cochabambacity, in a region called
Sacabamba.

Technical aspects

From experiencesin manycountriesit hasbeenshowedthat with two effectsof the solar
energy: the radiation and the heating, it is possiblethe disinfection of water for human
consumption.
Theprocessconsistson filling transparentcontainerswith waterandexposesthemto thesolar
light for somehours. Solarradiationinactivatesand destroyspathogenorganismspresentin
water,withoutchangingthetasteandodor.
The solar disinfection occurs evenwith solarradiation intensitiesof a partially cloudy day
(350 to 400 W/m2in Cochabamba).Lower intensitiesmayrequirea longerexpositiontime.

Materials

The testedcontainerswerethe availablein the region,plastic andglassbottlesof carbonated
beverages.Among the plastic bottles, two types were tested: the non-returnableand the
returnableones.Also especialplasticbagsprovidedby EAWAG-SANDECweretested.
Materialsusedas supportof the bottles were also tested:concrete,wood, and metal plates
(usedfor coveringtheroofs).



Laboratory tests

For different expositionperiods,water,air temperatures,aswell asradiationwererecorded;
alsowatersampleswere takento analyzetheexistenceoffecalandtotalcoliforms.
It wasalsodeterminedthatthebestsupportsfor thebottleswerethemetallicones.
From a comparisonbetweencontainers:non returnableplasticbottle, returnableplasticbottle,
glassbottles, and SODIS bags,the oneswhich highertemperaturereachedwere the SODIS
bags,followedby returnableplasticbags.(seefig. 1 and2)
Thefecal coliform remotionwashigherin theplasticbottlesthanin theglassbottles.

People’sparticipation

The introductionofthe SODIS methodwasmadeduring theperiodic communitymeetings.
The relationshipbetweenthe water quality and the diseasesbesidesthe importanceof the
disinfectionwereexplained.Mostoftheexplanationsweremadein thequechualanguage.
Thepeoplewho initially workedwith thedisinfectionsystemwerechosenfrom theresultsof
asurvey,accordingmainly to theirinterestandeducationlevel.
Starting from 5 familiesusing the disinfectionsystem,more families askedfor workingwith
thedisinfectionsystem.
Themain meanof diffusion ofthe methodwasthe commentariesof the userswith theother
peopleoftheregion.Anotherform ofdiffusion wasthedesignanddistributionof graphicand
easyto understandeducationalcharts,amongtheinterestedpeople.

Asessmentof theproject

It wasmainly doneby meansofperiodicvisits that includedcollectionof samplesfor analysis
of pH, conductivity, turbidity, temperature,total andfecal coliform, previouslyand after the
treatment.
Most ofthewaterusedby thepeoplehadthefollowing characteristics:
Turbidity : 25 NTU
Conductivity : 15 — 80 ~tmhos/cm
Salinity : 0.01 — 0.03 mg/L CaCO3

Conclusions

• Theefficiencyof thesolardisinfectionwasprovedin thefield.
• Total and fecal coliform removal hasbeenprovedto be in the order of 90% evenin

partially cloudeddays.
• In a partially cloudedday the removal from 1910 to 310 coloniesforming units/lOU ml

wasachievedwith amaximumtemperatureof 34°Cin theglassbottles.
• The parameterconsideredmore important in the tests is the solar radiation for

Cochabamba(2600masi) andSacabamba(3200masi).
• The containersusedin the field were thereturnableplastic bottles,sincetheseare more

resistantthantheothertestedplasticcontainersandarelessfragile thantheglassbottles.
• Theuseof ametallicsupportunderthebottles improvesthe efficiencyof themethodsince

it increasesthetemperaturethat thewaterin thebottlecanachieve.



• Thebestperiodof time to obtainmaximumtemperatureandsolarradiationis between10
and15 hours.

Figurel.- Variation of temperaturefor differenttypesofsupportfor SODISbags.Variationof
solarradiationwith time. Themeasurementsstartedatthesametime
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Figure 2.- Variation of removal of coliform, with the exposition time and the type of
container.Variationoftemperatureofthewaterin thecontainer



EVALUATION OF THE CHARACTERISTICS OF SAND FOR SLOW FILTRATION
(2)

Antecedent

Thediametersofsandusedfor slow filtration accordingto literaturego from 0.15 to 0.30 mm,
which is usually difficult to fulfill. A slow sand filter to be consideredof appropriated
technologyshouldusematerialsavailablein theareaofuse.

Objective

Themain objectiveof thiswork is to determinewhethertheuseof highersanddiametersthan
theonessuggestedby literature,modifiestheefficiencyof removalof microorganismspresent
in water.

Methodo1oi~y

1. Evaluationin field of pilot slow sandfilter whosesanddiameterrangesbetween0.15 and 1
mm. This pilot filter receiveswater from othergravelfilters. It is locatednearTaratacity,
approximatelyto 40 km ofCochabambacity, andto anelevationof2800masi.

2. Evaluationin laboratoryof two sandfilters:
3. Sanddiametersrangingfrom 0.15 mmto 0.60 mm
4. Sanddiametersrangingfrom 0.60mmto 1.0 mm

Experiments

Imtially for both the evaluationfilters (for thepilot plant andthe laboratoryfilters) the sand
wasselectedand cleaned.Thecleaningwasperformedwith chloridesolutions,which left the
sandsdisinfectedandfree ofestrangeadheredparticles.
Thepilot sandfilter wasconstructedafter3 gravelfilters, it had a internaldiameterof0.80 m
andahighof2 meters,with afiltration thicknessof 1 m.(Seefig. 1)
Thenthetwo laboratoryfilterswereconstructedin 6” pvc pipes.(Seefig. 2)

Results

Pilot sandfilter (diameterbetween0. 15 and1.00mm)
Date Turbidity

Entrance
NTU

Turbidity
Outlet
NTU

Iron
Entrance
Mg/L

Iron
Outlet
mg/L

Fecal
C/IOOml
Entrance

Fecal
c/lOOrnI
Outlet

Total
C/lOOm)
Entrance

Total
C/lOOml
Outlet

28/10/94 24 69
29/10/94 23 66
30/10/94 62 69
31/10/94 12 57
01/11/94 37 108 072
03/11/94 27 75 026
04/11/94 135 100 020 038 28 0 70 0
07/11/94 43 83 015 053 6 1 14 1
11/11/94 17 4.8 007 016 4 0 16 2
13/11/94 107 64
14/11/94 105 75



Laboratorysandfilters
Parameter Rawwater Prefilter Filter 1 Filter 2
Sanddiameter(mrn) 015—06 06—10
Sand bed thickness (cm) 84 80
Filter diameters (cm~
Infil~ationarea(cm)

15 2
1767

15 2
1767

Flow çL/sec)
Filtration rate (m /m

2 h)
0 00070
0 143

0 00075
0 153

Turbidity (NTU) 7 7 4 4 2 1 3 0
Color (APHA) 140 80 40 50
Fecal coliforms (UFC/iOO ml) TNTC 10 0 0

From the last table it is possibleto see that 100% of the bacteriologicalcontaminationis
removed.Also theturbidity andthecolorarereduced.

Conclusions

• Theresultsshowthat it is possibleto usehighersanddiametersthantherecommendedby
literaturefor slowfiltration.

• The efficiencyof thefilter increaseswith thepercentageof fme particles,but its life also
decreases.

• Theremovalof fecal coliformsis 99.6%. Anotherimportantdatais that theheterotrophic
bacteriaareremovedin 96%.

• Slow sand filtration is an alternative for water treatment for human consumption,
especiallyin rural areas.



Figure1.- Schemeof thepilot plantwheretheslow sandfilter wasinstalled
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Figure2.- Schemeof the laboratorySandfilters.



UNIDADES EXPERIMENTALES DE FILTRACION
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CHLORIDE DOSIFIERS FOR DISINFECTION OF HUMAN CONSUMPTION
WATER WITH APPROPRIATED TECHNOLOGY (3)

Antecedent

Thedisinfectionin water supplysystemsof rural areasis an importantrequirementand at the
sametime oneofthe mostdifficult to achieve,mainly due to the quality of the constructions
ofthesupply systemsandthecapacityoftheuserpopulationto maintainandoperateit.
Theproblemworsensbecausemost of the institutions in chargeof the constructionof water
supplysystemsprovideonly waterin pipes,butmostofthetimes notdisinfected.
Thereare still someproblemswith thetraditionaldisinfectionsystems:
• Dosingproportionalto thevolumeofconsumedwater.
• Overflowofthestoragetanks,loosingin thisway thedisinfectantsolution.
• Permanenttechnicalcontrolofthedosingsystem.
• High costsofimporteddisinfectionequipment,which in manycasescannot bemaintained

andoperatedduelimitations oftheusers.
By reasonslike the abovementioned,since1991 the Programade Aguas de la Universidad
Mayor de SanSimon, startedthestudyof a clorinationwith appropriatedtechnologyfor rural
areas,totally hydraulic,andfor usein gravity andpumpingsystems.
This systemhasbeenappliedto small watersupplysystemsespeciallyin theChapareZone,of
Cochabamba,but alsoin otherpartsofBolivia.

Technical characteristics

For thechlorine dosing is useda venturi pipe,which is usuallyusedto measurethe flow rate
in pipes. It is composedby a convergentconic section,a throat, and anotherdivergentconic
section,aschemeofthedeviceis showedin thediagramshowedin fig. 1.
Therearetwo possibilitiesof applicationoftheventuripipe:
• Directly applyingtheventuripipe in thebody of themainpipe. This form is usedwhenthe

diameterofthepipe is smallerthan2”.
• With a “by pass”.In this methodtheventuri is fitted to apipewhich is parallelto themain

pipe, but it is connectedto it upstreamand downstreamthe venturi, being of smaller
diameter.This way of fitting is usedwhenthe pipe by which the water flows has a
diameterbiggerthan2”.

Many laboratorytestsweremadeto seethevariationsofthedosing volumeaccordingwith the
flow in themainpipeandtheheadofthetankofdisinfectingsolution.
From laboratorytests,thefirst systemsfor realsituationin watersupplysystemswerebuilt.
Theneedofverifying andcontrollingtheconcentrationofdisinfectionsolutionin thenodesof
the water supply systems,impulsed to the design and constructionof device to know the
concentrationofchloridebasedin acolorimetrictechnique(colorimeter).
A simplified descriptionofthe equipmentis showedin figure 2.
• Containerfor thechloridesolution.(A)
• Y2” valve,usedto makethemaintenanceandrechargeof chloridesolution(B).
• Smallcontainerusedto regulatetheheadofthechloride solution©.
• Small diametervalve usedto regulatethe entranceof chloride solution to the mainpipe

(D)
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ig andregulatingthesolutionthatgoesin to themainpipe(E).
oncentrationofchloride in thewater(F).
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Figure 1.-Diagramofventuri
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Figure 2.- Descnptionoftheequipment

GENERAL CONCLUSIONS

Simple technologiesare acceptedmore easilyby peoplethanmodernones,sincethe simple
technologydevicesandequipmentscanbe repairedor replacedby users,orby personalwhich
canbepaidby theusers.

The appropriatetechnologiesarean alternativefor the developingcountries,mainly due the
low incomeof themostof thepopulation. thereforetheintendedassistanceto thesecountries
shouldbefocusedin the developmentof appropriatetechnologies.
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