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Dear Sir/Madam,
Please fi.nd encioseda draft report of a study concerning the identification of research
priorities for the waste water problem in the deve1opln~countries.The study was carriedOut
under the Netherlandsdevelopmentcooperationresearchand techs~o1ogyprogramme.

The airn of this programmeis to developnew methods, techniquesand policy measuresfor
dealing with the problemswhich occur In the developmentprocessesof various developing
countries. Many researchproposalshave been financed under the programmeafter being
carefully assessed.On the basis of experienceof this reactivepolicy, which involves simply
awaiting proposalsand assessingthem,efforts are now being madeto find a procedurewhich
would entail an active policy of identifying priority needsand the associatedquestionsthat
needto be investigated.

There are several possibleprocedureswhich could be adoptedfor identifying questionsfor
researchpurposes,all of them having their own procedural,substantiveand financial pros
and cons. It is important, however, that the opinions of the experts in the developing
countriesin the field concernedare takeninto accountas fully as possible.

It has beendecidedto identify the questionsconcerningthe wastewater problemon the basis
of the reaction.sof expertsfrom developingcountriesto the study, which presentsthe views
of Dutchexpertsinvolved in activities in developingcountries.The dangerof this methodis
that it gives the impression that the donor organisationhas already decidedwhich research
projects will be financedand that opinions are only requestedform the Third World as a
forniality. The intention, however, is that the views of your Dutch colleagues should
encourageyou to highlight the needs and research questionswhich you have identified
yourself. 1f the reactionsreceivedfrom the Third World show that there is a dearneedfor
researchon the waste water probleni in the Third World, the next step in the procedurewill
be to ask for researchproposals, with priority beleg given to the questions raised most
frequently by respondentsin the Third World.
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Your participation in this procedurewould be particularly appreciated.Your are therefore
invited to send your suggestionsfor researchquestionsconcerningthe wastewater problem to
the Head of the Section for Researchand Technology, via the Dutch Representationin your
country, by October 1990. 1f you are of the opinion that someoneelse would be better
equippedto carry Out this request,pleaseprovide him with thesedocuments.It would also be
appreciatedi~you would supply their namesto the Dutch Representation.

1 would like to thank you for your cooperationand look forward to receiving your reply.

Yours sincerely,

,~
K. Soels

Head,Section for Researchand Technology
For the Minister for DevelopmentCooperation
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1. INTRODUCTION

Adequateprotectionof theenvironmentis vitally importantfor the healthandweli-beingof
all living creatures.

Considering the world-wide deteriorationof the environment,it is of utmost importancetofind sustainablesolutionsin the very nearfuture, for prosperousindustrializedcountriesas
well as for developing countries. For adequate environmerital protection, methods and

measures which lead to a maximumof recyclingand a minimum of consumptiveuseshouldbe developedand implemented.
In part, the environmentalproblems faced by developingcountriesare similar to those in

U developed countries (pollution problems). The greatest problems however, arise fromenvironmental destruction and exhaustion such as massive deforestation, erosion and
desertification and selling off of basic resources becauseof extreme poverty. Many

developing countriessuffer from energyand resource shortages as well as insufficient foodproduction.Simple, inexpensiveandintegratedenvironmentalprotectionsystemsare urgent!yneededwhich combinepurification with recoveryandreu.se, e.g. in the agriculturalsector
(food production).

Within the context of the Dutch developmentcooperation policy, the Research and
Technology Programintendsto stimulate the developmentof new methodsand techniques

whjch
can be replicatedand used to solve strucruralproblemsin developingcountries.The

program is also geared towards strengthening the research capacities of developing
countries by arranging, wherever possible, for activities to be implemented in their
institutions.

The Researchand TechnologyProgramhasstarted to develop3-5 yearresearchprogramsin
severalsubjectareasof attention basedon position papersdescribingtheseareas’needsfor
research.

In 1982 the program began supporting research activities in the field of wastewater
collection andtreatment.Since that time the number of submittedprojects in this field has
increased.

The objectiveof this position paperis:- to identify and discuss problem areas (technical and non-technical) in the field ofwastewatercollection, treatmentand reuse;
— to identify fields which needresearchefforts in the nearfuture (taking into accountthe

specific Dutch expertiseassessedin the light of expertise available in other countriesand donor organizations)which could possibly be supportedby the Dutch Researchand
TechnologyProgram.

This position paperfocuseson low-costmethodssuitablefor developingcountries,which aresimple in design,operarion,constructionand maintenance.

In Chapter 2 a concise overview of the knowledge available in waste water collection,
transport,treatmentand reuse is presented.

In Chapter 3 Dutch policy in the field of liquid waste is presented. In Chapter 4 an

inventory of activities in the field of liquid waste which may be interesting for developingcountriesis given.

In Chapter S there is a shortdescription of policy and activities of bilateral and multilateral
donor organizations.

Many people and organizations are involved in research and implementation activities.

Frequent problems which arise during the execution of these activities are described inChapter 6.
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In light of ResearchandTechnologyProgrampolicy andspecific Dutch expertiseas well as
the needs of developingcountries, a priority list for researchwhich could possibly be
supportedby the Dutch ResearchandTechnology Program is also presentedin Chapter6.
A priority list for researchand recommendationsis presentedin Chapter7.

This draft is being circulatedfor commentto interestedpartjes in developedanddeveloping
countries and internationalorganizations.
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2 ENVIRONMENTAL PROTECTION AND RESOURCE RECOVERY & PRESERVATION

2.1 INTRODUCTION

The most effective solution for controlling the increasingpollution of the environmentis
the developmentand implementationof methodsand measuresfor minimizing consumption
andmaximizing the recydlingof resources.
As wastesand wastewatersare potential sourcesof energy(methane)and, apart from the
water itself, frequently contain componentsthat can be recoveredor should be preserved,
everythingpossibleshould be doneto reusethesecomponents.

Apart from househoids,waste and wastewateroriginate from industrial (small- and large-
scale)activities, trading activities(markets),hospitals,hotelsandcampsites.
The quality andquantityof wastewatergeneratedby acommunityor industry generallyvary
accordingto the time of day,standardof living, the level of water-supply,social habits, the
seasonandthe extent andtype of industrializationin the region.

2.2 INSTITUTTONAL ASPECTS

A prerequisiteto any successfulwastewatertreatmentsystem is an adequateinstitutional
framework. Non-technical aspects,such as the management,legislation, law enforcement
and efficient organization of the regional and national authorities,should be properly regu-
lated. As will be discussedin Chapter6, bottlenecks are often encounteredin this area.
Another non-technicalaspectwhich should be incorporatedinto any project is the proper
training of all staff membersand technicians who will be responsible for the continued
successfuloperation and further implementationof a wastewatertreatmentsystem after
terminationof the project.

2.3 WASTEWATER MANAGEMENT

When waste(water)sare treated, disposedof, and/or reusedon the site where they are
produced, it is referred to as on—site treatment. The term off-site treatment, refers to
situations where the wastes,after having been collected, are removed from the site via
buckets,tins, tanks, trucks or seweragesystems,to be treatedand/or dischargedelsewhere.
Off-site treatmentis generally applied in more densely populatedareas(usually urban or
suburbanareas).

Another modification is asanitationconceptcalled community on-site treatment (COST). In
order to save on the high costa of conventionalsewersystems,the COST approachutilizes
a low—cost small bore sewer for the collection of wastewater which is installed in a
residentialarea of limited size, and can also be connectedto one or more separate(larger)
buildings. The wastewateris treated at a proper location on the site of the community. This
system is especially attractive for areas where part of a sewer system already exists but a
centralcollector and the wastewater treatment facilities are still lacking.

Sanitation in areas with low population density and a low water consumption generally \~,

functions smoothlywithout any serious technicalconstraints.Low-cost and hygienicallyap- /
propriate systemsare available in the form of latrines. These systems can function /
efficiently under most practical circumstances,and several modified systems are presently
available (IBRD manuals, IRC 1988,Kalbermatten 1980).
In many situationsthe main problem is encouraging the local population to useand properly
maintain the facilities. Changes in personal hygiene, rational water use and service
maintenance demand a permanent and intensive health education program.
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On-site treatment methods, applied according to the amount of water to be treated, can be
classifiedas follows:

* Dry methods
* Watersavingmethods
* On-site methods with high water use. Such systemsare found in more economically

privileged rural and urbansituations.

A distinction must also be made betweenblack water (waste from toilets only) and grey
water(wastefrom toilets plus water from the kitchen, washingwater andsuilage).

Dff-slte treatmentmethodscan be classifiedaccordingto the method used to convey the
wastefrom the site:

* Cartageremoval.The excreta are removed using tank lorries, wheelbarrows or buckets.
* Water-borne systems. In an attempt to find an adequate solution to the main

constraintsof conventionalsewer systems,e.g. the required large excavations,high
costa, the need for high water use and maintenanceproblems, this method uses
conventional sewerage systemsor more recently developedmodified sewersystems.

he feasibility of a sanitationsystemis determinedby the water-supply service level and
~i1epopulationdensity.
l~yassessingthe combined effects of these two factors, the applicability of on—site,
intermediateandoff-site systemscan be evaluated(fig. 2.1) (Desk study IHE, 1989).

figure 2.1 Matrix of sanitationtechnologiesin function of water-supplyservicelevel
andpopulationdensity(adaptedfrom Veenstra,1988).

The systemchoice will dependon a variety of technicaland non-technicalfactors. Non-
technical factors to be taken into consideration inciude local geology, population density,
the groundwater level, climate, financial aspectssuch as the educational level of the
population, institutional aspects,and factors such as the expected degree of community
involvementandsocio-cultural factors.
Technical factorsinfluencing systemchoicewill be discussedin Section2.5.

on-sitesanitation off—site sanitation

~dry’ on-sitesanitation night-soil
systems systems(pit latrines) collection

vault system

on-sitesanitation
(individual or shared)
with off-site disposal

Nwet~ On-sitesanitation off-site transpor—
systems with leaching portationand

facilities treatmentof
sewage
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2.4 WASTEWATER COLLECTION

Househoidsequippedwith piped water-supplyfacilities requirea sanitationsystemable to
handle the correspondingrelatively large amountsof wastewater.This can be achievedon-
site through for instance,septic tanks with soak-aways,or off-site through a water-borne
seweragesystem.

The conventional sewer system can be of the combinedtype, designed to convey both
wastewater(industrial and domestic) and rainwater, or of the separatedtype, designed
mainly for conveyingwastewater.
The water-borneconventionalseweragesystem,applied in most Europeancommunitiesand
other prosperousindustrializedcountries, is the most convenientsanitationsystem for the
user. Its useimplies extravagantconsumptionof potablewater.
Experiencewith sewersystemsin developingcountriesover the pastdecadeshasuncovered
a numberof obstaclesand problems associatedwith thesesystems,such as:

a. the high investmentand recurrentcostaof conventionalsewersystems;
b. the high water useof thesesystems;
c. the complexity of water-borneseweragetechnology;
d. the necessityof laying largecentral collectorsin straightlines;
e. the susceptibilityof conventionalwater-bornesystemsto blockage.

A more detailedexplanationof theseproblemsis given in Appendix II.

To addressthese problem.s,modified sewersystemshave beendevised,amongthem small

bore sewersand shallowsewers(seeAppendix 1).

There is not yet a generalconsensusas to how best to provide the urban poor with an
appropriate(‘ee criteria in Table 1) and hygienically reliablesanitationsystem.In the past
piped water systems were installed in many developing countries without sufficient
consideration for the high Costa required for wastewatercollection and the adequate
treatmentanddisposalof the resultingwastewaterandsludge.
The supplying of drinking water can easily result in severe sanitation problems or an
intensificationof a sanitationproblem(in both casesthe outbreakof water-relateddiseases
can result).
The extension of sanitation coverage in swiftly growing urban areas will require huge
investmentssums as well as considerableimprovement in the institutional capacities of
many developingcountriesto operateand financethe facilities (Desk study IHE, 1989).

2.5 WASTEWATER TREATMENT METHODS FOR DEVELOPING COUNTRIES

The primary purposeof wastewatertreatmentsystemsis the removal of polluting substances
from wastewaterand not the recoveryand reuseof the pollutants. In developingcountries,
where the limited resourcesmust satisfya wide rangeof competing demands,wastewater
treatment is often granteda low priority. This section containsa concisesurvey of the
featuresof relevant available wastewater treatmenttechnologies,considering their suitability
for appllcation in developing countries. The latter is based on the criteria for environmental
protection systems/methods(Table 1) andadditional criteria more specifically relevant for
judging the feasibility of wastewatertreatmentsystemsin developingcountries.

Important criteria for appropriate environmental protection technologiesand methodologies
are summarized in Table 1. These criteria were formulated on the premise that the
environmentalprotectionsystemsshould be:

- cheap
— efficient
— easyto operate.
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Table 1 Criteria to be set for environmental protection technologies and methods,
specifically wlth respect to wastewater disposal, collection, treatment and reuse.

1. The preventionor at leastlimitation of the productionof waste(s).
2. A sufficient (dependingon restrictionsfor dischargeof effluent) efficiency in removing

various categoriesof pollutants,Le.:
— biodegradableorganicmatter (BOD)
- pathogens
- suspendedsolids (including non-biodegradable)
- ammonia,organic-Ncompounds
— phosphates

3. High processstability in the presenceof:
- interruptionsin powersupply
- peakloads
- feed interruptions
- toxic pollutants

4. Systemflexibility (e.g. scalein which the systemis applied,extensionpossibilities for
higherefficiencies possiblyrequired in the future).

5. Simple to operate,maintainand control.
6. Long Lifetime of system.
7. Land requirementsin correspondencewith land availability.
8. Preventionof the dilution of pollutantswith clean water.
9. The numberof required(different) processstepsshould be as low as possible.
10. The applicationof the systemshould not suffer from serjoussludgedisposalproblems.
11. Absenceof malodorousnuisanceproblems,noise,insectsetc.
12. The system should offer good opportunities for recovery of useful byproducts for

irrigation and fertilization.
13. Maximum recovery and reuse of polluting substances,e.g. to integrated systems,

especiallyin the field of food production, leading to self-sufficiency.
‘14. Preferentiallyno needfor expensiveseweragesystems.
IS. Preferablylow investmentandrecurrentcosts.
16. Littie if any consumptionof (high grade)energy.

The ultimate systemchoice will dependon the technicalcriteria listed in Table 1 as well as

the non-technicalfactorsdiscussedin Section2.3.

2.5.1 Wastewatertrearmentorocesses

Based on the level of treatmentprovided, wastewatertreatmentprocessesare frequently
classified as preliminary treatnient, primary treatment, secondarytreatment or tertiary
treatment.

Preliminary treatment involves the removal of coarse solids through screening and grit
removal to preventclogging in the subsequenttreatment stages.

Primary treatment involves the separationof solids, either by settling or flotation. The
settleablesolids and up to 60% of the suspendedsolids corresponding to approximately 35%
of the BOD can be cUminated in aprimary treatinentstep.
The separatedsolids are poorly stabiized andrequire additional treatmentto preventserious
nuisanceproblems to the direct environment.Anaerobic sludge digestion can significantly
reduce the total amount of excesssludge to be disposed. Biogas, a useful byproduct, can be
producedandthe remainingsolidscan be profitably appliedas soil conditionerand fertilizer.
Primary treatment is a necessarystep for the proper application of various secondary
treatmentsystems.A further function of this step is the reduction in the energynecessary
for aeration during secondary treatment.

6



Secondarytreatment,generallyconsisting of a biological treatmentstep, can provide BOD
removal efficienciesranging from 35% to 95%, and for coliform bacteria,up to 99%.
The different types of secondary treatment systems include various modesof aerobicand
anaerobicsystems.Depending on the system, particularly with respct to the loading rate
applied, secondarytreatmentsystemscan be operatedwith or without primary treatnient.
Someconstraintsof conventionalaerobic systemsare:
a. they all consumeenergy andgenerallyrequire connectionto apower circuit
b. somepopularnerobicsystemsare fairly complexboth in constructionandoperation,and

consequentiyrequire akilled engineeringfor design and construction(generallyexpensive
foreign expertise),aswell as for operation,control andmaintenance;

c. the investment costs are rather high for developingcountries becauseof the required
import of specific expensivehardware;

d. largeamountsof excesssludgeareproducedwhich generallyrequire furtherprocessing.
On the other hand, there is a great deal of experiencewith these systemsin western
countries,andgenerallyvery satisfactorytreatmentefficienciescanbe achievedwith various
categoriesof pollutants.
There is considerableneed for more appropriate secondarytreatmentsystemswhich better
meet the criteria mentioned in Table 1 than conventional aerobic systems,especially in
caseswhere large volumes of wastewaterrequire treatment,e.g. sewagefrom urban areas.
Systemswhich combine primary and secondarytreatment,or even tertiary treatmentare
preferred.

Tertiary treatment or post-treatmentserves for polishing the effluent from secondary 1
treatment steps prior to their discharge into receiving waters or prior to reuse.Tertiary
treattnentcan be applied for removing nutrientssuch as phosphorusandnitrogen, sulfides,
suspendedsolids, remaining BOD and particularly pathogens.Tertiary treatmentprocesses
include various chernical-physicalmethods such as adsorption, stripping, coagulation,
sedimentation, filtration, chiorination as well as biological methods, such as slow sand
filtration andmaturationponds.

Low-cost and intermediate-costwastewatertreatmentsystems,inciuding thasecombining
primary, secondaryand/or tertiary treatrnent,are availableor will likely becomeavailablein
the nearfuture (Desk study IHE, 1989) in the form of: . 1
a. septic tanks (primary treatment);
b. Imhoff tank (primary treatment+ sludge digestion);
c. lagoons(primary and secondaryand sometimestertiary treatment):

anaerobic lagoons/ponds
facultative lagoons/pond
neratedlagoons/ponds
maturation lagoons/ponds
water hyacinth channels
polyculture lagoons;

d. oxidation ditch (secondarytreatment);
e. biorotor (secondary treatment);
f. trickling filters (secondarytreatment):

low-rate trickling filters
high-ratetrickling filters;

g. modern high-rateanaerobictreatmentsystems(secondarytreatment):
anaerobicfilter
Upflow Anaerobic Sludge Blanket

h. land treatment
slow-rate land treatment
rapid land treatment
wetland treatment systems;

i. slow sand filters
rapid sandfilters.

In Appendix II information on someimportant low-cost methods is presented.

1
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2.6 REUTILIZATION

Wasteshave often beencalled “resourcesout of place”. In many developingcountriesthese
resourceshavetraditionally beenrecognizedas such and consequentlyare reusedas impor-
tant agricultural inputs. The East and West have diverged on this point. During the last
century in the West human wastes (excreta) have increasingly been regardedas highly
undesirableand to be flushedaway for treatmentand dumped elsewhere(IDRC manuscript
report, April 1986).
In Islamic cultureshumanexcretaare regardedas spiritual pollutantsand are thereforenot
reused.Constraintson the reuseof humanexcretaare also commonin many parts of sub-
SaharanAfrica althoughin some casesthe effluent of treatmentplantsandsludgeof on-site
systemsare used.

Thereare a numberof possibilities for accomplishing the desirablelong-term reuseof the
potential resourcescontai.nedin wastewater.Such methods, when properly designed, located
and managed, can provide both environmentaland economicbenefitswithout jeopardizing
public health. One or more methodsmay be applied to meet the financial andenvironmental
constraintsandopportunitiesof a community.

From the treatment of domesticand agro-industrial wastewater, the following main reusable
productscan be distinguished
a. The effluent can be reusedfor irrigation and/or fertilization (by utilizing its nutrients),

for groundwaterbody replenishing,andby discharginginto ponds, for the cultivation of
fish.

b. Productionandrecoveryof byproductsof the treatmentitself such as organicsludge and
biogas.

c. Recoveryof ammonia,phosphatesaitsandelementarysulfur.

2.6.1 Irnigptipn and fertilizatipn bv_the useof efflueiit

Controlledirrigation using treateddomesticwastewatercan be an economically~viable means
of wastewaterdisposal and reuse in and, semi-and and~zemperate climates if extensive
areasof irrigable land are locally availableand if cultural, social, political and institutional
factorsare favorable.
The main benefitsof wastewaterirnigation are:
— irrigation can be applied in regionswhere water is scarceor unavailable;
— scarcewater resourcesare conservedfor more appropriateusesuch as the provision of

potablewater suppliesor the protection of fish stocks;
— groundwaterreservesare replenishedwhen part of the irrigation water infiltrates into

the groundwaterbody. This form of incidental groundwarerrechargecan help prevent
salt water intrusion andthe lowering of the water—levelof lakes;

- the nutrientsleft in the wastewatercan be profitably used for growing crops.

The main possibledisadvantagesof wastewaterirrigation are:
— the possibility of diseasetransmission.

Uncontrolled irrigation with insufficiently treatedor non-treateddomestic wastewater
containing a variety of pathogensprovidesnumerouspathwaysfor the transmissionof
diseases to the consumer of wastewater irrigated crops, to sewage farm workers,
agriculturalworkersand the local residentpopulation

- salinity and waterlogging in and and semi-and climateswhen the water is too salty,
- pollution with heavy metalswhen the heavymetal contentis too high;
- potlution of surface waters and groundwater,
- soil clogging by suspendedsolids.

Most suspendedsolids are filtered out ifl the upper few centimeters of the soil where
they mayundergodecompositionas far as they are biodegradable.
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2.6.2 Use of orimarvand/orsecondarvsIud~eand biogas

All wastewatertreatmentmethodsare accomplishedwith the productionof sludgewhich is
considereda waste product requining disposal or treatinent when not used as a resource.
Variousdisposaloptionsareavailable,someof which offer the opportunityfor reuse.

Sludgedisposaloptions includ~
landfilling, landfarming, incineration, land stabilization, and disposal of sludge into
coastalwaters.

Reuseoptions inciude:
cultivation and harvestingof aquaculture& algae,productionof compostfertilizer, biogas
andanimal feed(e.g.water hyacinth).

The excesssludge from wastewatertreatmentplants generally contains the full range of
pathogenicinicroorganismspresentin raw excreta,as well as heavy metalsandother toxic
compoundsoriginating from industrial wastewater.This often limits its possibilitiesfor reuse
in agriculture.

Treated sludge added to the fields however, may replenish the soil with organic matten.
Mineral fertilizers do not improve or maintain the soil in this way. Sometimesthe sludge
can be usedfor animal fodder. In Peru, India and severalother easterncountries,sludge is
usedfor piscicultureandaquaculture.

When the sludge oniginatesfrom mainly humanexcretaand householdwaste thereis a risk
of spreadingviral, bactenial, protozoanand helminithic infections. Contaminationof noot
cropsand vegetables with pathogensrepresentsa major problem,and leachingof pathogeris
to ground or surface water may occur if application is followed by heavy rainfall.
Composting of organic waste is, when properly managed, an efficient and low-cost
technology for transforining the waste into a valuable ferrilizer. Due to the high
temperaturesof this process, compostingalso has the effect of eliminating the pathogens. -

Aerobic treatmentplants producelarge amountsof sitidge which generallyrequire further 1
treatment.The excesssludge from aerobictreatmentcan be digestedand can yield biogas.
Anaerobic treatmentsystemsproducea well digestedstablesludge which will not rot when
exposedto air. As previouslymentioned,when both types of sludge are consideredfor use
as fertilizer, for agriculture or for hordculture, public health aspects need careful
evaluation.

During the treatmentof high strength wastewaters(> 2000 ing COD/L) and duning the 1
digestion of organicsludge,biogascan be generated.
The energyof the gascan be usedin the following ways:
- burnt in a boiler;
- in householdsfor cooking and heating

— convertedon-site into electricity with gasmotors. 1
2.6.3 Recoveryof ammonjaandnhosohatesaUsand elementarvsul~hfur

The recovery oë ammonia and phospatesalts can be obtained with physical-chemical 1
separation techniquescombined with or without biological methods.The separationand
recoveryof amrnoniumsaitscan be achievedwith processessuch as ammoniastnipping with
air andsubsequentabsorptionin an acid solution, steamstnippingandwith reversedosmosis.

PhosphatesaUs can be recoveredfrom wastewaterswith new physical-chemicaltechniques
such as high gradient magnetic separation or crystallization on a support particle in
fluidized reactors.

1
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Suiphurcan be removedbiologically by suiphideoxydation to elementarysuiphur.

The techniquesfor N, P and S recovery are relatively new and require further development
before more inexpensiveandappropriatedesignsare available.Moreover, in the absenceof
strict legislation regardingthe dischargeof thesenutnients, the initiation of projects in this
area will be difficult despite the considerablelevel of environmentalpollution which can
result from eutrophicationby dischargedN andP.
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1
3. THE DUTCH DEVELOPMENT COOPERATION POLICY IN THE FIELD OF THE IMSPOSAL,

TRANSPORT, TREATMENT AND LEUSE OF LIQUID WASTE. 1
On a generallevel the aim of the Dutch DevelopmentAid Program is to combat poverty and
to contribute to processesleading to greater self reliance in the Third World. The majonity
of the programs aredirected towards rural areas, regional centers and/or smaller cities.

In February 1989 a sector note entitled Water Supply, Sanitation, Drainage and Waste
Removal was published. The experiencesduring the International Drinking WaterSupply 1
andSanitationDecade,1981-1990(JDWSSD) played an important role in the formulation of
the Dutch policy, which is reflectedin this paper.
The need for adequateenvironmentalprotection measuresand the increasing need.s for
water-supplyandsanitationfacilities in the rapidly growing cities in developingcountriesis
recognized.As a result of increasedwater consumptionby householdsand industriesleading
to a proportional increasedproduction of wastewater,pollution in cities is growing and
endangening public health. For effective treatment,aspectslike participation, institutional
development knowledge, cost recovery, coordination and cooperation, etc. should be
thoroughlyconsidered.

In many of the Dutch supportedwater-supplyprograrnsa sanitationcomponentis included, 1
often in the form of latrines as well as the educationon how to use them in Primary
Health Careprograms. -

There is an increasein long-termintegratedprojectsencompassingwater-supplysanitation,
drainage and wasteremoval in regional cities in developingcountries.
In the field of wastewatertreatment, few projects have been supported by the Dutch
developmentcooperation(seealso Table3.1). It is expected that this will gradually change. 1
The Researchand Technology Program,amongstothers, concentrates on developing new
methods and techniqueswhich can be replicated and used to solve structural problemsin
developingcountries. Emphasis is also directed at strengthening the research capacity of
developingcountriesby arrangingactivities wheneverpossibleto be implementedat institu-
tions in thosecountries.

In 1982 the Research and Technology Program began to support research for the
development of anaerobic sewage treatment technology using the UASB concept in
developing countries. Two major field researchprojectswere conductedin Cali, Colombia
(1982-1987)and in Bandung,Indonesia(1985-1989).
Since 1987 several small full-scale reactors(100-500 m3) and a demonstrationplant of 1100
m3 have beenor will be put into operation.The larter project is supportedby the Dutch
ResearchandTechnologyProgram.
In March 1989,a 1200 m3 UASB reactorfor domesticwastewaterin Kanpur(India) was put
into operation.This activity is part of an integrated environmental project in which con-
siderableattention is also paid to socio-culturalaspects.This project is supported via the
bilateral allocationof which India is one of the target countries.

Large integrated projects have been implemented in Pakistan and North Yemen, both
supported via the bilateral allocation. In Pakistan the domestic wastewater of the city
Quetta will be treated by a pond system. The effluent of the ponds will be used for
irrigation purposes.In Yemen the sewageof the city Rada’a will be treated by a facultative
pond and an oxidation ditch. Another project with a wastewater component in Yemen is a
slaughterhouse project. In five cities, treatment plants (lagoons) for five slaughterhouses
(built with Dutch support) will be constructed.

In Bangladesh and in Sri Lanka studies on wastewater treatment for tannery and rubber
industrieswere carriedOut,
both supported by the Industnial DevelopmentProgram.

Ii 1
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A summaryof the main activities in the (leid of liquid waste by the Dutch Development
Cooperationis given in the following table:

Table 3.1 Summary of the main activitles of the Dutch DevelopmentCooperatlon in the
(leid of llquld waste.

Country Place Activity Duration Expenditures

Bangladesh Hazaribagh,Dhaka wwt (fs) 1986-1987 255.000
Colombia Cali wwt (r) 1982-1989 ca. 2 miii.

Pereira/Bucaramangatecho.ass. 1989- ...

Egypt Helwan sd + wwt 1980-1990 11.900.000
Fayoum sf + sd + wwt 1989-present ...

India Kanpur/ Mirzapur sf + sd + wwt 1987-1990 61.200.000
Indonesia BandungWest Java wwt (r) 1984-1989 775.000

TangerangWest Javasd 1980-1989 7.516.000
Nicaragua Massaya wwt (fs) 1988 ...

North YemenRada sf + sd + wwt 1987-1990 ca. 7 miii.
Sana’a,Ho Deida,
Da.hmaar,Tiaz, Al,
Bayda and Ibb wwt 1988-present 3.6 miii.

MozambiqueMaputo sd 1985-present 47 miii.
Pakistan Quetta sf + sd + wwt 1986-1992 ca. 29 mii.
Sri Lanka Colombo wwt (fs) 1987 188.000

sf — Constructionof sanitationfacilities
sd — Constructionof a sewerageanddrainagesystem
wwt— Constructionof a wastewatertreatmentsystem
r Research
fs — Feasibiiity study

Other programswithin the Dutch DevelopmentCooperationwhich cover activities in the
fields of sanitation sewerage andwastewatertreatmentare:
- International Education Program
- Fellowships Program
- Non-Governmental Organizations Program
- Rural DevelopmentProgram
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4 1NVENTORY OF ACTIVITIES IN THE NIETHERLANDS

Mast of the sanitationandwaste water treatmentprojects executedfor (possible)
implementationin developingcountriesby Dutch universities, institutes or consultancies
concernsystemsandmethodssitnilar to thoseappliedor investigatedfor applicationin
the Netheriand.s,Le. systemslike the septic tank, the Imhoff tank, oxidation ditch,
trickiing filters andactivated sludge piants.
Not all projectsprovedto be succesful,which sometimescanbe due to non-technical
reasons,in other casesthe failure(s) can be attributed to mainly technicalreasonsand/or
to the fact that there existed a (big) need for the developmentof more appropriate -

low(er) cost-technologies.
In the following the mastrelevantDutch researchissuesin the field of appropriate liquid
waste treatmentsystemswill be mentioned. Major part of this researchis directed
towardsthe developmentof low-cost anaerobictreatmentsystems.

Table 4.1, 4.2and4.3 summarize the main research activities at the variousuniversity-
departments and institutes, i.e. for mainly applied and more fundamental research activities
respectively.

1
1
1

1
1
1
-i
1
1
1
1
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TABLE 4.1 Main appiled research acthrltles at the various Dutch universitles and

institutes.

1. Domestic waste water treatment

ALTW- Env. Techn.: (> 1968)

— anaerobic treatment using UASB, EGSB, FB, AF, moduled reactor systems;settled
and raw sewage,black andgrey water (on-sitesystems),temperaturerange:5 — 30
.C.

- post-treatmentof anaerobiceffluentsfor N-, P-, S- and pathogenremoval,using
lagoons,conventionalaerobic(biodisk, trickling filters, activatedsludge),
microaerophiicmethods,physical-chemicalmethods.

- sludgedigestionusing convenrionalsystemsand accumulationsystemsat temp. 15 -

40 C.
- aerobicmethods:superhigh-rateaerobicpretreatmentcombinedwith sludge

digestion.
- extensivemethodslike lagooning.
- biological suiphideremoval.

TUD- Env. Health Techn.:(> 1970)

- anaerobictreatmentusing AF.
- post-treatment:N-, P- and pathogen-removalusing conventionalaerobicsystemsand

extensivemethods.
— extensivemethod.slike algaeandreed-marshponds.

DWB-RIZA (National Institute for WastewaterTreatment):( > 1987)

- anaerobictreatmentusing conventional-UASBreactorsal ambienttemperatures(8 -

20 C)
— sewagesludgedigestionunderthermophilic conditions.
- extensivemethodslike reed-marsfields under Dutch ambientconditions.

UvA, Microbiology. (> 1987)

- extensivetreatmentof sewageusing algaepondsunder Dutch conditions.

IHE (> 1986)

- studieson sanitationtechnologyand strategyfor industrializedanddeveloping
countries.

- studieson anaerobictreatmentin UASB.
- studieson self-purification phenomenain drainsandsewers;sedimenttransportin

sewers.
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2. Industrial wa.çtewater treatment

AUW- Env. Technology.(, 1970)

- anaerobictreatmentusing UASB, EGSB,hybrid AF-UASB systems,onestepand 1
multi-step moduled reactor systems,on-site systems;10w-, medium and high
strength effluents, soluble andpartially soluble; psychrophilic, mesophilic and
thermophilicconditions;

— applicationof suiphatereduction.
- post-treatment of anaerobic effiuents for N-, P- and S- removal using

conventional aerobic (biodisk, activated sludge), microaerophilic methodsfor S2~-
removal and S-recovery), physical-chemical methods.

- separatedigestionof floating or settling solids using conventionalsystemsand
accuniularionsystemsat temp. 15 — 40 C.

- aerobic methodsconventionallow-costmethods,combinedwith sludgedigestion. 1
U.v.A. (Chem Techn.) (> 1980)

- anaerobictreatment,inciuding acidogenesis(phaseseparationin anaerobictreatment) 1
using gas-lift loop reactorsystems.

U.v.A. (Microbiology (> 1986) 1
— granulationin acidogenicreactors(project endedin 1989)

CUN, (Microbiology) ( > 1982)

- anaerobictreatrnentof acidified effluent from ‘rumen’ basedliquifaction/acidogenic
reactorusing UASB-reactors.

TNO—leatherinstitute ( > 1976)

— treatmentof tannerywastewater,particularly the recoveryof Cr.

ATO, Wageningen(> 1974) 1
- UASB-technologyfor potatoprocessingwastewater. -

IHE, Delft (> 1986) 1
- studies on the removal of heavy metals using physical chemical rnethods.

- studieson the anaerobic treatment in upfiow and contact-processreactors. 11

1
1
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3. Slurry digestion (except sewageslurries)

AUW, Env. Technoiogy (> 1975)

- manuredigestion using conventionalsystemsand accumulation systems,

psychrophilic,mesophiicandthermophilicconditions.

TNO-MT, (> 1982)

- thermophilic digestionof manure-slurriesand/orcondensateliquor(s) (in cooperation

with AUW).
TNO-CIVO, (> 1980)

— anaerobicdigestionof manure,seeweedsand(water)-piantsfor energy(biogas)-
generation.
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TAilLE 4.2 Appiled fundamental (not pure!) research activitles at the varlous Dutch

universitles and institutlons relevant for developing countries.

ATJW, Microbiology (> 1983) 1
- biological phosphateremoval

fii and drawsystem
metabolismof polyphosphatein Acetinobacterspp., (» 1987).

- physiologyof anaerobicmethanogenicsludge,(> 1983).
— suiphate reduction versusmethanogenesis,(> 1988).
- syntrophicdegradation,(> 1985).
— thermophilicpropionateformation and degradation, (> 1985).
- methanogenicacetatecleavageand acetate threshold,( > 1986).

AUW, Env. technology(> 1970)

- reactordevelopment,modelling.
— kinetics of varioussteps,toxicity, environmentalfactors.
- sludge immobilization,viz. attachmentandgranulation,granularsludgedetroriation

andgrowth.
- suiphatereduction,substrates,environmentaifactors. 1
CIJN, Microbiology (> 1986)

- sludgeimmobili.zationin high rate anaerobictreatmentsystems,i.e. F.B.reactors,

start-up UASB reactors.

UvA, Microbiology ( > 1980) . . 1
- microbiologica~andbiochemicalaspectsof acidogenesis,

UvA, ChemTechnology(> 1985) . 1
— granulation in acidogenicreactors(gas-lift reactors),micro-kineticsand mass

transferusingmicro-electrodes 1
TUD, Microbiology ( > 1979)

- microbiogicalaspectsof the biological conversionof suiphideinto elementary 1
sulfur.

- nitrification anddenitrification in attachedgrowth systems(FB)
— developmentand physiologicaleffect of growth in biofilms 1
IHE, Delft ( > 1987) -

— modellingof microbiological processesin relation to diffusion andmasstransport. 1

1
1
1
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TABLE 4.3 Transfer of know-how actlvities (courses,training activities) conducted
for developing countries.

1. courses (MSc, PhD-courses,short courses)

IHE ( > 1961)

- one-yearinternationalpostgraduatecoursein SanitairyEngineering(65 participants)
- one-yearSpecializationCoursein SanitairyEngineeringfor Indonesianengineers(25

participants).
- advancedCoursein IntegratedUrban InfrastructureDevelopmentWaterSupply and

Sanitation(2 months) (15 participants).
- one-year internationalpost-graduatecoursein EnvironmentalScienceand

Technology (15 participants).
- one-yearinternationalpost-graduatecoursein EnvironmentalScienceand

Technology.
- short coursein AnaerobicWastewaterTreatmentandAnaerobicDigestion (in

cooperationwith AUW, Departmentof EnvironmentalTechnology)(20 participants).
- short Courseon Low-Cost WaterSupply and Sanitation(30 participants).
- short Courseon Applied Ecology (15 participants).

AUW, EnvironmentalTechnology(> 1983)

- specializedcourseon anaerobicwastewatertreatmentand anaerobicdigestion(in
cooperationwith IHE).

- various coursesin developingcountrieson invitation (Colombia,Peru,Brasil, China,
Taiwan).

CUN, Microbiology andEvolution

- training andPh.D.-programfor Tanzaniansof the University of Dar es Salaam.
— participationin organizinga workshop on “EnvironmentalPollution and its

Managementin EasternAfrica”, in Dar Es Salaam,4 days in 1989 (100 participants).

2. Training activitfes (e.g. fellowships, or training in operationtreatmentplants)

AUW, EnvironmentalTechnology(> 1983)

- various training activities(Cuba, Colombia,China, Brasil).

IHE, Delft ( >. 1987)

- assistanceto training andeducationalprogramsin Indonesiaand The Philipines
(World Bank project on InternationalTraining Network on Waterand Waste
Management),India, P.R.China, N-Yemen,Egypt.

CUN, Microbiology andEvolution

— training of M.Sc.-studentsof the ~r versity of Dar Es Salaamand consultantsin
Tanzania.

~ 1
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5. INVENTORY OF ACTWrnES1?~THE FIELD OF LIQUID WASTEBV MULTILATERAL AND
BILATERAL ORGANIZATIONS . 1

5.1 INTRODIJCTION

This chapter is based on information received in response to a questionnairesent to
organizationsandmajor research institutes. Since only 25% of the contactedorganizations
responded,this is not acompleteoverview. 1
5.2 MIJLTILATERAL ORGANTZATTONS:WORLDBANK. UNDP. WHO. UNICEF

Theseinternational org~rni7ationstook the lead in organizing the International Drinking- 1
WaterSupply andSanitationDecade(LDWSS) (1981-1990)for the internationalcommunity.
The UNDP assumedoverall leadershipat the global andcountry levels.
The World Bank acceptedthe responsibility for developing and promoting the use of
appropriateIow-cost alternativesto conventionalwater-supplyand sewagesystems,helping
governmentsin improving their ability to prepareinvestmentprojectsfor financing, and
servingas asourcefor investmentfinancethrough its lending program.
The WHO assistedgovernmentalefforts by setring up National Action Committeesand
formulating strategies.
UNICEF supportedwater-supplyandsanitationprogranis.

The water and sanitationsector is said to be a closely knit fabric of economical, social,
political, technical, institutional and policy factors.
Sustaineddevelopmentwas achievedin this sector,reflectedin World Bank publications. 1
Howevercoordinatedactivities over several yearsare stil! needed.
During 1988-90 the program’s activities are concentratedin primary focuscountriesselected
according to their capacity for achieving significant researchand demonstrationresu!ts
}pertinent to other countries.
The main programsare carried out in China, Ethiopia, Ghana,India, Indon~sia,Nigeria,
PakistanandZimbabwe.
Shifting the eniphasisawayfrom technology,socialsciences,communitydevelopment,public
health,economics,etc. havebeenaddedto the program.

United Nations Development Program (UNDP) and the World Bank 1
Part of the UNDP World Bank Water and Sanitation Program’s approachis to develop
innovative implementation strategiesfor extending servicecoverage to 10w income groups
which can be replicatedon anationa! scale.
The Program conducts applied researchand executesindividual country programs which
include demonstrationprojects, initiatives to foster cooperationamong governmentsand
support agencies,training activities, and assistancein the design and implementation of
large-scaleinvestments.
In 1988 the program strengthened Regiona! Water and Sanitation Groups (RWSG’s) in West
and East Africa, and created a third group in New Delhi for South Asia. RWSG’s are
multidisciplinary teamsconsistingof to five to ten sector specialistswho assistgovernments
in a full range of sector developmentactivities. Through working with individual country
governments,their goal is to developinstitutiona! capacity for large-scaleinvestmentin the
sector. The teams are designed to coordinate theseefforts betweendonorsand individua!
country governmentswith which they close!y work.
The RWSG-West Africa (R.WSG-WA) presided over the preparation and launching of a large
demonstrationproject; an urban sanitationprojectin Kumasi City, Ghana,which will be one 1
of the first intermediate sanitation technologiesin urban West Africa.
The CREPA (Centre regional pour l’eau potable et l’assainissementâ faible coOt) was
launched in Ouagadougou,Burkina Faso in 1988 and wil! set up training activities in
Ouagadougouand at key institutions in other countries. CREPA also supervisesthe only
scientifically monitoredwastewaterstabilizationpond in the region.

.19 1
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Throughthis program,Germany(GTZ) has supportedaseries of researchanddissexnination
activities on sewage-fedaquaculture, inciuding the San Juan Aquaculture Demonstration
Project in Lima, Peru,as well as an Expert meeting on Aquaculture in Lima in March 1985,
the preparation of a scientific review of sewage-fedaquaculture,and the International
Seminar on WastewaterReclamation and Reuse for Aquaculture in Calcutta, India in
December1988.
The researchon waste-fedaquaculturein Peru andThailand ha.s beenfinalized.
In Mexico City the UNDP is insta!Iing ademonstrationproject for solid wasterecycling; this
may include acomponenton the reuseof wastewaterin agriculture.
In Chili the UNDP bas performed an. epidemiologica! study onthe effect of wastewater
treatmenton the occurenceof typhoid in Santiago.

World Health Organizatlon(WHO). In future policy it is expectedthat environmental health
will becomean increasinglyimportantissue.
WHO programsfocus on
- humanresourcedevelopment;
- coordinationof the many functions of the ‘water-supply andsanitationdecade’;
- continuation of the achievementsof the ‘water-supplyand sanitationdecade’;
— strengtheningnational capabilities;
- technology development, inciuding operation and maintenanceand the traditional

technologies.
The stimulation of discussionson the internationaland national levels betweenmultilateral,
bilateralandnon-governmentalorganizationsis important.
The WHO initiated a joint project with UNEP (United NationsEnvironmentalProgram)on
the health hazards associated with the use of human wastes. The WHO/UNEP are
collaborating with the London School of Hygiene and Tropical Medicine and the IRCWD
(InternationalCenter for Waste Disposal) for the promotion of new epidemiologicalstudies
and thecreation of anetwork for the exchangeof information.

Unitedt Nations Chlldren’s Fund (UNICEF). UNICEF is currently assistinggoverurnentsin
approximately95 nationsin the water and sanitationsector. UNICEF has a very st~ongbias
towards low-cost technologiesapplicable to rural areas.UNICEF is not involved in liquid
wa.stetreatment.

Food and Agricultural Organization(FAO). The Land and Water Division of the FAO is
establishinga network in the easternMediterraneanregion for promotingthe treatmentand
useof wastewaterfor irrigation.

United Nations Educatlonal, Scientific and Cultural Organization(UNESCO).UNESCOhasno
programsin the field of liquid waste.

African DevelopmentBank.

5.3 BILATERAL ORGAN!ZATIONS

All respondentsreported that in general a large number of water-supp!y and sanitation
activities, mainly rural, were supported,but that activities in the field of fluid wastewere
united.

Canadian International DevelopmentAgency(CIDA). The InternationalDevelopmentResearch
Center (IDRC) is sponsoredby the government.The IDRC’s mandateis to stimulate and
support scientific andtechnical researchundertakenby developingcountries.The IDRC has
a long history of supportingstudiesconcerningwastereuse,mosüy involving the monitoring
of the microbiologicalcontentof different types of waste.
In Peru at CEPIS the IDRC is supporting a study concerningthe relationshipbetweenpond
effluent qua!ity and irrigated vegetablequality.
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In Thailandan agro-basedwastewaterprojectis beingsupportedby the IDRC which explores
the potentials of a relatively novel, cost-effective waste treatment technology treating
wastes from a slaughterhouseand from piggeries, which reduces the high levels of
pathogenicmicroorganisms normaily dischargedinto small watercoursesfrequently usedby
villagers for drinking water purposes.

Ministry for Foreign Affairs of Finland (FINNADA). FINNADA begantheir development
cooperationin the water-supplyandsanitationsectorin 1971, mainly in the field of rural
water-supplywith a sanitationcomponent.Health educationhas been an integral part of
their projects.During the last half of the 1980’s, projects in the areasof urban water-
supp!y and sanitationhavebeeninciudedin the cooperation.Only recentlyhavewastewater
treatmentandwhole seweragesystems beeninciuded on the agenda.

Ministry of Forelgn Af falra of Italy. Italian cooperationbas supportedprojectsespeciallyon
the African continent. A project in Turkey is being financed for the treatmentof fluid
waste in the framework of a broader project in the city of Conkiri. A somewhat similar
project has been approved for the city of Mbabane in Swaziland. A project concerning
wastewatertreatmentfor industriai reu.seand pollution control in the area of Tianepantia,
nearMexico City, is under examination.

NorweglanAgencyfor De’velopmentcooperatlon(NORAD). Norwegiandevelopmenta.ssistance
in the water and sanitation sector is basically directed towards simple technologies,viz.
domesticsolutionswhich hardly producewastewater.

Federal Departmentof Forelgu Affairs of Switzerland. The Swiss FederalDepartinentof
Foreign Affairs has beencooperatingclosely with IRCWD (InternationalReferenceCenter
for Waste Disposal in Duebendorf))for the last 10 years. This international organizarion
playsan importantrole in the 1DWSS.

Over the past six years the IRCWD has been engagedin investigating the practice and 1
healthimplications of excretaand wastewateruse in agricultureandaquaculture.IRCDW bas
beenclosely cooperatingwith the London Schoolof Hygiene andTropical Medicine, which
focuseson the epidemiologicalperspectiveof wastewaterand excretause and continuesto
be engagedin respectivestudiesin Indonesiaand Mexico. In the courseof theseactivities
there was also close collaborationwith WHO’s (Geneva)Division of EnvironmentalHealth,
the UNDP/World Bank Programon resourcerecovery,FAO and IDRC. As an outgrowth of
the collaborationamongtheseinstitutions, project meetingson reusewere held in 1985 and
1987, revisedguidelineswere issuedin early 1989 and a more extensivehealth protection
guidelinebook was publishedby WHO in late 1989.

Agency for International Development(AID), United Statesof America.AID’s investmentsin
urban water-supply and sanitation are currently focused in Egypt and Oman. The
technologiesinvolved are fairly traditiona! in nature and do not involve water reuse.For
expertisein water and wastewatertreatmentand reuse,AID reliesextensivelyon its Water
andSanitationfor Health Project(WASH) which is funded to provide technicalassistanceto
the agency in this sector. The project hasskills in wastewater treatmentand reuse through
Its prime contractor,subcontractorsandconsultants.

Bremen OverseasResearchand DevelopmentAssociatlon(BORDA), West Germany.Since 1977
BORDA has been working in the field of biogas in rural and urban seuingsin developing
countries with small-scaleand simple biogas plants. in this respect,water poilution control
was merely abyproductsincethe main concern wasenergyand fertilizer production.
BORDA bas begunnegotiationswith partnersin India concerningthe use of water hyacinth
ponds for sewagetreatmentand biogas production. In the nearfuture, BORDA will begin

treatingorganicwastesderivedfrom sisal production. 1
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SwedlshAgency for ResearchCooperation wlth DevelopingCountries (SAREC). Wjthj~SAREC
thereis no expertisein the field of wastewatertreatment
SAREC bas beensupportinga sewerengineeringproject at Cape Verdesince 1982 ~ pi~
study for wastewatertreatment.The collaboration institution in Swedenis the Departm.~
of EnvironmentalEngineering,Lund Institute of Technology,University of Lund.
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6 TECHNICAL AND NON-TECHNICAL BOT~LENECKSAND A DESCRIPTIONOF REQU~IRED
RESEARCH AND STUDY AREAS.

6.1 INTRODUCTION

Despite the fair a.mountof researchalready performedin the field, the implementationof
wastewatercoilection and treatment technology is frequently accompaniedby many technical
and/or non-technicalproblems,particularly when a completelyor partiaily new conceptof
environmentalprotectionis introduced.

In the following sectionsan overview of important bottienecks which can occur in the
implementation of wastewater collection and treatment technology is presented.This
overview has been compiledon the basis of answersto questionnairessent to various or-
ganizations,institutes, consultanciesand poilution control industries as well as interviews
with employeesof theseorganizations.

On the basisof thesebofflenecks,studyand researchitemswere formulated.

The study and researchitems discussedin this chapter are based mainly on information 1
receivedfrom developingcountries,howeverfurther insighthno the real needsanddemands
of the different developing countries in liquid waste collection, treatment, reuse and
recoveryis neededbefore final specific conciusionscan be formulated.

Technical as well as non-technicalbottlenecksand researchneedswill be discussedin this
chapter.The technicalcomponentsare subdividedin 1
— preventionof wastewaterproduction
- collection andtransport;
— treatmenttechnologies. 1
6.2. NON-TECHNICAL COMPONENTS

The importance of the non-technical componentsof a developmentproject is generally
underestimated.This concerns research, feasibiity studies, demonstration and the
implementationof projects. 1
Lack of or insufficient functioning of organizationalrelationshipsor institutional structures
wasoften mentionedas aserjousproblemin projects.Theseproblems,stemmingfrom awide
variety of causesand of a managerial,financial or social nature, can be tackledin several
ways

a. proper coordination betweenthe national organizations, donors and/or multilateral
organizations;

b. strategies to improve international cooperation and coordination in this development - -

sector,
c. adequateknow-how transfer. Internationaland national training and educationalin-

stitutes are not sufflciently informing studentsand engineers about the relevant and
appropriatewastewatertreatment and collection methodsand technologies.More
attention should be directed to developing tools and strategiesfor the adequate
diffusion of existing knowledge on all kinds of appropriatetechnologiesto potential
users in Jeu developed countries. Universities and international educational
institutesshould be equippedto to meetthis demand;

d. proper project preparationandexecution. 1

/ L~&~7 )~AdJcLt~
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A .Bottlenecks
(especial.lyexperiencedby foreign executers)

a. Selecting the proper counterpart(s),whether an institute, company, contractor or
individual, is difficult. Variousaspectsmust be considered,e.g. the primary, secon-
dary, short-termand long-term interestsand intentionsof the counterpartand the
Dutch partjes as well as their experience in the field, contacts, additional
jobs/employment,interests,and commercialactivities, etc. For all participants,the
execution of a project meansmoneyfor employment,and this may sometimesprevail
over the objectivesof the project itself.
In many cases,due to socio-cultural differences,different approaches,long- and
short-terminterest(s)etc. cooperationwith a counterpartmay becomeincreasingly
difficult

b. Executionorganiz.ationandmanagementare(or can be) amatterof seriousconcern.
When too many sub-contractorsare involved, considerabledelays in executioncan
result, often leading to quality and budget constraints.In such situations a dear
picture of the different responsibilitiesof theparticipatingproject partnersbecomes
difficult to maintain.

c. Inadequate legal protection and improper use of research project resuits.
Monopolization of gained knowledge for private commercial purposesshould be
prevented.

d. Performanceevaluations of iinplemented systemsare often insufficient or not
includedin the projectproposals.

e. Time stress during the preparation,execution, implementation and dissemination
phases.

f. Lack of project continuity, resulting in executorsgraduallydiverting their attention
to preparingnew proposals,initiating tenderingactivities,etc.

g. Institutional bottlenecks(organizational& legal):
- poor legislation, control mechanisms and sanctions in many developing

countries;
— law enforcement, institutions cannot or will not force polluters to take

adequatestepsto meet legal standards;
— lack of relevant knowledge and training of involved scientists, chemists and

operators,and lack of training fadiities;
— lack of an institutional frameworkfor operationsand maintenance;~
— insufficient allocation of responsibilities and resourcesfor operation and

maintenanceat the local andmunicipal levels;
- revenuecollection, recurrentcostsand moneycollection from system-users;
- governmentalpermissionto solve financial constraints;
— poor financial organization of the local authorities (i.e. the municipal ac-

counting systemandother municipal services)often leadsto problemswith the
spendingsof the collectedmoney

- economicalcrisesand new political balancesin societiescan renderinstitution-
al structuresineffective;

— sanitationprojects frequentlysuffer from:
— a lack of awarenessof and interest in existing sanitationproblemswithin

the target group,
- insufficiently understood and recognizedrelated socio-cultural aspects.
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B Researchand/or study needs

a. Research0fl the status of sanitation (on user- and delivery-sidesat different
levels).

b. Developmentof apropermethodologyfor preparatorystudiesin this sector.
c. Establishmentof existing non-technicalreasonsfor the slow and sometimesvery

troublesomeimplementationand applicationof basically quite attractivecollection,
treatxnentandreusemethods,and what measuresshould be taken to easethem. It is
worthwhile:
- to identify possible gaps in the knowledge of and experiences with

conventionaland recentwastewatertreatmentand resourcerecoverymethods;
— to assessthe reasons in various countries/regions for their lack of real

interestin new wastewatertreatmentandresourcerecoverymethods;
- to improve strategiesfor the implementationof appropriate technologiesin

developing countries, e.g. by attracting the attention of national and
international financing organizations, local policymakers and politicians, and
the public in general.

d. Developmentof an adequatemanagementinformation system(study).
e. An evaluation of the kinds of institutions involved in the realization of Dutch

financed activities in this sector, how they were involved, what kind of support
they receivedandwhat the resuits wereachieved(study).

f. A study of the relationshipbetweenthe legal systemand the sanitationsector in
various lessdevelopedcountries. -

6.3 PREVENTION OF WASTEWATER PRODUCTION 1
A Bottlenecks

Adequate sanitation requires a mimimum use of water. This alsø applies for various
industria! productionprocesses.

B Researchand/or study need.s

Assessmentof how and to what extent practical feasible methodscnn be developed
to reducethe quantity of wastewateroriginating from:

— househoids,
- household industries,
- variousindustries

studies on waste(water)productionpreventionin someimportantpolluting industries
in the less developed countries, e.g. by studying the production processand
comparingpossiblesolutionswith thoseapplied in developedcountries. 1

6.4 COLLECTION AND TRANSPORT

A Bottlenecks

a. In develapingcountries there is general lack of practical experience in the field of
sewagecollection and disp~aLThese countries therefore, must depend on the
knowledge of available foreign consultants.

b. Very littie is known about the possibilities of low-cost alternative sewagesystems.
c. Installing urban drainagesy~temsfrequently is difficult, especially in the caseof

on-sitesanitationin slum areas.

1
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B Researcha.nd/or study needs

a. An inventory and analysis should be made of the relevant reasons for the
malfunctioning of sewer systems in various specific situations. Based on this
information, more appropriateseweragesystemsapplicable to these situations in
developingcountriesshould be developed,designedand implemented.

b. The developmentof low-cost ‘community on-site seweragesystems’, if possible in
combinationwith properlow-cost‘community on-sitetreatmentsystems’;

c. The developmentof low-cost decentralizedsewerageand treatnient systemsin
variousspecificsituations;

d. The developmentof sanitationsystemsfor urbanslum areaswith ahigh water-table
or rocky underground.

6.5 TREATMENT TECHNOLOGIES

6.5.1 Introduction

In this section the problems and research needs related to the foilowing treatment
technologieswill be discussed
- Lagooning;
— Aerobic treatmentsystems;
- Anaerobic treatmentsystems;
- Post-treatmentmethods;
- Recoveryand reusemethods.

First an overviewof generalbottlenecksand researchneedswill be presented.

Community on-site and intermediatetechnologiesare treated in the section “Anaerobic

treatment sy,stemsN. -~

6.5.2 Generalbottlenecksand researchneeds

A Bottienecks

a. Relevantinformation on all existingsystemsis often not available.
b. Lack of knowledgeof suitable,cheapand locally availableconstructionmaterials.
c. Lack of knowledgeof propertroubleshootingand repair of treatmentplants.
d. Too littie information is available for adequatetreatmentof mixed wastewater

streams.Mixed wastewater streams occur especially in urban slum areas with a
considerableamount of house industries (e.g. tanneries, textile businesses,tahoe
making,etc.)

e. The high toxicity of various industrial wastewaters frequently requires the
developmentof speciallyadaptedtreatmentstrategies.

f. Industrial effluents vary greatly in origin and composition.Too linie is known about
the possibilities of employing various anaerobicand other low-cost treatment
systems.

g. Knowledge is stili insufficient regarding the recovery of valuable materiaLs from
wa.stewaterssuch as ammonium saits, phosphates,elementarysulphur, etc. On the
other hand, availableexperiencewith the reuseof recoverytechnologieshasbarely
found its way to practicalapplication.
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B Researchand/or study needs

In the selectionof technology to be implementedin a specific situation, the long-term
interestsof the local popularionshould alwaysprevail.
Beforea final decisionis made,it is generallyadvisableto:
a. investigatethe systemon pilot- and/ordemonstration-scale;
b. investigatethe possibilityof using localiy availableconstructionmaterials;
c. assessthe requirementsfor the operationand maintenanceof the system
d. educateand train operators.

6.5.3 Lagooning

Various types of lagoon systems are sujtable for wastewater treatment (for complete
treatment and/or post-treatment) in deveioping countries, viz. anaerobic, facuitative,
maturationlagoons,mechanicallyaeratedlagoons,as well as lagoonsmaking use of higher
water piants. Moreover, interesting new developmentsrnight be found, e.g. for post-
treatment in fresh and salty aquacultural systems such as those containing Daphnia and
other typesof zooplankton,musseLsand shrimp, and filamentousaigae.

A Bottlenecks

a. Large land requirementsof conventionallagoonsystems.Design improvementsmay
decreasethe land requirements.

b. Thereare problemswith theproperoperationof lagoonsdue to:
- short-circuiting;
- blocking of in- or outlet points;
— insufficient knowiedgeof the best recirculation conditions underdit-

ferentcircumstances;
— algae growth, which mayrequire an extratreatmentstep;
- lack of maintenanceanddelludging;
- the pond was not being designedfor thespecificconditionsof developing

Countries.
c. In many developing countries there are no guidelines for the operation and

maintenanceof pondsystems.
d. Lack of knowledgeof the possibilities of alternativecombinationsof ponds under

different climatological, geographicalandeconomicalconditionsfor different types
of wastewaterwith emphasison lower land requirements and water and trient
reclamation.

e. Minimal knowledge of the design criteria for lagoon systems under various
conditions. Proceduresshould be based on more adequate knowledge of the
efficiency of various lagoontypes in the removal of specific categoriesof poliutants
such as xnalodorous coznpounds, nitrogen compounds, heavy metals, organic
microcontaminantsand pathogenic organisms. The conversion and removal of
ammoniadeservesspecial attention.

f. Lack of knowledge of the suitabiity of different lining materials under various
conditions.

g. Littie knowledge about the complex bioiogical/microbiological/chemical/physical
processesprevailing in lagoonsi.e.:

- symbiosisof the main biological species;
- elimination of pathogenicorganisms under variousconditions;
- conversionand elimination of nitrogencompounds
— possibletoxic effects reiatedto the treatmentof industrial wasrewater.

h. For anaerobic lagoons the general bottlenecksof anaerobic treatment are valid,

mentionedin 6.5.5.
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B Research and/or study needs

The lmprovcment of lndI’vidual types of lagoon systems
a. Improving insight into the various processes(e.g. the importanceof the presenceof

different types of organismsand the symbiosis betweenvariousorganisms,chemical
and physical processes,the effect of weather, etc.) involved in the removal of
various categories of pollutants in specific types of lagoon systems,i.e. removal
niechanismsof:
- biodegradablematterin varionssystems,treatmentefficiency, excesssludge;
- par.hogensin facultativeand aerobic(micro-aerophiic)lagoons;
- nitrogencompounds;
- malodorouscornpounds;
- microcontaminants,organicaswell as inorganic.

b. Improving the designand constructionof varioussystems, at temperaturesexceeding
20 C, i.e.:

— assessmentof designcriteria for more conventiona!lagoonsystemsunder
different clirnatological conditions, particularly tropical, and for the
treatmentof various types of wa.stewater,particularlysewage;

— improving the hydraulic flow pattern in lagoons to optimize treatment
efficiency;

- developmentanddemonstrationof high-rate,upflow typeanaerobiclagoon
systemsaccordingto the idea underiyingthe UASB concept.

c. As (b), but at temperaturesof 15-20 .C.

Improvements at the Iagoon system level
a. The developmentof integratedsets of lagoon systemswith the goal of reachingan

optima! combination of various pond types under different climatological and
geographicalconditions,also aimedat various types of effluent reutilization, saving
land space,andwater andnutrient reclamation,should be studied.

6.5.4 Mrobic treatrnentsystems

Aithougli, for reasonspreviously discussed(see Table 1, Chapter2), most conventional
aerobic methodsare ranked low for their completetreatmentof wastewater,thesemethods
stil! deserveconsideration for application in developing countries, either for complete
treatmentor for post-treatment.Propersystemscould be fixed film methods,e.g.biorotors,
trickling filters and submergedfilters. Just as for activated sludge processes,littie if any
researchwill be required for theseweli-establishedmethods,at least as far as they will be
appiied for completetreatment.

A Bottlenecks

a. The majority of conventionalaerobic systemsin developingcountriessuffer from
probiemsassociatedwith operation& maintenance,electricity supply shutdownsand
processing of the excess sludge.

b. The design of systems like oxidation ponds is stil! not optimal under tropical
conditions.
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B Researchand/or study needs

a. Ultra high-rare activatedsludge pretreatmentsystemssuch as the A-step of the
A/B process. Such an ultra high-rate treatment step may in some cases be
applicablein combination with low—cost anaerobicdigestionsystems(see6.5.5.2)for
sludge stabilization and energy generation. Sufficient reliable information is
unavailableabout the real potentialsof such an A-step, particularly in developing
countries.

b. Application of cascades,which might representan attractive proposition when
gravity flow can be applied.

c. Application of various conventionalaerobictreatmentsystemsfor post-treatmentof
anaerobiceffluents(see6.5.6).

6.5.5 Anaerobictrearmentsystems

6.5.5.1 Generalbottlenecks

General problems related to anaerobicsystemssuch as septic tanks, UASB-reactorsand
anacrobiclagoonsare:

a. relatively littie knowledgeabout the relatively high complexity of the microbiology
andbiochernistry of the anaerobicdigestionprocessin developingcountries;

b. limited information about the applicability at lower ambienttemperatures;
c. possiblemalodorousnuisancedue to the presenceof suiphatein the wastewater,
d. the reuse possibilities of biogas from large-scalewastewatertreatmentplants are

not known;
e. insufficient knowledge about the suitability of low-cost aerobic and micro-

aerophilicsystemsfor the post-treatmentof anaerobiceffluents for.
— removing remainingBOD, SS, pathogens(see6.5.6);
— recoveryof valuablecompoundssuch as ammonia,phosphate,sulphur etc.

6.5.5.2 On~-siteand intermediateanperobictechnologies -

A Bottlenecks

a. The lack of proper operation& maintenanceof on-sitesanitationsystems,e.g. the
regular removal of accumulatedsludge from the pits and septic tanks frequently
constitutesoneof the major bottlenecks.

b. Scarce experiencewith smali-scaletreatmentsystems(10-100househoids)with the
possibility of collecting and draining the effluent or sewering it outside the town
for centralizedpost-treatment.

c. How can a technology be made upgradable and adaptable to changing conditions?

B. Research and/or study needs 1
In generalcan be noticed that there is a need for the development, demonstration and
implementation of effective compact anaerobic reactors for domestic wastewater and
household industrial wastewatertreatment, viz. house on-site and community on-site
scale.
Apart from treatmentefficiency, an important aspectto be considered is the extent of
sludgestabilizationwhich can be achieved.
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More especifically researchneedscan be identified in the following areas:
a. Black water treatmentandnight soil digestion:

— at temperatures10 - 15 C (littie informationavailable);
- at temperatures 15 — 20 C (someinformation available,but more information

required);
- at temperatures> 20 C (reasonabledesignpossible).

b. Combinedblack andgrey water treatmenc
- at temperatures10 - 15 C (littie information available);
- at temperatures15 - 20 ‘C (moreinformation required);
- at temperatures> 20 C (reasonable design possible).

c. Domesticandhouseholdindustrial wastewater,e.g. the taboe-industry,andtanneries:
- at temperatures10 - 15 C (no information available);
— at temperatures15 - 20 ‘C (lirtie information available);
- at temperatures> 20 C (littie informationavailable).

d. Treatment of wastewater from flat buildings, barracks, hospitals, hotels, etc.:
— at temperatures 10 — 15 C (linie information available);
- at temperatures 15 - 20 C (more informationrequired);
- at temperatures > 20 C (reasonabledesign possible).

6.5.5.3 Off-site anaerobic technologies

A Bottlenecks

Apart from the general bottlenecks related to anaerobic technologies(menrioned in
6.5.5.1) some problemsspecifically related to high-rate anaerobictechnologiescan be
identified
a. Due to insufficient expertiseand lack of seedsludge, the start-upmay representa

seriousproblem, particularly for industrial wastewatertreatment.
b. Limited information aboutthe feasibility of treatmentat lower ~emperaturesof low-

strengr.hcold wastewater,wastewatercontainingtoxic or inhibiting compounds,and
complex high-strengthwastewater,with respectto reactor design, processlayout,
operationand control,andconstructionmaterials.

c. Littie practicalexperiencein developingcountries.
d. The high variability in composition,strength, temperature,etc., of various types of

industrial wastewatersrequiresa good knowledgeof and sufficient insight into the
aerobicdigestionprocessfor the developmentof properdesignand application.

B Researchand/or study needs

Reactor technology
A!though severalproper reactor systemsare available, important vork can still be done
in this field for the benefit of developingcountries,Le.:
a. Development of low-cost designs and constructions for sludge (and night soil,

manure) digestion and for high-rate anaerobicwastewatertreatmentsystems(see
sectionunder Lagooning).

b. Deveioprnentand demonstrationof moduled reactor concepts,possibly integrated
with hybrids of various high-rate systems.

c. Developmentof integratedanaerobic/aerobicor anaerobic/micro-aerOphiliCreactor
concepts..
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1
Anaeroblc reactorsfor sewagetreatmeut -

a. Assessment of the feasibility of the processin the wastewatertemperaturerange 10
- 15 C. There is evidence that anaerobic treatmentmay be feasible,provided this
low temperaturedoesn’t last for more than 2 - 4 months.

b. Auessmentof the feasibility of the processin the wastewater temperature range 15
- 20 C. Pilot-plant results demon.strate the principle feasibility of the UASB
system, however it is essentialto conduct researchon large pilot-plant scale in
regionswheresuchwastewatertemperaturesprevail.

c. The extentof sludgestabilizationwhich can be achieved
d. The treatment efficiency which can be obtainedin relarion to hydraulic loading

rates;
e. Processlayoutand reactordesign aspects;
f. Assessmentof the effects of sewage pollution strength, the complexity of the

pollutants, the presenceof toxic or inhibitory compounds,the occurrence of
incidentalhigh or low pH-values,e.g.due to industrial discharges.

Industrial wastewater treatment
a. Feasibility studies for various industrial wastewatersshould be performed, eg.

wastewater from the electroplating industry, the textile industry, tanneries,
treatmentof SS-richwastewatersin combinationwith heavymetalsandwastewaters
containing pesticides.

b. As is mentionedin 6.3 possibilities of reducing wastewaterproductionhave to be
investigated,evaluatingproductionprocesses.

6.5.6 Post-treatmeritmethods

This chapterwill be focussedon the post-treatmentof anaerobiceffluents. Although in
many cases anaerobic treatment may tentatively suffice in developing countries, it is
important to emphasize the developmentand implementation of low-cost post-treatment
systems,since few additional costs wilJ be requirèd to achieveabetter treatment efficiency.
Post-treatmentwill be more attractivewhen some form of recovery and/or direct reuseof
resourcescan be accomplishedor when the productionof food can be reinforced.

A Bottlenecks

Linie relevant information is availableso far about
a. the various methodspotentially attractive for the elimination of specific remaining

pollutants;
b. the designand operation of various available methods for applicatiori to anaerobic

effluents.
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B Researchand/or study needs

a. Assessmentof the proper application of lagoons and/or rish ponds. In principle
these systemsare effective for all the poiiutants stil! present in the anaerobic
effluent. Very Likely these systemscan be considerablyoptimalized by relatively
simplemeans,but more basic insight is required.

b. Assessmentof the applicabiiity of conventional aerobic methods, eg. cascades,
biodiscs and trickling filters. Thesemethodsare especiallyattractivewhen gravity
flow can be appiled.

c. Assessmentof the feasibility of physical-chemicalmethods,e.g.:
- disinfectionmethodssuch as chiorination,UV-radiation, ozonization
- SS-removaiby applying chemical-coagulation.
- chemicalphosphateremoval;
- application of a combined stripping-absorptionprocessfor the removal of

ammonia.
d. Developmentof cheap methodsto remove suiphide by recovering it as elemental

sulphur.Such niethods,presentiyunder development,are particularly interestirigfor
specific industrial wastewaters.

e. Assessmentof the applicability of various filtration methods,e.g.:
- upflow, downflow and horizontal-flow gravel filtration systemsfor suspended

solids removal;
- slow sand filtration, which should particularly be investigatedfor removing

N}14+, P04
3+and pathogensfrom anaerobiceffluents;

— soli infiltration (land treatment) in integratedwastewatertreatmentsystems.
Apart from crop growing, special attention should be directed to the
possibilitiesof reclaiming and reutilizing the drainagewater.

f. Assessmentof the use of weiland systems such as shailow reed ponds and
marshlands.Special attention should be paid to the risks of vector diseasesrelated
to stagnantwaters.

4 t

6.5.7 Recoveryand reusemethods

A Bottlenecks

a. All of the possibleusesof biogasarenot yet known.
b. Sludge disposal is a major problem. More information is neededabout safe and

simple possibilities for the use of sludge for agricultural purposeswith special
attentionon the presenceof pathogensand heavymetals.

c. The possibilities of the most profitable usesof anaerobiceffluents,specificaily for
food production,have not beenassessed.

B Researchand/or study needs

a. Biogas production and utiization (heating, cooking, Iighting. electricity generation
as power source),especiallywhen relatively small amountsof biogasare involved.

b. Utilization of excesssludge for soil conditioning and fertilization.
c. Reuseof anacrobiceffluentsfor~

— irrigation
— fertilization
- fish-breeding
- groundwaterreplenishmentand the successiveproductionof potabie water.

d. Recoveryof useful resourcessuchas:
- ammonia
- phosphate
- elementarysuiphur.
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7. CONCLUSIONS

To sustaina future for all life, the developmentand immediate implementationof proper,
low—cost andeffective environmentalprotection and resourcepreservationmethodsare
needed,particularly in the “Third World”.

With the present“state of the art” in technologicaldevelopments,the rapid developmentand
implementationof such low-cost wastewatertreatxnentandresourcepreservationsystemsare
within reach. However, in order to achieveour goal, it is of crucial importanceto swiftly
reinforcea variety of activities in this field aswell as to establishpriorities.

Considering the many issuesrequiring further attention,apriority list for studyand/or
researchactivities hasbeenmade.This list is basedon the criteria cited in Table 1
(Chapter2), the needsof the developingcountries(as far as theycould be estimatedon the
basis of information received),the comparative expertiseof The Netherlandsassessedin the
light of othercountriesanddonor organizations(Chapters4 & 5), andthe policy of the
ResearchandTechnologyProgramof DGIS (Chapter3).

The criteria consideredare:
— Appropriatenessof the methodologyor technologyfor developingcountries,both for

environmentalprotectionand resourcepreservation
— Effectivenessof the technologyas treatmentmethod with respectto categoriesof

pollutantswhich areconsideredmost hazardous;
- Short-termfeasibility andapplicabiiity of the technologyand/or methodology;
— The extentto which the productionof wastewaterandwasteswill be prevented;
— The processstability with respectto fluctuationsin e.g. the compositionandamount of

wastewater,powersupplyinterruptions,temperacure,etc.;
— Systemflexibility with respectto scaleat which it can be appiied,whether it can be

extendedin the future if largeramountsof wastewaterhave to be treated,and whether
it can be adaptedwhen effluent restrictionsbecomemore stringent;

- Simpiicity of operationandmaintenance;
— Lifetime of the system;
- Land requirements;
— Possibilitiesfor houseon-site,smail-scalecommunityOn-siteSanitationsystemsand

decentralizedsewagetreatment;
— Extent to which the technologywill lead to a reductionin the costsof wastewater

collection andtransportsystems;
— Extent to which the activity will lead to self-sufficiency of the developingcountry

with respectto environmentalprotection;
- Extent to which the systemwill lead to an improvementin conditions for the poorest

classesof people;
— Absenceof nuisanceproblemsto the environment.

Threepriority categorieshave beendistinguishedon the basisof thesecriteria, viz.:

A. First priority.

Immediate action required.

B. Second priority.

Mid-term action required. -

C. Thlrd priority.

Long-term action required.

The different researchanddevelopmentneedsare listed in Tables7.1, 7.2 and 7.3 according

to thesepriority categories.
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TABLE 7.1. Activitles requlred In the (leId of developmentand implementatjon of low-co
wastewater collection and treatment and recoverymethods.

Category A First priority.

Non-technical.

1. Development of a manual for policymakerswith generalguideinesfor the managementof
low-cost wastewatertreatmentsystems.

2. A (case)studyof the existing non-technicalreasonsfor the slow andsometimesvery
troublesomeimplementationandapplicationof basicallyquite attractivecollection,
treatmentandreusemethodsandwhich measuresshouldbe taken(6.2).

3. Researchon the statusof sanitation(6.2).

4. Developmentof guidelines for preparatorystudiesin this sectorto Study technological
aspectsas well as prospectsfor costrecovery(6.2).

Technical.

1. Wastewatercollection and transport(6.4). The developmentof low-cost “community-on-
site” seweragesystems,if possiblein combinationwith appropriatetreatmentsystems
(6.5.5.2).

2. Developmentof low-costdesignsand constructionsfor~
- sludge,night soil or manuredigestion,
— high-rateanaerobicwastewatertreatmentsystems. (6.5.5.2).

3. Development,demonstrationand implementationof effective, compactreactorsto operate
on houseon-siteandconimunity on-sitescaleat temperaturesexceeding15 °Cfor the
treatmentof:
— domesticwastewater(black and grey, combinedand/orseparate),
— householdindustrial wastewater.(6.5.5.2).

4. Sewagetreatmentby anaerobicsystemsin the temperaturerange 15 - 20 °C(6.5.5.3).

5. Development,demonstrationand implementationof moduledanaerobicreactorconcepts,
possibly integratedwith hybridsof various high rate systems(6.5.5.3).

6. Post-treatment of anaerobic effluents:
- applicationof conventionalaerobicmethods,e.g. cascades,bio-disks,andtrickling

filters,
- applicationof lagoonsand/or fish pondsfor anaerobiceffluents. (6.5.6).
— developmentof appropriatesystemsfor removingsuiphide(as sulfur).

7. Preventionof industrial wastewaterproduction(6.3) by stimulatingof on-sitetreatment
of the wastewater.

8. Developmentof a manual for technicianswith guidelinesfor the design,construction,
operationandmaintenanceof low-costwastewatertreatmentsystems.

9. Reinforcementof transferof know-how concerninglow-costappropriatetreatmentsystems
andmethodologiesin order to makedevelopingcountriesself-sufficient with respectto
environmentalprotection.
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TABLE 7.2.

Activities required In the (leid of developmentand implementation of low-cos

wastewatercollcction and treatment and recovery methods.

Category B: Second priority.

Technical

1. Developmentof low-cost decentralizedsewerageandtreatmentsystems in various specific

situations(6.4).

2. Furtherdevelopmentof lagoonsystems:
— developnientof integratedsetsof lagoonsystems,
- improvementof individual types of lagoonsystemswhenappliedat temperaturesin the

range 15 — 20 °C (6.5.3)

3. Developmentof integratedanaerobic-aerobic/micro-aerophilicreactorconcepts(6.5.5.3).

4. Reuseof anaerobiceffluents (6.5.7).

5. Soil infiltration (land treatment)in integratedwastewatertreatmentsystems(6.5.6).

6. Use of wetlandsystems,such as shallow reedpondsandmarshlands(6.5.6).

7. ~hysical-chemical post-treatment methodsanddisinfection methods,such as chiorination,

UV-radiation, ozonization(6.5.6). *

8. Filtration methodsfor post-treatment,e.g.upflow, downflow and horizontal flow gravel
filtration systemsfor suspendedsolids removal (6.5.6).
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TABLE 7.3. Activitles required in the (leid of developmentand implementatlon of 1ow-co~
wastewater coilection and treatment and recoverymethods.

Category C Tliird priority.

Technical

1. Possibilitiesof the anaerobictreatmentfor sewagein the temperaturerangeof 10-15°C
(6.5.5.3).

2. Physicai-chemicalmethods:
- SS-removalby applying chemical-coagulation,
— chemicalphosphateremoval,
- application of a combinedstripping-absorptionprocessfor removing and recovering

ammonia. (6.5.6).

3. Recoveryof useful resourcessuch as:
- ammonia,
- phosphate,
— elementarysulfur

(6.5.7).
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APPENDIX 1 SURYEY OF DRAWBACKS AND POSSIBLE ALTERNATIVES TO

CONVENTIONAL SEWER SYSTEMS

1.1 DRAWBACKS

a. The investmentandrecurrentcostsof conventionalsewersystemsare high. The lifespan
of asewersystemis limited so their implementationimplies repeatedsignificant financial
expenditures.

b. High water use of thesesystems (generally expensive and scarcepotable water) for the
dilution and transportof solid materialsthrough the sewer pipes. Through this process,
large amounts of clean water are polluted (a waste of resources!), and consequently
require expensivetreatment.Whetherthis extravagantuseof water is socio-economically
justified is questionable,even in countrieswith ample resourcesand a weil-established
water distributionsystem.
Water-bornesystemscanbe installed in communitiesprovided with (expensive)individual
home tapwaterconnections.The supply of potable wateris inherentlyaccompaniedby the
production of wastewater and consequently,with the need to collect and treat the
wastewater,either on— or off—site.

c. Water-bornesewerageis a complex technologywhich requiresskilled constructionfor
smooth performance. The skills necessaryto design and instali such a system are
generally insufficiently available in developingcountries.The engagementof expensive
expatriateexpertiseresuitsin the considerableloss of hard currencyor increasingdebts.

d. Large centra!collectorsmust be laid in straight lines.
Digging large trenchesin straight lines through scatteredsettlementswill necessitatethe
demolition of a substantial number of houseswhich is often socially and politically
unacceptable.

e. Conventionalwater-bornesystemsare prone to blockage
when large objects are dischargedin the sewer, and/or when inadequatequantities of
water are available for flushing. Communities inexperiencedwith water—homesewerage
sometimesutilize the systemfor removinga variety of householdwastes,someof which
may block the sewers.
Materials traditionally used in certain areasfor anal cleansing,such as corn éobs and
stones,also seriouslyrisk sewerobstruction.. 1

i.2 ALTERNATIVES

a. Small bore sewers.Thesesystemsare applicablewhen the domesticwastewater,prior to 1
discharge into the sewerage,is subjected to on-site settling in a small vault. An
advantageof this system is that it does not require high water use. Moreover, unhike
conventionalseweragesystems,small bore sewersdo not require large excavations.Small
bore sewersystemscan be usedin community on-site treatment (COST).

b. Shahlow sewers.These are similar to the conventionalseweragesystems,however they
are installed at a lower depthandare built accordingto less conservativestandards,e.g.
they require fewer manholes.They are meantto collect toilet andother liquid household
wasteswhich at the outfali of the sewer, are subjectedto treatment(Macoun & Semb,

1989). 1
1

1
1
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APPENDIX 11 LOW-COSTWASTEWATER TREATMENT SYSTEMS

11.1 SEPTICTANK (PRIMARY TREATMENT) (seefig. 11.1)

A Septic tank is a closed tank in which the black or grey wastewaterfrom one or
several houses(up to fifty househoids)is treated.Consisting of sedimentationand to
some extent anaerobicstabihization of the settied sludge, this treatmentprocess is in
fact, only a treatmentstep. The Liquid can be disposedof via a leachingpit or leaching
trench (infiltrar.ion into the soil), om into somekind of sewersystem.
Infiltration into the soil is a good solution as long as the amountof wastewaterdoesnot
exceedthe natura! capacityof self-purificationand dilution.
Dependingon the capacity,the tank must be desludgedwithin aperiod of oneto several
years.The amountof producedsludge varies from 20 to 60 liters per userper year.When
the tank is not regularly desludged,solids may wash out and clog the wil infiltration
system.This is the reasonthat in practice many septic tanks dischargedireczly into the
surfacewater or storm water drain, although the effluent is certainly not suitable for
this purpose.
Although the system is simple as it is, great care should be taken when designing a
septic tank. The tank is usually madeof concrete,howeverasbestoscementcan also be
used.The system is used all over the world with considerablevariations in design: the
tank can be divided into two om more compartmentsand the volume per user is
dependenton the ambienttemperature(Desk study IHE, 1989).
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figure II.! Septic tank (from Kalbermatten, 1981)

fl.2 THE IMHOFF TANK (PRIMARY TREATMENT AND SLUDGE DIGESTION) (seefig. 11.2)

In a single structural unit, these two-story tanks perform the dual function of
sedimentation and digestion. Used throughout the world, particularly in smaller
communities,they havenot beenusedfor larger plants in industrializedcountriesbecause
of the high construction costs for the required excavation and the rather complex
concreteform.
The Imhoff tank consistsof an upper chamber for sedimentationandaslot which permits
the settled sludge to flow into a lower digestion chamber.Since the digestion chamber
cannot be heated,this systemis more suitable in areaswith higher temperatures,as in
many developingcountries.
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figure 11.2 Imhoff tank(from OKUN, 1975) 1
11.3 LAGOONS (PRIMARY + SECONDARY TREATMENT) (seefig. 11.3) 1

Lagoons cao consist of anaerobicponds/lagoonscombined with facultative lagoons,
aeratedlagoonsand/or maturationponds,and/or water hyacinthchannelsom polycuiture
lagoons(ecoponds).
Dependent0fl the combinations,moderateto very high treatmentefficiencies cao be
achieved.Applying the criteria from Table 1, the following can be said:

Lagoonsdo not generallyrequire power specializedequipment.Anaerobiclagoonscao be
3 to 4 metersdeep,and thereforehave relatively low land requirements.Effluent from
anaerobic ponds or lagoons generally require further treatmentbefore dischargeinto
receiving watersor reuseon land. Anaerobicpondscan provide BOD reductionsof 30-
70~,and consequentlycan be considereda combined primary + partial secondary
treatment. Anaerobicponds cao be an odor nuisanceand thereforeshould be situated
downwindandat somedistancefrom settlements(Ahmad,1988; Yhedego,1989; Specker&
van Buuren 1989).
These systems are quite feasiblein Iropical areas.
Waste stabilization ponds are the most simple of all comprehensivewaste treatment
processes.The incoming wastewateris held in sha[low ponds(depth of 1 to 1.5 meters)

Littie mechanicalequipmeflt is requiredandmaintenancerequirementsare minima!.
1
1
1

Section A-A

1
1
1
1
1

1

1
1
1
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for a relatively long detention period (up to 20 days) to allow Organic matter to be
stabihizedby xnicrobial activity. A protracteddetentionperiod in a seriesof stabilization
ponds yields a bighly polished productwhich is virtually pathogen free. When the series
is coxnpleted with a maturationpond,a fish pond,water hyacinthchannelsor polyculture
lagoons,the degreeof treatmentis consideredtertiary.
A considerableamount of researchis spent on the use of macrophytesin wastewater
treatmentschemes.Reddy and Debusk(1987) give an overview. Pondswith macrophytes
can havevarious functionsin the treatmentprocessincluding
- removal of nutrientsandheavymetalsvia the plant;
- input of oxygen into the system by the transport of oxygen from the leaves to the

roots and from the roots’ diffusion into the water,
- productionof potentiahly useful resources,namely biornass.This vegetalniaterial cao

be used as animal fodder, as a source of biogas, or to improve the fertiity and
structureof the wil (raw or composted).

The use of harvestedbiomass is not always technicahly or economicahly feasible and
sometimesthe niacrophyte pondsare an ideal environment for the growth of mosquitoes.
Stabilization ponds operate under natura! conditions and do not require sophisticated
equipment (Ahmad, 1988). These systemsare well applicable under warm climatic
conditionsand wherecheapland is readily available.
Mechanically aerated lagoons for secondarytreatment and/or post-treatmentof the
effluent of anaerobicor facultative pondsuse only 10-20% of the land arearequiredfor
stabilization ponds, mainly becauseof their greater depth (2.5-5.0 meters) and the
significantly shorter liquid detentiontimes required.Facultativeaeratedlagoonsprovide
BOD removalsup to 80% when directly appliedto domesticsewage.Cohiform removal is
insufficient, i.e. between90-99%atwarm temperaturesandusingsingle-celledlagoons.No
nitrification takes place.
Only the very how loaded types (with sludge recycling) meet the dischargestandards.
Several types of aeratedlagoon.s cao be distinguished,dependingon loading rate and
sludgerecycling (Desk study IHE, 1989).
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figure 11.3 Aerated lagoon(from Arceveila, 1981)
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11.4 TRICKLING FILTERS (SECONDARYTREATMENT) (seefig. 11.4)

A trickling filter is a bed filled with a coarse carrier material (lava stones, plastic
shapes).Wastewateris percolateddownward through the filter bed. A biological layer
developson the carrier consistingof bacteria,protozoaandsome inert material.Aeratjon
takesplace through a spontaneous(influenced by temperaturedifferences)or forced air
flow through the filter.
Presedimentationis necessary to avoid blockage of the distribution device. Post-
sedimentationis also necessarysince excesssludge growth (parts of the biofilm) are
wa.shedOut with the effluent. When ambienttemperaturesare sufficiently high and the
organic loading is not too big, nitrification can take place and the effluent quality is
quite good.
An advantageof this system is its simple operation. Its disadvantagesinclude linijted
flexibility of the processand limitations on the removal of nutrients (denitrificatjon and
dephosphation).
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figure 11.4 Tricklirig filter plant (front Barneset. al., 1981)
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11.5 OXIDATTON DITCH (seefig. 11.5)

Although it is strictly a modification of the activatedsludgeprocess,the oxidatjon ditch
is often regardedas a ratherspecific wastewatertreatmenttechnology.
The wastewateris, without presedimentation,pumped into a closed loop (carrousel)and
mixed with the activatedsludge. the contentsof the aeration tank are niixed andnerated
by rotors or cones.The position and speedof the rotors facilitate precisecontrol of the
oxygenconcentrationat the variousplacesin the ditch.
This provides high processflexibility and possibilities for nitrification/denitrification
within one tank. Oxidation ditchesare low Ioaded sludgebad approx. 0.05 kg BOD//kg
d.s.
Consequently, the sludge is aerobically stabilized in the aeration tank and sludge
production is small. Anaerobicsludge digestion is not feasible.Constructioncosts are
relatively low comparedto operationandmaintenancecosta.
With this system, sludge handling is simpler and contrary to activated sludge plants,
primary sedimentationis unnecessary.This processrequires thereforelittie supervision,
and is very popular for small towns.
Effluent quality is excellentwith regardsto BOD, TSSandamrnonium(Desk study THE,
1989).

figure 11.5 flow schemeof an oxidation ditch (from: Vernick and Walker, 1981)
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11.6 BTOROTOR OR ROTATING BIOLOGICAL CONTACTORS(RBC’S)
(seefig. 11.6)

Rotatingbiological contactors(RBC’s) arediscs rotating with the lower part of the circie
in a shallow tank through which the water fiows. The disc is coveredwith an aerobic
biofilm which is alternatively exposed to the air, taking up oxygen, and to the
wastewater, absorbing organic matter. This process requires less energy than the
activatedsludgeprocess(energy consumptionis 500kWh/ 100 kg BOD removed),however
land requirementsare greater. A well functioning RBC is reliableand highly efficient it
can be a complete treatment or it can be used as a post-treatmentstep. The effluent
guality can be very good, deterininedby the organic loading (in kg BOD per m2 disc
surface)and by the number of stages,usually 3 or 4. Sludgeproduction is low: 0.06 kg
d.s./kg BOD removed, and the sludge volume index is well below 100 ml/g. Organic
matter dissolvedor suspendedin the wastewateris rapidly adsorbedby the biolayer and
later degraded.Becauseof this, the system.is capableof handlingpeak-loadingas well as
periods of starvation.Due to the module type of the RBC, it is a suitable system for
upgradingexisting treatmentplants.
A disadvantageof this systemis its sensitivity to temperatureand toxic compounds,and
the slow start-up.This techniqueis stil! quite young.

1
1
1
1
1
1

figure 11.6 Schematicdrawing of aRBC-unit

11.7 MODERN HIGH-RATE ANAEROBTCTREATMENT SYSTEMSINCLUD!NG THE UASB
PROCESSAND SYSTEMS SUCH AS ANAEROBIC FILTERS.

Presently,the UASB reactor concept(seefigures 11.7.1 and 11.7.2) is successfullyapplied
for wastewater fiows from papermill.s, sugarand starchindustriesand breweries.For the
treatmentof domestic sewagewith the UASB process,research has beenperformedover
the last decade.Promising resuitshaveculminatedin the start-upof a pilot-plant project
utilizing the UASB system for domestic sewagein Cali, Colombia (1983—1987).Since
1987 several small fuli-scale reactors (100-500 ni3) and a plant (1100 in3) have beenor
will be put into operationfor domesticwastewaterin Kanpur (India). UASB technology
hasbeenstudied on-site in a slightly modified reactor (Bandung, Indonesia). 1

vii 1
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In these types of reactors the wastewater fiows upward through a layer of active
anaerobicsludge with very good settling capacities.At the top of the Teactor a gas-
solid-liquid deviceseparatesthe three fractions.
The UASB process and the anaerobic filter (secondary treatment) are both high-rate
reactorconcepts.
Anaerobic filters (see figure 11.7.3) are used in upflow and downflow modes, with the
upflow type achieving better removal of suspendedsolids. It is expectedthat in five to
ten years this systemwill be used for the treatmentof domesticwastewaterunder Dutch
conditions.Togetherwith the UASB, this is the most applied anaerobic reactor type for
the treatmentof industrial wastewater.
Nutrient removal (phosphorusandnitrogen) is insignificant. As in otheranaerobicwaste
treatmentsystems,the remova! of coliforms is poor. For achieving satisfactorily effluent
quality, post-treatmentof the effluent is necessary.
On the other hand,helminth eggsare capturedin the sludgeblanket. Since the helminth
is very resistent,whenemptyingthe reactor, the sludge,which containslargeamountsof
theseparasites,should be handledwith care.
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11.8 LAND TREATMENT (seefigure 11.8)

The spreadingof waste and wastewateron land is one of the oldest treatmentand reuse
techniques.For centuries It was necessaryto bring animal and humanexcretato the land
as fertilizer. Doing the samewith urban wastesand wastewaterseemedto be a logical
continuationof this practice.The principal processesof land treatmentare irrigation or
slow-rate/rapid filtration and overland flow. Other land treatment methods inciude
wetlandand sub-surfaceapplication.
Interest in the treatmentof wastewateron land has grown, particulary in developing
countries(India, China, Th~ii1~nd,Vietnam). The principle rea.sonis the possiblereuseof
valuablesubstancesin the wastewater.The fact that land treatmentis a simple technique
anddoesnot require highly skilled personnelfor operationandmaintenancealso makesit
an attractive alternative. Land treatment has no start-up problems and is relatively
insensitive to peak loads and so may be favorable in the treatmentof wastewaterof
seasonalindustries.

1
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figure 11.8 The principal systemsof land treatment(from: Metcalf and Eddy, 1979) 1
a. irrigation
b. rapid infiltration
c. overland flow
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ANNE XE “A”

Comments to the position paper on Low—Cost Waste Water Treatment and
Reuze. —

Development of the position paper is a quite interesting approach and
provides an overview of many of the research activities in the field
of Waste Water Treatment and Reuse which primarily are being
implemented by European based Institutions in developing countries.
Unfortunately, to a much lesser extent are research activities of
developing countries based Institutions covered in the overview. There
are, for example, interesting developments in vast countries such as
Brasil and China.

The focus of the document is by nature oriented primarily towards the
urban setting and industry, and to a much lesser extent to the rural
poor and urban sluin dwellers. This brings alout the question of the
relative priority of research in waste water treatment as opposed to
other sanitation issues such as the efficient use and large scale
introduction of latrines, treatment of latrine sludge and solid waste
disposal and treatment. It may be worthwhile to try and give an
indication in the introduction of the paper concerning this relative
priority.

The paper mentions the low—cost sanitation concept but only addresses
in a very liniited way that present technology concepts seem to be
still wide out of the range which developing countries can afford. It
appears that a much more innovative approach towards sanitatiori will
be required in many situations. Approaches which promote~ a
sustainable development of viable technology at a service level which
is acceptable and affordable for the connnunities. This may well be a
much lower service level than presently is being applied in a number
of urban areas in developing couritries. In this context, it is very
important to look into willingness to pay for different sanitation
options. The enormous inagnitude of the sanitary problems in urban
areas in developing countries is not sufficiently coming to the fore
in the present paper. Nevertheless not only the sanitary problems in
urban areas require attention.

We do not concern with the statement in section 2.3 that sanitation in
low density areas is reasonably sinoothly. Several problems are still
to be solved in these areas, particularly in relation to the relative
high cost of solutions and possible soil pollution problems from
existing techniques. Another area of research concerning these types
of systems relate to the institutionalization of latrine construction
and implementation programs to enable the necessary scaling—up which
is required to cope with the low coverage figures in many countries.

It is interesting to note that legislation and law enforceinent are
important issues inentioned under the institutional aspects. However,
without adequate motivation and involvement of the community in
support of legislation, it will not be possible in most cases to
really come to grips with law enforcement. How to support this
motivation and how to best involve the coinmunities is stili a matter
which needs to be explored further.
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4.
Another general statenient which needs to be put into some perspective
is the issue that low—cost techniques are or are becoming available.
It should be noted that stili many of these techniques are not
af fordable and several of theni have only been implemented on small
scale under real life conditions in developing countries. Taking into
account that the conditions in many of these countries diff er
considerably, it can be stated that these techniques require further
testing in a nuinber of cases particular einphasis. This view is
supported by the statement in chapter 4 which states that the systems
which are being applied in Dutch finance programs, often are
comparable to those beirig applied in the Netherlands. However, not
all of them are equally successful. Soine definitely fail, and this in
my view, calls for a careful review to find why they fail and how tliey
perf om.

Reuse of waste and waste water appears to be a very challenging
problem and may be the best possibility to solve the constraints
involved in waste water disposal. Merice RSD in this area inciuding
biogas production and particularly land treatment appears to be very
useful. A recent consultation organised by WHO and FAO on legal issues
in water supply and sanitation addressed the issue of waste water
reuse, and for your information, the background paper for this meeting
has been attached. The full report of this consultation will be
available shortly. In this consultation, it was quite dear that
cultural aspects of waste water are an important issue, and this issue
is only very brief ly meritioned in your position paper, and not at all
in the chapter 6.2 on non—technical aspects. As culture acceptance is
a prerequisite for successful implementation of any project, more
emphasis should be gi~en to this issue.

An issue which is becoming a very serious problein and which appears to
be insufficiently stressed in the present position paper is the sludge
which is beirig generated in waste water treatinent. Although it is
mentioned the magnitude of this problem will very quickly increase in
future, and adequate treatment and disposal of this sludge will be
very necessary.

One of the current research activities not indicated in the document
is the review of urban sanitation systems in India and Thailand
carried out by IHS in collaboration with HSMI, HUDCOand IRC. Also
there are some indications in chapter 5.3 which can be misinterpreted
for example, CIDA, the Canadian International Development Agency is
not the same organisation as IDRC.

The description of the bottlenecks as well as the priority research
issues is not always sufficiently substantial to enable dear
interpretation. it is therefore difficult to assess uhether the
issues are the real priority issues. An important issue to be looked
into under non—technical aspects which appears not to have been
inciuded, concerns the possibilities which are available to enhance
the priority which waste water treatinent can get in the riational
policies of developing countries. It appears that a kind of





promotional and explanatory effort stili is required to stress the
benefits which adequate waste and waste water treatment can have. In
line with this issue, also the social cultural reasoris for the non—
acceptance of the reuse of waste water could have high priority as
this is one of the very important problems faced by waste water reuse
programs.

An issue which would link the technical and the non—technical aspects
would be the establishment of a manual on Waste Water Treatment
options for developing countries. Preferably such a manual would be
estab1ish~d by a majority of developing country nationals with
experiences in the field of waste water disposal and treatment. This
would be quite an interesting ef fort if it would be based 0fl an
initial review of a number of existing systems in different developing
couritries. Such an evaluation would bring out the niain problems in
the systems and would, of course, have to be supported by some
preliminary studies concerning some of the most interestirig
technologies that can be adopted. The Manua1. should be subsequently
reviewed by a nuinber of international experts in this field. It would
be coinparable to the IRC technical paper No. 18 on drinking water
technologies for developing countries.
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PRELIXINARY LIST OF SELECTED INSTITtJTIONS INVOLVED fl4

WASTE WATER RESEARCH IN DEVELOPING COONTRIES

— Tainpere University of Technology (Tainpere, F1), Department of Civil

Engineering, Finland.

— Universidad del Valle, Secciôn Saneamiento Ambiental, Colombia.

— Envirorimental Technology Research and Development Centre,
(Instanbul, Turkey).

— Polytechnic University (Ho Chi Minh City). Department of
Environmental Engineering, Vietman.
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11.9 TERTIARY TREATMENI

Tertiary treatment plants are applied for removingspecific wastewaterconstituents.They
can be complexin design,construction and operationand generallyrequire highly skilled
personnel.As previouslymentioned,this is not the casefor stabilization ponds.

11.9.1 Chiorination

Treated wastewatersare sometimes subjectedto disinfection by chiorination. This is
especially true for wastewatersto be usedfor drinking, bathing and irrigation purposes.
However, chiorination does not yield a complete pathogen-free effluent and chiorine
itself bas polluting effects by forming chiorinated CompounCiS, for instance in its
disruptionof the self-purifying capacityof rivers. The de-chiorination of effluent may
therefore be a necessarystep prior to their use or disposal. Standardsshould be
introduced to regulate the toxic effects of chiorinated effluent in the aquatic
environment. Difficulties however, may preclude the use of this form of treatrnent
(Ahmad, 1988).

11.9.2 UV-radiation

In order to removepathogens,UV-radiation of the wastewatereffluent could represent

an attractivealternativesinceno harmful pollutantsare added.
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