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This volume is the farty first issue of the Mediterranean Action Plan
Tedinical Report Series.

This Series will collect and disseminate selected scientific reports
cbtained through the implementation of the various MAP components:
Polluticn Monitoring and Research Programme (MED POL), Blue Plan, Pricrity
Actions Programme, Specially Protected Areas and Regicnal Oil Combating
Centre:

Ce volume constitue le quarante premier numéro de la série des Raprorts
techniques du Plan d'acticn pour la Mediterrance.

Cette série permettra de rassembler et de diffuser certains des rapports
scientifiques établis dans le cadre de la mise en ceuvre des diverses
composantes du PAM: Programme de surveillance continue et de recherche en
matiére de pollution (MED POL), Plan Bleu, Programme d'acticns
prioritaires, Aires spécialement protégées et Centre régicnal de lutte
contre la pollution par les hydrocarbures.
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PREFECE

The United Maticns Invirament Programme (QEP) convened an
intercovernmental Meeting on the protection of the Mediterranean
(Barcelona, 28 January - 4 February 1975), which was attended by the
regresantatives of 16 lediterranean coastal states. The meeting discussed
the varicus measures necessary for the preventicn and control of pollutiom
of the llediterranean fea, and oconcluded by adopting an Action Plan
consisting of three main components:

- integrated planning of the development and management of the
resources of the Mediterranean Basin (management ccmponent)s

- a co-ordination programme for research, monitoring and exchange
of infarmation and assessment of the state of pollution and of
protection measures (assessment component);

- a framewark convention and related protocols with their techaical
annecces for the protection of the Mediterranean envircnment
(legislative ccmpcnent).

All components of the Action Plan are interdependent and provide a
framework for comprehensive action to promote both the protection and the
continued development of the Mediterranean eco-regiom. No component is an
end ir itself. The 2ction Plan is intended to assist the Mediterranean
Goverrments in formulating their national policies related to the
continuous development and protection of the Mediterranean Regicn and to
impreve their ability to identify options for alternative patterns of
develcoment and to make appropriate allocaticns of resources.

The Pricrity Actions Programme (PAP), a component of the integrated
prograsme of the Mediterranean Action Plan (MAP) pramotes the exchange of
experience in the fields of integrated planning and management of rescurces
in the Mediterranean Regim.

The starting point of the PAP activities is the awareness that the
protection and scund management of the environment can only be implemented
by means of a raticnal development which implies optimum exploitation of
naturzl resources.

iiithin the framework of the definition of the PAP activities, the
representatives of the Mediterranean governments, the Contracting Parties
of the Barcelona Convention, have established the following priorities for
the PAP:

- human settlements

- water resources management

- soil mrotection against erosicn
- tourism

- agquaculture

- renewable sources of energy.



Irn the above-mentioned areas, the following activities are being
completed:

- directories of Mediterranean instituticns and experts

- water resources management

- integrated planning and management of Mediterranean coast zmes
- protection and rehabilitation of histcric settlements

- land-use planning in earthquake zoes

- soil protection against erosion

- solid and liguid waste management, collection and disposal
- develcpment of tourism harmonized with the envircnment

- aquaculture

- renewvable sowrces of energy

- envircnmental impact assessment

- balance between the hinterland and the coastal zmes.

The United Maticns agencies, many international crganizations and
almost all Mediterranean countries play an active part in all these
activities.

This volume, which is the forty first in the Mediterranean Acticn Plan
Technical Repcrts Series, contains selected documents concerning the
Pricrity Action entitled "Water Resaurces Development in Mediterranean
Islands and Coastal Areas", prepared within the Phase III of the action,
implemented in the period 1986-1987, dealing with treatment and use of
sewage effluent for irrication in the Mediterranean region.
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PREFACE

Le Programme des lMations Unies pour 1'envirannement (PUE) a convogué
une réunion intergouvernementale sur la protection de la Méditerrande
(Barcelone, 28 janvier -~ 4 février 1975) 4 laquelle ont pris part des
représentants de 16 Etats riverains de la mer Méditerranée. La réunicn a
examiné les diverses meswes néosssaires & la préventio et 4 la lutte
antipollution en mer Méditerranée, et elle s'est ccnclue sur 1'adoption
d'un Plan d'action comportant trois éléments fondamentauxs

- Planification intégrée du dévelo'ppement; et de la gestion des
ressources du bassin méditerranéen (élément "gestion');

- Programme cocrdonné de sucveillance continue, de recherche,
d'échancge de renseignements et d'évaluation de l'état de la
pollution et des meswures de protection (€lément “évaluatiom");

- Canvention cadre et protocoles y relatifs avec lewrs annexes
techniques pour la protection du milieu méditerranéen (élément
juridigue).

Tous les éléments du Plan d'acticn étaient interdépendants et
fournissaient le cadre d'une action d'ensenble en vue de promouveir tant la
protection que le développement continu de 1'écordégion méditerrandenne.
Aucur élément ne constituait une fin & lui seul. Le Plan d'acticn était
destiné 3 aider les gouwernements méditerranéens 4 formiler lewrs
politiques naticnales en matiére de développement continu et de protection
de zene de la Méditerrande et d accroitre lewr faculté d'identifier les
diverses options s'offrant pour les schémas de développement, d'arréter
leurs choix et d'y affecter les ressources appropxides.

Le Programme &'Actions Prioritaires (PAP), partie du plan intégré du Plan
d'Action pour la Méditerrande (PAM), a pour but de promouvoir des échanges
d'exgériences dans les domaines de la planification intégrée et de la
gesticn des ressources des zanes cOtiéres méditerranéennes.

Le point de départ des activités du PAP est la connaissance que la
protactim et la promoticn de 1'envircnnement ne peuvent étre réalisées que
gréce & un développement raisonné qui se traduit par une exploitation
optirale des ressources naturelles. ILa notion méme de 1'envircannement,
congue dans un sens plus large, et tout particuliérement dans des
conditions méditerrandennes, constitue en méme temps la plus précieuse
ressowrce de la Fégion.

Dans la phase de la définition des activités du PAP, les représentants
des Gouvernements Méditerranéens, Parties Contractantes de la Convention de
Barcelone, ont précisé les domaines pricritaires du PAP, notamments

- établissements humains;

- gestatin des ressources en eau;
protection des sols contre 1'érosicn;
- tourismes

aquaculture;

sources d'énergie renouvelables.
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Dans les limites des domaines précités, les acticns suivantes sant en
vole d'achévement:

- rérertoires des institutims et experts méditerranéens:

- gestion des ressources en eau;

- planificatim intégrée et gestion des zmes citiéres
rnéditerranéennes;

- protection et réhabilitation des sites historiques;

- aménagement du territoire dans les zones sismiques;

- protection des sols contre 1'érosims

- gesticn, collecte et élimination des déchets solides et liquides;

- Géveloppement du tourisme en harmonie avec l'envirmnement;

- agquaculture;

- sowrces d'énergie renouvelables;

- évaluation des impacts sur 1'environnement;

- interrelation ofte - arriére-pays.

A toutes les actions premnent part les crganismes des N.U. et de
nankr euses orcanisatios internatioales, y conpris la perticipation active
de presque la totalité des pays méditerrandens.,

Le présent volume, le quarante premier de la Série des rapports
technicues du PAM, englobe un choix de documents relatifs a4 1'action
pricritaire intitulée “Dévelcpprement des ressources en eau des iles et
znes cbtiéres méditerranéennes", préparés 4 1'intériewr de la Phase III de
l'actin, mis en ocewre dans la période 1986-1987, et concernant
1'épuration et la réutilisation agricole des eaux usées dans la région
méditerranéenne.



EDITORIAL

The subject of this technical paper is "wWastewater treatment and
re-use for irrigatiom in the Mediterranean Regicn". It is based on
docurents presented in the warkshop on “Treatment and Use of Sewage
Effluents for Irrigation in the Mediterranean Regicn (Split, November
1987), within the activities of the Priority Actions Programme (PAP) of the
Mediterranean Action Plan (MAP).

This project "Wastewater treatment and re-use for irrigaticn in the
Mediterranean Region", within the pricrity action "Vater Resources
Develomment in Mediterranean Islands and Coastal Areas” has been
implemented with WEHO/EURO and FAO. The docurments of the above~menticned
worksncp are presented in three parts:

Part I - Introduction (presents results of the warkshop),

Part II - Some general and specific aspects of wastewater treatment and
re-use for irrigation,

Part III -~ Country reports and case studies.

The documents prepared in the course of this action will not be presented
chranologically or in their original form, but in such a way as to describe
clearly and concisely the basic subject, without superflucus details which
are unsuitable for this kind of paper. Therefore, some documents will be
presented partially and some in their entirety.

The principal aim of  this paper is to describe the techniques and
methods used, amd to review briefly the situaticns in this field.

The purpose of this volume is to produce papers useful to loml water
authcrities, as well as to decision-makers and technicians in the field of
water rescurces development in the Region, in order to give information an
the situvation in other areas, and to present experience and possibilities
for resclving the problems of wastewater treatment and re-use for
irricatiam in the Mediterranean Regicn.

Prof. Jure Margeta
Co-crdinator of the Pricrity Acticn
on Water Resources Development
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EDITORTAL

Cette commmication technique a pour théme "1'épuratim et la
réutilisation agricole des eaux usées dans la régicn méditerrandenne".
Elle repose sur les documents présentés lors de 1'Atelier sur 1’'épuration
et la réutilisaticn agriccle des eaux usées dans la région méditerrandenne,
organisé & Split en ncvembre 1987 au sein du Programme d'actions
pricritaires (PAP) du Plan d'acticn powr la MEditerranée (PAM).

Le projet "Eouration et réutilisation agricole des eaux usées dans la
région méditerranéenne", faisant partie de l'acticn pricritaire
"Développement des resscurces en eau dans les Iles et les zones cdtiédres
méditerranéemes"”, est réalisé conjointement avec 1'CMS/EURO et la FAO.
Ies documents de l'atelier précité sont groupds en trois parties:

lére partie - Introduction (présentation des résultats de l'atelier),

I1le partie =~ Certains aspets généraux et spécifiques de 1l'épuration et de
la réutilisation agricole des eaux usées,

IIle partie - Rapports nationaux et études & cas.

Les documents rédigés au cours de cette action ne sercnt pas présentés
sela leur cordre chranclogigue au dans leur forme ariginale, mais de
maniére a exposer avec clarté et concision leur sujet fondamental, sans les
élourdir de détails superflus qui ne conviennent guére 3 ce type de
commmnication. Il s'ensuit donc que certains d'entre eux sont présentés de
maniére partielle et que d'autres le sont intégralerent.

., La présente commmication vise avant tout & exposer les techniques et
méthodes utilisées ainsi qu'd examiner briévement la situation dans le
domaine.

L'objectif de o= volume est de moduire un document utile pour les
autcrités locales, de méme que pour les décideurs et techniciens en matiére
de développement des ressources en eau dans la Région, leuwr permettant
ainsi d'appréhender la situation dans d'autres zanes et d'acquérir des
enseignements et des noyens de trouver des soluticns aux proolémes posés
par l'épuration et la réutilisation agricole des eaux usées dans la région
méditerrandenne.

Prof. Jure Margeta
Coordomnateur de l'action pricritaire
sur le développement des resscurces en eau
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WASTEWAIER RE-USE IN TIE LMEDITERRANERN REGION

CONCLUSIONS AND RECCM-ENDATIONS

From wWorkshop an Treatment and use
of Sewage Effluent for Irrigation, Split, November 25-27, 1987

The conventicnal water resources available over a large part of the
Mediterranean Region, and particularly in the islands and arid ccastal
zones, are already being exploited. The availability of necessary water
quantities will be in future a limiting factor of development, especially
in the eastern and scuthern zcnes. 7The expected demcgraphic growth, the
development of towns, industries and tourism, as well as the increase in
the production of energy and food, will all require a sensible management
of the conventicnal water resouwrces and the develcpment of new resources.
Apart from that, the increasing water consumption will provcke a greater
sea and ccast pollutia.

At present, 16,000,000 ha of land are irricated in the Mediterranean
Region, with an annual increase of 200,0000 ha. It is expected that by
the year 2025, the surface to be irricated will increase by the
additicnal 4,000,000 ha in the northern part, requiring 40,000,000,000 m3
of water for irrigation per year, and by 7,000,000 ha, requiring
70,000,000,000 m3 of water for irrication per year in the eastern and
southern parts of the Mediterranean Regicn.

Those facts, among others, underline the need to implement tharcughly
and expeditiously, new unconventional water resources, sudh as wastewater,
almg with the implementation of necessary measures for its re-use,
sanitary protection and control.

Departing from such crientation, and after the presentation of the
prepared documents followed by a thorough discussicn, the workshop defined
the followings

General conclusions

1, VWastewater re-use, as a form of water supply, has been used in the
Region for some time now, the degree varying from ane area to ancother.

2. Specific features of particular areas, regarding the wastewater
quality, as well as the demand for water and habits of the populaticn,
require specific approcach and sclutions which must be gradually
adapted to the actual situaticns and technology development in the
Region.

3. Wastewater re-use can have various applications, such as: irrigatim
(industrial crops, fodder and pasture, high and marshland crops, urban
green areas and forests), recharge of aquifers, aquaculture and
industrial re-use.

4, Since a significant part of the Mediterranean Fegicn is arid,
wastewater re-use is of major interest since it represents a
conplementary rescurce, fully mastered and independent of climate
{aridness).
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Acriculture uses not only the effluent water, but also its otner
constituents, such as organic matter ana nutrients (Hitrogen and
Phosphorus ), which are thus converted fram an envircamental nuisance
to an asset.

The mandatory purification of the wastewater before re~use contributes
directly to the envircnmental protecticn. Besides the general
positive envircnmental effect, wastewater re-use has a particular
impartance for ecologically sensitive areas: in marine environment
(more or less protected bays, flora and fauna of the continental
shelf); inland envircnment {littoral flora and fauna, forests, etc.).

Wastewater re-use can contribute greatly to the protection of
aquifers, especially in karstic areas, which, dwe to the specific
hydro—geological characteristics, are exposed to all forms of
polluticn fram the surface.

Inappropriate wastewater re-~use can have necative effects, like too
hich concentraticns of Nitrogen, Phosphorus, trace elements, build-up
of pathogens or trace organisms, in soil and/cr ground water,
cansequently threatening the health of humans, animals and plants.

Prcblems related to the re-use of adequately-treated wastewater are of
an inter-disciplinary nature, requiring a simultaneous intervention of
parrification, irrigation system, quantitative and qualitative yield of
crops, envircnmental protection, control, and particularly the socic-
economic and sanitary aspects.

One of the by-procducts of wastewater treatment is sludge. Attention
to an adeguate disposal or use of sludge should not be overlocked. It
represents a potential of fertilizing mineral and organic matter that
can be useful in agriculture. The trace elements content and hygienic
quality must, hovever, be considered in order to avoid risk for the
health of humans, animals and plants, as well as soil pollutien.

Specific oconclusions and recommendations

l.

Effluent quality standards have to regard simultanecusly the physical,
chemical and biological characteristics. Many existing health
standards are considered to be too restrictive. A more flexible
guideline has been recently proposed. It is important that the
wastewater re-use standards be, at the same time, strict enoudh to
avoid all sanitary risks, and not so strict as toc rule out completely
irrigation with treated wastewater.

The three necessary measures for avoiding and controlling the effects
of re-use which could generate environmental and sanitary prcoblems are:

- restrictions of crop types in accordance witn the guality of applied
effluents;

- selectio of irrigation techniques which minimize direct contact
between the effluent on cre hand, and crops and/cr farmers on the
other; and,

- application of adequate wastewater treatment methods.

Vlaste stabilization ponds have been found to be simple and cost—
effective in treating urban effluents for agricultural use. It can
produce effluents of good quality that can be used for irrigation, and
in some situations, even for unrestricted irrigation. However, the
method requires relatively more land and can create odour problems.
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Considering the favourable cliratic conditions prevailing in the
“editerranean region, inncvative, low-cost treatment methods are
preferable wherever land availability is not a limiting factor, and if
they do not compromise the effluent quality. Such methods, based on
natural purification processes, are simple and easy to operate, as
well as cost-effective, Some examples of such processes already in
use in the Region, are: maturity ponds; DRT {Deep Reservoir
Treatment); and SAT (Soil Aguifer Treatment). These methods can
produce good quality effluent, in some cases adequate for unrestricted
irrigation.

New wastewater treatment technologies are at advanced stages of
development and might be applicable in the futuwre for agricultural
re-use. These include agquatic vegetation, overland flow, creation of
wetlands and anaercbic treatment of domestic effluent in USAB (Upflow
Anaercbic Sludge Blanket) reactors.,

Inter-seasonal storage is an essential element of efficient effluent

‘use, aimed at compensating between the constant wastewater supply and

variable effluent demand for agriculture. Storage installations,
either swface or underground, act also as treatment units: they can
serve as complementary treatment units, or even for principal effluent
treatment.

Trace elements represent a potential hazard associated with the use of
effluents and sludge in agriculture. It is advisable to monitor trace
elements accumilation in soils, plants and animals consuming the
fodder irrigated by wastewater. Appropriate measures have to be taken
in arder to avoid agricultural, enviramental and health prcblems.

Where treated effluent is used for irrigaticn, there is a potential
danger of high levels of salinity. Therefore, adequate agricultural
practice and management must be applied to prevent excessive
accumilation of salinity in soils.

Wastewater could represent a significant resource for agricultural
irrication in some countries of the Region. Generally, it can be said
that re-use of effluents in agriculture could be a soluticm to water
scarcity under most conditions mrovided that adequate precautions are
taken in the design, operaticn and maintenance of the systems in crder
to protect individual and collective health.

Treated wastewater can constitute a supplementary resource to be taken
inte consideration in the processes of water rescurces planning, in
order to overcome the conflict between the urban and agricultural
demends.

In the process of re-use application plamning on a national level, it
is advisable to take into consideration the eccnomic possibilities and
other relevant factors, and with regard to them decide whether to
build immediately e or mcre complete plants or to start more
facilities with a lower level of treatment.

vwhen selecting the tedmoloyy (purificaticn, irrigation, etc.),
tachnical and economic conditions, as well as the limiting factors of
the site should e taken into account.

Urkan storm water should be treated in order to secure a better

otection of water resources against polluticn. At the same tire,
1e effluent water would be rendered safer for irrigation purposes.
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In order to improve the chemical quality of the wastewater to be
re-used it is necessary to avoid mixiny dorestic wastewater with
industrial or similar chemically contaminated effluents.

Even if freshwater reserves are still sufficient for agricultural
uses, re-use for forest irrigation (which is less restrictive), could
be advisable, for both tinmber and fire-wood production and creation of
fire-breaks.

In the Mediterranean countries suffering from water scarcity, either
at national or local levels, wastewater should be considered as an
unoonventional water rescurce, and the re-use should be integrated in
the water management system, including clear definition of re-use
priorities and strategies, as well as ooherent laws and regulaticns.

Both restricted and unrestricted re-use should be considered as viable
solutions for the Mediterranean Region. Supervision of effluent use
is possible, and restricted irrigaticn can be practised using low
treatment level and irrigating fodder, fibre or seed crop. When
strict supervision of effluent use is difficult, a high level of
treatment is necessary, so that the effluent meets the requirements
for unrestricted re-use.

The economic feasibility of re-use projects depends cn efficient use
of the effluent. Thus, seasonal storage installaticns should be
incorporated in re-use schemes and efficient irrigation metheds should
be applied. i
Raising of public awareness, health promotion and education components
may have to be introduced into the re-use projects.

Manacgement of wastewater re-use for agriculture has to be preceded by
an actin o designing a sanitation network, implementing of devices
and choosing of treatment technigques. All concerned sectors
(sanitation, agriculture, health, tourism, envircnment,...), at the
levels of managing bodies, municipalities and users, have to harmonize
their activities on adopting and orientation scheme of sanitatim,
financing of investments and taking over the responsibility for
functioning of installations. This harmcnization requires the
establishment of an inter-sectoral institution. Responsibilities must
be assigned and capacity created for cperation and maintenance of
treatment systems and for monitoring of effluent quality and respect
cof crop pelicies.

The economic feasibility of re-use projects depends en the selection
of appropriate treatment methcd and the efficient use of the
effluent. It requires inter-sectoral collaboration, among local
govacnment, agriculture and health sectors in the planning and
implementation of re-use projects, with particular reference to
appor ticnment of cost among the beneficiaries.,

Re-use of effiuent in agriculture is a new technology and its
successful implementaticn depends, among others, on public acceptance
of the produce of farms using treated effluents, support of the public
health officials and availability of trained manpower to manage
treatment facilities and use effluents efficiently and safely at the
farm level. Appropriate education and training are reguired for the
above-menticned target grougs.



Recommendations for follow-up

1.

hastewater re-use represents an important issue for a large number of
Mediterranean ccuntries. It is, therefore, necessary to secure a

continuous following of the develomment of technology, as well as the
regular exchange of experience in its applicatim.

It is recommended that cooperation in this field between FAD, WHO and
MAP, through PAP/RAC, as well as with other interested relevant
arganizations, be continued and intensified.

It is necessary to apply &n integrated apprcach to the problem, due to
its complex nature. A check list for such an approach is given in
this repcrt.

As a possible follow-up in this field, the following has been
recommended 2

- to check the possibilities of joint preparation of a wde of
practice;

- to prepare, as demonstration documents, enviranmental impact, and
health impact assessments for selected specific cases:

- to organize a joint workshop to present and discuss the above
documents and new achievements in the field.
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RE-USE OF SEWAGE EFFLURNTS IN AGRICULIURE
SQME NV DIMEXNSIONS

By

ARUMUGA{ KANDIAH
Technical Officer (Agricultural Water Quality)
ILand and Water Develcopment Divisicn
Food and Agriculture Organizaticon

1. INTRODUCTION

In many arid and semi-arid ocountries of the warld which are faced with
acute water shortages, the re-use of sewage effluents in agriculture is
considered an important strategy in conserving water resauwrces. In humid
and temperate countries on the other hand, agricultural use of effluents
offers a safe methced of disposal of mmicipal effluents, thereby reducing
water pollution prablems associated with other disposal methods. In
addition, the use of effluents in agriculture has been proved to be
beneficial from the point of view of the nutritive value of these effluents
and their ability to improve soil fertility.

A major overriding issue, in the agricultural use of effluents is,
however, the possible adverse health impact on those consuming agricultural
produce derived from 'sewage farms', the farm population and those residing
near sewage-irricated fields. Further, cultural and social barriers in
some countries may not permit the wse of sewage in agriculture.

Recent developments in the agricultural use of sewage effluents have
shown beyond doubt the technical and ecanomic feasibilities of this
venture, and means of achieving acceptable levels of health protecticn.

The practice requires a high level of management, monitoring of the quality
of sewage effluents and farm produce, and strict adherence to certain
envircnmental health practices. This paper discusses scme new dimensions
that have emerged recently in relation to quality criteria, appropriate
treatment methods, farm management practices and envircnmental management
measwres, with particular reference to the aurrent and potential use of
sewage effluents in the Mediterranean countries.

2. CHARACTERISTICS OF MINICIPAL WASTEMATER

Municipal wastewater is defined as the spent water of a commnity
consisting of water-carried wastes from residences, commercial buildings
and industrial plants and surface and groundwaters that enter the sewerage
system (WEO, 1973). It consists mainly of a mixture of water and wastes
which generally include dissolved and suspended solids made up of human and
animal wastes, oils and greases, vegetable and animal residues, household
chemicals, soil, bacteria and viruses. Table I illustrates the compocsition
and characteristics of a typical mmicipal sewage effluent, DICD (1985).
The mediun strength wastewater is typical of the type of wastewater in
countries where water supply is not limiting, whereas the strong effluent
is mostly the case in countries where water is sparingly used owing to
limited availability or cost. Weak wastewater is found when the sewerage
is mixed with storm and groundwater. A key consideraticn in the successful
re-use of mmicipal wastewater in agriculture is the removal or reduction
of the level of thcse substances which are detrimental to crop producticn,
huran health and envircnment, throucgh practical and economically feasible
means of treatment.
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Tanle I

Physical and chemical characteristics of domestic wastewaters

Cancentration {(in mg/l)

Major Constituents Streng Medium heak
Total sclids 1 200 700 350

Dissolved solids 850 500 250

Suspended solids 350 200 100
Nitrogen (as N) 85 40 20
Phosphorus (as P) 20 10 &
Chlcorides a/ 100 50 30
Alkalinity (as CaCO3) 200 100 50
Crease 150 100 50
BOD b/ 300 200 100

a/ This amount should be increased by the concentration of
these constituents in the mrriage water. The table shows
major constituents only.

b/ BOD is the five-day biological oxygen demand measured at 20° C.
It is a measure of the bicdegradable arganic content of wastewater.

3. WASTEWATER RE-USE IN THE MEDITERRANEAN COUNTRIES

A clear overall picture of the re-use of sewage effluents in
agriculture in the Mediterranean cowmntries has still not been develcoped but
more and more informaticon has emerged in recent years. Wastewater re-use
is widely accepted in meny Mediterranean countries ard most countries
operate their own naticnal sewage effluent collection, treatment and re-use
systems based on national requirements. Shuval et al. (1986) presented
examples of current wastewater re-use practice in agriculture around the
world including Mediterranean countries such as Israel, Egypt, Tunisia and
Cyprus. FAD (1987) analysed the status of marginal quality water use for
plant production in Barcpe which included the use of not only municipal
effluents but also industrial effluents and other types of low quality
water. Table II presents a summary of the status of effluent re-use in
agriculture for selected Mediterranean countries.

There is no doubt that treated wastewater is becoming an increasingly
impartant source of water for agriculture in many Mediterranean countries.
As public health considerations and envircnmental protection measures have
become well established, the primary and secondary treatments of effluents
have become mandatory processes. This has meant that treated wastewater
has become a fairly gocd quality water for crop production. Through choice
of crops, adoption of good irrigation management practices, in cooperation
with enviraumental management measures and disinfection of agricultural
products at the household level, treated wastewater can be used safely in
many Mediterranean countries for crop productiam.
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7apls II

Status of Effluent Re-use in Some Selected Mediterranean Countries

Country and Source
of infarmtion

Brief descriptian of status

Cyprus
(Krentos, 1985)

Nicosia Central Prisons Sewage Treatment Plant:
Cperational since 1955. Treatment 1s by
conventicnal trickling filter type. Effluent is
used to irricate alfalfa and forage crops.
Akrotiri Sewage Treatment Plant: COperaticnal
since 19¢2. Treatment is by peroolating filter.
After disinfection by chlerine, a portion of the
effluent is used to irxrigate 12 ha lawn by
sprinklers. The balance is mixed with dam water
to irricate citrus (minisprinklers) and grapes
(furrcw}.

Zenon-Kerares I1 Sewage Treatment Plant:
Completed in 1984, operational but not at its full
capacity. The effluent after chlcarination is used
to irricate lawns of a football stadiunm.

Nicosia Sewerage System: Stage I was completed,
stage II under construction. Treatment is by
aerated and facultative lagoons. The effluent
after chlorination is used to irrigate fodder,
cotton and jojobas.

Eqypt
(Abdel Ghaffer et al.,
1985)

El-Gabal El-Asfar Farm: Since 1911, the effluent
from Cairo city 1s used in the farm to grow
citrus. The area of the farm is 1250 ha.
Alexancria Sewage Effluent: Studies are under
progress to irrigate the Western Delta region
using effluent from Alexandria. The potential is
recognized as to an area of 30,00 ha from an
expected discharge of 1.2 million aibic metre per
day.

Israel
(Shuval et al., 1986)

In 1983 1t was estimated that about 24 per cent of
treated effluent (50 million aubic metres per
year) is used in agriculture. In 1982, the total
area under sewage irrication was estimated at
10,000 ha of which 87% was for cotton, 7% was for
citrus and the balance for other crops. Sprinkler
irrigaticn is the main method of irrigation.
Vegetables eaten raw are prchibited for sewage
irrication. Predominant treatment process is
oxidaticn pond method.

Tunisia
(Mara and Cairncross
1987)

Currently there are 12 re-use scnemes with three
more planned for implementation. Wastewater from
the capital city Tunis is re-used to irrigate
citrus since 1964, Current area under sewage
irrication is around 600 ha and the plan is to
extend this to 40,000 ha. Treatment processes
used are activated sludge, waste stabilization
ponds anc oxidation ditches.
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4, (CUALITY CRITERIA IN EFFLUENT RE~USE

Quality criteria refer to limiting values of certain physical,
chemical and biclogical parameters of water or effluent established for an
intended use. The criteria form the basis to judge whether a given source
of water or effluent is suitable or not suitable for the intended use,
for example irrication, aquaculture, landscaping and so an. FRO (1985)
has established quality criteria for conventional sources of water for
irrication (Table III). The major quality ooncerns considered were
salinity, sodicity and toxicity. WHO (1973) recommended health and
treatment criteria for the re-use of effluents for irrication, recreation
and mmicipal re-use (Table IV). A combination of physical, chemical and
bioclogical criteria was proposed by Kandiah (1987) for agricultural use of
sewace effluents.

The WHO health criteria (1973) were evaluated recently and were found
to be excessively restrictive. It was argued that the WHO standards were
based on an evaluation of potential health risks associated with pathogen
survival in wastewater, scil and crops and an tedmical feasibility. In an
expert consultation of WHO, World Bank, WDP and IRCW held in Engelberg,
IRCWD (1985), it was resolved that the WHO health criteria required
fundamental revision. Based on an evaluaticn of actual epidemiolcgical
evidence and recognizing significant progress made in the design and use of
waste stabilization ponds during the past two decades, the Engelberg
Censultation, IROWD (1985) proposed more relaxed biological criteria far
effluent re-use in agriculture (Table V).

It should be emphasized that the Engelberg criteria place a great deal
of value on waste stabilization ponds for the treatment of wastewater.
However, extensive land requirement, cdour-related problems and decrease in
aesthetic value of land may limit the use of waste stabilization ponds in
some lediterranean countries. On the other hand, they appear to be
well-suited to the arid and semi-arid countries of the regicn where plenty
of land is available and the pcnds can be conveniently isolated from
heavily populated areas. The Engelberg standard is still oconsidered
tentative, as it is lcoked upon by scme as being too relaxed and has the
potential to create health hazards if not strictly followed.

In terms of chemical constituents, particularly dissolved salts,
mmicipal effluent is normally considered of high quality (DS ranges 1 200
rg/l in strong effluents to 350 mg/l in weak effluents). Nitrogen and
chlcerides could be present in amounts greater than the recommended values
but they can be easily dealt with, The health hazard that may arise from
the presence of metals in domestic effluents cannot be overlocked. Table
VI presents typical concentrations of metals in domestic wastewater in
develcped countries (FAO 1987). An account of the health and envircnmental
impacts of these metals as related to agricultural re-use of effluents is
presented later in this paper.
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Taole III

Quidelines for Interpretatias of Vater Qality for Irricationt

Rotential Irrigaticn Pradlem thits

Degree of Restrictim an Use

Mre Slignt to lodsate  Severe

Salinity (affecss arop water

availapility) dsm  <0.7 0.7 - 3.0 > 3.0
2ol

()
5 mg/1 <450 40 -0 > 200

Infiltratim (affects infiltration

rateofhater: intnﬂ'xe

o ad PR together)3

SR= 0-3adEK,= > 0.7 0.7 - 0.2 <0.2
=3-6 = > 1.2 1.2-0.3 < 0.3
= 6-12 = > 1.9 1.9-0.5 < 0.5
=12-2 = S 29 2.9 - 1.3 < 1.3
=20~ 40 = > 5.0 5.0-2.9 <29

Soecific Im Toxicity (affects

sensitive O:C;;s)

Sodim (da )
sxfce irrigtin R <3 3-9 <9
sarirkler mgat:.m . e/l <3 <3

laide (Cl)
swfae irrigtim e/l <4 4-10 >0
srikler irrication me/1 <3 <3

Bxa (B) mg/1 < 0.7 0.7 - 3.0 > 3.0

Trace Elarents {see TEole 3)

Miscellaeas Effects (affects

suscptidle craps)

Mitrogm (103 - N)° g/l <5 5-30 >

Bicerooate (HIs)

(overread sprinkling anly) me/1 <15 1.5-85 > 8.5

oot Mamel Rage 6.5-8.4

Xaptad from FPO Icrication ard Drainsce Paper Moo 2 Rev, 1, 1966,

G, memns electrical cmi.mct1v1ty, a neaswre of the water salinity, reported in
deciSiemns per metre at 25°C (@S/m) @ in uiits millins per antinetre
(amh/am). EBoth are ecuivalent. TIS meers total dissolved salids, reported in
millicrams per litre (my/l).

SR meens sodium adsarption ration. &R is saetimes reportad by the syniodl Ra.
At a given @R, infiltratim rate increasses as water salinity incresses. Bualimte
the potential infiltration preblemby 2R as nodified by HS.

Fx swrincee irrication, mst tree ages ad woody plants are sensitive to sodium
axd chlxride; use the values sown. Most anal aogs are ok sensitive. With
oethed syirkler irrication ad low nomidity (<30 pxr et ), sodiom and dlarice
may be dosarked thraxh the leaves of sensitive araps.

105! reans nitrate nitrogen reported in terms of elemental nitrogen
(ttg and Qreamc shauld be included vhen wastavater is being tested).
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Tapie IV . ‘
Suggested Treatment Processes to Meet the Given Health
Criteria for Wastewater Re—use

Ireigation Recreation Municipal reuse
1
?ro%s not Cransﬁ:;nn c ) " lnf::slza "
or dirsct cophed ; t0Ds salen o on
fhuman fish raw contact Contact potable Potable
consumphion culture
Health criteda (3ee below for B+ F
T explanaton of symbols) A+F arD+F D+F B 0+6G CorD c E
Primary treatment [ X X J L1 X ] 00 [ X 2 J [ X X J [ X 2 ] [ L T ] [ X X )]
iSecondary treatment ¢00, [ X X [ X X ] oee [T X} [ X ] [ X X ]
Sand filtrauen o dquavalent
pollshing methoas b ® o209 *5i- OO oe
Nitrification [ ] L X X ]
Oenitrification [ X}
Chemicai clanfication ® LX)
Carbon adsarption L X J
lon sxchange or other means .
of removing Jons g oe
Disinfection ® [ X X ] ® [ X R ) [ ] *e® [ L X BJ
! Health critacia s D Not mars than 100 coliform arganisms per 100 ml In 80% of samples,
A Freedam ftom gross solids ; signifi 1 al of te eggs E No fascal coliform organisms in 100 mi, plus na virus particles in
B As A, plus significant { of bacted: 1000 ml, plus ao toxic effects an mar, and ather drinking-water cuteria.
C As A, plus mors effective removal of bacteria, plus some remaval of F  No shamicals that lead lo undesicable rasidues In crops or fish.
viruses, G No chamicals that tead to intation of mucous membranes and skin

In order to mest the given health cniena, processss marked @ & @ will be essential. In addition, one or more
orocezses marked @ @ ~il alyo be essential, and further processas marked @ may somsiimes ba requirnd,
4 Free chlonne after 1 ho e,

Table V

Tentative Micrcbiological Quality Guidelines for Wastewater Use in Agriculture

Intestinal nematodes (2)
(arichmetic mean no. of
viable eggs per litre}

Reuse process Faecal colforms (geometng

mean no per 100 mi

Restricted irrigation (3]

Irmgation of trees, industnal crops,
fodder crops. frua trees {4) and =1

not apphcable (3}
pasture (5)

Unrestricted irrigation

trrigation of edibie crops,
sports fields and public =1

=000 (7)
parks {6)

{1) In specific cases, local epidemiological. socio-
cultural, and hydrogeological factors should be
taken into account, and these guidelines modified
accordingly.

{4) trrigation should cease two weeks before fruit1s
picked. and no fruit should be prcked off the
ground.

{5} Irngation should cease two weeks before animals

(2) Ascaris, Trichuris and hookworms

{3) A minimum degree of treatment equivalent to at
least a 1-day anaerabic pond followed by a 5-day
facultauve pond - is equivalent 1s required In afl
cases.

are allowed to graze.
(B) Local epidermiological factars may require a more

stnngant standard for public lawns. especially hotel
lawns 1n toL st areas

{7} When edible crops are always consumed well-
cooked, this recommendation may be less stringent.



Table VI

Typical Concentration of Metals

in Domestic Wastewater in Develcped Countries

Components Typical Concentrations
in ppm
Aluminium 400 - 1000
Arsenic 2 - 5
Cadmium 2 - 5
Chromium 15 -~ 40
Cobalt 1l - 2
Copper 40 - 100
Iron e00 = 1500
lead 40 - 100
Manganese 60 - 150
Mercury 1 - 3
Nickel 15 - 40
Silver 4 - 10
Zinc 130 -~ 300
5. WASTEWATER TREATMENT

The selection of a wastewater treatment process or a conbination of
processes depends upons

{a) the characteristics of the wastewater;

(b} the reguired effluent quality, and

(c) the cost and availability of land.

Iet us consider a medium strength effluent for cur discussion.

Table

VII presents an analysis of the treatment requirements of this medium
strength mmicipal effluent to meet quality criteria stipulated in Tables
It emerges that treatment is reguired only with respect to
(1) reduction in suspended solids and grease (2) lowering the nitrogen
centent and (3) reduction in BOD.

III, IV and V.
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Tehle VI

Treatment Requirennts of a Tl Mdiun-Strength Mnicipal Ffflunt

Craracteristics of
te Westaater
mg/1

Aricilltire ad health
stardard required

Arariate Treatment
rethads.,

Dissolved Solids 50

Seperded Silids 20

Ntrogen 40
Prshons 10
hloride g0
Allkalinity 10
Greese 00
ED 20

No restriction fx irricatimn
in relatin ®© salinity,

450 my/l L5 refexrs to goad
qality water,

Can create prablers in irricae-
tim systems, Ievel sauild ke
redx=d to 50 my/l fox se in
&ip ad miao irrigation.

Sould ke redxed o datt 25

to 0 myl fr mst ags. Rx
sensitive args the reoomeanded
level is 5 my/l.

Mo acriailtire related prcilem
is expected at this level.

M dlride toxicity is
expected at: this level

1o maxx pddem is expectad
in el irrigation systexs.
In drip irrication systems the
drippers may ¢t lagged. This
prddlan een ke salved by acid
reatment.

This sauld be ramoved, as it
an ause adlems in irrigation
plpes, cil dgosited on sl ad
redxre grlity of cors when
srinkler rethad of irrigation
is used.

This must be redxed to 50 my/l
fr restricted irrication ad
15 to 20 my/1l for uwestricted

Mo treatiEnt.

Primary ard seaaxdbry
treatrent o wWaste

During noomed. rinery ad
secaoxy treatmat @
the lewel an N is redixed
to 10-20 my/l. Veptative
beds o activated shdge
methcs @n ke wsad if
nitrate is to ke redacd
o vy lov levels.

b treatmet.

N treatment.

¥ treatmet.

Fermoved by primary
treatment processes @ in
waste stzbilizatim pods.

Primary and secadary
treatment with dhlori-
naticn o waste
stabilization ; pads
with retentien time of 20
to 40 days.




- 16 -
6. COMVENTIONAL TREATMENT PROCESSES

The conventional wastewater treatment processes are designed to lower
the BOD and suspsnded solids to enable the effluent to be discharged into
natural water courses. Primary and secondary treatments have been adapted
as standard methods in treating municipal effluents because, in many cases,
the resulting effluent will have "a suspended solids content of about 20
mg/1 and an 85 to 90 per cent reduction in BOD resulting in an effluent
that is suitable for discharge into many rivers.

Raw wastewaters contain 107-10° fecal coliforms per 100 ml.
Conventional wastewater treatment prooesses, supplied with disinfecticn,
produce an effluent that complies with bacterial quality reguired for
agricultural use of effluents. From the public heaith viewpocint, primary
and secondary treatments supplemented with disinfection will produce an
effluent that is acceptable for uncontrolled irrication. However, the
adoption of these conventicnal treatment processes needs to be analysed in
terms of cost and availability of trained manpower and institutional
facilities.

7. VASTE STABILIZATION PONDS

In the context of agricultural re-use of effluents, a low-energy
low- maintenance and low-cost system of treatment is preferable to a system
that demands requirements of skilled manpower and is costly. The waste
stabilizaticn pond systems not only meet the quality requirements but also
the coperaticnal and economic criteria in the context of agricultural use of
effluents. Their major disadvantage is the large area requirement, but in
many developing countries, sufficient land is normally available at
relatively low cost.

Waste stabilization ponds are normally designed in a series of
aercbic, facultative and maturation ponds with a total of 10 to 40 days of
retention time. Detention time depends on the quality of the incoming
wastewater, the quality required of the treated effluent, design of the
pond and temperature and other coperating conditions.

The perfarmance of a set of five waste stabilization ponds in
Northeastern Brazil as reported by Mara et al. (1983) is presented in Table
VIII.

Table VIII

Performance of a series of five Waste Stabilizatiog Ponds
in Mortheast Brazil {mean pond temperature: 26 C)

Sample Retention  BODsg Suspended  Fecal Intestinal
time solids coliforms nematode eggs
(days)  (mg/1) (mg/1)  (/100ml) (/litre)
Raw wastewater - 240 305 4.6 x 10/ 804

Effluent froms

Anaercbic pond 6.8 63 56 2.9 x 106 29

Facultative pond 5.5 45 74 32 x 182 é
' é 1 5.5 25 61 4 x1

PREIEAEI BNE 2 2.3 13 a3 450 0

Maturation pond 3 5.8 17 45 30 0
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wile the approuriateness anc applicability of saste stapilizaticn
pands 1n the hot climates of developing countries are well recognized,
their suitability in develcped cowntries and under cold climatic conditions
is still debatable.

8. VEGETATIVE BEDS

Another low-energy and maintenance type of treatment is the wetland
system in partially treated or untreated wastewater which is detained in
reservoirs with natural or aquatic vegetation. The ability of aquatic
plants in natural wetlands to reduce BOD, pathogens, nitrogen and organic
corpounds in wastewater has led to the use of wetland systems for treatment
of wastewater.

Carefully designed man-made aguatic systems have been experimented
with and found to be successful. The major function of green plants in
aquatic systems is to create an envirocnment that promotes filtration,
bacterial action, aerckic and anaercbic conversions and aeration by means
of releasing oxygen in the rcot zane. Green plants also metabolize toxic
organic compounds, produce toxic secretions that kill pathogenic crganisms
and stabilize pH. Water hyacinth systems have been researched extensively
in the United States of America, (Wolverton et al., 1983). Iately,
experiments have been conducted to evaluate the suitability of other
agquatic plants such as broadleaf cattail (Typha latifolia), common reed
(Phragmites australia) and duck potato (Sagittaria latifolia) in reducing
pellutants in municipal wastewater.

Salut (1987) reported that when raw sewage was applied to test basins
planted with common reed and duck potato, 90% of the total suspended solids
and 80% of the BOD were removed. Based on these research data, a pilot
vecetative filter beds system was established in Emmitsburg to treat
wastewater that previously has passed through a primary clarifier and a
trickling filter. The results have been very encouraging.

9. FARM MANAGEMENT PRACTICES

Wastewater can be used in crop production through proper treatment
ané adopting appropriate farm management practices such as crop selection,
suitable irrigation practices and minimizing contact between farm workers
ané pathogens during irrication water application.

10. CROP SELECTION

Based on human utilization, crops can be classified into three
categories, namely:

(a) crops not destined for direct numan consumpticn
(p) crops eaten cocked ar processed, and
(c) crops eaten raw.

Cepending on the effluent quality, appropriate selection of crops
should be made from the above three categeories.

When treatment is partial o minimum (for example the sewage has only
undergcne primary treatment) during which gress solids and parasitic egys
are removed, then irrigation should pe limited to industrial crops such as
cotton, flax, jute, sugar beet, sugar cane, fodder crops and pastures.
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If the wastewater is treated by primary and secondary treatrment
processes cr has undergeone a fair treatment in waste stapbilization ponds
(and has resulted in an effluent having less than one viable egy of
intestinal neratode egy per litre and less than 1000 fecal coliform per 100
ml), then crops eaten cooked or processed can be grown using these
effluents.

To grow crops that are eaten raw such as salads and fruits, the
wastewater should undergo disinfection in addition to primary and secondary
treatment or full treatment in waste stabilization ponds. It is desirable,
if the coliform count is less than 100 fecal coliform per 100 ml, as
compared to 1000 fecal ooliforms per 100 ml in the case of crops eaten
cooked.

11. IRRIGATICN PRACTICES

Irricaticn water can be applied to crops in many ways, but the major

methods are:

(a) flood irrication - (by boarder or basin) wetting almost all the land
sur face

{b) furrow irrigation - wetting only part of the ground surface

(c) sprinklers - crop, soil and surfaces are wetted by overhead
applicaticn, the same way as rain

{(d) drip irrigation - (localized irrication) slow application of water in
continuing drops very close to individual plants.

The selection of an appropriate method depends on the quality of the
effluent, the crop to be grown, the potential risk to health workers and
the technical skill of the farmer.

The levels of suspended solids, biological matter and inert material,
often related to the level of treatment of the effluent, will determine
whether low pressure sprinkler or drip systems are appropriate or not
because of the high potential of clogging associated with them. Tables
I¥a and IXb present the clogging hazards of trickle irrigation system
related to pghysical, chemical and biological properties of effluents.

Table IXa

Physical, Chemical and Biological Contributors to Clogging of localized
(Crip) Irrigation systems as Related to Irrigation Water Quality

PHYSICAL CHEMICAL BIOLOGICAL
(Suspended Solids) (Precipitation) (Bacteria and algae)
1. Sand 1. Calcium or magnesium carbonate 1. PFilaments
2. S8ilt 2. Calcium sulphate 2. Slimes
3. Clay 3. Heavy metal hydroxides, oxides 3. DdMicrobial
Carbonates, silicates and depositions:
4, Crganic matter sulphides (2) Iron
(b) Sulphur
4, Fertilizers (c) Manganese
{a) Phosphate
(b) Acueocus ammonia 4, PBacteria

{c) Iron, zinc, copper, manganese
5. Small aguatic
crganisms:
(2) Snail eggs
(b} Larva
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Table IXb

Influence of Water Quality on the Potential for Clorfging
Problems in Iocalized (Drip) Irrigation Systems

Potential Prcblem Units Begree of Restricticn on Use
Ncone Slignt to Moderate Severe

Physical

Suspended Solids ng/1 < 50 50 - 100 > 100
Chemical

pH < 7.0 7.0 - 8.0 > 8.0

Dissclved Solids mg/1 < 500 500 - 2000 > 2000

Manganese? mg/1 < 0.1 0.1-1.5 > 1.5

Ir mg/1 < 0.1 0.1 - 1.5 > 1.5

Hydrogen Sulphide mg/1 < 0.5 0.5 - 2.0 > 2.0
Biological

maximum
Bacterial populations number/ml <10 000 10 000 - 50 000 > 50 00C

,

If the wastewater meets the agricultural and health criteria discussed

in this paper, then the choice of irrigation method will be based on cost,
water availability and ground slopes. If the wastewater does not meet
these quality guidelines, then:

(a)
(o)

(c)

(d)

(e)

spray irrication is limited to anly fodder, fibre and seed crops;

sprinkler irrigation is not recommended under windy conditicns as
there is a potential for the pathogens to be carried away in the spray
mist with the wind drift and to cause health hazard to the farm
Fopulations

furrow, suwrface or localized irrigation are used only for vegetables
consumed after cookings

surface and drip irrication are normally used if TDS is high as
overhead irrigation can cause low-guality produce and yield reduction
through foliar absarption of salts and also produces leaf burn. In
the case of furrcaw irrigation, planting on the shoulders of the
furrows are preferred over planting on the centre of the ridge;

blending of sewage water with ncarmal water is recommended. If normal
irrigqation water is available but not fully adeguate in quantity, a
blend of treated sewage water with the normal water will produce a
mixed water that can be used with minimum adverse effects on crop
preduction and health.

Mara (1987) presented an analysis of the advantages and disadvantages

of different methods of irrigaticn in relation to disease transmission,
water use efficiency ana cost (Table X).
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Table i
HMvantages and Disadvantages of Different Methods of hWastewater

Applicaticn to Land in Relation to Disease
Transmission Risks, Water Use Efficiency and Cost

Methoc of Advantages Disadvantages

application

Border and Low cost High potential health risks

furrow irrigation to fieldwarkers, crop handlers and

consumers; low water use efficiency

Sprinkler High cost, High potential health risks to
irrigation medium fieldworkers, crop handlers and
water use consumers, especially if irricated
efficiency crops consumed raw
Subsur face and Low health High cost
localised irrication risks,
hidh
water use
efficiency

-

i2. METAL CONTAMINATION IN RELATION TO USE OF SEAGE

The metals that may be present in sewage can be breadly divided into
twe categaries, namely: those that can pose significant health hazards and
those that do not. Generally five metals such as cadmium, copper,
molybdium, nickel and zinc (all except molybdium are also known as heavy
metals) could cause serious health risk to humans. They are normelly
present in small amounts, generally less than 10 mg/l in mmicipal
effluents, but the presence i1n larger amounts cannot be overruled. Rarely
do these metals exhibit toxicity to plants, but in most cases they are
accurilated in the plants themselves and when the latter are consumed by
humans or domestic animals, a health hazard develops. 2Another important
consideration is their cumulative lcading. At present in many developed
countries there are maximum permissible cumulative lcadings of metals on
agricultural lands. Biswas (1987) reported permissible heavy metal
lcoadings in five Burcpean countries (Table XI}.

Table XTI

Maximum Permissible Cumulative Loading
of Metals in KG/HA for Agricultural ILand

Country cd Cu Cr Pe gSg Ni Zn

France 5.4 210 360 210 2.7 0 750
Germany, FR 8.4 210 210 210 5.7 60 750
Nether lands 2.0 120 100 100 2.0 20 400
Sweden * 0.075 15 5 1.5 0.04 2.5 50
UK 5.0 280 1000 1000 2.0 70 560

* 5-vear lcading, DUt can oe repeatad.
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Cadnium is cne of the dangercus heavy metals. It can accumulate in

huran and animal livers and causes seri1ocus health hazards.

FAO (1987) summarized the effects of metals in relation to sewage

effluent re-use as follows:

(a)

(b)

{c)

while copper is necessary for both humans and plants, at higher
concentrations it can be toxic to plants and thus reduce yields. At
even hicher concentrations, it causes animal toxicity, especially in
sheep. Nickel, on the other hand, can be phytotoxic to plants at
around 50 mk/kg of plant tissues, but is relatively non-toxic to
humans and animals. Molybdenum is generally not a problem to humans
and plants, but can be toxic to farm animls, especially cattle. Zinc
is relatively non-toxic to humans and animals, but like cadmium, its
uptake by plants is greater when the pH is below 6.5.

Other metals that may be present in water are aluminium, antimony,
arsenic, chromium, iren, lead, mancanese, mercury and selenium. Some
of these metals, like aluminium, iron and manganese may be present in
appreciable quantities in natural scoils, and other retals like
arsenic, mercwry and selenium are present in such minute guantities
in treated wastewater that no documented case exists where they have
Fosed a health problem.

Aluminium, beryllium, copper, manganese and nickel my cause prcblems
in acidic soils and can especially retard the optimal growth of
vegetables. Excessive irm cncentrations mey lead to clogging and
also contribute to carrosion of irricaticn eguipment.

Recommended maximum concentrations of metals in irrigation water and

their potential impacts in crop producticn are presented in Table XII (FAQ
1985).
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Table XI1I

Inpact of tietals in Irrigation idater on Soil and Biota

Metal Reconmended Impact on Soils and Biota
Maximum
Concentration
Aluminium (Al) 5.0 Can cause non~productivity in acid scoils(Pl 5.5),

but more alkaline soils at plI 7.0 will
precipitate the ien and eliminate any toxicity.

Beryllium (Be) 0.10 Toxicity to plants varies widely, ranging from 5
my/l for kale to 0.5 mg/l for bush beans.
Cadinium (Ca) 0.01 Toxic to beans, beets and turnips at concentrations

as low as 0.1 my/l in nutrient solutions.
Conservative limits recormended due to its
potential for accumulaticn in plants and soils to
concentration that may be harmful to humans.

Ccbalt (Co) 0.05 Tuxic to tomato plants at 0.1 mg/l in nutrient
solution. Tends to be inactivated by neutral and
alkaline soils.

Chromium (Cr) 0.20 kot generally recoynized as an essential growth
element. Conservative limits recommended due to
lack of knowledyge on its toxicity to plants.

Copper (Cu) 0.20 loxic to a number of plants at 0.1 to 1.0 mg/l in
nutrient solutions.
Iron (Fe) 5.0 Mot toxic to plants in aerated soils, but can

‘contribute to soil acidification and loss of

availability of essential phosphorus and

wolybdenum. Cverhead sprinkling may result in

unsightly deposits on plants, equipment and

buildings.

Tolerated by most crops up to 5 my/l; mobile in

soil. Toxic to citrus at lew concentrations (0.075

mg/1l). Acts similarly to boron.

Manganese (Mn) 0.20 Toxic to a nunber of crops at a few- tenths to a
few mg/l, but usually only in acid soils.

[}

Lithium (Ii) 2.

tolybdenun (o) 0.01 Mot toxic to plants at normal concentrations in
soil and water. Can be toxic to livestock if
forage is yrawn in soils with high concentraticns
of available molybdenum.

Mickel {ui) 0.20 Toxic to a nunber of plants at 0.5 mg/l to 1.0
mg/l: reduced toxicity at neutral or alkaline plL.

Iead (Pb) 5.0 Can inhibit plant cell growth at very high
concentrations.

Selenium (Se) 0.02 Toxic to plants at concentrations as low as 0.025

my/l and toxic to livestock if forage is grown in
soils with relatively high levels of added
seleniun. Mn essential element to animals but in
very low concentrations.

Vanadium (V) 0.10 Toxic to many plants at relatively low
concentrations,
Zinc (Zn) 2.0 Toxic to many plants at widely varying

concentrations; reduced toxicity at pH 6.0 and
in fine textured or organic soils.
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13. CONCLUSIGE

In view of the limited water rescurces of scre countries in the
l'editerranean region, augmenting the conventicnal irrigaticn water
resource by treated effluents has become an important consideration.

In addition, acgricultural re-use of effluents is gaining support in
tne humid cowntries of the regicn as an alternative means of
wastewater dispcsal. The present technology has made it possible to
treat municipal wastewater to a quality level that can be used for
unrestricted irrigation with minimum envircnmental and health hazards.

Effluent quality standards have been estaplished in terms of physical,
chemical and bioclogical characteristics. The WHO health standard is
considered to be too restrictive and based on potential health
hazards rather than on actual epidemiclecgical evidence. A more
relaxed guideline has been recently recommended which is compatible
with waste stabilization pond treatment of the municipal effiuent. It
is important that wastewater re-use standards should be strict encugh
to permit irrication use without undue health risk but not so strict
tnat they would virtually rule cut irrigation with sewage effluent.

Conventicnal primary and secorndary treatments of wastewater together
with disinfection produce an effluent that is acceptable for
unrestricted irrigation in relaticn to health criteria. However,
tnese methods appear to be costly and require skilled manpower and
greater operation and maintenance facilities.

Waste stabilization ponds have been found tc be simple and cost-
effective in treating mmicipal effluents for agricultural use. They
can produce effluents of good quality that can be used for
unrestricted irrigation. However, the method reguires relatively more
land, can create odour problems and may not be effective in scme
heavily-populated and humid temperate countries.

The use of vegetation to purify municipal wastes has gained popularity
in recent times. Work is under progress in the use of vegetative beds
for treating municipal effluents and some encouraging results have
already been obhtained.

A combination of crop selection, adoption of appropriate irrication
methods and on~farm management practices and adherence to
envircmental health practices enables the use of sewage effluents
without sericus agricultural, environmental and health problems.

There is a potential danger of heavy metal hazard asscciated with the
use of effluents in agriculture. There is a need to monitor heavy
metal accumilation in soils and plants and take appropriate preventive
measures to avoid hazard to humen health.

In quantitative terms, the value of wastewater for re-use by irricated
agriculture may not be very significant compared with the overall
volume of water used for irrication. Yet re-use of wastewater appears
to be a viable solution to water shortages in many countries in the
Mediterranean region. In the final analysis it can be said that
re-use of effluents in agriculture is a practical sclutiocn tc water
scarcity under most conditions, provided that adequate precautions are
taken in the design and operation of the systems to protect the health
of the individual and of the community.
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1. ABSTRACT

Re-use of wastewater in agriculture may serve both as a waste disposal
method and as a supplementary unconventional water source for irrigation in
areas which suffer from water scarcity. An overview of various re-use
aspects is presented, including effluent quality for irrigation, wastewater
treatment methods, irrigation methods and integrated planning of wastewater
re-use schemes. Special emphasis is placed on economic aspects of
wastewater vre-use and assessment of project feasibility. A detailed
economic analysis of a specific wastewater re-use project in Israel is
presented. Existing and potential wastewater re-use schemes in the Island
of Mallorca, Spain are discussed as a case study for conditions in
Mediterranean islands and coastal areas.

2. INTRODUCTION

The use of domestic wastewater for irrigation of agricultural crops is
one of the most attractive and popular re-use options in many regions of
the werld, for the following reasons-:

- irrigation is uswally needed in areas where water tends to be scarce and
wastewater re-use is necessary for supplementing available fresh water
sowrces. It is also a safe water souroce, independent of climmtic
conditions.

- agriculture reguires large amounts of water, which are used once only
since irrication is a consumptive use. Thus, there is no danger of
gradual accumiulation in  the water of undesirable substances by
coantinuous recycling.

- agriculture can use not only the water, but also additional resources
found in wastewater, sucn as crganic matter or nutrients {nitrogen and
phospherus ), which are thus converted from an enviranmental nuisance to
an asset.

- irrigation is relatively flexible with respect to water quality
requirements. Some crops can be irrigated with low quality water, and
some water quality prcblems can be overcome by suitable agricultural
practices.

- use of wastewater for irrigation prevents its discharge to receiving
water bodies and resulting pollution of water resources.

The editerranean coasts and islands suffer from limited water
rescurces and present a case in whicn municipal wastewater should be
regarded as an wmoonventicnal water supply source that can be developed and
integrated witnin existing regicnal water supply scnemes. Utilizaticn of
treated wastewater for irrigaticn will decrease tne derand for fresh water
from croundwater sources and thus result in a reducticn of the salinity of
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the water extracted from aguifers. n acditicn, wastewater re-use will
prevent the polluticn of the Mediterranean ocastal water and encourage
tourisn which is an important source of income in the lediterranean zcne.

3. FACTORS RELIATID TO IRRIGATION \iITH EFFLUETTS

When considering irrication with treated wastewater, several related
factors and terms should be reaxgnized. Some of these are presented below.

- Restricted and wunrestricted irrigation- "Restricted irrication"
refers to the use of low quality effluent in specific areas, where only
certain crops should be cultivated. The restrictions imposed usually
refer to the types of crops to be cultivated, the irrication methods,
the harvesting method, fertilizer application rates, the distance of
irricated fields from houses and the distance between nen—drinkanle and
drinkable water supply mains. '"Unrestricted Irrigation" refers to the
use of hign quality effluents for irrigation of all crops cn any soil
type, without any adverse envircnmental effect on the soil, crops,
animals, persans involved in the production process or persans consuning
agricultural products.

- Effluent quality The effluent quality is the main factor that
dictates the type of re-use (i.e. restricted or unrestricted
irrigation), types of crops and irrication methods. The effluent
quality should be considered in respect of two aspectss public health
and agronomics. Most existing standards for wastewater re-use deal only
with public health aspects and prescribe the treatment processes or
quality parameters that the effluent must meet before it can be used to
irrigate a certain categary of crops. These include mostly bacteria,
viruses and other pathogens and sometimes also organic matter (BOD, COD,
S.5.), dissolved oxygen, pH and residual chlorine. However, agronomic
aspects related to crops and soils must also be taken into account.
These include salinity, scdium absarption ratio of the water, nitrogen,
phospnorus, chlaride, bicarkbenate, heavy metals, boran and other trace
elements, pH and synthetic organics (including pesticides). Considering
the agronomic aspect of effluent quality, water quality standards
established for crop irrigaticn with fresh water are, at present, also
the best available criteria for effluent re-use. However, there are
additional constituents in wastewater, usually absent from or
wnimportant in fresh water. For such constituents, specific re-use
standards will have to be developed in the future. At present, only
preliminary guidelines can be established based on available knowledge.
Additional information concerning effluent quality for irricaticn can te
found in Pettygrove and Asano (1).

- Irrigation methods* The effluent gquality has an effect on the
irrigation methcd to be used. Surface irrigation methods can utilize
low quality effluents, whereas sprinkler and mainly drip irrigation
require higher quality effluents, because of the danger of clogging
orifices of the irrication eguipment by suspended solids. This prcblem
can ke overcome by utilizing filters at the head of the irrigation
system.

- Seasonal Storage- vhile nmunicipal wastewater is available at a
relatjvely constant flow, irricaticon water is reguired mainly during the
dry seascn. In order to conpensate between the constant supply and
variable demand, seascnal storage is reguired. There are two
possibilities for storace+ surface storage and grcundwater storage. In
both cases, storage acts as a supplerentary treatrent stage.
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- Treatment in relation to project size* The project size has
implications for treatment levels and treatment methods. In small-scale
projects the number of effluent cecnsurers is small, supervision of
effluent use is possible and restricted irrication can be practised,
utilizing low treatment levels., In large-scale projects the effluent
must be distributed among many oonsumers and strict supervision of
effluent use is difficult, thus a hign level of treatment is required,
so that the effluent meets the piblic health, agrcnomic and aesthetic
requirements for unrestricted use (no adverse effects on crops, so0il,
humans and animals).

- Econcmic aspectss From the point of view of overall economic
evaluation, the wastewater treatrent system and the effluent re-use
system are recarded as an integrated system for which a combined
cost/benefit analysis should be carried out in order to assess the
feasibility of the project. Similar to other irrigation projects, the
ecanomy ©Of a re-use project depends on many factors, most of which are
specific to each project and inciude soil type, climatic conditions and
irrication methods. In additicn, the feasibility of re-use projects
depends on the distance of the re-use area from the source of wastewater
and on the deduction of alternative disposal costs from the project
costs.

4, FEFFECT CN PUBLIC HEALTE AND IMPLICATICIS REGARDING
WASTEWATER TREATMENT AND CLASSIFICATION OF IRRIGATED CROPS

Public health effects are of the greatest importance when considering
wastewater re-use for irrigation. Pathogenic organisms (bacteria, viruses
and parasites) are the significant parameters when considering health
effects.

Recent publications (2, 3, 4, 5) conclude that previous public health
orthodoxy which held that every excreted pathogen that can persist in the
envircnment, in scil or on crops irricated with wastewater is a potential
cause ©of serious disease in humans, is basically overly conservative
because human infection is not dependent only on the presence of pathcgens
on soils and <rops. It depends alsc on the minimum dose of a pathogen
necessary to cause infection (which varies greatly for different types of
organisms), on the persistence time of the pathogens in the environment and
on the level of immmnity te endemic diseases.

A corbination of the above factors leads to the conclusion that the
amount of excess infection and diseases, caused by varicus classes of
pathogens when irrigating with untreated wastewater is in the following
order of descending magnitude-

- intestinal nematcode infections {Ascaris, Trichuris and the hookworms)
- excreted bacterial infection' (bacterial diarrhoeas and tyrhoid)
~ excreted viral infections (rotavirus diarrhoea and hepatitis A).

Acccrding to Shuval in World Bank Technical Paper No. 51 (2), the
first quality criterion for wastewater use in agriculture is the complete,
cr almost complete, removal of the eggs of intestinal nematodes (to a
geometric mean of less than 1 viable nematode egg per litre). In addition,
a major reduction (to a geometric mean of less than 1,000 fecal califorms
per 100 ml) in the concentration of excreted bacteria is recommended for
unrestricted use of wastewater in acriculture. If these standards are ret,
other pathogens such as nematode e¢os and protozoal cysts are also reduced
to uncetectable levels.
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Tre priority criteria for eifective wastewater treatment for tne
specific purpcse of pretreatment for agricultural irrigation, as based
the recent puplications (2, 3, 4, 5) are in the order-

- maximum removal of helminths and protozca

~ effective reduction in bacterial and viral pathcgens

- freedom from odour and cbjecticnable appearance (i.e. effective
reduction of BOD).

These specific design criteria and their crder of priority differ from
those for reducing surface water pollution from BOD and COD, and thus
result in different optimal treatment strategies.

Remedial measures based on conventional wastewater treatment practices
developed in industrial ocountries were not designed for, nor are they
particularly effective in, removing pathogens.

Based on the recent findings, a series of practical alternative
remedial measures for controlling negative health effects may be considered
as followse

- restrictions ¢n types of crops irrigated so as to prevent consumers from
being exposed directly to infection through contaminated vegetables or
salad crops eaten raw

- selection of irrication techniques and procedures so as to minimize
direct ccntact between wastewater and crops

- wastewater treatment and/ar storage practice, aimed at effectively
reducing first the concentrations of priority pathogens to low levels,
and, in subsequent stages, to levels below which the incidence of excess
infection is essentially controlled.

In addition, improved occupaticmal health and hygiene conditions are
necessary.

The re-use systems for irrigtion may be classified in three
categories (A, B and C) accarding to the crop type, the restricticons
imposed on the irrication system and the risk to public health. These
categories depend on the effluent quality (2,6)}.

Categories A and B correspond to restricted irrigation while category
C corresponds to unrestricted irrigation for all types of crops including
those consumed raw (Table I).

As a consequence of the limitations, irrication of categories A and B
is generally applicable in limited, well-contrclled zones, while irriqatiom
of category C is adequate for large-scale projects which may include crops
that demand water of high quality.

5. WASTEWATER TREATHMENT SCHEMES FOR RE-USE
\

The development of planned effluent re-use schemes, which tock place
in the last two decades came, in most cases, after wastewater treatment
plants designed for discharge purposes were already in operation. The
conventional approach to wastewater re-use starts with a municipal
effluent, wnich is usually available after conventiocnal primary-secondary
treatment carried out for the purpose of discharge to a water body (Fig.
1). Sucn griluent is narmally suitable only for restricted irrigation and
linited industrial use.
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In order to produce a nigner guality effluent, whicn is suitable for
unrestricted agricultural re-use, for nurercus industrial uses and for
potable acuifer replenishment, additional treatment has to be provided.
Tertiary treatment by pnysico-cnemical processes, in addition to primary-~
secondary treatment by mechanical and biclogical processes, is uswally
included in re-use schemes where a hicher water guality is reguired.

Conventional treatment proocesses generally used for wastewater
treatment for restricted irrigation include Dbiclogical treatment of any
tyce, sometimes followed by cnlarination. Some conventional treatment
scremes for restricted irrigaticn are presented in Fig.2. These include
primary treatment, oxidation ponds of various types, aerated lagoons,
trickling filters, activated sludge and oxidation ditch.

Luring recent years, scme additicnal low-cost, inncgvative treatment
methods have been developed. . These can be used as treatment processes for
restricted irrication and scmetires as additional treatment processes after
conventional biological treatment, to produce effluents for unrestricted
irrigation., These processes include-

- overland flow with collection of the effluent by surface drains

- aquaculture by means ©of water hyacinth, duckweed or other plants of
similar properties

- aguaculture by wetlands, using plants, trees, fish, birds and biological
purification chains in general.

An attractive process which was developed in Israel and is in
widespread use in this country is the Desp Reservoir Treatment (DRT), which
will be presented later. 2An interesting process which is in a preliminary
stage of development is the anaerobic treatment of domestic wastes in USAR
{Cpflow Anaercbic Sludge Blanket) or fluidized bed reactors.

Conventicnal additicnal treatment in the production of effluent for
wrestricted irrication uswally consists of coagulation-sedimentation with
alum and polyelectrolytes, followed by filtration and chleorination. This
process is standard practice in the treatment of turbid surface waters. A
nevwer development related to tertiary wastewater treatment, which is alsc
"oorrowed" from the surface water treatment industry, is the "direct" ox
"eontact™ filtration process. Another tertiary process is the high lime
treatment process followed by polishing ponds for recarbanaticn and ammonia
stripping. The above additicnal schemes for unrestricted irrigation are
presented in Fig. 3.

Also in the case of additicnal treatment processes, for high quality
effluent production, some alternative innovative low-cost treatment metheds
have been developed. Some of tnese have been mentioned previcusly
(aguacultures, overland flow and Deep Reservoir Treatment)}. Others are
land application methods (in addition to overland flow which is also a land
apolication method). These include-

- slow-rate infiltration

~ rapid infiltraticn by spreading basins to a low depth and collection of
the percolated water by underdrains

- rapid infiltraticn by spreading basins to the groundwater and pumping of
the effluent by wells.

The last process 1is also known as the Soil Aquifer Treatment process
(S&T). This process 1is practised in Israel and will be discussed in
continuation. The corbination of grirary-secondary and tertiary treatments
is, in some cases, so ewxpensive that the production of effluent for
irricotion becores prohipbitive froem an economic goint of view. The use of
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inacvative low cost treatment processes instead of more scpnisticated and
expensive processes has consideraple advantages.

As a consequence of the water shortage in Israel, a cowntry in which
agriculture depends almost totally on irrigaticn, municipal wastewaters in
this country are cansidered as an important source of water, mainly for
irrigation. At present, about 45% of the total volume of the wastewater of
Israel is utilized for irrigation. This amount will increase to 70% during
the forthcoming months, when the second stage of the Dan Region Project
{re-use of the wastewater of Tel Aviv dMetropolitan Area) will go into full
operation. The impartance assigned to re-use of wastewater in Israel
stimilated the development of innovative treatment systems., Two of these
are briefly described below.

DRT (Deep Reservoir Treatment). A deep reservoir is, in fact, a
deep facultative lagoon (7 to 10 m), with a variable water level over the
year. The reservoir provides the detention tirme necessary for the seascnal
storage of the effluent and corbines seascnal storage with additicnal
treatment. Purification is effected by aerdbic bacteria and alcae in the
upper layer, as well as by anaercbic bacteria at the bottom of the
reservoir. The design of such reservoirs is governed by the criterion of
maximum organic loading per reservoir surface wmit in arder to minimize
envircnmental nuisance. The most critical period is at the end of the
irrigaticn seascn, when the water level in the reservoir is at its lowest,
and thus its surface area is at its smallest. Deep reservoirs are very
effective in the removal of helminths, protozoa and bacteria,

then effective secondary treatment is applied as pretreatment before
the reservoir, the reservoir effluent may be used for wunrestricted
irrigation. When lower pretreatment is applied, the reservoir effluent is
appropriate cnly for restricted irrigation. Treatment in deep reservoir is
included in numercus small re-use schemes in Israel, and also in
large-scale projects such as those of the wastewater re-use schemes of the
cities of Haifa and Jerusalem.

A typical scheme that includes Deep Reservoir Treatment is presented
in Fig. 4. Typical effluent quality of DRT is presented in Table II.
These results refer to the wastewater re-use project of tne city of Haifa,
Israel, which includes activated sludge treatment followed by DRT (7).
Additicnal information regarding the DRT process 1is presented in
publication (8).

SAT (Soil-Aquifer Treatment). This imnovative process which
produces a high-quality effluent for unrestricted re-use involves the use
of the scil and the aquifer as a treatment system, by the controlled
passage of effluent through the unsaturated and saturated soil zones, and
subsequent pumping from the aquifers. The effluent is allowed to peraolate
through the unsaturated soil zone and then to flow into the aquifer. The
systen consists of spreading basins on permeable soils, surrounded by a
series of pumping wells. Cobservaticn wells located between the spreading
basins and the pumping wells permit the continuous monitoring of the
process. The spreading basins are flooded intermittently, in order to
maintain high infiltration rates and allow oxygen penetration into the
soil. The high purification capacity of the system is the result of a
unique compination of physical, chemical and biological processes occurr ing
in the scil and the aguifer (€).

Incorporation of the SAT Proccess in a re-use scnere has to incluce
appropriate pretreatment and may incluue post-treatment. The pretreatment
nas to rerove organic lcad and separate solids which may cloy the spreading
bzsins. Post-treatment may e used in case the effluent is aimed to be
supnlied for potaule uses. Appropriate processes for post-treatment may oe
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carpon  apsorpticn, lon excnange, reverse osmosis and disinfection. 2
general re-use scheme wnich incorporates the SAT process, both for non-
potable purposes (unrestricted irrication} and potable purpcses, is
presented in Fig. 5. A schematic diagram of the SAT prccess is presented
in Fig. 6.

The concept of SAT has been applied on a large scale in the Phoenix
area in Arizena (10) and in the Dan Region Project (re-use of the
wastewater of Tel Aviv Metrcpolitan Area) in Israel (8, 11, 12). This
project consists of two stages which differ in the pretreatment provided
before the SAT unit. The treatment scheme flow diagrams of both staces of
the Dan Region Projects are presented in Fig. 7.

VWater quality data at varicus points of the Dan PRegion treatment plant
- stage one - are presented in Table III.

6. AGRICULTURE, SOIL, CROPS AND IRRIGATION METHOLS

Agricultural wastewater re-use projects are basically agricultural
projects, operating on the same principles as conventicnal agricultural
projects. The differences between the two types of projects arise from the
difference in qualities of effluent and fresh water. The effluent quality
affects the selection of crops and may affect the soil and the irrigaticn
techniques, imposing an adequate approach towards re-use projects.

The selection of crops must take into account the public health
effects of irricaticn with effluents and agrcnomic aspects of the effluent
composition. Guidelines for crop selection in respect of public health
risks were discussed in preceding chapters and are presented in Table I.
Effluents contain nitrogen, phosphorus and potassium (which serve as
fertilizers) as well as important micronutrients. Organic matter in the
effluent can also oontribute to soil tilth and overall long-term
fertility. But effluents may contain chemical oonstituents which may
adversely affect crops. These include toxic chemicals such as heavy
metals, or high concentrations of certain elements such as boren, salinity,
etc. Irrigation with effluent means continuous fertilization which may
present a proplem for crops sensitive to excess nitrogen,

Factors affecting selection of crops are governmental regulations,
crop tolerance of salts and specific ions, crop uptake of nitrogen and
phosphorus, crop use of water, management requirements, economic value of
the crop, climate and soil characteristics.

As in other agricultural projects, soil is an important factor in
wastewater re-use projects. Physical, hydraulic and chemical
characteristics of soil should be well defined at wastewater re-use sites.
Important physical characteristics include texture, structure and soil
depth. Important hydraulic characteristics are infiltration rate and
permeability. Soil chemical properties of importance are pH, electrical
conductivity, exchangeable sodium percentage, available phosghorus, crganic
matter and, in some areas, boran content. Irrication with effluent may
offect soil characteristics as a result of interacticn with the effluent
constituents. Suspended scolids contained in the effluent may clog the soil
surface and proper agrotechniques and irrication regime may be required.
High concentrations of sodium in the effluent can change soil texture,
impermeabilize the scil and thereby reduce fertility, Identification of
soil and effluent characteristics and analysis of their interaction is
essential for selection of an effluent irrication site. Concentration of
nutrients (nitrogen and phosphorus) in soil irricated with effluent is
significantly higner than in soil irrigated witn fresh water. The nutrient
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Table II

Haifa Yastewater Re—use Project - water Quality
At Various Points Alang the Treatment Process

Cancentration - mg/l

Activated Sludge Seascnal Storage

Parameter Raw Wastewater Effluent Reservoir Effluent
Suspended Solids 717 38 14
BODg 613 57 6.5
BODs Filtered 115 13.3 3.0
CoD 1272 116 58
COD Filtered 197 62 48
‘Detergents 7.1 0.5 0.5
NKT as Nitrogen 85 41 24,7
Ammonia as Nitrogen 55 34 20.8
Nitrate as Nitrogen 0.7 5.6 0.9
Phosphorus 12.8 6.1 5.6
pH (Units) 7.7 7.9 8.1
Total Coliform

(MPN/100 mb) 107 43102
Fecal Coliform

(MPY/100 ml) 106 1x102

, Pre~-treatment Deep Reservoir
Treatment
Table II1

Pan Region Project Stage Cne - Water Quality at Various Points
Along the Treatment Process - Qrganic Matter MNutrients and Bacteria

Concentration ~ mg/l

Oxidation Lime— Polishing Reclairn
Paraneter Raw Pands Treatment Pnds fell
Wwastewater Effiuent Effivent Effluent Water
Turbidity - - - 24.8 0.4
Suspended solids 350 308 200 66 0.0
BO 313 118 45 29 0.5
BOD® filtered 117 9 13 6 0.5
COD 641 423 198 126 9.6
COD filtered 219 24 67 57 2.6
TOC 229 14S 98 59 3.5
Detergents 14 4 3 1.9 0.23
Anmonia, as N 37 25 25 7.2 0.02
Total Nitrogen 60 60 43 17.8 7.1
Filtered Nitrogen - - - 12 7.1
Phosphorus 13.7 12.7 5 3.2 0.03
pH (units) 7.6 7.8 11.3 9.5 7.8
Total Coliform .
(bPY/100 ml) 108 106 2x10% 102 0.0
Fecal Coliform
(+P2:/100 ml) 107 3.2x10° 6.3 2.8x10% 0.0
Facultative Line- . TO1T
Laccons with lagnesium Pclisning Acuilfer

Pacirculaticn Treatnent Ponds Treathe:ic
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cuntent of the effluent snculd be taken inbo accocunt wnlle programming the
ferciiizing regime. Fallure toc do so may result in migratiun of excess
nitrate towards the water table and pollution of grcunduater.

It is possible to achieve high crop yields in plots irrigated with
effivents and the quality of products is usually good but as a result of
the difference in qualities of effluent and fresnh water, irrigation and
fertilizing regimes should be adjusted to the utilization of effluent, in
acccrdance with crop types.

All the commenly-used irrication methods can be employed to apply
sewace effluents under appropriate conditions. Irrication methods can be
classified into three broad categories: sprinkler systems, surface system
and crip systems. Sprinkler and surface systems are in common use for
effluent distributicn, while drip irrigatien is not recommended in the
literature as an adequate rmethod (for example reference 1l). In Israel,
however, drip irrigation is oonsidered most appropriate for irrfigation of
effivent and is in widespread use for that purpose. A detailed description
of various types of surface and sprinkler irrication systems is presented
in pclications 1 and 2.

Flcod irrication is a low-efficiency water-use method which causes
contamination of vegetable crops lying on the ground and exposes farmers to
effluent more than any other irrication method. Ridge and furrow
irrication is a surface method that can reduce plant contamination.

Sprinkler, or spray, irrigation has the dual advantage of being able
to control the application rate of water while utilizing minimal manpower
and thus is particularly appropriate for areas where labour costs are
high. However, it requires a hich-oressure supply of piped water and a
sourd technological infrastructure. In additicn, ground crops and fruilt
trees become contaminated by the spray. Aerosols may also be transported
to nearby residential areas. Of course, sprinkler irrication can be set at
low pressure so that water stays below the heignt of the fruit bearing
branches and thus does not contaminate fruit.

Detailed informaticn on the drip irrication method is presented in
publications 2 and 13. In addition to its advantages as an efficient
irrication method, drip irrigaticn serves as an additicnal treatment step,
operating in a similar manner to that of a trickling filter. But the
greatest advantage of incorporating drip irrigation in re-use schemes is
the safety it provides by being most effective in minimizing centact
between the effluent, the crops and the farmers., Pretrsatment of effluent
by straining and gravel filtration is reguired before its distribution by
drip irrigation. Details on such pretreatwent are presented in publication
8. A review of proolems asscciated with effluent treatwent before
irrication and their prevention is presented in publication 14. At certain
pericds, effluent chlorination is necessary for coatrol of attached
bacterial growth at the drippers' nozzles or for excess algae control.
This is done by hypochlorination utilizing systems similar to those used
for fertilizer decsing.

7. INTEGRATED PLANNING OF RECLAILMTD ASTEWATER IRRIGATION PRGJECTS

"ne basic condition for operation of a wastewater re-use project is
the existence of a consumer for the effluent, i.e. an infrastructure for
agricultural activity based on consumpticn of the effluent for irrigaticn.
The agricultural activity can be based on farms owned by the wastewater-
producing runicipality, such as in the case of llelbourne (15) and Muskegon
county 5), of by private farmers cor agricultural commumnities as is the

case in all wastewater re-use projects in Israel.
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In order to achieve successiul re-use sdiengs, the wastewater
treatment system and the eiffluent re-use system should be regarded as an
integrated agro-sanitary system. The operation of the treatment
installation should be dme in close co-cperation and with the
participation of the farmers. In many small~to-medium size re-use schemes
in Israel, the farmers are in charge of operaticn of the treatment
installations.

lastewater re-use projects are integrated projects, combining a
variety of components which include conveyance of raw wastewater, sewage
treatment, effluent storage, effluent supply, irrigation and agriculture.
Integrated plamming of such projects requires specialization in a variety
of related subjects. Several alternatives may be elaborated in the course
of plamning and the most appropriate alternative is selected on the basis
of economic c¢riteria or other oconsiderations {such as sccio-eccnomic
aspects, for example). The elaboraticn of each alternative is based on
integrated plamning of the systems whicn comprise the re-use project. Such
a planning conbines and integrates the following operations-

- identification of potential areas to be irrigated with the effluent

- collection of relevant infarmation regarding the re-use area (climate,
soil, agricultural practice in the zme)

- selection of irrigation method

- agricultural planning and establishment of water demend distribution of
the project over the year

- selectitn of the wastewater treatment process, estimetion of storage
requirements and locaticn of treatment and storage installations

- planning of raw wastewater conveyance, effluent supply and irrication
systems

—~ elaboration of an economic analysis of the project.

The above operatians are inter-related and some are carried cut in
parallel while feeding information to each other. Detailed presentation of
concepts and methodologies cooncerning integrated planning of re-use
projects can be found in publications 1, 2, and 6. Some points of interest
regarding the planning process will be menticned at this stage.

The overall land extension required for a re-use project is estimated
during the agricultural plaming and depends on climate, raw wastevater
flow, selected creops, irrigation method and utilization of seascnal
storage. The selection of crops is based on cliratic conditions, soils,
rarket considerations and effluent quality (both from the pmiblic health and
the agronomic points of view).

The effluent demand for the project and its distributicn with time is
calculated cn the basis of the agricultural planning by estimation of water
derand of each crop considering the extension of land allccated for its
cultivation and the sumwaticn of individual water demands by each crop.
The overall water derand incorporates consideration of the irrication
methods and its water use efficiency. The effluent use of each crop is
estimated by the same methods applied for irrigation with water. A
Getailed presentaticn of the subject of crop water requirements can be
found 1n a variety of publications (such as, for instance, 1, 6, 17, 1E).



“he selection of crop typss 1s done in corbination witn the selection
cf treatment methods and alternative re-use schemes are based on
comoinations of crop types and appropriate treatment methods.

The wastewater conwveyance systems and effluent supply system are
elaborated on the basis of topograghical conditions and location of
treatment facilities and the re~use areas. It is recommended to utilize,
as far as possible, the conventimal agricultural practice and irrigation
rethods used in the zone of the project in arder to facilitate the farmers'
work, but the fact that effluent and not water is used for irrication
should not be ignored and the necessary ccnditicns should be applied {crop
types, irrication and fertilization regimes, etc.).

8. ECONCGIC ASPECTS

General Considerations

Two approaches toward projects of wastewater re-use for irrigaticn may
be outlined, from the economic point of view:

~ According to the first apprcach, irrication with treated wastewater
serves in principle as a wastewater dispcsal method which may result, as
a by-product, in production of crops and in the preservation and
enlargerment of green belts and open spaces.

- According to the second apprcach, wastewater serves as an unconventional
water resowce and its re-use for irrigation is aimed at water
conservation by replacing potable water with treated effluent. In this
case, an economic return is expected from the use of water and nutrients
8¢ as to produce marketable crops.

The first approach applies to zomes in which water rescurces are
apundant or in areas in which profitable agriculture is not feasible
because of topograghical restrictions (hilly or mountain zones) or marginal
land quality. Irricaticn is chosen in such cases because of advantages
cver other disposal methods.

The seocond approach applies in areas of limited water rescurces. In
such areas, in addition to wastewater from the first approach irrigation
disposal method, irrication with effluent serves for supplementing
available fresh water resources.

The difference between the two approaches is manifested by the fact
that in the first one, a profitable project is usually not expected and in
rost cases cannot be achieved, whereas acccrding to the second approach, a
grofitable project may be anticipated.

It should be noted that even in areas which are oonsidered water-—
gbundant, water may be scarce in the dry season, and irrigation with
effluent may serve to increase agricultural production during that seasa.

The ecanomic analysis of a wastewater re-use project usually cconsists
of a cost-benefit analysis, similar to that applied in conventional
acricultural projects. Such an analysis is based on elaboration of the
casn flow during the lifetime of the project, taking into account all
expenditures and incore, and capitalization of all the cash flow components
at varicus interest rates in order to calculate the Internal Rate of
Feturn(IPR) of the project, the Net Present Value (MPV) at the interest
rate at wnich credit is coptained for tne project and tne Benefit—Ceost (R/C)

ratic of the project, under the abcove credit cenditicns.
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Project expenciture 1tems incluces

-~ investment in the physical compcnents of the system (cfaw wastewater
conveyance system, wastewater treatment and storage, effluent supply for
irrigation)l

- oOperation, maintenance and energy costs(

-~ agricultural ccsts (machinery, labour, fertilizers, pest~control
materials, ete.)(

~ investment in irrigation systemi

- operation and maintenance of the irrication system.

Project income items includes
~- income from marketing of cropsi

- saving in purchase of fertilizers (as a result of the presence of
nutrients in the effluent which reduces the dose of required
fertilizers).

The differences between conventiocnal agricultural projects and
wastewater re-use projects, as reflected in the eccnomic analysis, are the
followings (i) the water supply system is much rore complicated in re-use
projects (ii) re-use projects benefit from the ecoomic value of the
nutrients contained in the effluent, which substantiate part of the
fertilizers, and (iii) re-use projects have additional benefits which are
not always guantifiable - such as enviranmental protection and the
development of a supplementary water resource. These benefits my be of
great importance, especially in areas whose economy is based on tourism and
which suffer from water scarcity. Additional benefits which may accrue are
the solutiocn of socio-economic and political prablems. An example warth
menticning is the case of a traditional agricultural zone which lost its
graondwater resources as a result of salination caused by over-pumping.
Sometimes the sole solution to such a socio-economic problem may be
wastewater re-use.

The feasibility of a re-use project depends on various factors, most
of which are specific to each project and which include soil type, climatic
conditicns and selected crops.

Three factors have to be taken into account when aiming at a feasible
re-use project-

(i) distance of the re-use area from the wastewater sourcel
(ii) efficient water usei

(iii) deducticn of alternative wastewater disposal costs from the project
costs.

The cleser the re-use area to tne wastewater sowrce, the more
profitable the project can be, because of the lower investment in tone
conveyance system. But the distance of tne re-use area from the wastewater
source aepends on land availability and is not an independent variacle. In
tne case of small re-use projects, re-use areas are ustally available in
the vicinity of tne point of wastewater collection.
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Efficient water use is a factor wnicn can be dictatea by tne project
planners. Maxairum efficiency of water use must be attempted in crder to
permit irrigation of the maximum possible areas and tnus result in enlarged
crop prcduction. Efficlent water use is inter-related with two factors-s
irrigation methcod and seasanal storage. iHigh efficiency irrigation methods
are preferable. UDIrip irricacion can serve as an exanple of an efficient
irrigaticn method (which has also an advantage from the point of view of
minimizing pulic health risks associated with effluent irrigation).
Seascnal storage increases the amount of effluent whicn can be used for
irrigation, thus permitting irrigation of increased areas (it is also
advantageous from the point of view of function as a supplementary
treatment process).

Deduction of alternative wastewater disposal costs is an important
factor in re-use projects. In most cases, a re-use project can be
econcmically feasible only if alternative disposal costs are deducted from
the project costs. Such a deduction is justified because sewage disposal
shculd be provided by the authorities which represent the wastewater
producers, and not by the farmers.

In practice, participation of municipalities in financing re-use
projects depends on local environmental protection regulations, on the
power of authorities to enforce such regulations and on  specific
conditiaons.  Finally, an additional factor which has a marked effect on
re~use projects feasibility should be menticned. This is the price of
cultivated crops. Prices of crops are not always directly dependent on
production costs and may vary as a result of developments in the
internaticnal market. Such variations can affect and sometimes completely
change the feasibility of projects. Fluctuations in prices of cotton
during recent years may be menticned as a relevant example, since cotton is
an industrial crop suitable for irrigation with effluent.

On-Farm Economics of the DRT System in Israel

The case of a typical re-use scheme in Israel will be presented as an
example for the economic analysis of a re-use project. The system is
located in the central zme of Israel and serves a population of about
15,000 inhabitants. The scheme is based on the DRT treatment-storage
system which was presented briefly in a preceding chapter and in greater
detail in publication 8. The raw wastewater diverted to the project
comprises part of the wastewater of a nearby town and the wastewater of a
neighbouring agricultural commmity. The wastewater  pretreatment
installation includes two anaercbic ponds whose effluent is diverted to a
300,000 m® seascnal storage (and treatment) reservoir of 10 m maximum
depth. The combination of the anaercbic ponds and reservoir comprises the
CRT system. The anaercbic ponds are located in the reservoir's
erbankment. The oouple of ponds provide the flexibility of operation of
cne pond while realizing maintenance activities, such as cleaning, in the
other. The pands are highly lcaded, deep anaercoic ponds of short
detention time, operating with an organic lecading of about 3,000
kgBCD/day/na and a detention time of about 1.5 days. Such operating
conditions permit efficient BOD removal while preventing odour generaticn.
Estimation of the required storage volume of the project is presented in
Appendix I.

The project is located in a zone of light soil, in the vicinity of a
recicnal rocad and at a distance of several hundred metres from residential
suburps of the population whicn contributes the wastewater. &8s a result,
glasti.c lining was used for the impermeabilizaticn of the reservoir and
driyp irrigaticn was applied for the prevention of dispersicn of aercsols by
air. In additicn to the treatment-stcrage facilities, the project includes
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a raw Wastevatel waln and  a  puaping  station  for supply of raw
wastewaeflluent jpuwmping station, central stramning and rapid gravel
filtration facilities for effluent treatment before drip irrigatic, the
main effluent supply system and the drip irrigation system.

The net annual f{lcv supplied by the project is 460,000 m® and it is
used for irrigation of 20 ha of cottun during summer. A part of this area
is irrigated with effluent during winter for the cultivation of wheat for
silage.

The ammual water consunption for cotton irrigation is about 5,000
mw/ha and its monthly Qistribution is presented in Appendix I. The
anual water consumption of vheat depends on rainfall. In rainy years the
consumption is 500 md/ha, while in regular years it is about 1,400
me/ha. Cecnsequently, the extensions of wheat-cultivated areas vary from
year to year according to rainfall and wheat requirements. In the
presented economic analysis, the extension of cultivated wheat is 23 ha
whichh is the area that may be irrigated when the annual wheat water
consumption is 1,400 m3/ha. The monthly distribution of wheat water
comsumption is presented in Appendix I.

The agricultural programme nay change over the years according to
variations in crop prices. 1The above presented programme is utilized as an
example of economic analysis.

The emnomic analysis presented herein is the farmer's point-of-view
analysis, i.e. an cn-farm economic analysis and not a national point of
view analysis. Counseyuently, the presented costs are financial ocosts and
not economic costs. The main purpose of the analysis is to establish the
feasibility of the project. It includes the cash flow along the projects'
lifetime, capitalizaticn ol all cash flow items and calculation of the Net
Present Value (NEV) at various interest rates and of the Internal Rate of
Peturn (IRR) of the project. The IRR is a critericn of project
feasibility. Projects with IRR higher than 12% are considered feasible.
Higher IRR values mean hivdher feasibility.

The investment in the wastewater cunveyance, treatment-storage,
effluent supply and irtigation systems (tne physical components of the
system) are presented in Table IV. The lifetine of each system component
and the annual operation and maintenance costs of each component as a
percentagye of the 1nvestment are also presented in Table IV. Energy costs
for raw wastewater and effluent punping were based on a unit price of 0.07
/5.

Table IV

Investments Cxl1 Costs and Lifetime of Physical Components of the System

Tiwvestment Annual O&M Lifetire
Item (1,000 Us$) Costs (% of (Years)
investment)
Raw wastewater main 45 0.5 40
Raw wastewater pumping station 15 2.5 15
Anaercbic pouds and storage reservoir 370 0.5 40
Effluent pumping station 30 2.5 15
Effluent pretreatment for irrigation 20 2.5 15
Bffluent distribution system 55 0.5 40
Drip irrigation system 172 3.0 10

Tqutal Investnent 7u7,000 UBt
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The economic analysis was carried out for an overall project lifetime
of 40 years. Distribution of investrments and O&M costs were estimated
based on Table IV. Energy costs were calculated on energy consumpticon of
the pumping stations and on energy wnit price costs. BAs part of tne
irrication practice, hypochlerination is used from time to time to control
biological growth, utilizing the fertilizing systems for hypochlorite
dosing. The ammual hypochlorite costs of 7,600 $/year were taken in
account as part of the irrication system annual costs. Duraticn of
construction of the project components was about one year and agricultural
production commenced in the second year.

Agracultural production costs for cotton (akala type) and wheat in the
project zcne are presented in Table V (based an data of Ref. 19).

Table V
Agricultural Prcduction Costs

(Us$/ha)
Item Cotten Wheat
Machine work 787.3 3%0.8
Seeds 25.0 84.0
Fertilizers 129.0 145.0
Pest—control materials 384.5 81.0
Iabour 535.5 157.5
Product handling 1C0.0 105.0
Miscellaneous 165.5 114.6
Total Costs ($/ha) 2,126.8 1,077.9

Cotton yield in the project area is 5,500 kg/ha and wheat vield is
10,500 kg/ha. Total annual agricultural production costs were calculated
on the basis of an extension of the area of each crop, its yield and the
wmit production costs (Table V).

Three benefit items can be considered in re-use projects (i) income
from crop marketing, (ii)} the saving in fertilizers and (iii) municipal
particigation in project financing to account for its duty to provide
wastewater disposal.

The principal income in the project under consideration is that of
cotten. The ootton product consists of 32% fibres and 55% seeds. The
price of seeds in Israel is 0.253/kg. The price of fibres is at present
(1987) about 0.8 $/1b or 1.76 /kg. Thus the price of cotton is about 0.7
$/kg. The price during 1986 was 0.675 $/kg. The economic analysis was
carried ocut using the two alternative cotton prices. The price of wheat is
about 0.12 $/kg. The total agricultural income is the sum of cotton and
wheat incomes.

The agricultural producticn costs presented in Table V include the
total fertilizer costs, i.e. considering that water free of nutrients is
used for irrication. Since the effluent contains nutrients, a lower dose
of fertilizers will be required and the equivalent value of fertilizers
contained in the effluent may be considered as a benefit of the project.
Estimate of the benefit of fertilizer savings is presented in Appendix II,
ylielding an eguivalent annual incone of 5,5008%.
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Tne town producing the wastewater nas to provide appropriate disposal
faciiities, or in the present case, finance pert or all of the
treatment-storage facilities (storage should also be financed as it serves
as the main treatment step). Such financing will increase project
feasibility. The economic analysis was carried cut in three cases*

(1) without mnicipal participation/

(11i) municipal marticipation in financing of the raw wastewater conveyance
system and half of the treatment-storage facilities (including
investments and annual oosts)[

(iii) municipal participation in financing the raw wastewater conveyance
system and the entire treatment-stcrage facilities.

Cash-flow diagrams of the project at cotton price of 0.7 $/kg and
town-£financing participation accerding to items (i), (ii) and (iii) above,
are presented, respectively, in Tables VI, VII and VIII,

Expenditure items in these diagrams are expressed by negative values
and bpenefit items are expressed by positive values. Capitalizaticn of each
item (each column) at a certain cost of capital (interest rate) and
sumwation of the capitalized costs yields the Net Present Value of the
project at the same cost of capital. The cost of capital at which the net
present value is nil (i.e. capitalized expenditure items equal capitalized
incore items) is defined as the Internal Rate of Return of the project
(IRR). It can be grarhically found by calculating NFV at several interest
rates, drawing NPV against interest rate and identification of the interest
rate at wnich NPV becomes nil. Such a procedure for the conditicns defined
in Table VI is presented in Fig. 8, yielding an IRR Value of 18.15%.

The results of the economic analyses of the project are presented in
Table IX. The table contains NPV values at three interest rates (8%, 10%,
123} anéd IRR values for each of the six cases analysed. The range of
interest rates of 8 to 12% was chosen as it is a conventicnal range for
credit granting.

All six versions for which the economic analyses were carried out
resulted in IRR values higher than 12%, indicating a feasible project in
all cases. The project under discussicn is feasible even when the
wastewater supply and conveyance system is financed by the farmers, because
of certain features which are of advantage from tne point of view of
eccnomnics®

(1) the investment in the raw wastewater conveyance system is small
because the re-use area is adjacent to the town,

(ii) the treatment and storage facilities are located within the re-use
area, thus the investment in the effluent supply systems 1is also
minimal{

(1ii) the water-use efficiency of the project is hign because a seascnal
storage facility is incorporated and the drip irrigation method is
utilized.

In common with other agricultural projects, feasibility depends on
product prices. Present cotton prices are favourable for the project. A
drop in cotton prices similar to that whicn occurred two years ago will
render the project unfeasible.
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Project Cash~Fluw Diagram

ho Participation of Funicipality in Project Financing

(Costs Expressed in units of L000USSE)
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Table VII
Project Cash-Flow Diagram
Municipal Participation in Financing Half of the Treatment-Storage Facilities

(Costs Expressed in Units of 1000 USH)
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Tavle VIII
bProject Casn-tluwv Dlagram
lunicipal Participation in Financing kntire Treatment-Storage Facilities

(Costs kxpresseu in units of 1000 US$)
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.unicizal participation in project financing has a marked effect on
the project sconomics and most re-use projects can be feasible only if such
participaticn is guaranteed.

Vastewater re-use is technically feasible and may be economically
feasible. The economic feasibility of a re~use project depends on a series
of factors- (i) the distance of the re-use area from the wastewater source(
(ii) efficient use of water (i.e. incarporation of seascnal storage and
utilization cf an efficient irrigation methoed), and {iii) deduction of
alternative wastewater disposal costs from the re-use project costs.
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APPEIIDIX 1
ESTIMATION QF THE RESERVOIR VOLLME

The present appendix deals with the procedure for estimation of the
required volume of the reservoir which forms part of the re-use project for
which tne economic analysis was presented in a preceding cnapter.

Establishment of the reservoir volume is based on the monthly
distritution of inflow and outflow streams of the reservoir. Inflow
streams include wastewater and rainfall while outflow streams include
effluent withdrawn for irrigation and 1losses by infiltration and
evaporation. The monthly distribution of water consumpticn for irrigation
of 86 ha ocottenn and 23 ha wheat (field data based on calculation method
used by the farmers) is presented in Table I.

Table T

Monthly Distribution of Water Consumption for Irrigation

Total water consumption

Cottcon Water Wheat Water for 86 ha cotton
Month Demand Cemand and 23 ha wheat
(m3/ha/renth) (mn3/ha/month) (103 x m3/month)
10
11 1,000 23.00
12
1
2 400 $.20
3
4 9 0.77
5 250 21.50
5] 945 81.27
7 1,510 130.29
8 1,781 153.17
9 4420 37.84
Total 4,940 m>/ha 1,400 m*/ha 457,000 m3/year

The water balance table of the reservoir is presented in Table II.
Wastewater inflow is based on measured data and the procedures for
estimates of rainfall and losses are menticned in footnotes to Table II.
The resulting required reservoir volume is 250,800 m3 (249,500 + 1,300).
The constructed reservoir volume is about 300,000 m3. This assures a
certain detention time in the reservoir even towards the end of the
irrigaticn season.
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APPENDIY 1II
EVAIIATION OF THE ECONOMIC VAIUE OF NUTRIENTS IN THE EFFLURND

Effluent contains the elements N, P, K which are consumed by crops
during irrigation, thus less fertilizer is required while utilizing
effluent for irrigation. The saving in fertilizer is an economic benefit
in re-use projects. The evaluation of the economic benefit asscociated with
effluent irrication will be outlined using the project for which the
ecacmic analysis was presented in a preceding chapter, as an example.
Most of the effluent of that project was consumed by cotton, thus the
calculation will be based on consumption of 5,000 m3/ha for irrigation of
86 ha of cotton.

“he content of nutrients in the effluent is-

25 mg/l N (equivalent to 125 mg/l Ammonium sulphate)
5.6 mg/l P (equivalent to 74 mg/l Superphosphate}
2¢ mg/l K (equivalent to 45.8 mg/l Potassium chloride}.

Assuming that 85% of the nutrients are available te crops, and an
irrigation water-use efficiency of 80%, the resulting rate of nutrient
-applied by the effluent is-

Amonium sulphate (kg/ha)e 5,000 x 0.85 x 0.8 x 125 x 0.001 =425 kg/ha
Superphosphate (kg/ha)- 5,000 x 0.85 x 0.8 x 74 x 0.001 =251 kg/ha
Potassium ¢hloride (kg/ha)+ 5,000 x 0.85 x 0.8 x 45.8 x 0.001 =155.7 kg/ha

The reguired fertilizer application rates (according to the regular
practice for cotton) versus the equivalent fertilizer applied with the effluent
are presented as follows*

Fertilizer Required Application Applied by Percentage Applied
Rate (kg/hg) Effluent (kg/ha) by effluent
Ammonium Sulphate 800 425 53
Superphosphate 500 251 50
Potassium Chloride 500 156 31

From the above data, it is possible to calaulate the cost of the
fertilizer saved. ’

For the case under consideration, it was taken that 50% saving in
fertilizers can be considered as an average figure. The cost of
fertilizers for cotton is 129 $/ha, thus the saving is about 65 $/ha or
about 5,600 $/year for the irrigated area of 86 ha.



REUTILISALION DES BEAUX USLES URBAINES

Considdrations sanitaires

P. BOUTIN,
CEMAGREF, F 921380 Antony, France

1. INTRODUCTION

.

¥er cernde de terres, la Méditerrande isole & son tour une multitude
d'%les de taillle inédgale. Continents en miniature ou blocs rocheux, nombre
d'entre elles partagent un trait commun, la prcécarité de leur alimentation en
eau. Des zones littorales gui ne peuvent faire appel 3 des ressources

éloigndes connaissent des difficultés analogues.

Divers €léments permettent de justifier cette situation: précipitations
réduites, géclogie peu favorable a4 l'infiltration, dissociation des structures
hydrogéologiques propices et des zones peuplées, relief inadapté & la crédation

de réservoirs, contamination des nappes d'eau dcocuce par les =2aux marines, etc.

La situation s'est aggravée récemment: le développement du tourisme a
entra%né une augmentation parfois spectaculaire de la consommation d'esau
pendant les rois d'été et a suscitd l'intensification des productions
agricoles locales irrigudes. Le délicat dquilibre spontanément établi avec
les prélévements dans la nappe et la qualité des eaux pompées s'est ainsi
trouvé rompu. Il en est trop souvent résulté une baisse du niveau des nappes,
parfoiz un appel d'eau salde, catastrophigues aussi bien pour l'agriculture
que pour le tourisme, évolution accdlérde par l'intervention des techniques

modernes e pulsaterie et de pompage.

Dans une situation devenue conflictuelle entre une activitd
traditionnelle (L'agriculture) et une activitd nouvelle soutenue par de
puissants intédréts (ie tourisme), il n'est pas difficile de prévoir qui
finirait par l'emporter. Mais 1l'dvolution vers une monoactivité touristigue
constitue un facteur de ddsdguilibre, générateur de risques dconomiques et

sociaux.



La réutilisation agricole des eaux résiduaires fournit une possibilitd
d'échapper 4 cet encha®nement, d'autant plus que le maximum des besoins de
l'agriculture coincide fréquemment avec la pleine pdriode touristique., Il
s'agit 13 d'une pratique ancienne, largement répandue pendant la seconde
moitié du XIXéme sidcle qui a connu depuis une régression en partie due 4 des

considérations sanitaires,

les connaissances accumulées rendent maintenant possible la
reconsidération du probléme. L'irrigation avec des eaux usdes permet
simultanément d'améliorer le bilan hydrologique des zones déficitaires et
d'dchapper au déversement des effluents dans le milieu marin. A ce double
titre, elle constitue un puissant outil d'aménagement. La limitation
principale résulte de contraintes sanitaires, lides & l'origine méme des eaux,
dont l'appréciation objective a considérablement progressé ces dernidres

anndes (Prost, 1587).

2., LES PATHOGENES DANS LES EAUX RESIDUAIRES
Du fait de leur origine, les eaux résiduaices entra3nent indvitablement
une charge de formes pathogénes, principalement d'origine intestinale, dont la

composition et 1'importance sont le reflet de 1l'épidémiologie locale.

Les pathogénes sont accompagnés, en pien plus grand nombre, par des
bactéries banales, habituellement inoffensives, parmi lesquelles on a
sdlectionné quelques groupss dont on estime qu'ils sont aptes & fournir des
informations sur l'intensité de la contamination fécale (germes indicateurs ou
"témoins™ de contamination fécale = GICF). Les coliformes ("totaux" et
*fédcaux" ou thermotolérants), les streptocoques “fécaux" sont universellement
utilisds dans ce but. 1Ils ont été systématijuement recherchés et ddnombrés i
l'occasion de nombreuses ftudes et on dispose en ce qui les concerne d'une
information considérable, bien que géographigquement mal répartie. Les
différences de conscmmation d'eau sont insuffisantes pour entra¥ner des

variations géographiques appréciaoles. Les résultats tombent habituellement

dans les plages suivantes (Boutin et al, 1979):



7 Y
- Coliformes "totaux" s 10 - 107,
L4 & 8
~ Coliformes "fecaux" : 10o - 10,
v 7
- Streptocogques "fécaux" : 105 - 10

La recherche des pathogénes dans les efflucnts bruts et traitds est une
t8che difficile, qui demande l1'intervention - pour des rdsultats aldatoires -
de technigues fastidieuses et complexes, hors de la portde de beaucoup de
laboratoires de contrdle. Les données disponibles restent peu nombreuses;
elles concernent surtout la bactériclogie. L'information suzr le contenu viral
et paras}taire (kystes de protozoaires et oeufs de vers parasites) est
déficiente, souvent difficilement interprétable du fait d'incertitudes sur la

méthodologie de prélévement et de l'absence de méthodes d'analyse normalisées.

Cette carence ne constitue pas en fzit un handicap dirimant si on
considére qu'un effluent urbain contient des pathogénes d'excrdtion fécale ou
urinaire, dont la nature et 1‘abondance sont le reflet de la pathologie locale
humaine et, occasicnnellement, animals (on n'ocubliera pas le rdle des
"sorteurs sains”, qui hébergent le germe sans en 2tre apparemment affectés, et
dont le nombre peut dépasser de beaucoup celui des malades recensés). Comme
les données concernant 1l'épidémiologia sont plus abondantes et de meilleure
qualité, la liste des pathogdnes dont la présence doit &tre attendue est assez
facile 4 établir. Possible ou reconnue, cette présence constitue un risque

sanitaire potentiel.

Quelques points doivent &tre rappelés:

a) lLorsque les pathogédnes sont directement recherchés, il faut
considérer que, dans des eaux & ftorte teneur en matiéres en suspension comme
le sont les eaux d'dgout, la plupart des bactdries et des virus se trouvent
absorbés sur des particules. Il n'existe actuellement aucune technigue
efficace de dissociation de ces agrdégats. Lorsqu'une colonie est dénombrde,
rien n'indique si elle trouve son origine dans un germe isold ou dans un
amas. Les effets de masque dis & 1'inclusion dans un flocon de matiére

organique, les inhibitions résultant du développement d'autres souches

contribuent également & la sous~évaluation des effectifs,



o) Beaucoup de pathogénes, (certains virus, la plupart des oeufs de vers
parasites, mals aussi des bactéries) sont plus résistants que les geries
ténoins de contamination fécale (les coliformes <dtant eux-mémes plus fragiles
que les streptocoques): la décrocissance (naturelle ou provequéde) des
pathogénes ne s'effectue pas au méme rythme que celle des germes témoins. On

ne doit donc pas juger de l'élimination des pathogénes & partir de donndes

concernant les GTCF, qui constituent de médiocres indicateurs de traitement.

A la limite, des pathogénes pourront toujours &tre mis en évidence malgré la

disparition des GTCF.

Les pathogénes d'importance épidémiologique relévent de cing unitds
systématiques: bactéries (formes vdgétatives et sporuldes), virus,
champignons, protozocaires parasites (formes actives et kystes), vers parasites
intestinaux {oceufs et adultes). Au cours d'dpidémies, des bactéries
pathogénes et des virus peuvent &tre déceléds en nombre important, bien que
trés inférieur & celui des bactdries indicatrices. Dans les pays en
déveleppement, plusieurs milliers de salmonelles, de shigelles ou
d'entdrovirus par litre teptésentent des chiffres cohdrents en situation
"normale". On peut détecter plusieurs milliers de V. cholerae au ocours d'une
épidémie. On est susceptible de rencontrer des densitds dlevdes de kystes
d'amibes (quelgues milliers par litre ?)}., Les oceufs de vers parasites sont
plus rares, les genres communs &tant Ascaris (jusqu'a quelques centaines
d'oeufs/litre ?) et Trichuris (une centaine/litre ?); une dizaine d'oeufs
d'Ankylostoma et quelques oeufs de Schistosoma/litre peuvent aussi &tre

identifiés (Freachem et al., 1983).

tes effectifs des pathogénes sont probablement moins nombreux au Nord de
la Méditerrande du fait de conditions climatiques différentes et d'un meilleur
dtat sanitaire. Ces formes sont cependant loin d'étre absentes, En

témoignent dJde nomoreux r€sultats {par exemple, Leclerc et al., 1971).
3. EVALUATIONM DU RISQUE

Il est bien connu gu'en majorité les germes ne s'installent pas
durabliement dans leur hdte humain lorsqu'ils sont ingérés en petit nombre;
une faible contamination ééclenche rarament les symptdmes de la maladie

correspondante. Beaucoup de sujets se sonit ainsi trouvés en contact avec le
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germe sans méme s'en apercevoir. D'autres n'ont été frappés que de
manifestations peu caractéristigues, relativement bénignes. Les malades

présentant l'ensemble des signes cliniques restent généralement 1'exception.

Pour les germes entérigues, une notion fondamentale est celle de dose

minimale infectante (DiI): elle correspond & l'effactif susceptible de

déclencher la maladie chez une proportion réduite de sujets exposés (on
considére aussi la DI5 , correspondant 4 l'apparition des symptdmes chez la
moitié des sujets). Ce concept n'test certes pas & l'abri des reproches. Les
données publides concernent pour la plupart des échantillons réduits
d'individus jeunes et en bonne santé. La susceptibilité des sujets & faible
niveau immunitaire (enfants, vieillards, personnes naturellement ou
secondairement immuno-déprimées, sujets malnutris, etc...) est certainement
supérieure & celle des volontaires qui ont accepté de se préter aux
expérlences. Ainsi, alors que les DI50 couramment avancdes sont de l'ordre
de 108 - 1011 pour le choléra, avec des signes clinigques allant de la

simple diarrhée 3 des symptdmes sévéres, les enfants sous alimentés seraient
vulnérables a des doses de l'ordre de 100 (Freachem et al, 1983). C'est
pourguoi les chiffres disponibles doivent &tre considérds avec prudence, leur

imprdcision dépassant de beaucoup l'incertitude qui frappe habituellement les

donndes statistiques.

Les déterminations microbiologiques se limitent trop souvent 3 des unitds
systématiques larges (p. ex. "salmonelles" ou méme "enterovirus"). Une
identification plus précise {au niveau de l'espéce ou méme du sérotype)

s'impose pour comparer les dénombrements aux doses infectantes,

Les shigelles figurent parmi les bactéries 3 faible DMI {de l'ordre de

, . 6 AT . .
100). avec Salmonella typani, on atteindrait 10 -~ 10 , et des niveaux

encore supérieurs pour des salmonelles moins agressives. Habituellement, des
effectifs aussi importants ne peuvent pas étre absorbds directement, sauf dans
1'hypothése d'une contamination massive par des matiéres fécales non

dilacérdes. Un risque apparaft néanmoins dés que les conditions offertes



permettent 4 des salmonzlles de se multiplier dans une nourriture contaaminde
car des mouches, des mains sales ou par vontact avec des produits socuillés, et
ensuite conservée 3 tempdrature ambiante pencant une durde suffisante. Il
devient ainsi possible d'atteindre le niveau de la DMI & partir d'effectifs

initiaux réduits.

Il n'en est pas de méme avec les virus et les parasites humains
d'excrétion fécale ou urinaires & de tréds rares exceptions prés, ils sont
incapables de se multiplier hors de leur hdte spécifique. Pour les virus, la
DMI serait de l'ordre dJde 100 par voie digestive, mais certains sujets seront
probablement infectds par des doses plus faiblas, quelgues particules virales

seulement. Les protozoaires parasites (giardia, entamoeba, etc.) donneraient

des valeurs analogues. Pour les vers intestinaux, la ™MI est trés basse, un

oceuf viable seulement.

Une premiére hidrarchisation du risque est obtenue en considérant, pour
chague germe, le rapport concentration/DMI, méme si une forte incertitude en
affecte les deux termes. .Un autre facteur essentiel est la résistance du
germe & un milieu hostile dés qu'il a quittd l'abri intestinal. La capacité
de survie est variable: certains pathogénes présentent des formes de
résistance (spores, kystes, oeufs) qui leur offrent la possibilité de
persister longtemps dans l'environnement, exceptionnellement pendant plusieurs
années (ascaris). MNombre d'autres pathogénes sont moins résistants
(bactéries, virus). Une période d'attente peut se révéler nécessaire entre
1'émission des féces et 1l'invasion d'un nouvel h8te. Avec des modalitds
varides, c'est le cas pour certains vers parasites: passage obligé par un
héte intermédiaire (ténia - schistosome), maturation des oceufs (ascaris),

phase de vie libre (ankylostome), etc,

Sur cette base, Freachem et ses collaborateurs (Freachem et al., 1283)
ont propcsé une nouvelle classification pragmatique des pathogénes. Elle ne
fait plus guére appel & la systématique, mais opére un tri en fonction de
facteurs physiologiques et d'environnement en faisant une large place a la

dose infectante. Une conséguence de la classification de Freachem est de
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conficmer qu'une seule catégorie de mesures sanitaires est habituellement
incapable d'assurer le contrdle d'une maladie. Une sécurité effective
impligue des actions combinées couvrant l‘ensemble de la vie sociale,

notamment l‘hygiéne individuelle et les équipements collectifs (WHO, 1981).

4. EFFETS DES TRAITEMENTS DE5 EAUX USEES SUR LES BACTERIES
INDICATRICES ET LES PATHOGENES.

La plupart des pathogénes sont incapables de proliférer dans
l'environnement, particuliérement dans une station d'épuration, C'est dvident
pour les virus, la plupart des vers parasites et nombre de protozoaires, qui
exigent pour se développer leur héte spécifique: au pire ils survivront, mais
il est bien plus probable de constater leur décroissance. Pour les bactéries,
on peut certes admettre une possibilité théorique de multiplication, mais elle

n'a jamais pu @tre mise en dvidence avec une méthodologie rigoureuse.

Dans les systémes biologigques "intensifs" (lits bactériens, boues
activées), l'effluent ne séjourne que peu de temps (une journde au maximum
pour un effluent urbain). Les microorganismes s'y répartissent indgalement
entre la phase liguide et les boues, qui concentrent la majorité des
pathogénes. L'effluent traité n'entra¥ne que 10% environ de la charge
bactérienne initiale, la boue 90%. On doit cependant considérer que le

liguide reste trés fortement contaminé.

Il v a guelgues annédes, de nombreux hygidnistes voyaient dans la
désinfection chimique (avant tout par le chlore et ses dérivés oxygénés) la
garantie d'une sécurité absolue. On est maintenant plus réservé & l'égard de
techniques peu actives 3 l'encontre de plusieurs classes de pathogénes {(oeufs
de vers intestinaux, nombre de virus, etc...) (Vial et al., 1980). Le
contrdle des résultats est difficile pour les unitéds de traitement petites ou
isoldes. L'approvisionnement en rdactif peut connaitre des difficultds, les

pannes scnt fréquentes (Crook, 1985). Qui prendra alors la décision
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d'interrompre la distribution de l'eau aux agriculteurs? Globalemsnt, la
fiapilité de l'opération est donc sujette & caution, considdration qui a
conduit la plupart des pays d'Europe Occidentale 3 envisager avec rdserve la
décontamination chimique des effluents, malgré la popularitd dont elle a

naguére joui aux Etat-Unis.

Les traitements extensifs, au premier rang desguels le lagunage, imposent
des temps de séjour prolongés qui garantissent un haut niveau d'épuration pour
1l'ensemnle des pathogénes, particuliérement en climat chaud. Avec des
temperatures de 25-30°C, on atteint des abattements de S ou & U. log.

(99,999 & 99,9999 %) 4 l'aval de systémes & 4 bassing garantissant une
rétention de 20 jours. Les lagunages ont &galement démontré leur efficacitd

pour retenir les oeufs d'helminthes.

Correctement congus et exploités, ces équipements relarguent un effluent
pratigquement dépourvu de pathogénes: ainsi, il n'a pu étre mis en évidence de
salmonelle (sur des échantillons de 1 4 10 litres) dans des effluents lagunés
contenant moins de 1000 coliformes fécaux/100 ml (Alibou et Baleux, 1987). Ce
niveau d'épuration est compatible avec la plupart des utilisations en
irrigation. Tout en €tant dépourvu des inconvénients de la désinfection
chimicue, le lagunage satisfait la plupart des exigences sanitaires. On
prenéra cependant garde au fait que la concentration rdsultant de

l'dvaporation peut suffire d& altérer la qualité chimique des eaux.

Une autre technigue intéressante, mais dépendante de la géologie locale,
est l'infiltration contrdlée associde & une récupération ultérieure des eaux

purifides.
5. SURVIZ DES PATHOGENES SUR LE SOL ET LES VEGETAUX

Ce di1fficile probléme a fait récemment l'objet de plusieurs synthéses
($trauss, 1985, Shuval et al., 1986). Les données publides sont nombreuses,
mais la méthodologie suivie est trop souvent imprécise, et l'accent mis sur
les valeurs exceptionnelles. Pour tous les germes, les expériences montrent

- e : L] I +
deux phases de décroissance, rapide pendant les premiéres semaines, plus lente
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par la suite, Les facteurs positifs pour la survie des pactéries =t des virus
sont 1l'humidité (pluie ou irrigation), des sols riches en argile et matiére
organique, neutres ou légérement alcalins, une température basse, une
situation abritde. Il a €té suggéré d'interrompre périodiguement 1'irrigation
jusqu ‘au desséchement des couches superficielles du sol pour réduire le risque
viral (¥=ager and O'Brien, 1979). Freachem et ses collaborateurs (19283)
admettent que la plupart des pathogénes (bactéries ~ virus - protozoaires) ne
survivent guére au-deld de 2 semaines sur les plantes, 3 semaines sur le sol &
20 - 30°C. Les ceufs d'helminthes constituent la principale exception: 1ils
peuvent conserver leur viabilité pendant des mois et méme des anndes. Associé
3 une émission abondante dans les selles et d des doses infectantes minimes,

ce fait est 4'importance épidémiologique majeure.
6. LES RISCUES

6.1 Le risgque pour les travailleurs agricoles

A la suite d'une synthése de travaux récemment menés sur ce théme aux
Etats-Unis, Jakubowski (1986) a conclu que le risque infectieux était
apparemment trés limité pour les travailleurs et leurs familles, ce gue l'on
peut en partie attribuer aux bonnes conditions d'hygiéne des sujets. Les
études spécifiques restant malgré tout peu nombreuses, il est intéressant de
se reporter aux enquétes portant sur d'autres travailleurs en contact
professionnel avec des effluents, c'est-d-dire les dgoutiers et les ouvriers
de station d'épuration d'eaux usdes. Pour les égoutiers, dont certains sont
particulidrement exposés du fait de contacts prolongés en atmosphére confinde,
on citera comme manifestations du risque infectieux en France un pourcentags

anormalement €levé de porteurs de Giardia, Amoeba et Trichuris (Doby et al.,

1979) et au Danemark une fréquence supérieure d'anticorps de l'hdpatite A (81%

chez les dgoutiers, 48% chez des employés de oureau) (Skinhoj et al., 1931).

Un paralléle avec les employés de station de traitement d'eaux
résiduaires est sans doute plus justifié€. Récemment, des dtudes
épidémiologiques €tendues et minutieuses ont confirmé un bas niveau du risque,
qui ne se traduit que par des symptSmes bénins et fugaces (maux de téte,
nausées, diarrhdes, frissons, etc.), décrits il y a plus de dix ans par les

auteurs scandinaves comme "syndrome Jes eaux d'égout" (sewage workers'



syndrome; (Rylander et al., 1976), 2% attrioué par eux aux aérosols dnis et
aux 2ndotoxines qu'ils véniculent (Rylander, Lundholm, 1980), alors qua
d'autres préférent y voir des manifestations d'hypersensitivitd ne faisant pas
ovligatoirement intervenir les endotoxines (Snuval st al., 1986, p. 93).
L'absence d'une pathologie majeure est habituellement attribuée au
renforcement de 1l'immunité chez des adultes en bonne santé pour des contacts

répétés avec un matériel modérément infectieux.

6.2 Le risque pour les populations voisines d'épandages

Wous avons 1a affaire au conktraire & une population permanente
diversifide, parmi laquelle la présence de sujets faiblement immunisds
(enfants, vieillards, individus naturellement immuncddprimds ou auxquels un
traitement immunodépresseur a €té prescrit, etc.) est indluctable. Il faut y
ajouter les touristes: ils n'ont pu développer d'immunité spontande a4 l'égard
des agents pathogénes présents dans le milieu qui les accueille
temporairement, et ils constituent de ce fait un groupe vulnérable. Un
apaisement doit &tre trouyé dans les enqudtes mendes aux abords des stations
d'épuration, méme s'il faut observer que le poids des facteurs
sociodconomiques n'a pas favorisé la mise en dvidence d'un éventuel impact

sanitaire.

Il v a plus de dix ans, & la suite de la parution des résultats d'une
enquéte rétrospective en Isra8l (Katzenelson et al., 1976), on a pu croire -
malgré la prudence dont faisaient néanmoins preuve les auteurs - que des
argurnents définitifs avaient été fournis en faveur d'une incidence mesurable
de l'irr:gation avec des eaux (partiellement) traitées sur le niveau de santé
des populations voisines. Un rdexamen des données a révélé des biais
suffisants pour remettre en cause ces premiéres conclusions (Shuval et al.,
1%B6). CLne seconde engquéte a concerné des sites ou 1l'eau usde a £t&
constammant utilisde pour 1l'irrigation pendant toute la périocde dtudide (3
comparer avec des sites recourant d& des eaux naturelles), ainsi que d'autres

ol les deux sortes d'eaux ont été successivement utilisdes, situation qui a



fourni les rdsultats les plus démonstratifs. Les périodes d'utilisation des
eaux usdes ont révélé chez les enfants de moins de 4 ans un accroissement
significatif du risque pendant les mois d'arrosage, du moins en ce qui
concerne les affections gastro-intestinales; la différence disparaft si on
considére les moyennes annuelles.

:

Une troisiéme enquéte a permis de mettre en évidence le rdle d'eaux usédes
provenant d'agglomérations proches dans la transmission du virus ECHO 4 vers
une population agricole, & la suite d'une dpidémie ayant frappé en premier les
milieux urbains (Shuval et al., 1986). Transmis par les aérosols, infectiesux
par voie respiratoire, le virus a contaminé en premier les enfants (Eormation

d'anticorps spécifiques, mais sans maaifestations cliniques), qui l'ont

ensuite communiqué aux adultes de leur famille. L'immunisation préalable des
agriculteurs irrigants dtait vraisemblablement assez forte pour empécher

l'appar ition de symptdmes chez ces sujets exposés.

Par rapport aux enquétes mendes aux Etats-Unis, les travaux isradliens
ont touché des effectifs importants, suffisants pour mettre en évidence de
fagon significative des effets mineurs. Ils indiquent la possibilité d'un
risque, probablement d'origine virale, dont l'appréciation objective doit

tenir compta de la bénignité des symptdmes.

6.3 Le risque pour le consommateur humain

Son dventualité a &té décelde dés 1898, quand Houston a mis en évidence
le vibrion cholérigue dans les effluents de londres. Trois ans plus tacd,
Wirz et Bourges observaient que dans les champs d'dpandage, "il y a lieu de
mettre en suspicion las végétaux qui doivent &tre contaminds par les eaux
d'égout chargées de matiéres fécales contenant fréguemment des microbes
pathogénes pour l'homme". En 1906, la réglementation frangaise prohibait la
culture de légumes destinés & &tre consommés crus, et étendait plus tard cette
interdiction aux productions susceptibles d'@tre consommées sans cuisson
préalable, malgré l'absence (& l'époque) de preuves épidémiologiques

indiscutables.



Des certitudes ont €té apportées en premier lieu & propos des vers
parasites intestinaux. Que l'épandage puisse constituer une voie de
transmission a été soupgonné & Darmstadt (RFA) en 1908-1903 et confirmé aprés
la Seconde Guerre mondiale, lorsqgue la disette a conduit & alléger les
prescriptions sanitaires concernant les ldgqumes provenant des champs
d'édpandage (Sepp, 1971). D'autres €léments d'information proviennent de
villes du Proche-Orient, Jérusalem (Shuval et al., 1985, 1986) et Alep
(Bradley et Hadidy, 1981).

Des preuves indiscutables ont été fournies par Khalil (1931) qui a
oppor tunément profité des conditions particuliéres d'une prison égyptienne
pour démontrer que si l'incidence de la schistosomiase et de l'ankylostomiase
décroissait avec la durée d'incarcération des prisonniers, en majorité

d'origine rurale, rien d'analogue n'était observé pour Ascaris et Trichuris,

trés fréquents également chez les gardiens. Cette situation a été attribuée
au fait gue les uns et les autres partageaient la méme nourriture, provenant
en partie d'un champ d'épandage proche. Des oeufs de vers ayant été mis en
évidence dans la terre adngrant aux racines, des manipulations sans
précautions assuraient & la cuisine le transfert vers les plats cuits et
entretenaient l'endémie. Khalil a pu également comparer l'incidence de
l'ascaridiase 3 Port-Said, ville ol les conditions sanitaires dtaient
acceptables, mais dotée de champs d'épandage, et celle de villages de Haute
Egypte, od l'utilisation de l'engrais humain était ignorée. Sa conclusion
d'ensemple a été que, & cette dpoque, les légumes contaminds constituaient la

voie principale de transmission d'Ascaris dans le pays.

on dispose d'informations moins détaillées en ce qui concerne les
maladies bactériennes et virales., Des eaux usées brutes ont €té impliguées
dans un épisode de cholédra 3 Jérusalem (Shuval et al., 1985). De fortes
présomptions existent pour les épidémies d'affections gastro-intestinales de
Mexico (1959-60) et de typho¥de 3 Santiago du Chili. La possibilité d'une

transmission de l'amiviase a dté également fréquemment évoquée.,



6.4 Le riscue vérérinaire

La transmission de maladies au bétail par l'intermédiaire des eaux usées
concerne essentiellement les salmonelloses, la cysticercose bovine {stade
larvaire du ténia inerme, T. saginata), peut étre aussi las sarcosporidicses.

r

Des cas de salmonelloses ont étd attribuds i l'épandage de boues, de
matidres de vidange et d'effluent brut, ainsi qu'd la contamination de cours
d'eau (Jones, 1586). Il ne semble pas que des eaux traitdes aient &td mises
en cause., Chez le bétail sain les données expérimentales font état de doses
infectantes élevées par ingestion provoguée (108 - loll), mais on a
supposé des doses inférieures 3 l'cccasion d'incidents spontanés (Jones,
1986). La méfiance qui s'attache en Suisse, en Allemagne ot aux Pays-Bas &
l'épandage des boues sur prairies, en dépit d'une pratique a priori
satisfaisante, contraste avec la position de la Grande-Bretagne et de la

France, qui ne rapportent que des incidents dis 3 des erreurs manifestes.

La cysticercose bovine est la maladie la plus répandue, avec des
conséguences €conomigues importantes pour les €leveurs. L'nomme seul héberge
le ver adulte, qui €met des oeufs trés nombreux. Ingérés par les bovins, ils
donnent des formes larvaires (cysticerques) et l'homme se contamine en
mangeant de la viande insuffisamment cuite. Des exemples concluants & partir
d'eaux et de boues rdsiduaires ont &té rapportds en Ecosse (Nanssen, 1986) et
en Australie (Rickard et Adolph, 1977). En fait, bien d'autres vcies sont
offertes au parasite, Les oeufs de ténia sont trés résistants dans la nature,

mais on n'a retrouvé gque des formes rétractées dans les ensilages.

Du fait de la résistance des spores de sarcosporidies, il n'est pas
étonnant de constater l'infection généralisde de veaux sentinelles sur des
herbages recevant des boues frakcnes (Burgers et Wilkens, 1Y86). La

contribution d'eFfluents bruts et traités reste 3 définir.
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6.5 Le risque phyvtopathologique

On a évoqué une possibilité de transmission de nématodes parasites de la

pomme de terre (Globodera rostochiensis notamment), mais aucune preuve n'a &€td

apportée & partir d'eaux urbaines.

Dans l'ensemble, la pathologie attestde lide & la réutilisation agricole
d'eaux usées résulte 3 1l'dvidence de l'épandage sans précautions d'effluents
bruts ou trés sommairement traités sur des récoltes consommées 3 l'état cru.
Les mesures sanitaires préventives reldvent de plusieurs actions & mener

simultanément:

- traitement des eaux usées afin de satisfaire & des exigences
microbiologiques correspondant & un niveau accepté de risque sanitaire

~ sélection de cultures convenables

- utilisation de modes d'irrigation approprids

-~ hygiéne professionnelle des agriculteurs.

-

7. VERS DE NCUVELLES REGLES

Jusgu'ad ces derniéres anndes, la tendance a été d'identifier le risque 3
la présence possible de pathogénes dans l'effluent, guels gqu'en scient les
effectifs. Cette confusion évidente entre risque potentiel et risque avéré
s'est trouvde 3 l'origine d'exigences renforcées, culminant avec la
réglementation adoptde en 1968 en Californie (Ongerth et Joplin, 1977;
Richardson, 1985), qui aboutit 3 exiger pour l'irrigation de surface des
végétaux comestibles (sans contact entre l'eau et la partie consommée) une
gualité bactériologigue analogue ou supdrisure a celle que tolérent
occasionnellement les normes OMS pour l'eau potable dans les réseaux de
distribution (3/100 ml) ou les distributions sans réseau (10/100 ml)!
Pratiquement, de tels critéres impliquent un traitement biologique complet
suivi &'une filtration sur sable et d'une chloration & forte dose. Le colit de

l'opération interdit la réutilisation agricole dans la plupart des pays tentés



d'adopter ces normes. Quelques réalisations ont cependant vu le jour en
dehors des Etats-Unis, notamment en Arabie Saocudite (Al-Dhuwaila et al.,
1987). 1I1 faut ajouter qu'une série d'opérations aussi sophistiquées n'est
pas & l'abri de pannes, ce qui compromet en fait la sécurité apparente fournie

par le dispositif.

La plupart des pays ne se sont pas engagés dans cette voie. La régle
presque générale est l'absence d'un ensemble cohérent de prescriptions
concernant la réutilisation agricole des eaux et des boues résiduaires. Il
existe certes des dispositions légales, mais elles sont limitdes 3 des
indications pratiques (cultures exclues, intervalle entre l'épandage et la
récolts, etc...), dont l'initiative est le plus souvent revenue aux autoritéds
sanitaires. L'absence de "normes" chiffrées de qualité microbiologique est la

régle quasi générale.

Ces dispositions peuvent comporter de nombreuses lacunes, qu'il s'agisse
de textes anciens, promulgués d la fin du XIXe siécle ou au &ébut du XXe, lors
de la phase principale d'expansion des champs d'dpandage, non réactualisds par
la suite, ou de prescriptions plus récentes, destindes a porter reméde 3 des
situations considérdes comme inacceptables., En outre, les régles ne
concernent habituellement que la réutilisation directe d'effluents bruts ou
traités., Elles ignorent le cas fréquent du puisage dans le cours d'eau &
lt'aval d'un rejet d'effluent, 4 une distance insuffisante pour assurer une

auto-évaporation.

Il faut certes regretter cette situation, parfois proche du vide
juridique, mais force est de constater que dans les pays du pourtour
méditerranden, elle n'a pas abouti 4 des situations dramatiques tant que les
dispositions légales - méme réduites & un minimum - ont &té observées. Bien
entendu, cela ne signifis pas que la pratique soit pour autant sans danger, et

qu'elle ne mérite pas d'étre soumise 3 un ensemole de régles cohérentes,
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Le récent “"Rapport d'Engelberg" (IRCWD, 1985) offre pour cela une
approche qui s'efforce 3 l'cbjectivité en faisant un large appel 4 "l'évidence
épidémiologique™. Il aboutit & des conclusions qu'il sera impossible
d'ignorer dans l'avenir, m8me si certaines des dispositions proposdes en
seront discutées ou feront l'cbjet d‘'adaptations pour s'‘appliguer & des
conditions (naturelles, comportementales et socio-économiques) différant de

celles des régions explicitement visées par ce document.

La proposition la plus spectaculaire est sans doute celle d*une limite
de 1000 coliformes fécaux/100 ml (moyenne gdométrique) en vue d'une
utilisation agricole sans restrictions pour l‘'arrosage des denrées
comestiples, des fourrages et des espaces verts. Cecl revient 4 appliquer un
facteur d'environ 50 aux recommandations antérieures de 1'OMS (WHQ, 1973),
dont il faut rappeler gqu'elles n'avaient été avancées que faute d'enquétes
épidémiologiques (sur l'urgence desguelles insistaient les experts comme, plus
tard, les participants & la réuniocn d'Alger en 1980) (WHO 1981), Il €tait
reconnu par les auteurs du rapport gu'elles comportaient vraisemblablement un
trés important facteur de.sécurité. A titre de comparaison, il est
intéressant de noter que le nouveau chiffre est du méme ordre de grandeur que

les tolérances sur les eaux de baignade en Europe.

L'intérét de ce critére est de pouvoir &tre atteint par des techniques
simples d'épuration., Pour les pays chauds, l'exemple fourni est une
installation de lagunage & 4 bassins avec un temps de séjour total de 20
jours. La limite bactériologique est complétée par un impératif
parasitologique (moins de 1 ceuf viable de nématode par litre). Associé & une
série de prescriptions sur le traitement 3 imposer (1 jour en bassin anaédrobie
et 5 jours en bassin facultatif, ou 2 fois 5 Jjours en bassin facultatif ou un
procédé équivalent), celui-ci est le seul 3 subsister lorsque la pratique de
l'irrigation est soumise 4 des obligations restrictives (cnoix des cultures,

mode d'application de l'eau, distance des lieux habitéds, etc...).



Le choix du mode d'irrigation peut contribuer 3 réduire ou & localiser
la contamination microbiologique du sol et du végdtal: 1l'irrigation & la raie
et plus encore le goutte 3 goutte limitent les occasions de contact entre le
végétal et l'eau (Cadillon et Tremea, 1983). Les délais entre l'application
de l'eau, la récolte et la consommation sont é€galement des facteurs A faire

intervenir (agrumes, fourragesj}.

Méme 3 proximitd, l'aérocontamination bactérienne résultant de
l'épandage d'eaux conformes au plus rigoureux des "critéres 4'Engelberg" reste

extrémement limitée (Boutin et al., 1984; CEMAGREF, donnédes non publides).

Nul doute que les propositions Gu Rapport d'Engelberg méritent d'é&tre
discutées et adaptées pour répondre & des situations plus diversifides que
celles auxquelles se référe ce bref document. L'OMS doit entreprendre
incessamment un travail d'approfondissement aboutissant & des nouvelles
recommandations. A partir de ce cadre rénové, les pays pourront gréer ou
mettre 3 jour leur réglementation sur la réutilisation agricole des eaux

résiduaires urbaines. .

8. CONTROLE SUR LE TERRAIN

Le point difficile sera le contrdle des mesures adoptées. Il nous
semble personnellement peu souhaitable - parce que peu réa;iste - de le baser
sur la qualité bactériologique du produit. Il est clair maintenant que des
traitements ne faisant appel qu'd des technologies simples, pour peu gu'ils
aient été correctement congus, bien réalisés et exploitds de fagon
satisfaisante, sont capables de preduire régquliérement des eaux de qualitd
sanitaire convenasle pour l'irrigation, n'exigeant qu'un contrdle limité.
L'inertie propre de la plupart de ces systémes tolére de bréves surcharges,
mais i1 faut insister sur le fait qu'une surcharge progressive constitue le
risque principal: dans un systéme de bassins de stabilisation par exemple, un
accroissement permanent du débit aura inévitablement pour résultat une
détérioration de la qualité de l'effluent. La gualité finale de l'eau dépend

de la fiab1lité des dquipements, et c'est la responsabilité spéeifique des



autorités d'y veiller. Les autres paramétres aisément contrdlables sur le
terrain sont les cultures pratiguées et les méthodes d'irrigation: on peut
s'en assurer directement, et il est difficile pour les agriculteurs d'échapper
aux prescriptions qui les cencernent,

Il est difficile d'en venir 3 plus de rigueur & partir d'une situation

initiale de laxisme.

Des régles claires et précises sur les cultures autorisées et interdites
en fonction de la gqualité sanitaire de l'eau distribuéde doivent donc &tre
dtablies dés le départ. Les vérifications correspondantes exigent peu de
technicitd, Les contrdles plus complexes, comprenant des analyses de

laboratcire, devraient €tre réservéds & la recherche ou aux cas litigieux,

L'effort d'éducation portera aussi sur les pratiques d'hygiéne
corporelle et les mesures préventives (vaccination) auxquelles devront se

plier les agriculteurs et leurs familles.

9. CONCLUSION

La considération objective des risques sanitaires rdsultant de
l'irrigation avec des eaux usées a récemment permis de proposer des normes
microbiclogiques allégées pour la réutilisation d’effluents traitéds. Ces
nouvelles tolérances peuvent &tre satisfaites par des filiéres simples de

traitement.

Désormais, les eaux usées constituent de nouveau un potentiel pour
ltirrigation des cultures vivriéres et industrielles. A ce titre, partout od
la disponibilité de l'eau est insuffisante, elles doivent devenir partie
intégrante de la ressource en eau pour une gestion globale de celle-ci, =t
@tre efficacement protégées contre une altdration irrédmédiaple de leur
qualitd. Les pays doivent tenir compte e cette situation et se doter de
l'outil réglementaire efficace qui leur permettra de maftriser le
développament d'une pratique qui doit &tre simultanément encouragée et

»

controlés.
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EFFECIS OF TREATED URBAN DFFLUEVT OM SOIL SALINITY, SODICITY ARD FERTILITY
By

I. PAPADOPOULCS
Agricultural Research Institute
Micosia, Cyprus

1. ABSTRACT

In arid and semi-arid regions, scarcity of water is a real constraint
for irrigated agriculture and the use of treated effluent for irrication is
an efficient means of recycling scarce water rescurces. It is anticipated
that asocut 6% of the total land presently under irrigation in Cyprus could
be irrigated with treated effluent in the near future. Eecause of this, a
nultifaceted research has been undertaken since 1984 with the long-term
cbjective of finding ways so that treated effluent can be used for
irrigation safely in respect of public health and the environment and
without undesirable effects on soils, crops, or animals fed with fodder
crops irrigated with treated effluent. The results indicate the
supericrity of the treated effluent over fresh borenole water in respect of
nutrient supply and yield of cotton, sunflover and sudax. Also, no serious
problerss associated with the presence in the treated effluent of scluble
salts, NO3-11, and of toxic elements on soil and crops were found. A
balanced approach combining treatment methods cagable cf preoviding
acceptable and veliable purification of wastewater, the use of advanced
systems of irrigation (drip and minisprinklers), with restriction of crops
to these presenting a low level of public health risk, is suggested as a
romising apprcach in the achievement of the maximum social, econcmic and
envircnmental benefits from treated effluent re-use.

2. INTROLUCTION

The re-use of reclaimed municipal wastewater for irrication has gained
attencion as a result of two main driving forces - water supply shortage
and wastewater disposal regulations aimed at protecting the envircnment and
piblic nealth. In arid and semi-arid regions, water has always been
regarded as a valuable commodity. The prcblem is not a new ane, but during
the last few decades, most countries in these regions have witnessed a
rapid cevelopment of their wrban and rural water domestic supplies to the
extent that today, conventicnal water rescurces are seriously depleted.
Furthermore, the rising population and continuing urbanization have
generated increasing amounts of municipal wastewater and its disposal has
become a serious problem. The need, therefore, to conserve water and
protect the environment and the public health necessitates the development
of more efficient irrigation systems and, furthermcre, the use and re-use
of marginal quality water. Reclamation and re-use of municipal wastes for
irrication is an easy, safe and useful disposal and an attractive,
innovative alternative to meet the increasing demands for water.

Mereover, the arid and semi-arid zones have few streams with
sufficient capacity to serve as natural repositories for even well-treated
wastewater effluent, Thus, wastewater re-use in agriculture has provided
almost the only feasible, relatively lcw-cost alternative for disposing of
wasta.ater from municipal areas in a sanitary way. It also mininizes
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pelluticn of tne water-ways in the region. All these factors, cougled with
tne rapic urban growth anu the neeu to increase agricultural groduction,
nave helped to revive the interest of re-using wasteiiater for irricaticn.

In addition to peing a souwrce of irrication water, treated effluent
used in this way is also a source of plant nutrients {Bielcrai et al.,
19847 Feigin et al., 1984 Day et al., 197%a; 197Sb. Overman, 1975
Overman and Nguy, 19750 Papadopoulcs and Stylianou, 1987[ 1988a). However,
irrication with treated effluent may affect physical, chemical and
biclogical properties of the soil, particularly the soil salinity and
sodicity (ilestoot and Avers, 1984, Papadopoulcs and Stylianou, 198Cb).
Control of the soluble salts in the soil solution of the rhizosghere and
improved nutrient uptake efficiency by crop could nelp to reduce such
hazards (Papadopoulos et al., 1987). Trickle irrigation is well suited for
this purpose (Bar-Yosef, 1977 Feigin et al., 1984, Papadopoulcs and
Stylianou, 1987), due to its positive effect on water and nutrient uptake
(Papadopoulcs et al., 1987) and to the unigque soil salinity prcfile
developed by trickle irrigation (Papadopoulos, 196€). Morsover, this
irrigation method has the potential to maintain or increase yield and
water-use efficiency (Bernstein and FranUois, 19730 Eresler, 1977[
Nightingale et al., 1986). In addition, with trickle irrigation no
aercsols, which are considered a health risk since they are likely to
transport pathogens, viruses and parasites, are preduced. Shuval (1975)
reported several types of bacteria recovered up to 350 m downwind of fields
where disinfected sewage effluent was applied by sprinkler irrication.

In this respect, a long-term, multifaceted research programme has been
initiated in Cyprus since 1984 with secondary treated effluent. The main
dojective of this research is to evaluate the agricultural use of treated
mnicipal effluent for irrication and fertilization and furthermore, to
provide infoarmation concerning scil, underground water and plant
contamination with contaminants present in the effluent such as pathcgens,
parasites, viruses, NO3-N, soluble salts, and heavy metals. The
cbijective of this paper is to discuss some effects of secondary treated
wban effluent on soil chemical compesition (salinity, sodicity) and soil
fertility.

3. PROBLEMS ASSCCIATED W IThL TLE RE-USE OF TREATED EFFIUELT FOR IRRIGATION

3.1

viater having peen used once for scme purpose, can be re-used in
agriculture. Such "used" water sowrces, terred tertiary sources (Dastane,
1987), include, for example, sewace effluent, industrial wastewaters and
farm drainacge waters. Apart from their salt content, these tertiary
sources may pose such additional problers as undesiravle trace elements and
pathocgens which can have a deleterious erfect upon public health and
hygiene.

In crop irrigation with treated nunicipal efrfluent, a critical issue
is the impact of its quality ca tne soil and/or crop to whicn the effluent
is applied. A& fundamental questicn, however, is what constitutes merginal
quality water, since water cuality means different tnings to different
peopla. Cuality usually denotes "suitability" for use and is difficult to
evaluate excopt in terms related to its specific use. The importance and
the magnitude of the prcblem of marginal guality water and its use,
therefore, can conly be assessed properly if it is viewed as an integral
part of an overall pelicy frawewcrk that includes water, land use and
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agricuizural production. For irrigation, water suitasilicy is related to
its effect on soils and crops, and on tne rmapacerent tnat ray be necessary
tc control of compensate for water guality related proplers (Ayers, 1977).
From the viewpoint of plant producticn, perhaps a mcre wcrkable and
appropriate definition of marginal quality water would be that for which
there is moderate to severe restriction for irricaticn use.

3.2 Salinity

Eistorically, the quality of irrication water has been determined by
the quantity and kind of salt present. As salinity in the reclaimed
wastewater increases above a certain level, the probability of soil, water
and cropping problems also increases. Potential problems are related to
the total salt content, to the type of salt, or to excessive oconcentrations
of one or mcre elements. These problems are not specific to treated
effluent, but they alsc apply to freshwater irrigation and are of concern
anly if they restrict the use of the water or require special managerent to
maintain acceptable yields. Guidelines of water guality for irrigation
(University of Califarnia, Committee of Consultants, 1974. westoot and
Ayers, 1984_ Ayers and lestoot, 1985) could be applied for assessing the
chemical quality of the treated effluent. However, with the new systems of
irrication (particularly with trickle), the salinity critical levels as
stated in these publications are only rough guidelines and higher yields
can be achieved with these levels when modern irrigation systems are used
{Papadopoulos, 1985). The salinity of the municipal wastewater depends to
a great extent on the salinity of tne municipal water supply, nature of the
chemicals added during treatrmenc, and the degree of treatment the
wastewater has received. Generally, if the water supply used by the
municipality is of acceptable salinity for irrigaticn, the treated
municipal wastewater will also be of acceptable guality, although screwhat
degraded.

In Cyprus, the EC,; of the domestic water supply, although variable
at different places, is of the value of about 1.0-1.5 d8/m. With such an
inflow water, the treated effluent in general has an average EC of about
2.5 dS/m and an SAR ranging between 10 and 15. Such a salinity of effluent
used for irrigation would be expected to create greater management
proolems, particularly on heavy soils irrigated with effluent. However,
experimental data and experience gained so far in Cyprus suggest that
problerns assoclated with salinity could be alleviated or even overcome with
the use of modern irrigation and fertilization systems, with water
managerent, and with an appropriate choice of crops semi-tolerant or
tolerant to salinity. The adverse effect of salinity and specific ion
oconcentration is usually asscciated with an wmncrease in .soil salinity and
thereby with undesirable injurious effects on both crops and soil and
aonsiderable yield losses (Papadopoulcs and Stylianou, 19€7). It is vital,
therefore, to prevent harmful concentration of salts in the root zane of
the irrigated crops or at least to raintain a portion of the root zaone
below salinity levels that a given crop can tolerate (Papadopoulcs and
Rendig, 1983{ Papadopoulcs et al., 1985). To overcome this prcblem, an
additional increment of water, above that required to meet
evapotranspiration needs, must be passed through the rcot zone when
irrigating to remove excess soluble salts and keep the EC of soil water at
a level comparable to that of the irrigation water.

The rate of salt accumulation in the soil depends upen the quantity of
salt applied with the irrication water (salt in) and the rate at whicn salt
is remcved by leaching and crop uptake (salts out). Cver an extended
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period, salts out nust equal salts in. Fortunately, rost saits in tne
municipal effluent are scluble ana easily transported by the water added to
soil. lLeaching assures that salt removal takes place although it poses
potential underground water contamination.

In Cyprus, the problem of secondary salinity is not new and extensive
experimental work has been undertaken since 1964 (Stylianou and Grphancs,
1970) particularly with the modern irrigaticn systems. [ore recently, due
to potential re-use of treated effluent for irricaticn, some experimental
work in this respect has been uncertaken (Papadopoulcs and Stylianou,
1287). However, the prcblem is manifold and often has regicnal
peculiarities that repeatedly create the need for special ressarch, since
effluent with similar EC are very different in composition, affecting
thereafter in a different manner crops and soil.

The guidelines, proposed in recent years for assessing permissible
levels of salinity in irrigation water for various crops (EBernstein, 15670
Micades and Bernstein, 1971 Unaversity of California, Cocmmittee of
Consultants, 1974[ Maas and Hoffman, 1977{ Ayers and Vestcot, 1%85), are
those widely accepted and used in Cyprus for assessing the quality of
effluents for irrigation. These guidelines are based on the assumption
that plants respond primarily to average root zcne salinity. Although this
might be the case for crops irricated infrequently, as is normal when using
surface metnods and conventicnal irrication managerent for crops irrigated
frequently with drip or minisprinkler systems, crop yield is better
correlated to the EC of the irrication water (Papadopoulos and Rendig,
1983) or with the water uptake weighed root zone salinity.

In Cyprus, modern irrigaticn systems (drip and minisprinkler) have
become the predominant irrigation technique for all crops and with such an
advance, reassessing criteria of water quality, as far as the salinity
level is concerned, and its effects on crops, is neeced (Papadopoulos at
al., 1987). With modern irrication systems, frequent localized irrication
creates such a salinity profile particularly where with drip irrigation a
certain, although limited scil vclume below the emitter depending on the
amount of irrication water, is at a high total water potential and salinity
level comparable to salinity level cf the irrication water (Papadopoulos,
1965_ Bielorai, 1985[ Fereres et al., 1985). As a result, the salinity of
the marginal quality water is more easily managed anc the salinity critical
levels for variocus crops as stated in the literature are only rough
quidelines. Irricating with medern irrication systems, crops are grown
successfully and higher yield is cbtained with more saline waters than
otherwise possible (Coldberg et al., 1971 Papadopoulas, 1985).

In addition, these modern irrication systems, which are highly
efficient for water application, are also ideally suited for corbined
irrication and fertilization (fertigation) for controlling the timing,
placement and supply of water-scoluble fertilizers (Goldpery et al., 1976
Pagadopoulos, 1965. 1986b). In this way with the irrigation water acting
as a vehicle for the nutriants, the fertilizer is conveyed directly to the
root zone through frecuent applications of soluble fertilizers in small
concentrations via the irricatica stream {Goldberg et al., 1971, Bar-Yosef
and Sheikhclslami, 1976, Pnene and Eeale, 1S76[ Pnene and Sanders, 1976L
Papadopoulos, 1985). Fertigatian reduces nutrient lcsses but also
fluctuaticns of soil solution EC and fertilizer concantraticn, thereby
improving soil sclution conditions, particularly for salt-sensitive crops
(Papadopoulos, 1986p). Fertigaticn has been shown to nave special
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advantages witn saline irrication waters and treatel effluent, ..aece
besides the accurate ocontrol of water and nutrients, the scil sciution
salinity is critical (Geldberg et al., 1971 Papacopoulos, 1984_
Papadopoulcs and Stylianou, 1937). Because of this, vhen modern systems
are used for irrication, fertigaticn, in additicn to leaching, is
considered and is widely practised in Cyprus as providing the best means of
cverooning adverse effects on crops due to fluctuations of soil sclution
salinity. WVWith such an apprcach, reduction in yield due to salinity is
alleviated and in most of the cases is even offset by the increase in yield
due to better waterfertilizer managerment than with conventicnal methods of
irrigaticn and fertilization.

Experimental results along this line and experience gained so far in
Cyprus with the re-use of marginal guality water in general and of
minicipal effluent in particular, suggest that with proper irrication and
fertilization management, problems associated with salinity up to a certain
level could te alleviated or even overcome with crops semi-tclerant or
tolerant to salinity and high yield can ke obtained.

Ieaching by winter rainfall has been also shawn to be extremely
valuable in controlling salinity due to highly scluble salts, but only
rartially effective in controlling salinity due to sparingly soluble salts.

3.3 Specific Ion Toxicity

Plants may accurulate certain constituents frcm marginal quality water
which may create toxicity within the plant. The ions of most concern in
wastewater are sodium, chloaride and boran. In contrast to heavy metals and
other hazardous chemicals, which have potential health risks to humans and
animals, these ions at concentrations norrmally found in effluents, are of
concern primarily for plant producticn. The most prevalent toxicity from
the use of reclaimed mmicipal wastewater is caused by boran criginating
from discharges of household detergents or from industrial plants. It is
one of the essential elements to plants! hcwever, at concentraticns
exceeding 1 mg B/L may be toxic to sensitive crops. Although boron
conpounds may be highly soluble, they are partly held by soil marticles.
With sensitive crops B-toxicity is difficult to carrect withcut changing
the crop or the water supply, although leaching may also help to maintain B
concentration in soil at levels comparable to those of the water used for
irrigation. In Cyprus the high B concentraticns in urban effluents have
been reduced considerably (to about 0.5 mg B/L) by prehibiting the local
production or import of detergents based on B. Chlcride and Ma although
less toxic than B, may also be a prcblem with wastewater re-use. In arid
and semi-arid regions this might be a serious prdolem due to the relatively
high Na and Cl content of the mmnicipal water supply. Experimental results
along tnis line anc experience gained so far in Cyprus, suggest that witn
proper irrigaticn manacement, toxacity effects can be reduced significantly.

3.4 Soil Sodicity

Besides the direct effect on the plant, la in irrigatiun water affects
soil structure reducing the rate at which water can move into the soil as
well as scil aeration capacity. The increase in soil scdicity tnat occurs
with mcst wastewaters due to high lk concentration even thcugn leaching is
alloved, reduces soil permeability for water, pacticularly at the soil
surface, since soil clays tend to disperse and swell from the increased
level cf excnangeable tla (Papadopoulcs and Stylianca, 198%a). The
permeability prcblem usually occurs in the surface layer of the 3oil and is
mainly related to a relatively nidan ba cr very lcw Ca content in the scil
or the applied watec., at a given scdium adscrption raticn (sArawj) tne
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infiltration rate increases or decreases yith the saﬁmltj level.
Therefore, CARad] anc LG, of appliec water must be used in coubinaticn to
evaluate tne potential soil permeacility prceblem. The pecrmeaoility hazard
although counteracted in some cases by the presence of sufficient
electrolyte concentraticon in the irrigation water, necessitated the wide
use of low capacity minisprinklers and drippers of low discnarge rate.
Witn such an approacn, surface soil crusting is reaucsd and duraticn of
irricaticn is extended, allcwing, taerefore, sufficient time for water
penetraticn into the soil.

3.5 BRiclogical Standards

The most critical element in wastewater re-use is that of nealth (WEO,
19730 Feachem et al., 19827 ¢&huval et al., 1984}. The sffluent must be
treated and then used in such a way that 1ts contents will not be a danger
to human beings cr to the envircnment.

Although the limited experience of the use of treated effluent for
irricaticon over the years has not created seriocus prcolems, yet tnere is a
strong awareness from the puplic, the health authcorities, and the
environmentalists of the direct and indirect hazards involved. However,
experience indicates that such fears are exaggerated since the mere
presence of an infectious agent in an effluent is not sufficient cause to
declare the wastewaters unsafe (Pesccd and Alka, 1984). Hutzler and Poyle
(1980), have indicated that "even the most dreaded hazard poses no risk if
pecple are not exposed to it". It is important, therefore, in assessing
the health hazards of wastewater re-~use to establish the relative
importance of varicus rcutes of transmissicon, from direct contact with the
wastewater throucgh food or air, to indirect contact. Properly designed,
managed and maintained sewage treatment plants, together with continucus
monitoring of the effluent quality, and the strict compliance with a sound
aode of practice are the best means for safe use of effluent for crop
irricaticn.

In Cyprus, a Teonmical lorking Committee was set up to study the issue
of sewage effluent in.all its aspeCts and propcse ang,ropriate standards.
So far, the standards acceptad in Cyprus are shown in Table I.

Table I

Provisicnal Standards for Effluent Use for Crop Irrication in Cyprus

Tse ECDs, ECD5 S5 €S Fecal Coli.
£80% max  80% max 80% 100%

Hoenity areas

mlimited

accsss 106 15 10 15 50 100
Limited

access 20 30 30 45 200 300
Fruit trees 10 15 30 is 50 100
Fodder crops 20 30 30 45 1000 5000

Industr. crops 50 0 - - 1000 10C00
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Present Situaticn in Cyprus

At present, although tae Micosia treatment plant, covering part of the
Sewerage system of the tcwn, is in operaticn with an cutflow of about 3500
m3/day, treated efiluent is nct yet used extensively for irricaticn,
since the eiffluent of tne liccsia treatment vlant is dispcsed into the
river. It is anticipated, however, that the whole amount (15 millicn
m3/ year ) of the effluent frcm the treatment plants of Limasscl and
[arnaca will be used for irrication in the next five years. Eecause of
this, a multifaceted researcn was undertaken by the Agricultural Researcn
Institute with a lng-term cbjective to find ways sco that treated effluent
be used for irricatim safely from tne point of view of cublic health and
the envircoment and withcut uncesirable efifects on soils, crops, or animals
fed with fodder crops irricated with treated effluent. ticwever, cleaning
the effluent to a very hicgh quality in craer to aveid contamination even
though technically it is possicle, is not the best solutial for a specific
type of water use because of the high cost involved in such high
prification. A balanced apprcach compining treatment methods capable of
providing acceptable and reliable purification of wastewater, the use of
advanced methods of irrication (trickle and minisprinklers), with
restriction of crops to those presenting a low level of public health risk
(industrial and fodder crops), as suggested by Shuval (1974), Pescod and
BAlka (1987), and Papadopculos and Stylianou (1987}, appears to be the most
prudent policy and, tnerefore, of a pricrity in our research in ordsr to
achieve the maximum social and economic benefits from wastewater re-use.
Trickle irrigation has the advantage cof a lower possibility of
contamination (Fomanenko, 1970), and although Coldberg (1976} demonstrated
that with such a system even untreated sewage is absclutely safe, research
under our local cnditicns is in progress since a serious problem
asscciated with trickle irricgetiom is emitter clogging, caused by chemical
and biclogical build-up in the minute water passageways (Cron et al., 1972).

In this respect, secondary treated sewage water and fresh borehole
water of similar quality are experimentally used with modern irrication
systems (trickle and minisprinklers) for irrigating fodcer and industrial
crops {alfalfa, sudax, parley, cottcn, sunflower). Vegetables and fruit
trees are not included in the crops tested since these crops are not to be
irricated with treated effluent in Cyprus. However, with re-use of treated
effluent, the ultinate goal is to get maximum soccial and econcmic benefits
and yet to protect soil and underground water from contamination with
certain icns i.e. WO3. 7o study these effects, treated effluent and
fresh water intended for 1rricating cotton, sudax, and sunflower are
supplemented with N, injected continually through the trickle irricaticon
system. witn such an approach the sare experirments can be used to evaluate
the fertility value of treated effluents and the additicnal N needed for
maximizing yield and guality, but also to dotain all inforratin needed
concerning contamination with pathoyens, viruses, neavy metals, salinity
and specific ions.

with all crops (cotton, sunflower, sudax), nicher vield vas cotained
witn tne treated effluent, relative to fresn water, at the lower U rates
tnat indicates tne value of treated effluent as a source of it (Table II).
Furthernore, no contarinaticn of underground water witn bOs3-it is expected
oy irricating cottun, sunflover and suwax with treated eifluent
supplerented with N up to 30 nrg /L, provided that water applied is within
the crop's requirements (Table III).
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Yield in kKg/na of Lint Cotton, Sunflower anc SudaX irricated with
fresnwater and Treated Sewage Effluent at four Nitrogen Levels

N rate (kg/na)

hater ) 30 60 )
Cotteon

Fresh 285Go* 4037b 4587a 4931a
(1204) 1 (1679) (1816) (2026)

Effluent 4455a 4431a 4516a 4627a
(1766) (1812) (1782) (1836)
Sunflower

Fresh 31460 4680a 4408a 458%

Effluent 4536a 4622a £428a 4822a
Sudax

Fresh 64600b 127000b 1216000  127200b
(17.5)2 (17.6} (18.5 (18.5)

Effluent 117100a 137500a 141300a 139300a
(19.2) (17.8) (18.7) (18.5)

,

1 Fibre cotton 2 Dry wieight (%)
* Sicnificantly different at 5% level

Sewace Effluent Re-use Potential in Cyprus

The need for using treated sewage effluent for irrication must be
viewed as an integral part of the plamning and develcpment of the water
resources of the Island and as an efficient means of racycling scarce water
resources cn econcmic, social and envircnmental grounds. Groundwater
resources, on which totn domestic and agricultural supplies depend, have
been exnausted by exploitaticn beyond the rate of natural recharge. In
devising rolicies for development of the water resources of the Island, the
rmain strategy is to satisfy present and future demands by the various
competing sectors.

Recocnizing the key role of the water as the neans for increasing
agricultural producticn and although acknowledging the necessity to augment
domestic water supplies, the Government allocated over 50% of the
development budget for the agricultural sector, as a whcle, for water
develcpment and increased efficiency of water use. 2Iny increase in the
resently irricated area is wnolly depenGent on the extent to which suriace
water rescurces are develcped, or to which extent treated effiuent will be
re~used for irricaticon purpcses.

In this respect, the increase in irritated land, past , present and
futwre is shown in Table IV. Zprarently, an area of 6% of the total land
presently uncer irric¢atiom, could be irricated with treated effluent, and
contrioute significantly to irricated crop productica.
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.crecver, Zor a swall island like Cyprus, whcse ecunory, 1s largely
basad on tour 1sm industry, the disposal of treated efiluent into the sea
shiculd e ruled cut and tnis is an additional reascn tc be involved in
detailec stuaies concerning re-use of tne treated effluent for irricatiom.

General “spects

Iy using trickle irricaticn, to avold exposwre tc effluent of the
people werking at the experimental site and with certain, althcugh minimun,
precautimary measures (using gloves, and wearing rubber beots) we faced no
adverse nealth effects. lMorecover, with trickle irrigation crops are not in
direct contact with the effluent and furtherrcre, soil salinity and SAR are
maintained at least in a certain volume of soil beneath the emitter at low
level rct severely affecting crops and/cr soil (Table V).

Table IV

Trends in irrigated agricultural land in Cyprus (na)

1580 1985 19¢0 1995
Irricated area 48000 5200 56030 600C0
Sewage eZfluent
re-use zctential 335C

L sericus prcblem, however, asscciated with trickle irrication,
particularly with effluent, is caused by chemical and biological build-up
in the minute water passageways (Oren et al., 1979). Under o
experimental ccnditions with the quality of effluent used, and by
installing gravel and ring filtres, no severe filtering proolem or unusual
enitter clogging occurred.

Caiclusims

The wastewater re-use inmposes a greater risk of public or worker
exposire to pathogens or toxic substances than would the use of unpolluted
waters cI nam-sewage oriyin. The cbjective, therefore, is to minimize the
exposire and reduce the potential health and envircnmental hazards to
accaptaclie levels. In general, using modern 1rrigatican systems
(particuiarly trickle irrication) for irricating crops presenting a low
level cof puplic nealth risk (industrial and fodder crops) appears as a
promising means for reusing treated effluent in a profitable and safe way.
Vith sucr an approach we have cbtained from four year field experiments
very encouraging results suggesting tnat treated effluent must be re—used
for irriation than tc be disposed of in cther ways. This is particularly
important for arid and semi-arid regions because scarcity of water is a
real constraint for irrigated agriculture.
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LEZS CRITERES DE L'EAU D'IRRIGATION EN UTILISANT UN MCDELE HYDROCHIMIQUE

A, DROUBI
Water Resources Division
Arab Centre for the Studies of Arid Zones and Dry Lands, ACSAD

Damascus, Syria

RESME

La rareté des ressources en eau dans les pays 4 climat méditerranden et
surtout 3 climat aride ou semi-aride oblige ces pays a faire des
investissements considdrables pour mobiliser et transférer des ressources en
eau pour l'alimentation des villes et des agglomérations. La réutilisation
des eaux usées est apparue a ces pays comme la valorisation d‘'une ressource
réputée sans valeur. C'est ainsi que cette technique s'est dévelopée trés
rapidement au cours des deux dernidres décennies, méme dans des pays

bénéficiant de conditions’climatiques tempdrées et humides.

Des critéres pour la qualité des eaux réutilisdes ont été proposés pour
les différent domaines. Le présent rapport traite de l'évaluation des
critéres de la qualitd d’une eau aux fins d'irrigation et propose une méthode
bas€e sur les principes gdochimiques et en utilisant un modéle
thermodynanique. Il compare les rdsultats de cette approche avec la méthode
classique et il expose l'intdrét de la méthode gdochimique afin d'économiser

de l'eau d'irrigation,

1. INTRODUCTIOHN

bDans les rédgions méditerrandennes & climat sec et dans les régions
arides ou semi-arides en général, la mise en valeur des sols ndcessite des
apports d'eau par irrigation. Or 1'importance grandissante des coflits
d'exploitation des eaux, jointe 4 celle de leur évacuation gqui va de pair avec
la raréfaction des ressources en eau font de la réutilisation des eaux usdes
une ressource tentante. Cette ressource de seconde main qui s'accro®t avec
L'utilisation plus intensive des ressources naturelles, constitue une richesse

rdelle si on apprend & l'utiliser et 4 mettre en ceuvre 3 temps les mesures de



sauwvegarde qui s'imposent. En fait la réutilisation des eaux usées est la
valorisation d'un produit réputd sans valeur pour faire face § une demande en
eau sans cesse croissante, surtout en agriculture qui représente le principal

secteur consommateur d'eau dans les régions méditerrandennes.

Les contraintes principales 4 la réutilisation des eaux sont celles
pos€es par 1'adaptation aux usages et aussi les cbstacles psychologigues et

culturels attachds 4 des eaux réputdes dangereuses.

Si ces derniers sont surmontds, la réutilisation des eaux usées
, . LY
neécessite, comme pour les eaux naturelles, des normes pour les divers usages.
En agriculture, ces usages peuvent étre trés variés et appeler des modalités

de mise en oeuvre trés diffdrentes.

Il est connu que la qualité d'une eau pour l'irrigation ne lui est pas
intr inséquement lide; on ne peut juger d'une eau dans 1l'absolu, comme dans le
cas de classification des eaux pour les différentes utilisatiens, eau potable,
gau pour l'industrie ..., mais on doit au contraire prévoir comment €voluera

1 tensemble eau=-sol.

Le probléme se complique &videmment si on a recours & la réutilisation
des eaux usées pour l'irrigation, car ici d'autre facteurs interviennent,
surtout les matiéres en suspension qui peuvent entra¥ner le colmatage physique
et bioclogique du sol, outre un autre facteur aussi déterminant, 3 savoir celui
des risques sanitaires qui sont dfis soit aux €léments chimigues toxigques

contenus dans l'eau, soit aux agents pathogénes.

La plupart des problémes qu'on rencontre dans l'agriculture irriquée
proviennent de la composition chimique de 1'eau d'irrigation. L'utilisation
de différents types d'eau en irrigation, ainsi que la possibilitd de prévoir
les problémes qui peuvent en découler font apparaftre le besoin d'un systéme

de classification de la qualité de l'eau pour l'irrigation.
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Deux approches ont €té adoptdes 3 ce sujet:

- la méthode dite classigue qui est essentiellement basée sur une approche

empir iques

- la méthode géochimique qui découle d'une approche plus récente et plus
théorique, et traite le systéme eau-sol comme une interaction
physique~chimique entre une eau de qualité donnée et un sol de
composition minédralogique donnéde. Elle se base sur les lois de

l'équilibre thermodynamiqus et ndcessite l'utilisation d'un calculataur.

Pour tant la méthode classique, qui a négligé au départ la partie sol,
s'est récemment dirigée vers 1l'idée que la qualité d'une eau pour l'irrigation
n'dtait pas & définir par rapport & cette eau uniquement, et yu'il fallait
donc inclure le sol, mais la démarche est toujours empirique.

2. METHODES D'APPRECIATION DE LA QUALITE D'UNE EAU D'IRRIGATION

2.1 Méthode Classique

Plusieurs propositions ont £€té avancdes pour classer l'eau suivant son
aptitude 3 l'irrication. Elles varient entre un classement de l'eau pour une
utilisation génédrale (U.S. Salinity Laberatory Staff 1954, Doneen 1957,
Rhoades et Bernstein 1971, rhoades 1972, Fhoades et Merril 1975, Ayers et
Westcot 1976) et un classement selon une plante et une région spécifigues
{Thorne et Thorne 1954, Doneen 1959, Carter 196%). Les efforts de la guasi
totalité de ces auteurs Se sont portés sur la sélection de paramétres
caractér isant l'eau d'irrigation elle-méme. Différentes classes sont ainsi
Aélimitdes, variables d'un auteur d l'autre selon le nombre de paramétres
simultanément considérés et selon les seules valeurs attribudes. Les
var iables utilisdes sont: la conductivitd électrique, la T.D.S., le
pourcentage de scodium, les teneurs en chlore et en sulfate, les teneurs en
bore, le S.A.R. (Sodium Adsorption Ratio). Ces variables reflétent dans
l'ordre les dangers de valeurs de pression osmotique de la solution du sol, de
toxicité spécifique des ions sodium, chlore et sulfate pour la plante et

d'alcalinisation du sol.
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Mais le classement qui a fait autorité et a €té trés souvent utilisd
depuis est celui de 1'U.S8. Salinity Laboratory (1354)., Les eaux y sont
décrites selon deux variables, la conductivit€ et le SAR; quatre domaines
distinguéds sur l'échelle des SAR ddterminent un ensemble de 12 classes biszn
conhues permettant de juger de la gqualité d'une eau pour l'irrigation (fig. 1
et tableau I}.

En fait l'eau n'a pas une qualité propre inhérente, mals sa gualité se
définit suivant le contexte dans lequel elle est utilisde., Son aptitude
dépend de l'usage qu'on peut en faire sous les conditions spdcifigues. Ces
conditions comprennent la tolérance des plantes pour les sels, les méthodes
d'ircrigation appliquées (fraction lessivante, LF), les diffdrentes propriétes

physico-chimiques du sol et les conditions climatiques de la région.

Tout récemment, les recherches ont montré gque 1'interaction
physico-chimique entre les propridtés des sols et l'eau d'irrigation est un
facteur important pour la détermination de la qualité de l'eau pour
l'irrigation. C'est justément sur ce facteur que l‘'approche géochimique est
basée. Elle permet en outre, grice & la compréhension de la base théorique
qui régit ces intdractions, de prendre en compte des intéractions que la

méthode classigue néglige.

2.2 Méthode géochimique

Cette approche prolonge les idées développées par Eaton (1950) et Doneen
(1954) et reprises depuis 1972. Le probléme de l'irrigation est apprédhendé en
termes d'interaction physique et chimique entre une eau de qualité donnde et
un sol de composition minédralogique donnde, Le concept de qualitd d'une eau
pour l'irrigation n'est donc¢ plus uniquement 1id 3 la composition chimique de
cette eau caracterisde suivant les paramétres conductivité dlectrique, 3AR et
SAR ajustd, concentration en chlore et en bore, mais il s'agit de prévoic
guelle sera l'évolution de la qualité de cette eau dans un milieu
minéralogique donné, et dans des conditions d'dvapotranspiration données. Car
ces paramétres n'influent pas directement sur le sol et les cultures. En
effet, la qualité de l'eau d'irrigation détermine en partie les
caractéristiques de la solution du sol, et c'est cette derniére qui induit les

compor tenents du végétal et du sol.
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TABLEAU I

Classification des eaux Pour 1'irrigation

Degré Qualité Classes

1 "Excellente" Cl-s1 Eau utilisable sans danger pour
l'irrigation de la plupart des cultures,
sur la plupart des sols

2 "Bonne" C2-81 En général, eau pouvant &tre utilisée
sans contrdle particulier pour l'irriga-
C2-82 tion de plantes moyennement tolérantes
au sel, sur sols ayant une bonne
perméabilité

Principaux problémes dfis aux plantes
trop sensibles, au sodium et aux sols a
forte capacité d'échange d'ions (sols

. argileux)

3 "Admissible™ C3-81 En général, eau convenant 3 l'irriga-
tion de cultures tolérantes au sel, sur
des sols bien drainds. L'édvolution de
la salinit€ doit cependant &tre
contrdlée.

Principaux problémes dlis aux plantes
trop sensibles, au sodium et aux sols 3
Faible perméabilité.

4 "Médiocre™ C4-S1 £n général, eau fortement mindralisde
pouvant convenir & l'irrigation de
C4-82 cer taines espéces bien toldrantes au
sel et sur des sols bien drainds et
C3-53 lessivés

5 "Mauvaise” C3-54 Eau ne convenant généralement pas 3
l'irrigation, mais pouvant &tre
C4~53 utilisde sous certaines conditions:
sols trés perméables, bon lessivage,
C4=-54 plantes tolérant trés bien le sel




Le probléme de l'irrigation dtant ainsi défini, son approche théor ique

est possible et passe par l'étude des dquilibres mindrauzx - solations. Cette

-~

1dmarche cofncide aveo les souhaits du spécialiste de l'aménagement. En
effet, la situation la plus fréquemment rencontrée lors de la décision de
création de perimétres irriguds en zone aride est telle qu'on ne dispose en
général que d'une ressource en eau limitée et le plus souvent salée, au
contraire de la ressocurce en sol; les responsables ont donc besoin d'un ocutil
qui permette d'indiquer quels sols valoriseront au mieux les qualités d'eaux
disponibles et de prévoir leur évolution,

Ainsi, on a €td progressivement amené 3 considérer le sol et la solutisn
qui l'imprégne comme un systéme, d savoir un systéme mindraux gaz-solution ou
les relations entre ces trois phases sont des rdactions de dissolution,

précipitation et échange sous une atmosphére gazeuse de composition donnde.

2.3 Définitions et rappels

L'approche géochimiqué implique, entre autres analyses, celles des eaux
et des solutions du sol. Les résultats d'analyse chimique, donnds par le
laboratoire, représentent les concentrations totales de chaque élément; c'est
a4 dire la somme des diverses formes, libres ou complexdes, de 1'dlément;

+
(Na) total = (Na ) + NaC03+(NAHCO3)+NA =10]

libre 2 4

ions complexds

- Les parenthéses désignent les molaritéds. Or, ce sont les quantitds d'ion
libres qui réglent les équilibres entre phase solide et phase liquide., Le
rapport existant entre les formes libres et complexées d'un éldment est régi
par la loi d'action de masse appliquée aux activitds des egpéces dissoutes,

] 4

L'activitd et la molarité d'une espéce sont lides par la relation:

a = Xm

a 3 activité de l'espéce

molarité

a2
.

coefficient d'activité de 1'espéce

D,
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Le pourcentage de complexation des diffédrents ions peut atteindre 2-25%
pour le sodium, 15-57% pour le calcium et 15-65% pour le wagnésium (Shainberg
et Shalhevet 1984). D'autre part la relation entre la solution et les
minéraux (c'est-a-dire les réactions de dissolution et de prdcipitation) est
aussi régie par la loi d'action de masse. Les ions impliguds dans ces
réactions sont les icons libres et les concentrations sont les activitds des
ions. La saturation d'une eau vis-3-vis d'un ou plusieurs mindraux est
calculée 3 partir de l'dguation de la loi d'action de masse (pour plus
d'informations consulter, Garrels and Crist, 1965, Droubi, 1976, Stumm et

Morgan 1981).

Différents auteurs ont proposéd des programmes de calcul de la
distribution des ions entre les différentes formes simples et complexes,
associds & des tests de saturation. On teste l'dguilibre d'une solution par
rapport aux différents minéraux susceptibles de précipiter: s'il y a
sous-saturation, c'est gqu'il v a possibilité de dissolution et la solution
s'enrichit en ions correspondantss s'il y a sur-saturation, ¢'est qu'il y a
possiblité de précipitatio; et la concentration de la solution en ions
constitutifs du minéral diminue. On doit donc toujours raisonner sur des
activitds et non sur des concentrations totales lorsque on parle des réactions
de dissolution et de précipitation. Le grand nombre de réactions et de
paramétres pris en compte rend nécessaire l'emploi d'un calculateur. Pour une
description détaillée de ces programmes et la liste des constantes
thermodynamigues utilisdes dans les équations d'dquilibre, se réfdrer & Fritz
{1975).

2.4 Présentation du modéle gdochimigue de simulation

Dans les zones irriguées en géndral et dans les zones arides en
particulier le principal facteur influengant la qualité de l'eau d‘irrigation
et par consdyuent la salinité du sol est l'évaporation. C'est pourquoi le
calcul du volume d'apport d'eau nécessaire & l'irrigation en tient compte. En
fait, ce volume est égal & l'évapotranspiration additionnée du volume de

lessivage 2t des pertes lides & la percolation, c'est-a-dire:



Vi o= ETM+V o+ Vp
avec Vi volume d'apport
ETM évapotranspiration
Vl volume de lessivage
Vp percolationy; la partie de l'eau d'irrigation gqui s'infiltre

directement sans se mélanger & la solution du sol et gue l'on peut

négliger
D'oul Vi = ETM + v,
et on appelle fraction lesgivante (FL) le rapport
FL = Vl
ED + V

1

Pans un sol irrigué les eaux de lessivage se concentrent par évaporation,
au fur et & mesure de leur percolation; le facteur de concentration par

*

évaporation serait donc maximal & la base du profil et on a

FC = 1
FL
FC + facteur de concentration

FL : £fraction lessivante.

Or la percolation des eaux de lessivage dans le scol ainsi gue
1l'dvaporation entra®nent des dissolutions des sels et des mindraux déja

existant dans le sol et la précipitation de nouveaux sels.

Par consédquent, Si on arrive & prévoir 1l'évolution d'une eau lorsqu'elle
est utilisée en irrigation dans un sol donné, on aurait franchi une grande

étape pour le choix de la gualité de l'eau 3 apporter pour 1'irrigation.

Le modéle gue nous présentons ici permet de prévoir l'évolution de la
composition chimigque d‘un systéme mindraux-solution au cours de la
concentration des eaux par évaporation ou de la dissolution des sels et
mindraux par lessivage ainsi que les rédactions d'échange. Ce modéle prend en
considération 1l'dquilibre entre la solution et les mindraux avec lesguels elle
est en contact. I1 calcule pour chaque variation de la composition chimique
initiale de 1l'eau les nouveaux €tats d'équilibre, et il teste l'état de
saturation de la solution vis-a-vis de différents mindraux et sels. Pour plus
de détails se reférer & Fritz (1975), Dreubi (1976), Dosso (1980), Perret
(1982).
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I1 existe d'autres programmes et modéles de calcul de ces intdractions.
Un inventaire de ces programmes et modéles est presenté par Fritz (1981).
Mais le principe de tous ces modéles est le méme, celui de l'équilibre

chimique.

La méthode du calcul consiste précisement 3 simuler 1l'évaporation d'une
eau d'irrigation, La simulation fournit en fonction du facteur de
concentration FC (c'est-d-dire le rapport des nombres de moles d'eau & 1'état
initial et & l1'dtat considéré) les activités et les molaritds des especes

dissoutes, la nature 2t le nombre de moles des mindraux précipitds.

Or on a vu que le facteur de concentration est 1ié 3 la fraction

lessivante par la relation:

On peut alors tracer ‘en fonction du facteur de concentration ou de la
fraction lessivante les paramétres retenus gui caractdérisent une eau, 3 savoir
la charge totale dissoute (ou la conductivité dlectrique) dquivalente 3 la

conductivitd dlectrique, le SAR et la teneur en chlore.

Les rdsultats obtenus par simulation de 1'évaporation de l'eau
d'irrigation sont portés sur la figure 2, Les valeurs tolérables, pour une
culture donnée, de la charge totale dissoute, du SAR et de la teneur en chlore
sont portées en ordonnée sur le méme graphique. Ainsi, on détermine
directement les valeurs limites des facteurs de concentration correspondant &
chacune des contraintes définies: salinité, toxicité en chlore, toxicité en

sodium et perméabilité.

Les tables de tolérance des végétaux & la salure sont exprimées en
conductivités électriques moyennes sur le profil (CEe). Or la méthode
géochimique utilise la conductivité électrique limitde & la base du profil.
Mais le calcul de la fraction lessivante & partir de la conductivité de
l'extrait de pate saturde (CEe) n'dtant pas possible, on peut calculer (CEe)
induite par une fraction lessivante FL donnée avec les résultats de la

simulation et l'ahypothése de la profondeur utile du sol. D'aprés cette



hypothese, 40% de l'eau absorbée par les plantes sont prélevés dans le premier
quart, 30% dans le deuxiéme, 20% dans le troisiéme et 10% éans le dernier
guart., Il faut donc établir pour une eau d'irrigation donnde un tableau
FL-CEe: dans la plupart des cas, la formule de Rhoades (1972) permet de
s'affranchir de ce calcul fastidieux. Elle relie la fraction lessivante & la
conductivité de 1'eau d‘'irrigation (CEe) et la conductivité d'extrait saturé

moyenne sur la zone racinaire (CRe)

FL = CEi

5 CEe - CEi

Elle est assez prdcise mais elle néglige des phénoménes de précipitation

et de dissolution.

limites toterables

Fig. 2

Calcul de la fraction lesgsivante



2.5

eau

Comparaison entre méthode classique et géochimiqua

Les principaux critéres connus pour la détermination de la qualité d'une

d'irrigation se résument en trois (Shainberg et Shalhevet, 1984):

la salinitd totale, qui induit:

. la tolérance de la plante & la salinité

. la précipitation des sels

. la dissolution des sels et son effet sur la salinité de la solution
du sol

le risque d'alcalisation qui engendre:
. la notion SAR

. 1a relation ESP-SAR

. le rdle du carbonate

. la perméabilité

l'effet néfaste de cervains ions. Pour chacun de ces phénoménes des
formules empirigues par la méthode classique ont été proposées pour
déterminer la validité d'une eau pour l'irrigation., Nous allons prendre
guelgques exemples pour montrer l'intérét de l'utilisation du modéle de

simulation géochimique.
Calcul du SAR

Le SAR (Sodium Adsorption Ratio) est un des €léments essentiels pour la

détermination de l'aptitude d'une eau & l'irrigation.

i = 1 exprimé en m'eg/l

[/Ca2+ Ve
g

. . 24 2+ . a . .
Or les concentrations des ions Ca , et Mg doivent etre exprimées en
e i e . 2+ 2+
activité et pas en m'’eg/l. D'autre part les iocns Ca et Mg sont

les ions libres en solution, ce sont des ions qui entreant en réaction.



- 107 -

Par conséquent, lorsgu'on calcule lss SAR d'une eau d'irrigation & partir
de l'analyse chimique on cbtient une valeur surestimdée, Pour surmonktzr
cette difficulté, une formule a étf proposde pour distinguer entre le
SARp pratique (sans tenir compte des ions paires) et le SARt vrai
{Sposito and Mattiged, 1977).

SARt = 0,08 + 1,115 SA.Rp (r2 = 0,99)

Pour les eaux carbonatées, un SAR est utilisé afin de tenir compte de

la mise en equilibre de l'eau avec la calcite (Rhcades and Merill, 1976).

SARaj = SARi (1 + (8,4-PHC))
SAR = de l'eau d'irrigation

i

D'autre part, l'eau d'irvigation infiltréde dans le sol peut dissoudre
des mindraux carbonatés (au cas ol elle est sous-saturéde par rapport A ces
minéraux) ou méme disséudre du gypse Casod - 2H20, présent souvent dans
les sols des zones arides et semi arides, c¢e qui va changer la valeur du
SAR de l'eau et influencer les réactions d'édchanges, et on est alors amené

3 calculer une autre valeur du SAR de la solution du sol (SAst)'

Il existe d'autres formules de calcul pour tenir compte d'autres
problémes. Pour chacun de ces problémes, la méthode classique propose une

formule.

Par contre l'utilisation d'un modéle chimique pour simuler
1l'évolution d'une eau d'irrigation, en connaissant au départ sa
composition chimique et les compositions mindralogiques du sol, permet &
chaque dtape de 1l’évolution de la concentration de calculer la valeur du

SAR réel en tenant compte de toutes les interactions et réactions.

Dosso (1980}, Valles et al. (1983) ont établi dans des études
distinctes la validité de l'utilisation du modéle de simulation
géochimique par comparaison avec la méthode classigue pour l'utilisation
des eaux saldes en irrigation et les problémes qui en découlent, calcul de

la fraction de lessivage, calcul des doses d'irrigation.
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Par example, Dosso (1980} dans son étude de l'eau de l'Euphrate en Syrie
montre gue les prévisions fournies par l'emploi des formules habituelles
donnent des valeurs plus pessimistes que celles fournies par le modéle.
Les valeurs de SAR prévues sont supérieures d'environ 12% aux valeurs
fournies par le moddle. Valles et al (1983) ont testé les deux méthodes,
classique et géochimique, pour l'estimation de la fraction lessivante en
utilisant des donndes de 1'Euphrate en Syrie, du Chari au Tchad et de la

station de Cherfech en Tunisie.

Ils en sont arrivds aux conclusions que la faiblesse de la méthode
classique tient en grande partie d 1l'utilisation des paramétres globaux
tels que la conductivité éléctrique (CE), la charge totale dissoute et le
SARI

La méthode gdochimique permet d'améliorer considérablement la
précision du calcul de la fraction lessivante qui est un facteur
déterminant pour 1l'utilisation d'une eau en irrigation. La démarche
géochimique présente uh intdrét évident mais il parafft néanmoins
nécessaire de tester sa validité sur d'autres parcelles expérimentales.
Elle pourra ainsi permettre de procéder 3 l'autocritique de l'édvolution

d'un projet d'aménagement d'irrigation.

3. PRINCIPAUX CRITERES DE QUALITE A RESPECTER POUR L'EAU
USEE REUTILISEE EN IRRIGATION

3.1 Nous avons, dans les paragraphes précédents, traité des critéres
d'appréciation de la qualité d'une eau pour l'irrigation dans sa forme
générale, c'est-i-dire la qualité chimique et les paramétres qui la
définissent ainsi que les méthodes de calcul de ces paramétres. Or, dans le
cas de la réutilisation des eaux usdes en irrigation, d'autres paramétres
interviennent. Ces paramétres peuvent &tre divisds en deux catégories,
paramétres 1lids & la composition chimique de l'eau, et paramétres liéds au

risgue sanitaire,
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3.2 Influence des éléments chimigu=3s

Les eaux rdutilisdes proviennent souvent des rejets d'eaux urbaines,
c'est-a-dire d'eaux domestiques résiduaires auxquelles sont susceptibles
d'étre mélangées en proportion plus ou moins importante des eaux résultant
d'activités diverses (notamment industrielles) raccordées au réseau
d'assainissement. Géndralement, ces eaux sont utilisdes soit brutes, soit
aprés traitement d'épuration de type primaire, effluents decantés, résiduaires
ou traitewment secondaire (boues activées ou lagunage le plus souvent) avec ou

sans chloration.

3.3 Composition mindrale

Etant donné que la qualitd des eaux usées réutilisédes en irrigation dépend
de plusieurs facteurs, comme les espdces végétales, la texture et la
composition du sol, le drainage et les techniques d'irrigation, il existe
plusieurs critéres pour définir l'aptitude d'une eau usée pour l'irrigation.
Ces critéres dépendent de la composition mindrale des eaux usédes, c'est-a-
dire salinité totale, scdium, calcium, magnésium, €léments toxiques et

fertilisants.

e tableau ci-dessous donne les limites des concentrations de certains
dléments pour l'utilisation des eaux municipales en agriculture (D'Itri et al

1981).

Paramétre Fourchette des concentrations
pH 6,5 - 8,0

T 15 - 25%

DBO5 100 - 500 mg/1

Solides dissous 750 -1500 =

Résidu sec 800 -1500 =

N, eorganigue 5 - 40

K. ammoniacal 0.5 -~ 40 =

Pnogphates totaux 5 - 150 =
Conductivité 400 =2500 mhos/cm

Ca 10 - 85 mg/l
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Mg 10 - 150 =
Na 40 - 400 =
SO4 15 - 156 =
Cl 40 - 500 =
SAR 3,0 - 8,5=
Huile et matidres grasses 20 - 150 =

3.4 Matiéres en suspension

La teneur en matidéres en suspension doit 8tre aussi faible que possible en
raison d'une part des risques d'obstruction des systémes d'irrigation
utilisds, d'autre part du colmatage possible des sols. Car il y a des
matiéres qui peuvent obstruer les pores et provequer, tout au moins en
sur face, une imperméabilisation. Les teneurs indiqudes dans la littérature
donnent des valeurs limites comprises entre 20 et 30 mg/l qui correspondent en
fait aux teneurs‘contenues dans un effluent urbain avant subi un traitement
secondaire. En ce qui concerne les obstructions du matériel d'arrosage, il vy
est remédi€ par le choix le plus adéquat possible du diamétre des orifices,

ainsi que par un entretien régulier.

3.5 Les éléments fertilisants (N, P, K)

Leur présence dans les eaux usées urbaines en quantités notables leur
confére une valeur fertilisante. Pour des eaux ayant une teneur en azote de
l'ordre de 15 mg/l, une application de 100 mm correspond a un apport azoté

d'environ 15 Kg/h. Cette valeur correspond en moyenne aux fertilisants usuels.

3.6 La salinité

Les problémes lids & la salinité de l'eau, 4 la teneur en Ca, Ng, Ma et au

SAR ont été clairement traités aux paragraphes précédents.



3.7 Les éléments traces

Il sfagit essentiellement des métaux lourds et du bore. <Certains éléments
traces sont des microfertilisants essentiels pour les plantes. Il y a aussi
des éléments traces dont les fonctions physiologiques sont inconnues.
Cependant, tous les éléments traces peuvent &tre néfastes & des concentrations

élevées.

On a identifiéd 17 éléments gqui peuvent avoir une certaine toxicité pour 1le
consommateur. Les tableaux suivants donnent les teneurs maximales en métaux
lourds tolérables dans les eaux d'irrigation (Page, 1974 cité dans Valiron,
1983) en mg/l:

Eléments Eaux destindes § l'irrigation utilisation
utilisation continue discontinue
tous types sols a sols 3 texture
de sol . texture fine

grossiére

Cr 5,0 0,1 20,0
Hg

CLI 0'2 0,2 5'0
AS 1,0 0,1 10,0
I\}i 0 ’5 0 '2 210
Zn 5,0 2,0 10,0
Cd ¢,005 0,01 0,05
Pb 5,0 5,0 20,5
Co 0,2 6,05 10,0
B 0,75 0,75 2,0

Se 0,05 0,02 0,05




En comparant ce tableau avec les valeurs obtenues pour les concentrations
moyennes des éléments traces aprés traitement des effluents recensées dans le
tableau ci-dessous (d'aprés d'Ttrie, 1980) on constate qu'd deux exceptions
prés {Cd, et Hg) pour lesquelles il n'est pas fait mention de valeurs limites,
la moyenne des teneurs est inférieure aux maximums indiqués. Cela tient en
grande partie au fait gu'une proportion importante des métaux lourds se trouve

concentrdée dans les boues.

Elément Traitement Traitement
primaire secondaire
mg/1
As 0,005 0,005
B 1,0 0,7
cd 0,02 0,005
Cr 0,05 0,02
Cu 0,1 0,04
Hg 0,0009 0,0005
Mo ‘ 0,007 0,007
Ni 0,10 0,004
Pb 0,02 0,008
Se 0,005 0,005
in 9,12 c,04

3.8 Risques sanitaires

Les risques sanitaires inhérents 3 la pratique de l'irrigation avec des
eaux usées sont dlis aux éléments chimigques toxiques, les métaux lourds
essentiellement, qui pourraient provenir de l'accumulation de ceux-ci dans las

cultures (effet de concentration) et de leur transmissicn aux consommateurs,
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Ils peuvent provenir des bactéries pathogénes et des virus qui krouvent
des milieux favorables dans les eaux usédes. Il existe plusieurs dtudes qui
traitent de ce sujet, notamment D'Itri et al., 1980, Valiron et al., 1983,
Bize, 1986, Prest, 1986).

4. ROLE DU MCDELE HYDROCCHIMIQUE

A part le traitement des problémes lids & la salinité de 1l'eau
d'irrigation et & son influence sur l'évolution du sol irrigué par ces eaux,

il est possible d'appliquer ce modéle pour la réutilisation des eaux usées en

irrigaticon.

Nous avons vu que les principaux critéres pour la qualité de 1l'eau
réutilisde, & part la salinité et les teneurs en Ca, Mg, Na pour lesquels
l'évolution peut &tre prévue par le modéle, sont les teneurs en €léments
lourds. En connaissant les constantes d'dquilibre des réactions de ces
éléments on peut prévoir leur évolution dans le sol par simulation des

rédactions gu'ils peuvent suabir dans celui-~ci.
5. RECOMMENDATIONS

Le modéle présentd dans ce rapport, dont l'efficacité a eté demontrée en
l'appliquant & plusieurs reprises au Tcnad, en Syrie, et en Tunisie pour
prévoir l'dvolution d'un sol soumis & l'irrigation, peut constituer un outil
utile pour dtudier l'dvolution du sol lors de la réutilisation des eaux usées

en irrigation.

Pour y parvenir, il convient d'effectuer des recherches dans les
domaines des éléments traces, et des réactions gui les régissent dans le sol.
Il faut aussi avoir une station pilote, ou disposer au moins de donndes
pratiques sur la réutilisation des eaux usées dans des fermes pilotes,
c'est-i-dire: analyses chimigues des eaux, analyses des profils des sols,
quantité d'eau utilisde. Toutes ces donndes peuvent &tre ootenues en
utilisant des champs expérimentaux. Une f£ois ces donndes acdquises, des
simulations peuvent €tre testées en utilisant ces donnédes pour calibrer le

modéla et étudiar les différentes variables.
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CIEC! LIST FCR TiE PREPARAIICL OF A SYSTIL. APPROAC.
TO ThE IMFLEENTATION QF VASTEATER RE~USZ

Projects of agricultural wastewater re-use (AMR) are long-term
operaticas, often very costly. Failures are punitive in local econcmies
and jeorardize the possibility of resumpticn of dozens of years, as well as
inevitably weighing heavily on all similar projects.

It is, therefore, important to approach the rrojects correctly, which
implies relatively long and prudent steps. ‘The steps to be taken are
descrired below. This proposal presents neither tne dbligatory adaptations
to the local conditims nor the retroactions to supplement the previous
steps.

1) Irventory of "hwydroloyically critical or delicate" situaticns in whica
tne AWWWR 1s susceptible to bringing abcut a significant improvement of
hydrolegical balance-sheet., Inventory of the situatians in which the
AGR could contribute to the protection of the envircnment
(suppression of discharge into the sea, reduction of aquifer
centanmination, ete.). Selection of cases of major interest.

2) Attitude (of producers and consumers) towards the ANR[ possible
soclo-cultural blocks.

3) Analysis of existing local practices: Origin and guality of waters,
irricated surfaces, crops cultivated, irrication methods,
commercialisation of products. Collecticn of available data on soil
evoluticn., If possible, retrospective enguiry, eccnemy of the actual
producticn.

4) Improve the knowledce of usaple waters, including the prchable
spentanecus evolution and the possipllities of improving the chemical
quality of the waters (improvement of the quality of distributed
waters, monitoring of industrial wastewaters, prevention of brackish
or sea waters intrusicn into the network, etc.).

5) Evaluation of the sanitary risk

6) Inventory of possibilities of effluent treatment- local opportunities
and constraints, relief, selection of admissiole systems, possible
effects of treatment on quantity and chemical quality of reclaimed
water.

7) Imventory of acranomical possibilities- actually irricated areas,
scil guality, sensitivity to scdium, 1dentificaticn of possible crogps,
econcmic interest and requirements recarding the level of sanitary
treatment of water.

8) Integraticn of wastewater in the general water rescurces® <rcps to be
irrigated by ‘natural" water / Crops iIrigable Dy wastewater.

9) Irricetiwn metheds (with regard to traditicnal practices, available
financial resowurces, agranomical and sanitary cojectives, requirements
of water saving, technical level of irrigaticn water, framing,
raintenance).
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10) Possipilities cfferac oy wastewater re-use

~ extensicn of the existing perimeters, creatiwn of new perimeters

-~ intensification of agricultural productionf

-~ possible advantage of an over-irrigaticn on the basis of
croundwater aguifers in course of salination(

~ advantage of regular supply throughcut the year (winter storage).

11} Environmental and sanitary impacts of the project (impact study)

12) Econcmic feasibility and identification of financial sources

- Tinancial interventicn of the comunity producing wastewaters.,

13) Establishrent of AAR svsten

-~ definition of the perimeter

~ management structure

- selecticn (and limitations) of in agreement with
crops cultivated concerned farmers

-~ irrication method(s) and materials

- technical and sanitary education of farmers

14) Establishment of sanitary control system-

- centrol of effluent treatment in the beginning, by the
methods . applicaticn of VIO

- cotrol of crops cultivated recommendations of local

- control of cormercializatiam regulations (in absence of
circuits paticnal regulations)

- preparation (and pericdic revisiom) of a "Code of Practice" for
farmers and local officers in charge of exploitation structures.

15) Long-term follow-up (implying the existence of adeguate and available
study structwres)-

- evolutim of farmers' attitude towards the topic of AATR[

- hydraulic balance-sheet (including the influence of AWR on
aquifers)(

- agronomical balance-sheet {evoluticn of soil quality, crops yield,
etc. )L

- ecoonomic and sccic—eoonomic balance-sheets (modificatims of
financial flow induced by AWWR, and of farmers' vay of life)l

- microbioclogical rmonitoring and epidemioleogical enquiry in a number
of areas considered characteristic.

16) Diffusicn of gained experience-

- pericdic synthesis of the monitcring resultsl

- information circulatian (role of internatimal oraanizations}i

- contripution to the preparation of maticnal regulaticn, guidelines
or recormendaticas based upon cained experience.
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PART III

COUNTRY REPORTS AND CASE STUDIES



- 120 -
LASTEJATER TREATENT FOR AGRICULTURAL RE~USLE IN ISPAEL

By

MENANFi LIBHABER
Water Resowrces and Envircnmental Engineering Divisicon
Tahal Cansulting Engineers,
Tel Aviv, Israel

1. ABSTRACT

Agriculture in Israel - a semi-arid country in its northern part and
arid in the south- depends alrost completely on irrication. In view of the
scarcity of natural water resources in Israel, mmnicipal wastewater is
considered to be an important water rescurce used mainly for irrigation.
Since 1970, numerous wastewater re-use schemes have been in operaticn. The
importance assigned to wastewater re-use cn a national level stimilated
development of innovative treatment systems for re-use. A Key element in a
system of wastewater re-use for agriculture is the seasmal storage
installation, either on the surface or underground, which receives
effluents of varying quality and releases them for irrication during the
dry season, The Israeli experience demcnstrates that seasonal storage
installations can act as efficient treatment processes which may provide,
in addition to storage, either polishing of highly treated effluents or can
serve as the main treatment step of the wastewater.

Two innovative treatment concepts which combine treatment and storage
have been develcped and are in widespread use in Israel, serving as the
basis for most of the existing re~use schemes. These are the DRT (Deep
Reservoir Treatment) concept and the SAT (Scil Agquifer Treatment) concept.
The principles of both concepts are presented in detail, including
descripticns of various projects based on the two concepts and presentatican
of quality data of effluents.

2. INTRODUCTION

In areas of limited natural water resources, wastewater represents an
woonventional water source wnich ray be utilized for agriculture,
industry, recreation and recharge of aquifers. The use of treated
mmnicipal wastewater for irrication of crops is ane of the most attractive
and practical re-use opticns. In addition to serving as a supplementary
water source, agriculture utilizes other rescurces found in wastewater such
as crganic matter and nutrients (nitrogen and phosphcrus) which are thus
converted from an environmental nuisance to an asset. Moreover, re-use of
wastewater for irrigation prevents its discharge to receiving water bodies
and considerably decreases the risk of pollution of natural water resources
and of coastal waters.

Re~use of wastewater for potable purposes, after an appropriate
advanced treatment, is also possible and it is practised elsewnere in
certain situations. However, this type of re-use is uswually copposed by
authorities responsible for public healtn because of uncertainties related
to possible long-term adverse effects, and faces psycholcgical resistance
from public opinicon.

Agriculture in Israel - a semi-arid ocountry in its northern part and
arid in the south - Cepends alncst completely on irrigaticn. later demand
for irrication represents apcut 55% of the naticnal denand (Fig. 1).
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In view of the scarcity of natural vater resources in Israel, municipal
wastewaters are considered to be an important water resource, especially
for irrigation. Since 1970, numercus wastewater re-use schemes have been
put into operation and others are at the stage of design and constructicn.
The importance assigned to wastewater re-use on a national level has
stimulated develcpment of imnovative treatment systems for re-use.

At present, about 110 millicn cubic metre per year of effluents, which
exceed 45% of the total volume of mmicipal iiastewater in Israel, are
already utilized for irrigation. The above figure will increase to about
70% during the forthooming months when the second stage of the Dan Region
(Tel Aviv metropolitan area) wastewater re-use project, which has been
recently inaugurated, goes into full operation (Table I).

Table I

Re~use of Wwastewater in Israel

Million m?/vear

Available municipal wastewater 260
Seweraged municipal wastewater 240
Treated wastewater X 150 (215)
Sea disposal of raw sewage 65 (0)
Discharge of raw sewage to water courses 30
Septic tanks 15
Re-use
- Irrication 20
- Dan Region project 20 {80)
Total Re~use 110 (170)

Percentage re-used of total seweraged wastewater 46% (71%)

bote: Numbers in brackets include the second stage of the Dan Regian
Project which was operated cn April 1987.

The intensive re-use of wastewater for irrication in Israel permits
conservation of potable water resources by replacing water of potable
quality (which was used for irrication) with treated effluents thus
liberating the replaced water to re used for the public municipal supply.

In addition, re-use of wastewater cn a naticnal scale and at a
relatively low cost permits cansiderable deferment of large investments
required for desalinization of sea water, which is the ultimate available
water resowce in Israel.



#lthough in the majcority of cases re-use of wastewater in Israel is
aimed at the cultivation of marketable crops, there are scme cases in which
effluent irrigation is practised as a disposal method by slow rate land
application. This is done in areas in which profitable agriculture is not
feasivle because of topographical restrictions (hilly or mountain zones) or
marginal land quality, usually at small settlements in desert and mountain
zones. A by-product of such land application of effluent is the
preservation and enlargement of green belts in the vicinity of the
wastewater-producing settlements.

3. RESTRICTED VERSUS UNRESTRICILD IRRIGATION

When considering wastewater treatment for agricultural re-use in
Israel, two terms of basic importance should be recognized. These are the
terms "Restricted Irrigation" and "Unrestricted Irrigation".

~ “Restricted Irrigatiom" refers to the use of low-guality effluent in
specific areas, where certain crops only should be cultivated. The
restrictions imposed usually refer to the types of crops to be
cultivated, the irrigation methods, the harvesting method, fertilizer
application rates, distance of irrigated fields from residential areas
and paved rcoads and the distance between non-potable and potable water
supply mains.

- "Unrestricted Irrigation" refers to the use of high~quality effluents
for irrication of all crops on any soil type, without any adverse
envircnmental effect an the soil, crops, animals and persons involved in
the production process or perscns consuming agricultural products.

4. EFFLUENT CUALITY CRITERIA FOR IRRIGATION

Establishment of regulations for effluent quality for irricatien is,
in Israel, the responsibility of the Ministry of Health, whose concern is
to prevent risks to public health as a result of irrication with
effluents. In 1979 the Ministry published a draft of standards for
irrication with sewage effluent, a summary of which is presented in Table
II. According to these standards effluent qualities for irrication are
classified into four categories (A,B,C and D) according to crop type. For
certain crops, restrictions are also imposed on the irrication system. In
addition, treatment requirements are also prescribed. Eiological treatment
is required in all cases {as manifested by low BOD values and by the
requirement of a dissolved oxygen concentration of at least 0.5 mg/l, which
can be maintained practically only after secondary treatment). For food
crops to be consumed raw (category D), sand filtration is required as
polishing treatment. Chlorinaticn is required for crop categories C and D.

In 1981, the Ministry of Health published only the standards for
category A crops as an official law, indicating that for irrigation of
other crops, specific permission must e cotained. In granting such
permissicn, the Ministry is presumably guided by the recormendaticons
presented in Table II.

It is worthwnile to mention at this point some recent develcpments
concerning the quality of effluent for irricatien. Too strict regulations
could price effluent re-use for irrication cut of the market and , hence,
cause a valuable water resource to go to waste. Potentially, tnere are
definite health risks associated witn the use of sewage effluent for
irrigation. In practice, however, these risks nay not De tco severe as
evicenced by the dearth of documented cases relating disease cutbreak to
irrication with reascnably treated sewage eifluent. This does not include,
of céurse, such blatant violaticns of basic health rules as irricaticn of
vecetables consumed raw with untreated or poorly treated sewage, as is
practiseu in sore countries.
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Recent puolications {3, 4, 5, &) conclude that previous public health
corthodoxy which held that every excreted patnogen that can persist in the
envircnment, in soil or on crops irrigated with wastewater is a potential
cause of serious disease in humans, is basically overly conservative
because human infection is not dependent only on the presence of pathogens
in scils and crops. It depends also cn the minimum dese of a pathogen
necessary to cause infection (which varies greatly for different types of
organisms), on the persistence duration of the pathogens in the environment
and on the level of immunity to endemic diseases.

A conbination of the above factors led to the conclusion that the
amount of excess infection and diseases, caused by varicus classes of
pathogens when irrigating with untreated wastewater is of the following
order of descending magnitudes

- intestinal nemtode infections {Ascaris, Trichuris and the hockworms )
- excreted bacterial infecticn (bacterial diarrhoeas and typnoid)
- excreted viral infections (rotavirus diarrhcea and hepatitis A).

Accarding to the Engelberg Report (5) the first quality criterion for
wastewater use in agriculture is the complete, or almost complete removal
of the eggs of intestinal nematodes (to a geometric mean of less than 1
viable nemtode egg per litre). In addition, a major reduction (to a
geomatric mean of less than 1,000 fecal coliforms per 100 ml) in the
concentration of excreted bacteria is reccmmended for unrestricted use of
wastewater in agricuiture. If these standards are met, other pathogens
such as trematode eggs and protozcal cysts are also reduced to undetectable
levels.

The pricrity criteria for effective wastewater treatment for the
specific purpose of pretreatment for agricultural irrigation, as based on
piblications 3,4,5,6 are of the order:

- maximum removal of helminths and protozca

- affective reduction in bacterial and viral pathogens

- freedom from odour and cbjectionable appearance (i.e. effective
reduction of BOD).

These specific design criteria and their order of priority differ from
these for reducing surface water pollution from BOD and COD, and thus
result in different optimal treatment strategies.

Based on the above findings a series of practical alternative remedial
measures for controlling negative health effects may be considered as
followss

- restrictions on types of crops irricated so as to prevent occnsumers from
being exposed directly to infection through contaminated vegetables or
salad crops eaten raw;

- selecticn of irrigation technigues and procedures so as to minimize
direct contact between wastewater and crops:

- wastewater treatment and/ar storage practice, aimed at effectively
reducing first the concentrations of pricrity pathogens to low levels,
and in subsequent stages tc levels below which the incidence of excess
infecticn is essentially controlled.
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5. EFFLUENT IRRIGATICLT AS A DISPCGAL .TII0D

In some cases, especially in mountainous and desert zones, effiuent
irricaticn is practised in Israel as a disposal method, and not for
irrigation of marketable crops. The method is applied 1n small settlements
of up to a few thousand inhabitants. The irrigated areas are usually
steep-sloped, isclated areas of difficult access. As a result of the
isclaticn and of the fact that no marketed crops are irrigated, it is
possible to use low-quality effluents, for irrication of woods, forests,
perennial grasses and natural vegetation. Seascnal storage is not used and
irrigation takes place throuchout the year. Effluent application rates are
adjusted to supply just over the evapotranspiration reguirements and range
between 50 m3/d/ha in winter to 100 m¥/d/ha in summer, Such
application rates do not present groundwater pollution risks, even in
karstic zones.

The pretreatment of wastewater before land application is minimal and
consists of either septic tanks or anaercbic ponds. In certain cases
oxidaticn ponds are utilized and in cases of land restrictions, such as in
areas of very steep slopes, ocompact activated sludge treatment units are
utilized.

The effluent application system is a gravity or low-pressure surface
distribution system. The effluent is distributed by 050 mm perforatad
polyethylene pipes with fixed openings of 5 mm at intervals ranging from
0.5 to 1.5 m. These pipes must be levelled to achieve wniform
distribution. Details on wastewater irrication for disposal are given in
puplications 7 and 8, and are summarized schematically in Fig.2. Follow-up
of such systems performance is not carried out systematically but it may be
stated that attractive greenbelts develop in the irrigated areas and no
odour problems are reported. The effluent distributicn systems do not tend
to clog the operation and maintenance of the corbined treatment-irrigation
system is quite simple. In general it is oconsidered as a successful
dispesal sclution for small systems in mountain zanes.

A recent develcpment is the utilization of the effluent of small
communities for irrication of gardens and parks. It is practised in
isolated desert communities of up to a few hundred inhabitants. Compact
activated sludge units are used for wastewater treatment and the effluent
is chlorinated and distributed by drip irrication anly, usually in fenced
greenbelts with no access to the public. Effluent quality is in accordance
with the requirement for irrication of Category C crops (Table II).

6. EFFILUENT IRRIGATION FOR CROP CULTIVATION

6.1 Intrcducticn

In the great majority of the cases, effluent irrication in Israel is
practised not cnly as a disposal method but also for crop cultivation. The
basis of such an approach is efficient use of water which dictates
incorporation of seasonal storage and efficient irrigation systems.

Every re-use scheme is an wntegrated system consisting of three
elerents: pretreatment, seascnal storage and irricaticn.

Tne key element of such a re-use system is the stcrage installation
which conpensates between the relatively constant supply of wastewater
tarcuchout the year and the variable seaswnal water demend for irrigation,
which is required mainly during the dry seascn.
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Tnere are two possibilities for storage: surface storage and
underground storage. The Israeli experience demonstrates that in ooth
cases, seascnal storage installations act as efficient treatment processes
which ray provide, in adéition to storage, either polisning of highly
treated effluents or serving as the main treatment step of the wastewater.

rost of the wastewater diverted to irrigation of marketed crops is
treated prior to irrigation by one of two treatment trains, each of which
represents a treatment concept combining treatment and storage. These are:
(i) the SAT (soil Aguifer Treatment) concept which incorporates underground
storage and (ii) the DRT (Deep Reservoir Treatment} concept which
incorperates surface storage.

The Dan Region (Tel-Aviv metropolitan area) Project, which is the
largest wastewater treatment and re-use project in Israel is based on the
SAT concept. This project which serves a population of about 1.2 millicn
inhabitants, handles at present about 80 million cubic metres per year of
wastewater, a fiqure representing 47% of the total re-used wastewater. Two
smaller scale SAT projects for populaticns in the range 100,000-15C,000
inhabitants are under way, one at a constructicon stage and the other at a
preliminary design stage.

Seventy million cubic metres per year of wastewater for re-use are
handled by a large nurmber of variable size installations based on the DRT
concept. The DRT treated wastewater represents 41% of the total re-used
wastewater.

6.2 The SAT (Scil Aquifef Treatment) Concept

The SAT concept combines a series of processes which produce an
effluent of very high quality, adequate for unrestricted irrigation of all
types of crops including those consumed raw. It involves the use of the
soil and the aquifer as a treatment step, by controlled passage of effluent
through the unsaturated and saturated soil zones, and its subsequent
pamping from the aquifer. The system consists of recharge basins n
pernmeable soils, surrounded by a series of pumping wells. Cbservaticn
wells located between the recharge basins and the pumping wells permit the
continuous monitoring of the process. The hignh purification capacity of
the system is the result of a unigue conbination of physical, chemical and
biological processes occurring in the soil and the aguifer (9). More adbout
this method was reported in my previous paper (Part II).

Bs previously mentiwmed, the Dan Regicn Wastewater Re-use Project is
based on tne SAT concept (9,11,12). The project consists of two stages
which differ in the pretreatment processes provided before the SAT. The
treatment scheme flow diagrams of both stages are presented in Fig. 3. The
first stage of the prcject has been in full operation since 1977 and sexves
the southern zcne of Tel-Aviv, treating an annual flow of about 25 million
cubic metres. The second stage, which is in a start-up phase, serves the
northern and eastern zoanes and is designed for treating, at present, an
annual ficw of apout 65 million cubic retres.

The project serves two purposes: (i) production of a significant
volume of usable water, helping to comgensate for the difference between
the increasing national water demand and the limited available natural
water resowrces, and (ii) preventicn of the contaminaticn of the Tel-Aviv
beaches and Mediterranean waters by wastewater discnarce. The project is
the largest and most advanced mmicipal wastewater re-use project in
Israel: 1ts pretreatment facilities are located apout 20 km south of the
g@ntze of Tel-Awiv. The layout of toth project stages is presented in

ig.4.
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Fig. 4
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Tne pretreatment step of the project's first stage consists of
pbiclogical treatment in facultative recirculated oxicdation pecnds and
chiemical treatment by the hig¢h lire-magnesium process, followed by
detention of the high pi effluent in polishing ponds, for the purpcse of
stabilization and free ammonia stripping. The laycut of the first stage
treatment facilities is presented in Fig.5. Ponds A, B, Gand 1, 2, 5, 6
are primary oxicaticn ronds. Pmds D, E and 3, 4, 7, 8 are secondary
oxidation ponds. Ponds 9, 10, 11, 12, 18 and pond F are polishing ponds.
The polishing ponds effluent undergoes the SAT process by recharge to the
regional aquifer through the northern recharge basins (site Z1) located
about 1.5 km east of the oxidation ponds. The recharge basins are
surrounded by a chain of recovery wells (the Lan wells) which create an
isolated zone in the aquifer, dedicated to treatment and storage of the
recharged effluent.

The detention time in the oxidation ponds varied during the year 1986
from 24 to 38 days, of which 1l to 18 days consist of detenticn in the
primary ponds. The detention time in the polishing ponds usually varied
from 11 to 15 days. The yearly average crganic load in 1986 (13) was aocut
436 kg BOD/ha/day in the primary oxidation ponds, and 180 kg BOD/ha/day in
all the oxidation ponds. The average recirculation ratio was 1.5
(effluent) to 1 {(raw sewace).

The average lime dose used for chemical treatment in 1986 was about
500 mg/l as CaC and that of MgCl, sclution about 50 mg/l. The low
magnesium dose is a result of utilization of a recycling process. The lime
sludge is disposed of in a natural depression found in the vicinity of the

plant.

The total area of the northern recharge basins is about 25 ha. The
recharge operation is carried cut by intermittent flcoding of the spreading
basins. Normally the recharge cycle consists of cne day flooding followed
by two or three days of drying, but it may vary according to climatic
conditions, the number of basins in operaticn and the amownts of effluent
available for recharge. The average hydraulic lcad varied over the past
few years from 100 to 120 m/year, having different values at different
basins, as a result of differences in infiltrated rates.

Groundwater elevations in the centre of the recharge zcne have risen
about 6 m since the project came into operation. The thickness of the
unsaturated zcne is in the range of 15 to 27 m (being different at each
basin in accordance with local hydrogeclogical canditions). The transient
time of recharge water in the unsaturated zone varies between 11 to 21
days. The travel time in the agquifer to the various cbservation wells
lccated between the recharge basins and the recovery wells varies between 8
and 34 months, thus the travel time to the recovery wells is longer than
the above range. At the end of 19806, the front of 100% recharged water
extended about 1 km south, north and east of the centre of the ncrthern
recharge zane and about 750 m west of it.

fater quality data (13) at various points along the treatment
processes of the first stage Dan Region Project are presented in Tables IIX
and IV. Table III is related to arganic matter, nutrients and
bacteriolcgical parameters, while Table IV refers to neavy metals and toxic
elements.

Analysis of the water quality data deronstrates that in the over—the-
surface treatment facilities (i.e. in the pretreatment staye of the SAT)
(ood to very good overall removal (above 70% efficiency) is cbtained for:
suspended solids, BOD, COL, 70C, detergents, ninerzl oil, pn-emols, ammonia,
ana pnespnorus; for the following trace elements: G2, Gi, Po, Cr, &y, CQu,
Fe, In, zn, hi, Al and Ln; as well as for turbidity and tk. r‘x:?uerate
rercvai (petween £0% and ’fO%) is ootained fors alkalinity, nardness, total
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Texle III

D Region Project Stage One ~ ' Ater Qelity at Varioss Points
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nitrocen, Ye, La, bto, Si and F. Caicentrations of coliforzs and fecal
coliforms are reduced by about six logs, streptoccccus fascalis by about
four loys and total bacteria by abcut 1.5 logs., lio entercviruses were
detected in the treated effluent.

The purification ccaurring by means of SAT was evaluated from the
results of water guality analyses carried cut in the recharge effluent and
in a rspresentative cbservation well pumping 100% recharged effiuent (well
54). )

In the SAT system, good to very good removal (above 70% efficiency) is
cbtained for: suspended solids, BOD, COD, TOC, UV absorbance, KnoO4
consurpticn, detergents, phenols, ammonia, phoesphorus, and Cd; as well as
for turbidity and K. Moderate removal {between 40% and 70%) is obtained
for total and filtered nitrogen, mineral oil, Cr, Cu, Hg, Vi and Se.

Coliform and fecal coliform bacteria were not detected in the
reclaired water, nor were streptococous faecalis and entercviruses.

Rermoval capacity of organic matter by the SAT process is presented in
Fig.6 in which arganic matter is represented by both COD and permencanate
consumption.

Reroval capacities of nitrogen and phosphorus by the SAT process are
presented in Fig.7. The nitrogen appears in the recharge effluent in
ammoniacal and orcanic forms. During the recharge operation, it is almost
completely transformed to nitrate, presumably by nitrification in the upper
(aercbic) layer of the unsaturated zcne. Part of the nitrate is decomposed
by denitrification in lower (anoxic) layers of the unsaturated zcne, in
such a manner that about 40% of the recharged nitrcgen is removed by
passage throudh the unsaturated zcne. The phosphorus removal level by the
SAT process is around 99%.

Up to the year 1984, the polishing ponds effluent contained lower
concentrations of suspended solids of around 20 mg/l (against around 70
mg/1l at present). Since 1985, the suspended solids concentration in the
polishing ponds effluent increased as a result of a conceptual operation
change. It was recognized that the high level of treatment achieved by the
SAT system permits reduction of the pretreatment level without affecting
the quality of the reclaimed water. Thus, the lime dose was reduced from
apout 650 to about 550 mg/l as CaC. As a result, the polishing ponds
effluent gquality was reduced, but reclaimed water quality was not affected.

The operating costs of the first stage of the Dan Region Project are
13.3 US cent/m3 reclaimed water, out of which 1.3 US cent/m® are the
operating costs of the bioloyical treatment plant.

The SAT reclaimed water is of very high guality, as can be seen in
Tables III and IV. The reclaimed water is free from suspended sclids,
coliform bacteria and of viruses and its organic matter content is very
lovi. According to the effluent irrigaticn standards presented in Table 1I,
which refer to adequacy from the public health risk point of view, the
reclaired water is suitable for unrestricted irrication of all types of
crops, even these eaten raw and unpeeled. The reclaimed water is adeguate
for unrestricted irrication also frcem the agrcnonic point of view.
Chloride, dissolved solids, electrical conductivity, sodium, SAR, boron and
trace elerents ccntained in the water are of values wnich do not present
risks toc any Kind of crops. lMoreover, accicental drinking of tae reclained
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vater «~ould not involve rajer health risss. The concentrations of six
toxic substances (cadmiun, lead, mercury, selenium, chromium, cyanide) are
below these recommencded for drinking water. The concentrations of
substances affecting the acceptability of water (turbidity, pH, detergents,
mineral oil, phenols, chlaride, copper, manganese, ircn, etc.) are also
within recommended limits.

Turbidity is reduced by the SAT from accut 25 NTU to 0.4 N1U, a value
wnich fulfills the most stringent drinking water standards. Supplementary
treatment of the water pumped from the recovery wells by granular activated
carbon will remove dissolved arganic matter and may permit potable re-use
of the water after disinfection if and when necessary.

At present, the bulk of the effluent recharged by the first stage Dan
Region Project is stored in the aquifer, where it has displaced native
croundwater towards the production wells which surround the recharge zcne
and which pump water to the naticnal potable supply network. The majority
of the production wells still pump mainly natural groundwater and the water
cf the supply network contains less than 5% of the effluent—~ originated
water as a result of dilution with natural groundwater and with potable
water of the supply network. In the near future, the reclaimed water of
both stages of the project will be distributed exclusively for irri¢ation
by means of a separate conveyance system. The construction of this
conveyance system is under way and consists of the laying of a main 70"
pipreline to the scuth of the country.

The judicicus operation of the recovery wells creates a hydrological
barrier, which prevents tle effluent from flowing cut of the recharge zone,
so that wells located in the vicinity of this zone can continue to pump
background water for potable use.

The flow diagram of the second stage of the Dan Region Project is
presentad in Fig.3 and its layout is presented in Fig.4. The pretreatment
applied pefore the SAT in the second stage consists of an extended aeration
activated sludge treatment which corbines nitrogen removal by
nitrification~denitrification in a single sludge system. The principle of
nitrogen removal in the system is presented in Fig.8. The system cansists
of a single biological reactor which is divided into two zones: an anoxic
(non-aerated) zcne and an aeropbic (aerated) zcne. A recycle stream
(internal recirculaticon) is operated from the aercoic to the ancoxic zme,
at a recycle ratio of about 20 to 1 in relation to the raw wastewater
flow. Unsettled raw wastewater jis introduced to the anoxic zcne. The
mixed ‘liquer which leaves the biclogical reactor is diverted to a clarifier
in which sludge settling takes place and from which the settled sludge is
recycled (external recirculation) to the anoxic zcne of the reactor. In
the anoxic zone, the raw wastewater is mixed with the two recycle streams.
The internal recycle arrives from a zene in which nitrification has already
taken place, thus the nitrogen in this stream is in the form of nitrate.
Since aeraticn does not take place in the anoxic zcne, a demitrificaticn
process develops, as a result of wnich the nitrate is transforred to
molecular nitrogen which is released to the atmosghere. The denitrified
mixed liquor, which still contains the ammonia introduced with the raw
wastewater, arrives at the aerobic zone. In this zcne, the arganic matter
which remains in the mixed liquor is decorposed and nitrificaticn, which
transforms armenia to nitrate, takes place. PMitrification conditions are
assured by maintaining a sludge age long encugh to permit development of
nitrifying bacteria (kiitrosomcnas and Litrcoacter). The crganic load
utilized in the process is around 0.1 Fg EOD/d/Kg 113S. 2Additicnal
informaticn concerning the process can be found in publication l4.
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The layout of the second stage treatment plant of the Dan Pegion
Project, is presented in Fig.9. The plant consists at present of two
biological reactors of 40,000 m3 volume each, and 5 clarifiers, comon to
both reactors, each of 35 m diameter. Each reactor has the form of an
endless cnannel. Aeration is effected by harizental brusn-type aerators
(mammoth rotors) which in addition to the introducticn of oxygen, cause the
endless movement of the mixed liquor in the chamnel. The liquor flowing in
the channel constitutes the internal recirculaticn stream, to which the raw
wastewater and the sludge recycle are introduced in the zane of the reactor
which contains no aerators.

The effluent of the activated sludge plant is pumped to the southern
recharge basins which consist of two sites (D1, D2) located 8 to 13 km
scuth of the treatment plant (as can be seen in Fig.4). The total area of
recharge basins is about 50 ha. At present, only site DL {(of about 25 ha
area) is in operation while site D2 is under construction. Sites D3 and D4
micht be castructed in the future if necessary.

Although the second stage of the project was canly recently put into
operation, the treatwent process was thoroughly tested in a pilot plant.
Typical composition of raw wastewater and effluent based on pilot plant
results (12, 14) are presented in Table V.

Table V

Typical Composition of Raw Wastewater and Effluent in the Pilct
Plant of the Second Stage Dan Region Wastewater Treatment Process

P

Concentration - mg/l

Parameter Raw Vastewater Effluent
BODs 357 5.7
BODs filtered 171 4.3
CoD 716 68.5
COD filtered 263 49.5
Suspended solids 31° 2.6
Total Nitrogen 53.6 3.1
Ammonia (as N) 41.8 0.9
Mitrate (as M) - 1.2
Phosphorus 12.6 3.7
Chlcrides 30¢ 311
Alkalinity 40¢ 311
FE (units) 8.0 8.1

The pilot plant operating results demcnstrated the efficiency and
reliability of the treatment precess for the full scale of local conditions
(diurnal and seasonal variations of temperature, flcws, and compcsiticn of
the raw wastewater ), with effective ECD and COD removal of 98% and 90%
respectively. The total nitrogen reroval ranged between 85 tc $5% and
Fospiorus removal between 63 to 95%.

It is anticipated that the water reclaimed by the seccnd stage cf the
Can Pegion Project will be of a guality similar to that of the first stage
reclaired wvater (Tables III and IV), except for nitrogen which will be of

lower content in the second stage reclaired water, because of the efficient
nitrate removal which will take place in tne second stage treatment plant.
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Activated sludge was selected as tne second staye treatment process
because of land availability limitaticns wnich did not permit adoption of
an coxidaticn ponds treatment ag in tne first stage. The extended aeration
nitrification-denitrification process was chosen because of two reasons:
(i) the process yields a high-quality, low suspended solids effluent which
will ascertain efficient and reliable groundwater recharge without basin
clogyging prablems, and (ii) as the effiuent is to ke distributed among a
large number of farmers, it was decided to supply water of the hichest
possible quality in order not to impose any restrictions on types of
crops. (Certain crops are sensitive to nitrogen during part of the growth
period and could not be cultivated without nitrcgen removal.)

A cansiderable degree of technical skill is required for the operation
and maintenance of the spreading basins and the production wells of the SAT
system, but the advantage of the process is that it yields an effluent of
excellent quality. This may be an important factor in areas which suffer
from water scarcity and for which reclaimed water of such a high quality =
may have an appreciable econcmic value, as happens in the case of Israel.

6.3 The DRT (Deep Reservoir Treatment) Concept

A deep reservoir is in fact a deep facultative lagoon (7 to 10 m deep)
with a water level which varies throughout the year. The reserveoir
provides the detenticn time necessary for seascnal storage of the effluent
and combines storage with supplementary treatment.

The reserveir is filled throughout the year with effiluent at a
relatively constant flow vwhile water is withdrawn from it only during the
dry season. The water withdrawal period ranges from 5 to 8 menths,
depending cn the type of irrigated crops. During the detention pericd of
effluent in the reservoir, which varies between two to several months, a
series of physical, chemical and bioclogical processes takes place and
affects the water quality. These processes can improve the quality of
stored water, but may also result in quality detericration and generation
of odours.

The objectives of design of an efficient deep reservoir, in addition
to providing seascnal storage volume, are: (i) to achieve a high level of
supplementary treatment in terms of removal of organic matter, suspended
solids, enteric bacteria, viruses and parasites, and (ii) to prevent the
generation of odours and adverse enviramental effects.

The processes which take place in the reservoir include sedimentation,
organic matter decomposition, nitrogen transformaticn by nitrification,
denitrification and ammenia stripping, and bioclogical growth. Biological
porulations which develop in the reservoir ecosystem include bacteria,
algae and zocplankton. Vater purification is affected by the activity of
aercohic bacteria and algae in the upger layer as well as by anaercbic
bacteria in the bottom of the reserveir.

The key to the proper functioning of the reservcir is the preventicn
of anaercbic incidents at the water surface. The existence of aercbic
conditions, at least in the upper layer, prevents the generation of cdour
proolems and ascertains improvement of water quality. Decomposition of
orcanic matter is an oxygen-consuming oxidation process. If the quantity
of oxygen supplied by algal pghotcosynthesis and re-aeraticn is smaller than
consumption for bacterial respiraticn, anaercbic conditions may develcp.
Such conditicns can be prevented by control of tne organic loads diverted
to the reservoir.



Pano (15) and Leokiec (17) developed oxygen calance mxiels to estanlish
the maxirmum permissible crcanic lcads whia still prevent generatica of
anaercpic cenditions in reservoirs. They estimated that lcocads of 30 to 50
kg BOD/day/ha during winter and of 60 to 100 kg 2OD/day/ha during autumn
ané surmer will prevent the development of anaerchbic cenditicns.

These mxdels take into consiceration seascnal effects which include
temperature, radiation, water level and swrface area, release of dissolved
orcganic matter dur ing surmer from anaercbic decompositicn of bottom
sedirents accumulated during winter, and thermal stratificaticn which
ocaurs in summer. It should be noted that the embankments of surface
reservoirs are sloped and surface area varies significantly as a function
of water level., Towards autum (around boverber, i.e. the end of
irrigation season) the water level is at its lowest and the surface area is
srallest, consequently oxygen producticn is small and tnis is a critical
pericd frem the peoint of view of arganic lcading. Another critical pericd
occurs towards the end of the filling seascn {April-May) when anaercbic
decomposition of bottom sediments starts. The organic surface lcading of
reservoirs can be correlated with the depth of the daily filled layer
(multiplication of that daily depth and BOD concentration in the influent
represents the orcanic surface loading). The maximum permissible depth of
daily filled layer is limited, in the range 0.2 to 0.5 m, in accordance
with the month and influent quality. The lower value applies in the
critical pericds mentioned above. '

LCesign of a deep reservoir should take into acoount, in addition to
oxygen balance criteria, specific conditions such as topograghy, soil type
and climatic conditions. Proper design and operaticn of a seasmnal
reservoir will result in a significant improvement of the quality of stored
water by further reduction of BCD, suspended solids and enteric bacteria.

Treatrent in deep reservoirs is included in numerous small re-use
schemes in Israel and also in large scale projects such as those of the
cities of Heaifa (Tishlovet Hakishon Project) and Jerusalem. Over 200
reservoirs of volumes ranging from 20,000 m3 to 12 million m3, are in
operation under a wide range of operating conditicns from low to heavy
crganic loads, and respectively yielding a wide range of effluent
qualities, mainly used for restricted irrigation of cotton, fodder and seed
crogps.

When effective secondary treatment is applied as pretreatment and the
reservoir is properly designed, its effluent ray be utilized for
unrestricted irrication. Vhen lower pretreatment is applied, the reservoir
effluent is appropriate only for restricted irrigation.

The volume of a seascnal reservcir for a given wastewater flow depends
cn the types of irrigated crops and on the land occupation scheme {which
dictates the distribution of water consumption for agriculture). Under
Israeli conditions, tne required reservoir volume for irrigation of cotton
is about 65 to 70% of the yearly wastewater volume, while for irrigation of
crchards, only 40 to 50% of the yearly wastewater volure is required for
storage.

Tne dimensions of the reservoir (surface area and height) depend on
permissible BOD surface loading and on topograpnical conditions, and are to
be establisned in ccordinaticn with the selected pretreatment. Proper
design of the reservoir and the pretreatment systen is a result of an
cptinization process which takes into account crop types and their land
occupaticon, land availability for reservoir construction and design
critéria reguired to maintain an aerchbic apper layer in the reservoilr.
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keservolrs snould not be completsly enptled even towards the end of
the irricaticn season. The lowest water level shouid permit a detenticn
tine of about two ronths, allowing sufficient efflvent quality improvement
at all times and meintaining rich bacterial and algal population right from
the beginning of the £illing period.

Sore typical reservoir types and construction details are presented in
Fig.l0. Vater lcsses in reservoirs occur through infiltration and
evaporation. Infiltration is minimized by lining the reservoir's bed with
packed clay or plastic sheets. Evapcration lcsses can be decreased by
increasing depth. Common values of water losses in a lined reserveir are
10 to 15% of the yearly warer flow. The embankment cross section presented
in Fig.l0 refers to the case in which clay is used for lining. Plastic
lining is caining popularity in recent years and no rip-rap nor clay grain
in the enbankment are needed when exposed plastic lining is used.

Suspended solids concentrations in the upper layer of the reservoir
are variable with time as a function of the dynamics of alcal populations.
The best point for withdrawal of effiluent from the reservoir is abcut 1 to
2 metres beneath water surface level. Light penetration at such depth is
limited, resulting in a linited presence of algae and minimal
concentrations of suspended solids. Effluent withdrawal is in most cases
accomplished by a floating cutflow installation (raft pipe) as shown in
Fig.l0.

Effiuent quality data of some DRT schemes is presented in the
followirngy. The wastewater re-~use scheme of the city of Haifa inccorpcrates
a 12 million m3, 10 m deep reservoir lccated about 20 km from the city.
The reservoir receives a mixture of activated sludge-trickling filtre
effluents which are chlorinated within the city limits. The applied
pretreatment is an effective cne, though coliform count of the inflow to
the reservoir is about 10° MPN/100 ml as a result of regrowth in the
conveyance pipe. According to the study carried out by Redhum et al.(17),
the reservoir effluent contains 5.5 mg/l total BOD, 14 mg/l suspended
solids, 25 mg/l armonia, 4 x 102 MPEN/100 ml total coliform bacteria and
102 fecal ooliform bacteria (average values — Table VI). Such effluent
is of very hich quality and after being chlorinated it is used for
irrigation of all type of crops except those eaten raw and unpeeled.

Such a high level of pretreatment is uncommon in DRT systems in
Israel. Usually a lcwer level of pretreatment is applied, generally
consisting of anaercbic ponds, oxidation ponds or aerated lagoons while
reservoirs' effluents are permitted only for restricted irrication of
category A crops (Table II).

Pano (15) investigated two reservoirs: Sarid and iizra. (Maximun
volumes 350,000 and 325,000 m® respectively.) During the investigated
period, the Sarid reservoir received a mixture of oxidation peonds effluent
of the city of Afula and surface runoff water. The filling period started
in September and was stopped in March. Uithdrawal of effiuent for
irrigation of cotton started in tiay. From March to the end of the
irricaticn season (Cctcber) the reservoir did not receive any inflow. BOD
coneentration of Afula effluent was about 120 me/l, and the BOD loading on
the reservoir was around 35 kg BOD/day/na throughout the filling pericd.
63% of the stored water was of Afula effluent origin. Measured quality
parareters of the water stcreé in Sarid reservoir are presented in Fig.ll.
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taple VI

Haifa wastewater Re-use project - iater Cuality Ac
Various Points Along the Treatment Process

Concentraticn-mng/l
Parameter Raw Activated Sludge Seascnal Stcrage
Wastewater Effluent Reservoir Effluent
Suspended Solids 717 32 14
EQBs 618 57 6.5
BODs Filtered 115 12.3 3.0
CoD 1272 116 58
COD Filtered 197 62 48
Detergents 7.1 0.5 0.5
NKT as Nitrogen 85 41 24.7
Amronia as Nitrogen 55 34 20.6
Nitrate as Nitrogen 0.7 TB.LG 0.9
Phesphorus 12.8 6.1 5.6
PH (Units) 7.7 7.9 8.1
Total coliform
(MPM/100 ml) 107 4x102
Fecal Coliform .
(+PM/100 ml) 100 1x102
Pretreatment Deep Reservoir
Treatment

Mizra reservoir received a mixture of three types of water: primary
effluent from the city of Nazaretn, oxiuation ponds effluent from Kibbutz
Mizra and surface runoff water. The BOD concentrations of koth effiuents
were high because both treatment installations were overloaded. The
effluent from Mazareth cotained about 600 mg/l of BOD and Mizra oxidation
ponds effluent contained COD concentrations of about 600 mg/l (it treats
alsc wastewater of a meat processing plant). nly 23% of the stored water
was of effluent corigin. During Decermber-January, the organic lcading was
about 7 kg BOD/day/ha whereas from February on, the loading decreased as
the porticn of rumoff water in the reservoir influent increased.
Irrigation of cotton with reservoir water started in June, but the
reservoir £illing did not stop before and during the irrigation season (as
oppcsed to the operation regime of Sarid reservoir which was not filled
during the irrication seascn). Measured quality parameters of the water
stored in Mizra reserveir are presented in Fig.l2.

The pnysico-chemical guality of the water in both reservoirs was
excellent. Organic matter decompcsiticn took place in both reservoirs and
BOD concentration towards the start of the irrigation seascn was in the
range 5-7 mg/l. Suspended solids concentraticns were around 10 mg/l.
These values were measured in sanples collected at the water surfaces. In
samples withdrawn 1 m beneath surface, both BOD and suspended solids were
lover,

Coliform reducticn in Sarid reservoir was very marked. Towards the
keginning of the irrigaticn seascn, total coliform comnt in the stored
wvater was in the range 30-240 :[F%/100 ml wnile fecal ooliform count was in
the range 0-2 FFN/100 rl.

Coliform reducticn in bizra reservoir was lower than that of Sarid
reservoir. Total ccliform count in lizra storec water at the beginning of

the irrication seascn was around 103 1 1/100 il andé fecal coliform count
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arcund 104 MPH/100 ml. The difference in coliform cacteria reduction may
be explained by the fact that effluent inflow to Sarid reservoir was
stopped two months before the irricaticon seascon while the biizra reservoir
received an inflow of water, part of which was of effluent origin,
throughout the irrication seasan and did not enjoy a period of two months
without a heavily bacteria-lcaded infiow stream.

The above data led to the conclusicn that in arder to achieve an
effective reducticn of fecal ccliform bacteria, seascnal reservoirs should
be constructed of two or more cells in such a manner that effluent inflow
to each cell is stopped two montis tefore the start of water withdrawal for
irrication. But most reservoirs in Israel are single-cell reservoirs
because their effluents are utilized for irricaticn of category A crops
(Table II), which do not require colifcrm-free effluents. BAs a result of
his work, Pano ccncluded (15) that for properly designed and operated
single-cell reservoirs, the expected effluent quality is: EOD 5-10 mg/1,
suspended solids 5-20 mg/l, fecal coliform count 10103 MPAI/100 ml and
50-25% ammonia removal.

Random samples of the two llafetz-Haim reservoirs, withdrawn and
analyzed by the Ministry of Health staff in August, 1984 (1£), indicated
total coliform comnts of 3 x 102 and 16 MPN/100 ml and fecal coliform
counts of 10 and nil in the northern and southern reservoirs respectively.
The filling regime and operating conditions of the reservoirs were not
menticned in the report, but these random samples give an indicaticn of the
high bacteria removal levels vhich may be achieved py DRT.

Kott et al. (19) estimated that pending of seccndary effluents for a
period of a few weeks will cause E. Hystolytica cysts to settle, Salmonella
to die away and enteric viruses to be inactivated.

The presented data and additional studies carried out in Israel
demcnstrate that in addition to a substantial improvement in the physico-
chemical effluent quality, a reduction of 2 to 4 crders of magnitude in
coliform bacteria count may be achieved in DRT under regular operating
conditions and even higher reduction levels may be achieved if influent
flow is stopped before the irrigaticn pericd. Reducticn of enteric
bacteria and viruses may be explained by the influence of radiation and
predation by other crganisms.

Rocording to Shuval et al. (3), oxidation ponds with a retention time
of 20 days will achieve effective control of helmintis and protozoa. It
may be assumed that deep storage reservoirs in which the retention time is
much higher than 20 days, will completely remove parasites.

Censideriny effluent quality requirements by the Engelverg report (5),
deep reservoir effluent may be supplied under certain coaditions (adequate
pretreatment, and scaretimes post—chlarination) for unrestricted
irrigation. Cecnstruction of multiple-cell reservoirs may ascertain
effluent quality for unrestricted irrigation according to the Engelberyg
report requirements and perhaps alsc according to the Israell regulaticns.
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:cst of the wastewater reservoir eifflusnt in Israel is distributed for
irrigation utilizing the drip irricaticn metaod. %he drip irrication
system is regarded as a component of the re-use schexe and the combinaticn
of DRT and drip irrication comprises the compined agro-sanitary systen.
Detailed infcrmation cn the drip irrigation method is given in the manual
by Lasberg and Bresler (20). In addition to its advantages as an efficient
irrigation method, érip irrication serves as an additicnal treatment step,
operating in a similar manner to that of a trickling filter. But the
greatest importance of incorpcorating the drip irricaticn in the re-use
scheme is the safety it provides in terms of preventing dispersion of
bacteria and viruses in the air and on irricated crops. Recently, a
suc-surface drip irrigation system has been develcoped which in addition to
a series of agranomic advantages, as presented in publicaticn 20, its use
in effluent irrication may present an cutstanding advantage by further
diminishing and almcst eliminating nealth risks associated with wastewvater
re-use. .

Pretreatment of the reservoir effluent is required before its
distribution by drip irrigation. & typical treatment system is presented
in Fig.13. A complete system includes a primary straining stage (40 to 60
mesh), rapid gravel filtration (at ranges of 40 to 70 m/hr) and a seccndary
finer straining stage (80 to 150 mesh). In certain cases, depending on
effluent quality, primary straining or gravel filtration is omitted.
Usually, secondary straining is not accomplished by a central unit but
rather by small diameter strainers located on the main pipes at their
entrance tc the plots. Strainers and filters are available with automatic
or manual ccntrol modes. Additional information concerning sucn filters
and strainers utilized before irricpticn is presented in publicaticn 20. A
review of the prcblems associated with effluent treatrent befcre drip
irrication and their preventicn is presented by Adin (21), but it may be
stated that farmers in Israel have learned to overccome the prcblems and
drip irrication with effluents is in widespread use. It should be noted
that similar filtration-straining is required even when drip irrication is
practised with fresh water, thus irrication with effluent does not imply a
significant additimal burden on farmers from the irrigation pretreatment
point of view.
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At certain periods, erffluent chlarination is necessary to control
attached ocacterial growth at the dripper's nozzles or for excess algae
control. This is done by hypocnlcarination utilizing systems similar to
those used for fertilizer dosage, as descrived in Fig.l3. This type of
chlcrination may also be constantly applied for upgrading effluent quality
to that adequate for unrestricted irrigation.

Recent economic estimates for a specific [RT syster indicated that
effluent cost at the field, including all treatment and conveyance systems
from the point of wastewater discharce to the point of infiuent to the drip
irrigaticn pipes, (including cost of drip irrigation pretreatment but
excluding the cost of the drip irrigation system itself) is 0.14 USs$/m3.
This includes capital recovery and all annual costs.

The oombined CRT-drip irrigation re—use scheme is a simple, eccnhomic
wastewater disposal .and re-use method. It does not require high skills for
operation and maintenance and ray yield effluents adequatre for eithexr
restricted or unrestricted irrigation, in accordance witn pre-and post-
treatment applied. It is in widespread use in Israel, mainly for the
restricted irrigation of cotton, forage crops, orchards and citrus groves.

7. INFIUENCE OF EFFLUENT IRRIGATION ON CROPS AND SOIL

Irrication with secondary and seascnal storage reserveirs effluents
has been successfully practised in Israel for many years. Research and
follow-up of such irrigation practice from the agroncmic point of view is
performed frequently. Findings of such a research (22) indicate thats

1. Under soil and climate conditions prevailing in Israel and when
utilizing typical municipal effluents, no significant increase was
detected in the salinity of soils irrigated with effluents, and such
irrigation does not present a specific problem for crop yield and
guality.

2. A tendency towards soil scdification was detected. The rate of the
process depends on effluent quality, irrigation regime, crop type, soil
characteristics and climatic conditions. MNo damage to soil and crops as
a result of scdification was registered after several years of
irrication with typical municipal effluents and the same results are
anticipated for irrigation over extended periods (20 years).

3. Irrigation with common mmicipal effluents (wnich Jo not contain heavy
industrial lcads) did not cause the soil and crop darage which is
associated with heavy metals contributicn.

4. Cncentration of nutrients (nitrogen and phosphorus) in soil at plots
irricated with effluent is significantly higher than in plots irrigated
with well water. Mutrients contained in the effluent can substitute for
those supplied in fertilizers and thus save fertilizaticn expenses. The
fertilization value of the effluent should be incorporated in the
prograrming of the fertilizing regime. Failure to o so may result in
nigration of excess nitrates tavards the water table and pollution of
greunduater (in addition to waste of money for unnecessary fertilizer
purchase). Dut irrigaticn with effluent means continuous fertilization,
which ray present a prcblem for crops sensitive to excess nitrogen.

S. It is possible to acnieve high crop yields in plots irrigated with
effluents and the quality of preducts is usuelly (ood (depending on crop
type). Eut there is a difference in the qualities of effiuent and fresn
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water. BAs a result, irrigation and fertilizing rayimes should be
adjusted to we utilizaticn of effluents, in accordance with the type of
crops. Proper irrication and fertilizing regimes result in high crop
vields even in effluent irrigaticn of sand dGunes under soil and water
cenditicns which are considered marginal.

As a consequence of the above findings, it may be concluded that

successful effluent irrication-based agriculture may be developed by
adopting irrigaticn~fertilizing regimes based on effluent quality and on
characteristics of soil and crops.

10.
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L* EXPZRIENCE TUNISIEBNRE =N MATIARE DE TRAITMENT ZT D' UTILISATION
DES EFFLUENTS URBAINS POUR L'IRRIGATION ET POUR D'AUTRES FINS

B. AKI3SSA
Responsaole aqu Laboratoire d'Analyses Chimigues Eaux-Sols-Boues
Centre de Recherche cu Génie Rural

Ar iana, Tunisie

RESUME

;n Tunisie et dans les régions arides et semi-arides, l'eau constitue un
facteur limitatif de la production végétale. L'introduction des eaux usées
traitdes comme ressource complémentaire peut contribuer 34 la satisfaction des
besoins en eau d'irrigation. bPar ailleurs, l'utilisation des boues
résiduaires comme amendement organique pourrait concourir 4 l'anélioration de
la fert:lité des sols.

ainsi, la valoriszation agricole des eaux usdes et des boues résiduaires,
dvogude depuis longtemps en Tunisie, s'impose & l'heure actuelle. La
connaissance approfondie de ces deux composantes et la ma3trise des techniques
relatives & leur utilisation impliquent 1a mise en place d'une infrastructure

expér imentale.

L'inscription de ce théme 3 vocation multidisciplinaire dans les
programmes oe recherche du C.R.G.R. (Tunisie) a permis principalement la mise
au point d'une stratdgie de travail qui intégre l'expérimentation au champ et
des analyses de laboratoire. Les principaux résultats obtenus, relatifs & la
caractérisation physico—chimigue et bactériologigue des eaux et des boues et &
l'incicence de leur utilisation sur le systéme sol-plante, sont développds

dans la présente note.



1. InTRODUCTION

Dans les zones arides et semi-arides, l'intensification de l'agriculture
nécessite d'dpargner et de valoriser des ressources en eau et d'amélicrer la
fertilité des sols. Lles ressources hydrigues et organiques conventionnelles
dtant limitdes eu dgard aux besoins futurs, l'introcuction des eaux usédes

traitdes et des boues résiduaires s'avére essentielle et méme prioritaire.

Les volumes d'eaux usées traitdes, en Tunisie en 1985, ont €té de 43
millions de ma. Ils s'éléveront probaolement 4 180 millions de m3 en l'an
2000. Ia superficie irrigable avec les eaux usées traitdes pourra attzindre
alors 18000 ha environ, soit 7% de l'ensemole des terres irrigudes. A l'heure

actuelle, elle couvre 1140 ha.

L'assainissement et le traitement des eaux usdes sont pratiqués depuis
1940 a la staticn de la Cherguia (Tunis). Actuellement, 1'Office National de
l'Assainissement {(ONAS) prévoit l'augmentation du nombre de stations
d'épuration de 26 en 1986 & 54 en 1996, Toutes les stations sont du type
biclogigue et traitent les eaux jusqu'au niveau secondaire. Les différents
procédés utilisds sont les boues activdes 4 moyenne et faible charge, le lit

Fd

bactérien, le lagunage facultatif ou aéré€.

Cependant, l'utilisation en agriculture des eaux et des boues souléve
différents problémes d'ordre agronomique et sanitaire qui exigent ges

recherches préalables et la mise en place d'une infrastructure expérimentale.

Ce travail a &t rdalisé par une dquipe pluri-disciplinaire dans le cadre d'un
projet de recherche CRGR-PNUD (RAB 80/011l) intituld "Utilisation des saux

usées aprés traitement en agriculture".



S1 <e nombreux travaux ont dtd rdalisds sur ce sujet en Europe =t
ailleurs: INRA~SCP (1979), Boutin et al {1979), Cochen (1979), CEE (1979),
Henin (1980), CMS (1983), Bradley et Hadidy (1981), CEE (1981), Bouwer (1982),
Boutin (1982), Cottenie et al (1981), Juste (1983}, WPRC (1983}, Prost

{1986), les études effectudes dans ce domaine restent limitdes dans le Maghreb.

Aussi, nous avons entrepris r l'experimentation en plein champ et r
pe b.

des analyses de laboratoire:

- 1'étude de la variabilitd spatio-temporelle de la composition chimique et

microbiologique des eaux et bouesy
- la comparaison des effets séparés et conjugués des eaux usées traitdes,
des boues rdésiduaires et de la fertilisation mindrale sur le sol et la

plantes

- l1'évaluation de la valeur fertilisante et de la charge polluante de ces

deux milieux et leurs, limites d'utilisation.

2. MATERIELS ET METHODES

2.1 Les eaux et les boues

Les eaux proviennent des stations d'dpuration biologique par boues
activédes de la Cherguia (Tunis) et de Nabeul (SE4). Elles sont & 90%
d'origine domestique. Ces stations traitent respectivement 40.000 et 4.600
nﬁ/j. dteau uséde et produisent quotidiennement 155 et 30 m3 de boues
digérdes humides. Les boues, s€chédes sur lits, sont & 65% environ de matidre

séche et sont utilisdes en agraiculture.



2.2 Ie sol

Le s0l de la station expérimentale de la Soukra (proche de la Cherguia)
est peu évolué, alluvial: il présente une texture sablo-argileuse d sablause
(Tableau 1) et repose sur une croiite calcaire dure de 20 am d'dpaisseur et de

profondeur variable (Chaabouni, 1986).

L'analyse des caractdristiques chimiques montre que le sol aest riche en
carbonate de calcium, pauvre en carbone, en azote et a des teneurs moyennes en
paosghore assimilable. ILa composition de l'extrait de pite saturde indique
gue ces Sols ne sont pas chargés en sels, ce qul est en rapport avec leur
texture. Les concentrations en €léments traces sont moyennes; la séguence

trouvde dans le sol est:

Bh > Zn > Ph > ML > Cu > Cr > Co > Cd

»

2.3 le protococle expérimental

Les expér imentations rdalisdes consistent & comparer les effets d'apports

d'eau usée traitée, de boue résiduaire et d'une fertilisation mindrale.

Le protococle expérimental comporte 4 traitementss

>

Irrigation eau usée traitée

B. : Irrigation eau usde traitde 4 boue

e
D

Irrigation eau usde traitde + fertilisation minérale

)
an

Irrigation eau usée traitde + boue + fertilisation mindrale.

Ie dispositif en blocs randomisds complets comporte b répdtitions par

2
traitement sous forme de parcelles de 100 m .

Les essais entrepris ont €td effectuds sur une culture fourragére, le

sorgno, et une culture marafchére, le piment,
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Les volumes d'eau appor tés, durant les deux campagnes 19284 et 1985, ont
été respectivement de 640 mm et 510 mm pour le piment et de 1350 mm et 630 wm

pour le sorgho.

Les quantitds de boues épandues chaque annde pour le traitement B, en
début de campagne, sont égales 3 40 t/ha soit 30 t.MS/ha environ. Ces

apports, au nombre de 2, ont été effectuds durant deux anndes.
Ia fertilisation mindrale, pour le traitement C, a été la suivante :

- en 1884, 85 unitds d'N sous forme de nitrate d'ammonium, 90 unitds de
PZOS’ sous forme de superphosphate, 100 unitds de Kzo sous
forme de sulfate de potassium;

- en 1985, seules les quantitds ont été modifides, soit 70 wnités 4'N,

100 unitds de K_.O.

110 uniteés de P2 5 2

[e traitement D a regu des quantitds de boues et d'engrais mindraux

équivalentes 3 ceux des traitements B et C.

2.4 Mesures effectudes

Des analyses sont faites sur les eaux usées traitdes, les boues et les
sols avant et aprés traitement. Parallélement, des eaux provenant d'un puits
situé dans la station expérimentale scnt analysées et compardes aux eaux usées

traitdes.

Les paramétres mesurds sont principalement: humidité (1050), PH,
= [ ' d I'd > o - - »
conductivité electrigue (25), carbone organique (methode Anne et

Carmhograph), azote total (méthode Kjeldahl), NH4“'(distillatim ou bleu

d'indogphénol), NO; (réduction sur colonne C& amalgame Hg), Noz



(diazotation de la sulfanilamide), pnosphore total (mindralisation

Nazszo8 - HZSO4, dosage selon Murphy et Riley), phosphore

assimilable (méthode Joret-Hebert, dosage selon Duval); €léments majeurs sur
extrait de pite saturde dans les sols, aprés mindralisation acide (HNO3)

dans les boues; dosage des éléments traces (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb,
Zn) par absorption atomique (Perkin Elmer 2380 + four graphite HGA 400),
directement dans les eaux (milieu acide HN03), aprés mindralisation diacide

(HF-HC104) dans les sols et les boues.

3 -HC104, les dlénments

suivants ont €té analysés: P, K, Ca, Mg, Na, Cd, Co, Cu, Fe, ¥n, Bb et 2Zn.

pans les vdgdtaux et aprés une attagque HNO

K, Ca et Ma ont €t dosds par photométrie de flamme; P par colorimétrie au
vanadomolybdate; <Cd, Co, Cu, Fe, Mg, Mn, Pb et 2n par spectroscopie
d'absorption atomique de flamme. L'azote total a €té déterminé selon la
méthode Kjeldahl et les chlorures au chloridmétre aprés attagque HNO {Rejeb,
1986).

Quant aux analyses bactdriologiques, elles ont €td rdalisdes sur les
eaux, les boues, les sols et les végétaux selon différentes méthodes
(Trad-Rais et Saillet, 1986). Un dénombrement des germes appartenant au
groupe des coliformes fécaux (C.F.) et des streptocogues fécaux (S.F.) a été
effectud sur ces divers milieux. Ce dénombrement a €té fait par calcul du
nombre le plus probable de germes (N.P.P.) aprés répartition de 1'incculum et
de ses dilutions dans les milieux de culture ligquides. L'analyse des
échantillons d'eau a comportd, de plus, un dénombrement des coliformes totaux

(C.T.} et des recherches de bactéries pathogénes (Salmonella, Shigella,

vibrions cholérigques).

3, RESULTATS ET DISCUSSION

3.1 L'€tucde de la composition chimicue des eaux, des boues et des sols a
porté sur la détermination de leur teneur en sels, en éléments fertilisants et

en €léments traces.



3.2 Les eaux
3.2.1 Composition chimigue

les analyses ont porté sur 30 & 55 échantillons pour les eaux usdes et
les eaux de puits de la Soukra. Celles des eaux de puits de Nabeul ont &td

effectudes sur une quinzaine d'dchantillons.

Les résultats d'analyse (Tableau II) montrent gque les eaux usdes
traitdes présentent les caractéristiques d'un effluent de gqualitd relativement
bonne. Elles contiennent, en effet, peu de matiéres en suspension (MES=: 14
mg/l) et leurs demandes chimigue et biochimigue en oxygéne sont respectivement:
DCO=50 - 70 mg/1, DBOS:.:-_ 18 - 20 mg/l. Par ailleurs, les eaux sont
caractér isfes par un pH proche de la neutralitd et par une salinitd moyenne &
élevée; leur conductivitd dlectrique varie entre 2,5 et 4 mrhos/cm et la

valeur du résidu sec (R.S.) est de 2g/1.

-

TABLEAJ II

Caractér istigues moyennes des eaux usées traitdes (E.U.)
et des eaux de buits (E.P.) utilisdes en irrigation (en mg/l)

PARAMETRES SOUKRA NABEUL
B.U. E.P. E.U. E.P.
pH 7,6 7,6 7,7 7,9
E.C. 2,97 2,61 3,65 2,24
R.S. 1,82 1,71 2,24 1,43
M.E.S. 13,4 4,3 13,5 2,89
D.C.O. 51 - 69 -
HCO3 370,0 228,5 578,5 390,0
S04 363,0 87,5 417,5 269,5
cl 554 ,0 648,0 687,5 376,5
Cat+ 154,5 249,0 131,5 140,5
Mgt 56,5 48,5 73,5 66,0
nat 366,0 214,0 487,5 211,0
K+ 36,5 3,0 58,0 9,0
Ny 31,5 21,0 54,5 15,0
Py 4,1 0,02 2,5 6,02
(S.A.R.) 6,4 3,2 8,4 3,7

E.C.:mmhos/cm & 25°C R.S.:q9/1 (SAR}: indice d'adsorption du sodium
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Compardes aux eaux de puits, les eaux usdes traitdes prdsentent une

charge saline plus forte et un indice d'adsorpticon du sodium (SAR) plus dilevd.

Les compositions cationigues et anioniques (en még/l) sont telles gues

, + ++ -+

. dans les eaux uses : NA > Ca > Mg > xt
ci > so: = HCO

. dans les eaux de puits: catt = §aTID Mg++ > '
c1'>» HCO, et SO,

Ie faciés des eaux usdes traitdes est donc chloruré-sodique; celui des

eaux de puits est chlorurd-calcique et sodique.

S'agissant des €ldments fertilisants, les eaux usdes traitdes se
distinguent des eaux de puits par leur teneur relativement dlevde en N, P, K.
Les concentrations mesurdes varient d'une station 3 l'autre. Les
concentrations en azote total des eaux usdes traitdes de Habeul sont plus
dlevées que celles de la Soukra. Ces concentrations varient dans un rapport
€gal & 2 entre l'hiver et 1'été, (20 - 40 mg/l) & la Soukra, (35 & 70 mg/l) &
Nabeul. L'azote est présent essentiellement sous forme de sels ammoniacaux
pendant la période hivernale et de nitrates pendant la saison estivale, Les
nitrites sont présents en faible concentration. En outre, dans les eaux de
puits, l'azote est présent sous forme de nitrates. Quant au phosphore total,
il est, dans les eaux usées traitdes, essentiellement scus forme assimilable
par les plantes. On note l'absence de vhosphore dans les eaux de puits. La
comparaison entre les dléments fertilisants dans les eaux usdes traitdes
montre que le phosphore serait apporté en faible guantité par rapport a
l'azote: le rapport N/PZOS/KZO est de 1/0,3/1,4 &3 la Soukra et de
1/0,1/1,3 4 Nabeul (N = 1).

Pour ce qui est des dléments traces, les concentrations mesurdes dans les
eaux usdes traitdes sont fajbles (Tableau III). Elles sont toutes inférieures
aux valeurs seuils fixdes par la FAO (Avers et Westcot, 1985). Les séquences

trouvdes sont les suivantes:

Soukra 3 Pe > Pb > 2n > Ni D> Co = ¥Mn > Cu > Cr > cd
Nabeul : Fe >» Pb > Mn > ZIn > Co NI > Cu > Cr >» CD
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Dans les eaux de puits, la séquence des éléments traces est différente et

ieurs concentrations sont moindres,

TABLEAU IIT

Teneur moyenne en €léments traces des eaux usdes traitdes (E.U.)
et des eaux de puits (E.P.) utilisdes en irrigation ({(en mg/l)

PARAMETRE SQURRA NABEUL Valeurs limites
E.U. BE.P, E.U. E.P. F.2.0. (1)

cd traces traces traces traces 0,0,1
min Q0,00 C,00 0,00 Q,00

Co m 0,05 0,04 0,04 0,03 0,0,5
Max 0,14 0,09 0,09 0,08
min 0,00 0,00

Cr m 0,02 - 0,01 - 0,1
max 0,06 0,03
min 0,00 0,00 c,00 0,00

Cu m 0,03 0,02 0,02 0,02 0,1
max 0,08 0,05 0,07 0,03
min 0,03 0,05 0,04 0,16

Fe m 0,033 0,11 o, 29 0,19 5
max 1,7 C,29 0,78 0,25
min 0,00 0,00 0,01 0,01

Mh m c,05 0,01 0,06 0,02 0,2
max 0,11 0,04 0,10 0,03
min 0,00 0,01 0,00 0,01

Ni m 0,06 a,05 0,04 g,02 g,2
max 0,14 0,09 C,11 G,04
min 0,07 0,10 0,01
max 0,30 0,19 0,13
min Q0,00 0,00 0,00 0,00

Zn m 0,12 0,04 0,05 c,03 2
max 0,46 0,11 0,21 0,05

min 3 minimum m s moyenne max : maximum



3.2.2 Qualite bactérioclogique

La qualité bactériologigue des eaux a €té suivie en entrde et sortie de
station d'dpuration et sur les parcelles expérimentales (Trad-Rais et Saillet,
1986). Les eaux usées brutes de la Cherguia contiennent en moyenne 7,107
C.F./100 ml et 8,106 5.F./100 ml, ILes concentrations des eaux de Nabeul
sont du méme cordre de grandeur. Dans les eaux usées traitdes, la
concentration en CF et SF est de l'ordre de lO5 germes/100 ml. Ces valeurs
correspondent 34 celles que l'on trouve habituellement dans un effluent urbain.

Ia recherche des bactéries pathogénes (salmonelles et vibrions
cholériques) n'a pas permis de mettre en dvidence ces germes, opdration en
général difficile; leur isolement, sur des é€chantillons pc;nctuels est, de

plus, hasardeux.
3.3 Les boues
3.3.1 Composition chimigque

L'analyse des dchantillons de boues prélevds, lors des épandages, sur
les deux sites de la Soukra et de Nabeul {Tableau IV), montre que leur
humidité (H: 25 - 50%) varie largement d'une station d‘'épuration & l'autre et
dans la méme station au cours du temps (le coefficient de variation est )
compr is entre 10 et 40%). Le pH est voisin de la neutralité et leur

conductivitd é€lectrique traduit une salinité excessive.

La détermination des teneurs totales en éléments majeurs met en
évidence une teneur élevéde en Ca, moyenne en M3 et faible en K et Na. Cette
pauvretd en K serait lide 4 la grande solubilitd des composés potassiques

€liminds lors du traitement des eaux.

La teneur en matiére organique des boues, comprise entre 20 et 40s%,
refléte leur origine urbaine, Ia concentration en azote fluctue entre 1 et
2,5%; le rapport C/N, de l'ordre de 8, indigue que ces boues ont été
correctement stabilisdes et refléte leur aptitude 3 libérer de l'azote

(Chaussod et al., 1981).



Les boues €tudides présentent l’avantage d'@tre riches en phosphore total

(0,5 - 1%) et en phosphore présumé assimilable (0,15 - 0,5%). Elles sont donc

suffisamment pourvues en phosphore pour offrir wn certain intérét agricole.

TABLEAU IV

Composition chimique moyenne des boues résiduaires

SCUKRA NABEUL
PARAMETRE 19384 1985 1984 1985
© JUIN AVRIL DECEMBRE JUIN DECEMBRE

H % 25,0 23,3 32,0 25,0 48,6
pH 7,4 7.9 7.7 7,2 7.4

(P,5.) (1/5) (1/5} (P.S.) {1/5)
E.C. 15,9 4,0 3,8 11,5 7.1

{(P.S.) {1/5) {(1/5) {P.S.)} {1/5}
CaCO3¢% 25,0 17,8 20,1 13,2 20,4
M.V. 30,2 22,8 17,5 33,4 27,1
C.orga. 10,2 13,4 10,2 19,6 15,3
c/n 7 6,6 9,9 8,5 6,7
M. S.
By 0,66 0,76 0,54 0,65 0,95
Ca 11,43 6,98 5,10 6,46 7,58
Mg 0,43 0,11 0,45 0,50 ¢,30
K 0,23 0,17 0,26 0,31 0,20
Na a,17 d,14 0,21 0,41 0,14
P.S. 3 extrait de pite saturée CaC03 ¢ = calcaire total
1/5 = extrait au 1/5 M.S. : matidére séche
E.C. 3 conductivitéd dlectrique en M.V, : matiéres volatiles

mmhos/cm & 25°C



S'agissant des dléments traces, les teneurs totales trouvdes (Fig.l)
sont inférieures aux limites fixdes par la norme AFNOR (NF U 44 - 041 (1985))
et subissent des fluctuations notables au cours du temps. Les différents

éléments s'organisent selon la séquence suivante:

Fe>®» 2Zn > Pb > Cu > Mn > Cr > Ni > Co> €d > Hg
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Fig. 1 - Teneur en éléments traces des boues résiduaires

3.3.2 Qualitd bactériologigue

La qualitd bactdrinlogique des boues montre que les concentrations en
coliformes fécaux (C.F.) et en streptocoques fécaux (S.7.) sont sensiblement
du méme ordre lors des diffdrent épandages. Les S.F. sont ldgérement plus

3 4

nombreux que les C.F.; soit par g. de boue frajfche, 9,2 19 CF et 4,6 10

SF (Trad-Rais et Saillet, 1985).
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Afin de comparer la quantité ée germes apportde par les boues 3 celle
appor tée par les eaux usdes traitdes, nous avons pris comme exemple la
campagne d'étd 1985 powr la station de la Soukra. Les quantités de germes ont
€té estimfes powr une unité de surface de 1 em® de sol. Les eaux usées
traitdes ont apporté, pendant cette campagne, environ 280 fois plus de CF et
20 fois plus de SF que les boues.

Boue (40 t / ha) Faux usées traitdes
(600 mm)
cC F/ cm2 de sol 1,8 103 5,2 105
S.F./cm2 de sol 1,8 l()4 4,2 105

r

3.4 Interactions eaux-sols-boues

3.4.1 Evolution des propriétéds physico-chimigues du sol

L'incidence de l'apport des eaux usédes traitdes et des boues rdsiduaires
sur le sol n'a €téd enregistrde qu'au niveau des parametres chimiques. En
effet, 1'dtude de l'dvolution de certaines caractdristiques physiques du sol,
stabilité structurale, densité apparente et perméabilitd, n'a pas permis de
mettre en dvidence des variations nettes entre les différents traitements
(Chaabouni, 1986). Certains effets temporaires ont pu &tre notds tels qu'une
amélioration de la structure du sol aprds dpandage des boues. Etant donné 1la
texture du sol et les doses d'eaux et de boues apportdes, un suivi 3 plus long

terme est nécessaire pour cbserver des changements.

Les modifications de la composition chimique du sol suite 4 1'épandage
des eaux usées traitdes et des boues résiduaires concernent essentiellement la
teneur en sels, en matiére corganigque et en éléments traces (Tableau V). Les
prélévements d'échantillons de sol ont €té effectuds, 3 la Soukra, auv ddbut

(SI) et 4 la fin de 1l'expérimentation.
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ppm terre fine

Pb

cd Co Cr Cu Hg Mn Ni Zn
A (1) 0,27 17 31 24 0,32 248 35 45 45,3
{2) 0,23 17 28 25 0,30 243 36 45 46,4
B (1) 0,30 18,5 31 29 - 250 34 57 63,4
(2) 0,27 21 32 25 - 252 34 63 48,7
C {1} 0,29 19,5 32,5 27 - 252 34 50 50,8
(2) ¢,27 21 42 32 - 254 42 - 50,8
D {1} 0,29 20,5 31 34 - 251 34 62 81,8
{2) 0,28 *19 27 29 - 260 36 60 65,8
{1) 0 - 20 em A @ eau usée traitde
(2) 20 - 40 am B : eau uséde traitde + boue

e 8 g= g

eau usée traitde + fumure mindrale
eau uséde traitée + boue + fumure minérale
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3.4.1.2 Effet de la salinitd des eaux usées et des boues

La salinité moyenne 3 élevée enregistrde dans les eaux (Tableau II) et
les boues (Tableau IV) se traduit aprés €pandage par une augmentation de la
salinité des sols. La conductivité électrigque croft notamment dans les
traitements qui regoivent des apports de boue. On note également un
enr ichissement en ions sodium, chlorure et sulfate qui s'exprime par un
changement du facids chimigue de la solution du sol. Celui-ci évolue du
faciés bicarbonaté-calcique vers un faciés chloruré-sulfaté-sodique comme
celui des eaux usées. L'indice d'adsorption du sodium augmente de méme sur

l'ensemble des traitements.
3.4.1.3 Evolution des teneurs du sol en C, N, P

Par rapport a4 la composition initiale du sol, les traitements (A, B,
C, D) entrainent une augmentation des taux de carbone, d'azote et de phosphore
assimilable., Les teneurs les plus dlevées sont enregistrées dans le

traitement qui regoit des apports de boue.

Concernant la teneur du sol en carbche organigue, on constate une
augmentation, faible dans le traitement A, et presque dquivalente dans les
deux autres traitements. Pour l'azote, on note un effet modéré des boues qui
confirme toutefois leur action en tant que fumure azotde. Le rapport C/N
augmente légérement aprés traitement; cependant, les valeurs trouvées
dénotent une bonne mindralisation de la matiére organique apportde. L'étude
du rythme de mindralisation de cette matiére organique en vue d'une meilleure

adéquation des apports par rapport aux besoins présente un intérét certain.

En ce qui concerne la fertilité phosphorique des sols, les valeurs
présentdes dans le tableau V montrent une augmentation marquée des taux de
phosghore assimilable dans les traitements B et D et laissent supposer une
disponibilité plus importante des ions phosphate pour la plante. La valeur

phosphatéde des boues est ainsi confirmde.
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3.4.1.4 Incidence des apports des boues sur la composition du sol en éléments

traces

Si l'apport des eaux usées traitées n'a pas entrainé de modifications
sensibles, l'apport des boues, par contre, tend 4 accroftre la concentration
des éléments traces. Les concentrations mesurdes dans le sol, notamment pour
le zinc, le plomb et le cuivre, sont en rapport avec celles trouvdes dans les
boues et dénote un pouvoir fixateur important du sol. Ces résultats sont
similaires 4 ceux de Sposito et al. (1982) qui montrent que les taux de In,
Pb, et Cu, enregistrds dans les sols, sont en relation directe avec les doses

de boue épandues.

L'accumulation du zinc, du plomb et du cuivre dans les horizons de
sur face suggére que la matiére organique joue le rdle de pidge gdochimique
pour ces €léments traces. Les associations de ces €léments avec les composés
humigues seraient sous forme de complexes organiques de stabilité variable
(Guillet et al. 1980). D'autre part, la charge carbonatde des sols et des
boues serait & l'ecrigine d'une immobilisation des dldments traces, notamment

le zinc (Emmerich et al, 1982).
3.4.2 Evolution bactériologique des sols

L'étude bactériclogique des sols a €td entreprise en vue d'dvaluer
les risques de contamination des végdtaux 4 partir du sol aprés apport d'eaux

usdes traitdes et de boues résiduaires (Trad-Rais et Saillet 1986).

Du fait du nombre plus élevé de streptocogues fécaux (SF) par rapport
3 celui des coliformes fécaux {CF) dans les sols des parcelles dtudides et de
leur plus grande rdsistance hors de leur habitat f£écal hahituel, les CF

semblent 8tre, dans le sol de meilleurs germes test de contamination fdcale.

la comparaison du niveau de contamination de la couche superficielle
du sol (0-5 am} provenant des parcelles des traitements A (BU} et B (EU+B)
avec celui d'un sol non irrigué prélevé hors du dispositif expdrimental montre

que la contamination des sols recevant des apports d'eaux usdes seules ou
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accompagnées de boues est supérieure mais non significative au cours de 1'étd
(seuil de signification de 2 unitds log) (Fig. 2). L'apport des boues ayant
lieu au début de la campagne estivale en une seule fois et les conditions

climatiques dtant défavorables, la survie des germes est donc limitéde.

On constate que le niveau de la couche superficielle du sol est soumis a
des variations saiscnniéres. En €té, ce niveau est faible du fait de la
dessication rapide du sol; il augmente 3 l'automne et le sol pourrait alors
jouwer un rdle important dans la contamination du végétal; il diminue par la
suite lentement au cours de l‘hiver, les conditions climatiques devenant a
nouveau défavorables pour la survie des germes. Ceux-ci ont toutefois survécu

durant le mois de novembre aprés l'arrét des irrigations.

3

Nombre de CF/g de sol sec
(Echelle logarithmigue)
|

E.B. E.*B

t Prélévement [ jour
apres imgation
10° }

EB Epondage de boues

1021 Valeur par excés
o—nuq Ternoin non irrigué
o—s Eau usée
=== Equ usée boues
10

Ma. Jun Jull. Acu.Sep. Octo.Nov. Déc.  Temps
1985

Fig. 2 - Evolution de la quantité de coliformes fécaux dans le sol
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La texture du sol semble €galement intervenir dans la survie des
germes. La comparaison des niveaux de contamination des parcelles ayant regu
des eaux usédes traitdes montre que les sols de texture sableuse sont
glcbablement moins contaminés que les sols de texture sablo~argileuse, En
été, la différence n'est pas sensible, mais 3 l'automne la décontamination du
S0l sableux semble étre plus rapide; la fainle capacitd de rétention de 1'eau
des sols sableux et l'adsorption des germes sur les particules argileuses

pourraient expliquer ces différences.

3.5 Interactions eaux-boues-plantes

3.5.1 Effet des boues résiduaires et des engrais mindraux sur le rendement

du sorgho fourrager et du piment

3.5.1.1 Ie sorgho fourrager

Les rdsultats prédsentds sur le tableau VI montrent une augmentation du
rendement en faveur du trditement D en 1984. Cette augmentation n'a pas €té
confirmde en 1985 3 cause des perturbations qui ont affecté les irrigations.
En tout dtat de cause, il y a lieu de noter gue l'utilisation des eaux usdes
traitdes permet d'obtenir de bons rendements; toutefois, l'augmentation
enregistréde est plus importante avec un apport de boues résiduaires ou

d'engrais minéraux {(Bouzaidi et Cherif, 1986).

TABLEAU VI

Effet des trasitements sur le rendement du scrgho fourrager {en t/ha)

1984 1985
MV MS MV MS

A 67 xl.,7 40 9,9

B 78 13,1 47 11,6

C 86 14,8 45 11,5

D 90 15,6 42 11,1
Effet s NS
Traitemant

M.V.: matiére verte § s significatif

M.5.: matiére séche NS : non significatif
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3.5.1.2 Le piment

Les rendements obtenus au cours des deux campagnes et résumés sur le
tableau VII montrent un effet significatif des traitements en 1984; le
-classement des traitements dans le sens D B C A observé en 1984, s'est
confirmé en 1985. La comparaiscn des traitements A et C nous conduit & dire
que le piment n'a pas valorisé les apports d'engrais mindraux. Les taux de
déchets, d'autre part, ne semblent pas lids 3 l'utilisation des eaux usdes

traitdes et/ou des boues résiduaires.

TABLEAU VII

Effet des traitements sur le rendement du piment (en t/ha MV)
et sur le taux de déchets (en % du poids total récolt€)

. 1984 1985
Traitement Rendement Déchets Rendement Déchets
% 3
A 8,1 14,5 10,2 7.2
B 10,4 12,5 10,6 7,6
C 9,0 13,5 ig,5 6,7
D 11,8 13,0 11,2 10,5
Effet
Traitement S NS
S ¢ significatif NS : non significatif

3.5.,2 Effet des traitements sur la composition minérale du sorgho fourrager

et du piment

L'analyse minérale (Rejeb, 1986) des différentes parties du sorgho
montre gue pour la campagne 84, les modifications apportées par les boues sont
significatives gour l'azote, le phosphore et le potassium au niveau de la

par tie adrienne mais pas pour toutes les coupes. L'application de la fumure



minérale provoque les mémes modifications que celle des boues., [Lors de la
seconde annde d'expérimentation, les traitements boues et fumure mindrale
provogquent une augmentation significative de la teneur en azote 3 la deuxiéme

coupe, Les teneurs en Ket P, par contre, ne sont pas modifides.

D'autre part, l'apport de boues se traduit par une augmentation de la
concentration en fer pour toutes les coupes durant les deux anndes
d'expérimentation, en zinc et cuivre en particulier en 1985. Par ailleurs, en
1934, l'apport de boues augmente la teneur en manganése des feuilles sans gque
cet effet soit noté 1l'annde suivante. Cette observation pourrait &tre relide
au fait que, les boues épandues en 1985 étant plus riches en fer que celles
épandues en 1984, l'absorption du mangandse a pu &tre limitée par phénoméne
d'antagonisme. En ce qui concerne les autres £léments traces, aucune’
influence de l'apport des boues n'a pu 8tre mise en dvidence de maniére

gignificative,

En ce qui concerne le piment, les mémes observations ont &té faites
pour N, P, K, Fe, Zn et Cu. Ainsi, l'apport de boues permettrait une
meilleure alimentation de la plante en oligo-éléments. Les gquantitds
d'éléments traces apportdes n'ont cependant pas été suffisantes pour entrafner

des augmentations significatives de Cd, Co ou Pb,

3.5.3 Qualité bactériologique du sorgho fourrager et du piment

Dans le cas des deux cultures étudides, l'utilisation des boues
résiduaires n'a pas entra®né une dégradation de la qualité bactériologique des
preduits. Le niveau de contamination fécale a ét€ du méme ordre pour les
traitements A et B (Trad~Rais et Saillet, 1986). Les résultats de l'essai

réalisé sur le sorgho sont présentés sur le tableau VIII.
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TABLEAU VIIT

Effet de l'utilisation des boues sur le niveau de contamination
fécale du sorgho

CAMPAGNE 84 CAMPAGNE 85
Juillet 84 Septembre 84 Aolit 85 Septembre 85
A CF/g 8,8.103 1,3.10% 6,4.101 6,0.102
SF/q 5,0.103 1,3,10% 6,0.103 2,8.103
B CF/ 9,5.104 7,2.104 9,5.101 2,2.103
SF/q 1,7.103 1,8.103 1,1. 04  1,5.108
cr/ : coliformes fécaux par gramme de sorgho
SF/g streptocogques fécaux par gramme de sorgho

L'étude de la décontamination naturelle du sorgho fourrager a montré que
la disparition des germes’fécaux apportds par les eaux usdes traitdes est
rapide en début de campagne. A partir de l'automne et en raison des
conditions climatiques plus favorables, ces germes survivent plus longtemps
sur les plantes. Par consdquent, une culture fourragere irrigude avec des

eaux usées ne doit pas 8tre tardive.

L'essai réalisé sur piment a montré gqu'avec ce type de culture (plantes
espacdes donc bien ensoleillées, fruits lisses ne favorisant pas l'adhérence
des bactéries), la survivance des germes inddsirables sur les fruits est
Llimitde. Ia plus forte concentration en coliformes fécaux, obtenue sur les
piments au cours des deux campagnes, est de 2,5.104 germes par 100 g de
piment. Cette valeur limite est du méme ordre de grandeur que celle des
échantillons de piment achetds au marché. Cela signifie que la contamination
bactér ienne qui résulte de l'irrigation avec des eaux usdes traitdes et de
1l'apport de boues est au maximum égale & celle qui peut survenir lors de la
manutention des produits agricoles. Il a été dgalement démontré que pour les

piments les plus contaminds, un lavage avec une eau propre abaisse
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significativement leur niveau de contamination fécalej; la qualité
bactériclogique de ces piments lavés était dquivalente d celles des fruits

témoins.

3.6. Valeur fertilisante et charge polluante des eaux usdes traitdes et

des boues rdsiduaires

L'étude de 1l'évolution de la composition chimique du sol suite &
l'épandage des eaux usées traitdes et des boues soculéve le probléme des
avantages et des risques présentés par leur utilisation en agriculture. Il
impor te donc d'évaluer la valeur fertilisante, la charge polluante de ces deux

milieux et leur limites d'utilisation.

Une estimation des unités fertilisantes (N, PZOS' KZO)' et des
éléments traces apportés par une hauteur d'eau de 600 mm (valeur correspondant
4 une irrigation estivale moyenne) et par 30 t MS/ha environ de boues 3 chaque
épandage conduit aux valeurs suivantes (Tableau IX).

Compte tenu des exportations en N, P'ZO5 et K20 par le sorgho qui ont
€tf respectivement de 100, 30 et 140 kg/ha/an (Rejeb, 1986), on remargque donc
gue les unitds fertilisantes apportdes par les eaux usdes traitdes peuvent
étre en excéds., Si des doses importantes de phosphore et de potassium ne sont
pas un obstacle pour leur utilisation, des apports d‘'azote, supérieurs aux

besoins, pourraient prdsenter des risques pour les plantes et/ou les nappes.

Quant aux boues, si les doses en Net 9205 sont excédentaires, celles
de K sont par contre déficitaires; un complément en engrais potassiques
serait, dans certains cas, scuhaitable, L'utilisation oconjugée des eaux usdes
traitédes et des boues résiduaires permettrait ainsi d'obtenir une composition
equilibréde. £n effet, l'utilisation des eaux usées traitdes a permis
d'cbtenir de bons rendements; toutefois, l'augmentation enrsyistrée, pour les
deux cultures expérimentdes, est plus importante avec un apport de boues

résiduaires ou d'engrais minédraux.



- 178 -
TABLEAU TX
Quantitds d'éléments fertilisants et d'éléments traces (en kg/ha)

appor tédes par les eaux (600 mm) et les boues (30 t/ha/an)
sur les sols de la station expérimentale de la Soukra

MILIEUX EAUX BOUES
PARAMETRE E.P. E.U.
M.S. - - 30,350
c - - 3,588
N 126 189 532
P205 0,3 5,.4 494
. K20 23,2 262,2 73
cd traces traces 0,17
Co 0,24 ‘ 0,30 6,53
Cr - 0,12 1,96
Cu 0,12 6,18 6,34
Fe 0,66 1,98 375
Hg - - 0,06
Mn 0,08 0,30 4,49
i 2,30 0,38 0,86
Pb 0,96 1,14 11,87
Zn . 0,24 0,72 20,55

L'analyse mindrale des diffdrentes parties du sorgho et du piment a montré
(Rejeb, 1986) que les modifications apportées par les boues sont
significatives pour l'azote, le phosphore et le potassium au niveau de la
partie adrienne, notamment pow la campagne 1984, mais pas pour toutes les
coupes ou récoltes. L'application des boues a entra®#né des augmentations du

méme ordre ou supérieures & celles de la fumure minérale.

Cependant, la question du devenir et de l'efficacité de ces unitds
fertilisantes dans le sol se pose., Si 20 & 40% de l'azote des bouss dtait
ninéralisé€ pendant 1l'année qui suit l'épandage (¥F U 44-041(1985)) et 50% du
phosphore total utilisé par les végétaux (Cohen, 1979), les doses apportdes
par 30 t. MS/ha/an seraient équivalentes 3 celles apportées sous forme

d'engrais minédraux.
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Par ailleurs, l'dpandage des eaux et des boues est dgalement conditionnd
par leur teneur en €léments traces. Etant donné les faibles quantitds
apportées 3 1'hectare par les eaux usées traitfes, les risques de pollution
des sols et des nappes sont réduits. L'utilisation des boues doit par contre
ob€ir 3 certaines normes. Afin de protéger les sols d'une éventuelle
pollution, nous nous sommes référds 3 la norme AFNOR (1985). Le calcul du
nombre maximum d'anndes d‘'dpandage des boues en tenant compte du stock initial
en dléments traces du sol de la Soukra conduit aux valeurs suivantes (tableau

X}.

TABLEAU X

Nombre maximum d'années d'épandage des boues (30 t/MS/ha/an)
sur les sols de la Soukra

Stock initial Stock maximal Nbre max. années

Eléments du sol en kg/ha admissible dans d la dose de

le sol en kg/ha 30t M5/ha/an
cd 0,81 6 27
Cr 77,4 450 183
Cu 78 300 33
Hg 1,2 3 45
Ni 102 150 48
Pb 117 300 13
Zn 132 900 54

Le sol, soumis 3 des apports successifs de 30 t/MS/ha/an de boues, atteint
donc rapidement des valeurs seuils en particulier pour le plomb. Il est par
conséquent nécessaire de réaliser des simulations afin de définir les doses et

les fréquences d'apport en relation avec les pratigues agricoles.
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4. CONCLUSION

L'utilisation des eaux usdes traitdes et des boues résiduaires comme
ressources additionnelles en agriculture s'avére intéressante dans les zones

arides et semi-arides.

Les premiers résultats cbtenus en Tunisie au cours de nos essais se
rapportent 4 l'étude de la composition chimique des eaux, des boues et de

leurs effets sur le sol.

L'évaluation de la valeur fertilisante et de la charge polluante de ces

deux composantes, montre gques

- les eaux usdes traitédes et les boues présentent une charge saline

moyenne 3 dlevde sans toutefois présenter de risques d'alcalinisation;

- la fraction solide, scoit les boues, constitue un potentiel de
matidres organiqué et minédrale fertilisantes. Ce potentiel subit

toutefois des variations spatio-temporelles notables;

- les teneurs en €léments traces des eaux et des boues demeurent en

dessous des seuils de toxicitd;

- les eaux usédes traitdes et les boues résiduaires prdsentent un niveau

"normal® de contamination fécales

- l'action conjuguée des eaux usdes traitdes et des boues permet
d'obtenir une composition quilibréde en didments fertilisants mais

cependant excédentaire dont il faudra tenir compte.

L'épandage des eaux usées traitdes et des boues résiduaires sur la
parcelle expérimentale de la Soukra, caractdrisde par les sols alluviaux de

texture argilo-sableuse 4 sableuse entragnes
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- des modificaticns peu importantes des propridtds ghysiques et du
niveau de contamination bactériologique des sols; les effets
enregistrés au cours des deux campagnes d'essai ne sont pas

significatifs;y

- les différents traitements expérimentaux se traduisent par des
meodifications impor tantes de la composition chimique du scl. O©On
observe une augmentation de la conductivitd électrique et une
évolution du faciés géochimique de la soclution du sol
(picarbonatd—calcique chloruré-sodigue). Parallélement, on note
une augmentation modérde des taux de C, M, et de phosphore
assimilable dans le sol. Les éléments traces se concentrent dans les
horizons de surface, notamment Zn, Pb et Cu, mais ils ne constituent

pas 4 court terme une charge polluante.

L'apport des boues résiduaires se traduit, par rapport 3 la fertilisation
minérale classique, par une amélioration des rendements du sorgho et du piment

et un accroissement de leurs teneurs en N, P et K et en oligo-dléments Fe, Zn,

cu.

La décontamination naturelle du sorgho fourrager est rapide en été et
lente en automne. Quant au piment, l'essai rfalisé ne montre pas une

contamination particuliére des fruits.

La détermination de la durde maximale d'épandage des boues montre que leur
untilisation rationnelle nécessite l'élaboraticn de normes fixant les

concentrations limites en éldments traces pour les boues et les sols dans nos

conditions spécifiques.
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1. ERE-USE OF SELAGCE FOR IRRIGATICH AMD LAND RECTALATICON

Conestic sewage in Egypt ocontains abecut 0.2% of total suspended,
soluble crganic and incrganic sclids and about 1000 million pathegenic and
ncn-vathcgenic bacteria per 100 ml in addition to viruses, wnicsilular and
muiticellular parasites.

The discharge of raw sewvage into water streams leads to pollution anc
severe deterioraticn in the guality of the water.

The pollution may be sc severe that there is ccmplete depleticn of
dissolved oxygen in the stream leading to the disappearance of aquatic life
and anaercbic reacticns prevail leading to unpleasant odours.

The extent of the polluticn is aggravated if untreated industrial
wastes contamning heavy metals are discharged to public sewers.  Some
industrial wastes contain toxic chnemicals which can give rise to serious
envircamental prcblems if the industrial wastes are not pre-treated before
being discharged to public sewers.

Cenventicnal wastewatsr treatment does not lead to complete avoidance
of health risks as the treated wastewater still contains abcut 10 millicon
E.coli / 100 ml (S9% remcval of bacteria). Also, the secocndary treatment
camot remcve soluble heavy metals and toxic chemicals. on the contracy,
it may be affected if they exceed certain limits whicdh are detrimental to
biological treatment.

This necessitates the pretreatment of industrial wastes before they
are discnarged into public sewers. In additiun, tertiary treatment is
called for and/cr disinfection before discharge of treated sewage into
water streams. The re-use of treated wastewater foy irricatiun needs
careful study of the suitavility of tais water for irrication, tae
avoicance of any iwalth risks due to propacatiun of disease cor the buiid-up
ocf heavy metals and refractory creanics inte irrigated scil and taeir
accunulaticn in ediblie parts of certain genotypes of plants. This also
czlls for a careful selection of the proper type of icrigatiua, creps to Le
cultivated and tne disinfecticn of treatea sewage befcre being re-used.

2. FUUDALEINZL COLSIDERATICLS IV RE-USL CF WISTEWAITR EOR IRRIGATICL

fricaticn, the jpredorinant lanc treatment precess in use  tocay,
uwolvey the applicaticn of effivent to tiie lanu for treaunent and to meet
the cronti needs of plants. The appliec effluent is weated by physical,
chaemlcal ana biclogical neans as it seeps into tne soil.



The peroolaticn of primary treated effluent tnrcugn 1.5 netres of soil
in Abu Fawash has shown the following quality-

Canstituent Concentration
B.O.L. 25 mg/l
Suspended Solids 30 mg/1
Ammcnia Nitrogen as N 10 ng/1
Total Nitrogen as N 18 mg/1
Total Phosphorus as P 0.15 mg/1

The hignh quality is due to the fact that soll surface and profile can
provide physical and chemical treatment of wastewater and a habitat for
micro-crcanisms that can provide bioclogical treatment. The ability of land
treatment systems to remove organics, Nitrogen ghosphorus, exchangeable
caticns, trace elements and micro-orcenisms from applied wastewater depends
cn a variety of factors.

Orcanic iltter- Crganic matter is filtered by topsoil and is reduced
by bioclogical oxicaticn.

Because high oreanic loading may create anaercoic conditions in the
soil and matrix and result in the producticn of odours, an intermittent
loading schedule is used. This allows air to penetrate the soil and to
supply oxygen to the bacteria that oxidize the crganic matter,

Nitrogen+ Crop uptake is the main mechanism. The quantities of
uptake vary widely acccording tc the crop planted. The relaticnsnip between
orcanic matter measuwred as B.O.D., N is important to the removal of total
constituents (Table I). -

Table I

Typical Patios of B.O.D. to Nitrogen for Various Types of VWastewaters

Type of VWastewater B.0.D./N Effects on Biological
Ratio Pecompositicn

Many food-processing 80 - 100 Carban assimilation

wastewaters relatively slow-

available soil nitrocgen
immopilized and made
less available to

plants.
Livestock manure 20 carbon assimilation not
limited, nitregen

available to plants.

Nitrogen in excess of

tn

Untreated municipal

wastewater bacterial needs for
carbon assimilation,
released to soil and
pPlants.

Seccndary effluent 1-2 Carpon limited for
denitrification,

nitrocen released to
soil and plants.
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Phosphorus® The majer pnoespncrus removal in land agplication by
. L e e it . . . . R - . w
irrigaticn i1s oy chemical precipitatiun and adscrpricn althougn plants do
take up scme FhoSLaCrus.

The remcval of koth nitrogen and phosghorus by different crogs is
ghown in Table II.

Table IX

Nitrogen and Phosphorus Remcval by Crop

Type of Description tirtrogen Phospherus
Vegetation kg/hy kg/ha

Field Crops

Barley Winter annual 70 17

Corn Summer annual i74 19

Cotton Summer annual 74 13

Milomaize Surmer annual 91 16

Soybeans Summer annual 105 12
le'gmne

The phosghorus which occurs mainly in the form of cartho-phosphate is
adsarbed by clay material and certain organic soil fraction in the soil
matrix. Chemical precipitation with calcium (in neutral to alkaline ph)
and iren cor aluminum in acid gh occurs at a slower rate.

Adsorbed phosphorus can be held tightly and is generally resistant to
leaching.

Exchangeable Caticns-e Exchangeable catims, particularly scdium
calcium and macnesium icns, dJdeserve special cunsideration because high
sodium concentraticns in clay-bearing soil disperse soil particles and
decreases s5cil permeapility. To determine the sodium hazard, the SAR is
used-

SRR = Ma/l (ca + mc_;)G.Slo-5

High SAR value > ¢ may adversely arfect the permeability of fine textured
scils. Cccasionally, hich sodiun cocncentrations in soil can de toxic to
plants although the effects on permesbility occur first.

Cenerally speaking, wastewater SaR in Egypt 1is reasonable (Zable
III). It is very hiign 1n scne coastal cities like Suez and Alexandria, due
to the infiltraticn of sukcoll water intc the sewerage system.
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Taple IiI{aj

Camparisan of S.A.R. and Saliaity of Different
Surface, Uncdergrcund and wastewaters in Egypt

E.C. mus T.D.5.
S.A.K. nchs/crs pon

River Nile 0.86 260 195
Part Said Faw Sewage 7.4 1200 850
Ismailia Raw Sewage 3.8 €00 630
Alexandria Faw Seimge 9 2200 1800
Suez Raw Sewage 15 5000 4240
Avu Fawash Sewage 2.8 1700 1350
(used for irrigation)
Helwan Paw Sewage 5.1 1500 1200
Undercroumd jfater Sample 14 5000 5050
taken from El Saf
Gabel El-Asfar . 2.9 1250 1120

Faw Wastewater

S.A.R. + Scodium Adscrption Faticn

Salinity - Total Dissolved Solids

E.C. + Electric Cenductivity micro mons/cm
Table III{b)

Different Parameters for the Suitability of Wastewater for Irrigaticn

Value
Parameters Suitable toderately Unsuitable
Suitable
Salinity estimated Lower than 750 750-3000 lcre than 3000
in terms of E.C
micromeas
S.A.K. 0~-3 3 -9 More than

Trace Metals+ Although many trace elements are essential for plant
growth, scme bpecome toxic at higner levels to both plant life and
micro=-or¢anisms. Retenticn of trace metals, especially neavy retals, in
the scll matrix occurs mainly through adscrpticn (the term  includes
adscorpticy ane precipitavicn reactiuas) and icn exchange.

The retentiun capacity for most soils is generalliy high, espscially
for ph values abwve 7. Under low ph conditions, sume metals can be leached
cut of sciis.
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faicre-orcanlsnse  EFacterial repoval mecnanisms comnkn o most methods
of land applicaticn include straining, wue-off, sedimentatica, entrapment
ané adscrrticn. In the wastelwater sprinkling system, scme bactecia are
intercepted by vecgetaticn where disinfection, aie-otf and predatcrs
eliminate them.

Puplic liealth+ Aspects of public nealth related to re-use of
wastewater for irricaticn include-
i}  ©pactericlogical agents and the possible transrissicn of disease to

higher biclogical forms including humans
i1) cnemicals that may reach grauncwater and pose risks to health if

injected
iii) crop guality when crops are irrigated with wastewater effluent.

Groundwater Quality- The U.S. mvirommental Protection ZAgency
regulations on interim primary water standards are listed in Table V.
Because nitrate has been demcnstrated to be the causative agent of methemo
glopinemia in children, its concentration in drinking water is limited in
the standards tc 10 mg/l as nitrate nitrogyen. BAs indicated, nitrogen can
be menaged in land treatment systems by pramoting grawth uptake or
denitrificaticn tc maintain the nitrate nitrogen below 10 mg/l in the
gromdwater. The trace elaments are usually removed by adsorption ar by
chemical precipitaticn within the first few metres of soil. In many cases,
however, the concentraticns of trace metals in the effluent pricr to
application are usually below those limits set in Table IV,

Table IVi{a)

Peccmmended Maximum Concentraticns of Trace Elements and Toxic
Substances; Eeavy Metals in Ircicaticn later

Element For waters used For use up to 20 years
Symbol centinuously on on fine te textured scils
all soils mg/l of pk 6.0 to 8.5 mg/1

Aluminium (Al) 5.0 20.0

Arsenic (As) C.1l 2.0
Beryllium (Be) 0.1 0.5

Boren (B) {See Table VII) 2.0

Cadmium (G4) .01 0.05
Chromium {(Cr) 0.1 1.0

Ccbalt (Co) 0.05 5.0

Copper {Cu) 0.2 5.0
¥Flucride (F) 1.0 15.0

Iron (Fe) 5.0 20.0

Lead (Pb)} 5.0 10.0

Litniua (Li) 2.5 2.5
Fancganese (i) 0.Z 10.0
Lolybdenum (to) 0.01 0.05

Nickel (11} g.2 2.0
Selenium (Se} G.02 0.02
Vanadium (V) C.1 1.0

Zinc (zn) =.0 13.0

Souvrce+ HmIHwircnmental Studles Eoard,
Maticnal PAcadeny of Ingineering, ".ater Quality Criteria”, 1972.
These levels will narmally not aaversely affect plants scils,

latiwnal

available for rercury {liy), Silver (&3), Tin {8n).

Eecommended  maximum

ng/l. For

nigh iren oxide contents.

cencentration  for

irrigation citrus is 0.073
nly acid fine-textured scils or acic scils witn relatively

Academy of

Science,

o cata



Table IV(b)

Reccomended Dose
Heavy Metals/Hectare/20

Metal

Cr Mot more than 1000 kg per hectare per 30 years.
Mi Mot more than 70 kg per hectare per 30 years.
Cu Mot mere tnan 280 kg per hectare per 30 years.
ad Not more than 5 kg per nectare per 30 years.

£ine Equivalent = 2, mg/l + Cumg/l x 2 + Ni mg/l x €
ot mere than 7.7 kg/acre per year.

8

Table V

Proposed Regulaticns of the U.S. Enviraamental Protection Agency
On Interim Primary Lrinking Water Standards, 1975 (73)

Constituent or

Characteristic ‘ Value Peascn for Standard
Physical Turbidity

units Chemical, mg/l 18 Resthetic
Arsenic 0.05 lealth
Barium 1.0 Health
Cadmium 0.01 Eealth
Chromium 0.05 Health
Flucride 1.4-2.4P feal th
Iead .05 Eealth
Mercury 0.002 Health
Mitrates as N 10 Bealith
Selenium 0.01 Ilealth
Silver 0.05 Cesmetic
Total coliform

per 100 mi 1 Diseacse
Pesticides, mg/l
Endrin 0.0002 Heaitn
Lindane 0.004 Heailth
Hethoxyonlor 0.01 Health
Toxanene 0.005 Health
2,4-D 0.1 Eealtn
2.,4,5~TP 0.0% Health

a Five ny/L of suspended solius may be substitutea if 1t
can e Jemcnstrated that it does not interfere with
disinfecticn.

b Dependent upon temperature, _hicher limits for lower
temperatures. Note mg/L=g/m3
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Averace, iaxinus and Linimum Leavy tetal Content in Seviage in Abu ravasi
(Settled CSludce Issued for Irricaticn)

Maximum rininum Average
Elepent Raw  Settled Raw ESettied Raw Settled
Cadmiun 0.06 0.02 0.011 0.008 0.03 0.01
Carcmium 5.2 1.95 1.8 0.33 3.62 0.89
Ccbalt 0.51 0.20 0.13 0.12 0.30 0.16
Lead 2,37 1.48 0.26 0.18 L.08 Q.67
Manganese 1 1 0.40 0.33 0.70 0.67
Nickel 0.35 0.26 0.17 0.17 0.2 0.22
Zinc 2.30 0.67 0.35 0.28 1.40 0.48
Lead 3 2.5 0.62 0.15 1.5 1.32
Copper 0.1 | 0.35 0.11 0.07 0.4 0.22

Bacterial removal from effluents passing through fine soils is quite
ccmplete. It may alsc be extensive in the ovarse, sandy soil used for

irrigaticn.

Sprinkle irricaticn for re-use of treated wastewater is limited
because it needs a very high quality of effluent due to the fact that
sprinkler irricaticn leads to the formaticn of aercsols which may travel
for more than 2 kilometres by air depending on tne humidity and temperature
of the enviromment.

It has been reported from research using fluorcscine and similar
ccmpounds  that about 0.5% of the used wastewater 1s transformed into
aercsols. This may lead to the tnreatening of larce areas of domestic
dwellings in the vicinity of the irricated land if the amount of sewage
used is substantial or if no buffer zames are taken into cmsideration
before applicaticn. ULisinfection with chlerine does not etininate the
health risks because scme viruses are very resistant to its acticn. Also,
chlcrine may result in the formation of chlorimated organic compounds, some
of which are carcincgenic.

The tertiary treated and disinfected effluent may suit sprinkle
irrication if cost is not the limiting factor.

Sand filtraticn is the best tertiary treatment for virus and spore
bacteria remcval. To avoid cnlorinmated crganics, czZocne my be preferred
for disinfecticon.

The use of sprinkle irricaticn may be recommended if the proper
treatment is adopted to mest the quality standards needed and if the amcunt
o treated sevage is limited.

ihe guality standards of effluents used vary in different countries
and are generally tailored according to the kind of crop and the kind of
clirate prevailing. Strict quality standards are needed when the climate
is hot, hunid and windy and when the inhabitants live close to tne
irricated area <r when they have access to the irricated lanasaape or when
raw edible crups are grown. Cn the contrary, the stanuara of 1000 E coli
per 100 rd is acceptable when surface or drip irrigaticn 1s applied.
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3. RL-USL COF ,ASTEVJACTR I LAND RECLAAGION Iii CAIRQ CITY

The re-use of primary treated wastewater in Cairo City has been
rractised for more tnan 60 years in the Gabal El-Asfar Sewage Farm. &bout
4,000 acres of desert land has been reclaimed and irricated by surface
irricaticn using primary treated sewage.

The re-use of primary treated wastewater was adopted for 20 years kut
for the next 40 years alwmost entirely raw sewage was re-used when the flow
reaching Gabal El-Asfar exceeded dowle the capacity of the primary
treatment works. Citrus, pecan and palm trees were grown on
sewage-irricated desert land. Although the preductivity of the land
increased gradually due to the increased field caracity and other ghysicai,
chemical properties, <rcanic matter of the soil, yet it became less
productive with the centinuous irricaticn using raw sewage due to the
clogging ©f scil-particles as a result of the accumuiaticn and retenticn of
fat and grease cn the top surface layer which led to ponding of sewage and
rreventicn of re-aeraticn of soil matrix.

The undergrownd water became polluted and the commmity living in the
farm suffered from various wastewater-barne diseases. Since the flow
reaching Gabal El-Asfar Farm far exceeded the reclaimed area, the flow
discharged directly to the drain without land treatment was substantial and
the Gabal El-Asfar drain became grossly polluted. Eeavy metals built up in
the soil and their presence in the crops crown due to tile lowering of the
soll pli was noticesanle.

It is estimated that the Cairo sewage flow is at present 2 millim
cubic metres and it is predicted to reach 4 million m3/day in the year
2000. A large project is now under way comprising a deep tunnel (5 metres
in diameter) on the eastern pank of the River Nile which will deliver its
wastewater to a new pumping staticn constructed in Ameria which will pump
wastewater to a new activated sludge treatment plant adeguate to treat 3
millicn m3/day by the year 2000. The chlorinated secondary effluent will
be re~used for irrication of reclaimed desert land on the eastern side of
the Nile. On the western side of the Nile, another project is now being
censtructed, comprising new collectors and a new pumping station in Giza
district wnich will pump wastewater to a new activated sludge plant on the
western side in Abu-Ravash. The cnlcorinated secondary effluent wili also
be used in tne irricaticn oOf reclaimed desert land.

A new prcject for Helwan 1s now being canstructed and the seccndary
chlarinated effluent will be re-used for irrication of ceclaimed desert
land on tile scutnern eastern part of Greater Cairo. The treated and
disinfected flow for the industrialized kelvan city will reach 1/2 millicn
m3/clay ard will be mixed witn suriace water frum tne Rile prior to
re-use, pbecause of the nigh salinity of tne selage.

New projects of sewerage and purificatin works are now also designed
ana will ke carried out covering mest of tie country by tne year 2000. It
is estimated to reach 5 miilic m3/'c.'aay. fiopefully, tiis wastewater will
also irrigate the desert land on both sides of the river Nile in Upper and
Iower Egvpt.
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It is estimated that tae green area to oce adwed to the dile Valley
will reach 1 million acres by the year 2000. ‘lhe situaticn is at present,
the dascharce of rav or primary treateu sewage to tne different dcains but
gracdually, acccrding to the strategy adopted, tne disgosal of sewage by
land application after secondary treatment and disinfection will increase.
Pollution of drains should decrease (Fig.l).

A new guality standard for land treatment will ke issued limiting the
E. Coli to be 1000/100 ml in the chlorimated effluent befcre re-use bv
irrication using drip and surface irracatica.

REUSE AND DISPCSAL
OF EFLUENT IN EGYPT
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Fig. 1 Re-use and Lisposal of Effluent In Egypt

4, CASD SUUDY

Fesearchh has veen carried cut in Ayu Fawasa using raw sewage with a
B.C.L. of abxut 70C ppm, eguivalent to raw sesage fram commmities where
the per capita cunsumption of water is abcut 70 litres. The re-use of this
effluent for four years has sicwa the forloving findingse
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1) crganic matter increased in tne surface layer of tne scil from 0.1
to 0.45%

ii) pIl decreased from 8.5 to 6.5

iii)} the water holding capacity of the soil increased from 8.92% to 30.4%

iv) field capacity increased from 7.12 to 17.42%

v) exchangeaple sodium percentaga (L.S.P.) decreased from 12.85 to 3.79%

vi) cation exchange capacity {C.I.C.) increased from 1.4 to 4.75 meq/100
gm of soil, leading to scil fertility anc its water holding
capacity, and the available elements are readily abscrbed by plants

vii) productivity of different crops (e.g. beans, termis and maize)
reached a peak after four years of centinucus surface irrigation
(e.g. preducticen of maize kg/acre)

Year 1880 1981 1s€2 1983 1984
. Producticn 700 1620 i7GC 1750 2000

viii] scme heavy metals accumulated in plant tissue (for example, In in
beans reached 171 ppm on the basis of dry weight and in termis, 50
pra ~Table VI)

ix) scme heavy metals accumilated in the surface layer of the soil (for
example, Cd increased from 0.05 to 0.15 ppm, Co increased from 1.67
to 1.76 pon, Cr increased from 0.56 to 0.67 pom, Iran increased from
1.6 to 65 ppm, lead increased from 0.88 to 7.25 ppm and Ni increased
from 0.29 to 0.99 pem (Figs. 2,3,4,5).

Table VI
pm Eeavy detals in Edible Parts of Different Crops Grown in 2bu Fawash
(on Lry Veight Basis)

tame of

Plant Zinc Iron Copper Nickle Chromium Ccbalt Cadmium
Beans Irricated

by Surface Water 58 335 14 z2 24 29 4
Beans Irrigated

by Sewage 171 218 9 23 19 13 2
Barley Irrigated

by Surface iater 4Z 133 & 27 20 30 3
Barley Irricated

by Sewage 40 101 4 25 21 35 3
Termis Irricated

by Surface tater 43 332 7 23 25 24 3
Termis Irricated

by Sewage 58 24% 7 43 26 28 3
Citrus Irrigated

by Sewace jatec 23 56 3 14 11 15 2

Citrus Irricated
by Sewviace 20 127 l.a 21 1l 15 2
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In Cairo, there are many wastewater P.S., e of which is Abu Fawasn,
18 km M of Cairo. The wastewater pumped to Abu PRawasn is primary and
secondary wasted sludge extracted fram Zoniun purificaticn works diluted
with ncrmal sewage. After primary sedimentaticn, the effluent is re-used.
B.0.D. of raw water reaching Abu Ravash is of tne crder of 2000 ppm so it
camnot be used for irrigaticn, owing to its high arganic laad.

After primary sedimentaticn, the effluent of abacut 600 to 700 ppm
B.0.D. wnich is eguivalent to raw sewage in communities with relatively low
cansumpticn (60-70 litres/capita/day) was used for the last four years by
surface irricggtion. The following parameters which are the limiting
factors in waste re-use were determined-

i} salinity and T.D.S.

ii) scdium abscrption raticn

Jiii) organic lcad and biodegrade ability
iv) heavy metals content.

Samples of sewage taken from different locations and surface and
underground water were taken and analysed and compared with wastewater
re-used in Abu Rawash, are shown in Table III(a).

.

) AVAILABLE COBALT, CHROMIUM IN SOIL
BEFORE AND AFTER IRRIGATION
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Fig. 2 Available Ccpalt Chromium in Scil Eefore and After Irrigation



| ZINC, CADMIUM IN SOIL
BEFORE AND AFTER I[RRIGATION
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Fig. 3 zinc and Cadmium in Soil Before and After Irrigation

i LCAD AND NICKL IN SOIL
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Fig. 4 Lead and lildiel in Suil Defore ana After Irrication



l (RON AND CUPPER IN SOIL
BEFORE AND AFTER IRRIGATION
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Fig. 5 Iren and Copper in Soil EBefore and After Irrigaticn

It is cbvious that the majarity of raw sewage 1is suitable for
irricaticn frem the salinity and S.A.R. and heavy metal content point of
view. The sewace from scme coastal cities (e.g. Suez) is high in salinity
and S.A.R. (S.A.R. 15 and E.C. 5000) due to infiltration of subsoil salt
water into the sewerage system and this leads to the unsuitability of
wastewater for irricaticn and land reclameticn (Table IIla). Analysis of
stbsoil water in a ccastal city is attached. Table III also indicates that
wastewater 1is scmetimes more sultadle for land reclamaticn than scme
underground water (for example El-S8af, 70 km scuth of Cairo).

Table IIIL indicates the limiting factors for re-use of wastewater for
irrication. Taple IVb indicates tnat heavy metals should not increase more
than a certain duse/hectare/30 years.

As snuwn an Table VII, heavy metals find their way to wastewater fiom
the discharge of certain industrial wastes to the sewerage system i1f not
eliminated at the souwrce. Cadmium is the most toxic element to man and
scme crops have the a tendency to accumulate this element in their tissue
mcre than others - . It has keen prwen medically that a continucus
intake of cadmium in the diet and by the respiratory tract in certain dcses
(more than 610 ug/day for 50 years) leads te failure in the kidney function
and if the dcse exceeds 3000 ug/cay, leacs tc toxication. Cd unites witn
the soluble protein thicnein (11000 nmolecuie weignt; which leads to
detericration of the Kidney functicn.



Industrial

waste Cadrmium Chromium Hercury Copper Lead Zinc
Metallurgical lastes x b4 X X ® X
Paint ard Dyeing Vastes X X X X X X
Electroplating iastes X X X X
Rubber and Plastic b X

Wastes

Battery Wastes x X x X
Textile lastes X X

Paper Industry iastes X

Tannery wastes X X
Pharmaceutical iastes x

Cadmium in Abu Rawash wastewater is still below the limit (about .01
pem). Also, its concentraticn in dry sludge is about 1.7 ppm (the sane
concentration in faeces) which indicates that its main scwoe is domestic
sewage but this may increase in the future cdue to discharge of some
industrial wastes. This will necessitate its eliminaticn at source and
careful selection of the crops to be grown by wastewater. Some phosphatic
fertilizers contain hich concentraticn of cadmium which may threaten human
health if used continucusly, for it will accumulate in the suriace layer of
the soil and may enter the food chain (Table IX).

Table IIX shows the concentrations of some heavy metals dischacged to
sewage reacning Abu Rawash. Although no iron is yet present in industrial
wastes finding their route to Abu Rawash, its cocncentrations in the sewage
are relatively hicgh leading te its accumulation in the soil and scme plant
tissue. Its sowrce is the rising main due to the low pH and high hydrogen
sulphide content of liquid sludge pumped to Abu Rawash.
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Tasle VIII

tdeavy letals in Industrial lastes Discharged Abu Fawash {ppm)

Factory Cadmium Chromium Iead Zinc
Tannery iastes 0.02 65 1.5
Eattery Factcry g.02 - 25 1.5
Matienal Co+ for Plastic 4.5

If sewage is used for irricaticn 50 m@/d cantaining 0.01 mg cd
Annual Doses=

Table IX
Heavy Metals in a Sample of Triple Phesphate

cd 6.7
Co 14
Cr 111
Ni 27
Cu 25
Fe 1038
Zinc 124
Pb 15

If a sample of phospi Ferti contains 100 ppm Cd and
a dcse of 200 kg of Fert. applied/Acre Cd dose
100 x 200= 20000 mg/day=20 gm/cay.

Normally about 50% of heavy metals are precipitated with the sludge by
primary sedimentation as insoluble phosghates and bicarbonates and
sulphides {Table V).

Standards should be strictly observed in relaticn to maximum
cancentraticns of heavy metals discharged to public sewers, in oarder to
prevent their accurulaticn in the soil and plant tissues. The prcoblem of
their availability to be absorbed by the plant may be increased by the
relatively low pH of the socil, by continuous irrigation with wastewater.
Ctner factors affecting their absorption are cation exchange cagacity of
the soil and sane otner factors such as the presence of certain caticns
(the presence of Zn, k and Ca decreases the available cadmium in the soil,
in contrast, tne presence of Cl anicn increases its availability from the
soil.

Although lead is poisanous to prants and humans, and is accumulated in
the surface layer in Bbu Fawasn (Fiy.4), que to the industrial waste
discharc¢es from tamnery anu battery, nc lead has been ncoted poisuning the
plants grown in Abu FRawash. ‘Table VII indicates the heavy metals in
different industrial wastes.

Health Hazards

The followiny cases cf disease were reported fram irricaticn workers
with raw senayes
cases or infective hepalities -~ 4 cases of Iscares
cases of aysentery - 3 cases of Tyrnoid
cases of Znkly stoma - = cases of &nigella.

[ SRS I a5



Conclusicn

Lue to the health hazards and tne progagaticn of diseases and
accumulation of some heavy metals in tne soil and some plant tissues, the
re-use of crude wastewater will be stopped in Gabal El-Asfar, Acu Fawash
and elsewnere. Tne naticnal programme for the ccastructicn of adequate
sewerage systems and purificaticon works will very socan take place to
prevent polluticn of the soil and water streams. Inaustrial wastes will be
pretreated before their discharge to pudlic sewers to prevent the
detrimental effect of heavy metals cn tne biolocgical treatrment of sewage
and to prevent their accumulaticn in the soil and plant tissues.

Biological Treatment and its Pe-use in Abu FRawasi

A) Dy Oxidaticn Pondse

T Owing to tae fact that land is available in- many small communities
situated in the desert in upper Egypt east and west of [Celta and alsc due
to the fact that sclar energy 1s availaple in Egypt about 4000 hours/year,
it was necessary to study the benaviour of oxidation ponds in Egygt's
climte.

A vond of about 40 acres with an average depth of 1.5 metres and with
a detenticn pericd of about 10 days was constructed and in operaticn by the
end of 1584,

The pond treated an average flow of 25000 m3/day with a totai B.0.D.
lead of 17500 kg B.O.D.g/day which is equivalent to 437 kg/acre/day.

Although the B.O.D. loading per acre, per day was very high and the
detenticon period relatively shoart (nermally it is recommended to be not
less than 21 days), the compariscns of different parameters of analysis
chtained during 3 years were encouraging. They are as follows (average
ar ithmetic)-

Influent to the Effluent to the
Cxidation Pond Cxidation Pend ;
pli Value 6.7 7.9
Electric 1leco 1650
Conductivity
{adcremchs/crs)
Total Alkelinity 580 470
as Ca Co3z mg/l
Chicrides <l mg/l 3i0 320
Total Suspended 850 260
Solius mg/l
Biochemical Cxyuen 700 120
cemand B.C.D.5 my/1
Chemical Cxygen 12C0 2C0
derand C.0.L. my/1l
Cissolved Cxygen 0 2.5

[
(&%
oo

S B.0.0. Reducticn
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Another piict, very small scale oxidation pond was constructed anc was
operated with a lunger detention period (21 days). The B.O.D. loading was
%0 kg/acre/day = 20 gr/m? with a depth of 1.5 metres.

The pond was lined with an asphalt lining composed of bitumin 70/&0
20% by weight and 30% sand to prevent water percolaticn fram the pond. The
pond operated efficiently for ane year giving a nigh quality effluent of 30
pom of B.C.D. and suspended solids (after separaticn of algae) and withcout
any water infiltration. The amounts of dissolved oxygen during the various
hours of the day were recorded and are shown in Fig.7.

BOD mgil

TIME

Fig. 7

B) by Aeraten Lagoons®

A night storage tamns witn the following uimensiais:.
60 netres lengtn
40 netres width
1.75 metres deptn

was used as an aerated lagoon after fixing a surface aerator (Fig.8) of 40
HP, adequate to supply U600 kg Oo/day.

3 and 5 day detenticn pericds were trieu and the average analysis of
the influent and effluent were as follows-
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Lffluent Effluent
Parameter Influent 3 wavs £ davs
pE (unics) 3.5 6 £.2
Sulpnhides as 25 - -
S mg/l
Chlcoriaes as 330 340 345
Cl mg/l
Alkalinity as 560 520 480
Ca Coz mg/1
Electric 1700 1700 1700
Com.uctlv1ty
(Umchs/cm3)
Suspended Solids 850 65 45
{mg/1)
B.O.D.5 days 700 55 35
mg,/ 1
T.0.C. mg/1l 625 40 30
Dissolved Oxygen _ - 5 6

The effluent of the oxidatiecn pond (ten days' detention pericd) has
been used since 1984 to irrigate a virgin desert land and results of re-use
show until now, that the effluent is as fertile as raw sewage, the heavy
metals are now being recarded both in the effluent and in the scil and in
plant tissue.

The average heavy metals of the effluent of the oxidation pond are

shown in the following table-

Effiuent of the
Oxidation Peng

Influent of the
Cxidation Pend

Chromium 0.6 0.6
Cooalt 0.0& 0.0«
Zinc 0.4 0.05
tMancanese 1.0 0.3
Lead 0.17 0.08
Copper 0.8 0.245

The M.P.N. of E. Coli in tne effluent of tnhe oxidaticn pond used for
1rr19at10n was apout 120 00C/100 mL (the effluent N.P.N. 1s 2.4 x 100)
i.e. more than 99% removal anu this is due to tne penetration of
Ultraviolet rays {2500-2650 Angstrem) winich has a detrimental effect on the
desoxy nucleic acid (DIA) of the nucleus and the ribcaucleic acid in the
cytoplasm and can afifect thie pathogenic bacteria through gene mutatio.
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The presence of certain ims Jleads to the increased effect of
ultraviolet rays for example, chloride ion and Fe icn., Also it has been
reported that the Algae Chlcrella (which is the mcst predominant Alcae in
the oxidation pond constructed) secretes chleorellin which has a
bactericidal effect en E. Coli.

Analysis of soil and plant tissues grawmn by the effluent of the
oxidation pond has shown 1/3 the value cbtained before by re-using raw
sewage.

Wworkers irricating the plants did not acgquire any of tne Kknown
diseases associated with wastewater.

5. SUARY

It is now well understcod in Egypt that re-use of sewage effluent for
land reclamation and irricaticn will be adopted in the future, mly after
secandary treatment and disinfecticn which 1s preferably preceded by
maturaticin ponds to reduce the cost of chlorine and avoid its toxicity to
plants. Selection of crops should be baseu upon the results obtained from
the research project in Abu Rawash, taking 1nto consideration the
ccst/benefit value, the nmimum pollution of the enviromment and the
genctypes of plants to be gram wnich will have the least accumulaticn
proven of the heavy metals wiich may impcse risk to huwan nealth. The type
of irricaticn to Le used will be drip or sucface irrigation according to
circumstances.
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EXPERIENCES FRANCAISES SUR LES SOLUTIONS, DANS DIFFERENTS CONTEXT:ES
GEOIOGIQUES, QU'APPORTENT DES TECHNIQUES b'EPURATION PAR LE 30L
DES EAUX USEES (TECHNIQU=ES D'INFILTRATION CONTROLEE,
OXYDATION DES EFFLUENTS ET DECONTAMINATION DES EAUX)

J. BIZE

Société BURGEAP
70 rue Mademoiselle

75015 Paris, France

RESUME

L'utilisation du sol comme systéme dpurateur a fait récemment l'objet de
progrés impor tants, tant dans la connaissance des processus et leur

modélisation mathématique; que dans celle des modalitds de fonctionnement des

dispositifs hydrauligues.

L'excellente qualitd des eaux usées épurdes par bassin & "infiltration
contrdlde® autorise la réutilisation de ces eaux dans des conditions
sanitaires trds satisfaisantes et permet ainsi une meilleure protection de

1'environnement,

1. INTRODUCTIOL

Pour les agglomérations 4 vocation touristigque de la frange littorale ddes
pays déficitaires en eau, l'assainissement a intdr3t d comporter les axes

suivantss

- protection, notammient sanitaire, des eaux de baignade (ou encore de parcs

conchyliceles)s

- adaptation des technicues d'dpuration aux variations saisconidres de

gopulaticns



- économies d'eau (rdutilisation)s

- fiabilitd des dispositifs (laguelle passe par la cecherche de systémes &

maintenance simple).

Pans un tel contexte, le schéma classigue des pays tempdrds (stations
biologiques avec rejet de la pollution rdsiduelle dans un cours d'eau) n'est
plus valable. Deux solutions répondent au probléme posd: le lagunage et

l'épuration par le socl.

2. LA REUTILISATION DES EAUX USEES EN CONTEXTZ LITTORAL

Les organismes internaticnaux collaborent actuellement & la rédaction de
nouvelles directives concernant les mesures de protection sanitaire et les
méthodes de rdalisation a4 appliquer au recyclage des eaux usdes. L'essentiel
de ces directives tient en cette phrase: "Seul un traitement des eaux usdes
qul €limine efficacement les helminthes et réduit en méme temps le nombre des
bactéries et des virus pathogénes & un niveau acceptable peut diminuer les
effets ndfastes de l'irrigation non contrdlde par eaux usdes sur la santé des

agriculteurs et des consommateurs",

Or, les stations d'dpuration classique n'€liminent pas les
micro-organismes pathogénes (ddcontamination), Dés lors que, par exemple en
agriculture, l'irrigation vise des cultures sensibles sur le plan sanitaire
(donc autres que céréales, mats, etc...), la réutilisation des eaux usdes se

heurte & un probléme de procfdures de traitement.

Le plus souvent, on met en avant la technique du lagunage (cu bassins de
stabilisation). De fait, ce systéme d'épuration posséde des performances dien
supérisures aux systémes classiques. Ces rerforwmances s'dtendent jusgu'd la
décontamination des eaux us€es et ouvrent 3 ces derniéres un large domaine
d'utilisation., Mais le lagunage demande de grandes sur faces (au moins S5 m
par déquivalent-habitant) et son colit d'investissement devient carrément
prohinitif lorsgu’on est en présence de terrains perméables (calcaires
karstiques ou sables de dunes) qui nécessitent de réaliser un &tanchement des

bassins.
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L'infiltration contrdlde dans le sol est l'autre technique d‘'dpuration qui
permet d'amener les eaux usdes & un haut degrd de qualitd tant sur le plan
physico-chimique gue sur le plan sanitaire. BURGEAP a contrioué 3 sa mise au
point et 4 son développement, en particulier en dlaborant des outils
mathématiques de simulation de 1l'infiltration et de l'épuration en milieu ncn

saturé, qui sont maintenant utilisés pour la conception des aménagements.

3. PRINCIPE, PARAMETRES ET PERFORMANCES DES DISPOSITIFS D'EPURATION
DES EAUX USEES PAR INFILTRATION CONTROLEE DANS LE SOL

3.1 Principe

L'épuration par infiltration contrdlde dans le sol consiste en une

’

bio~filtration sur un support poreux aéré.

C'est un systéme adrobie od l'dnergie nécessaire & l'activité bactérienne
dpuratrice est fournie par l'oxygéne de l'air. L'assainissement individuel
par épandage souterrain appartient 3 cette catdgorie mais en assainissement
collectif, la maftrise de 1l'infiltration s‘*effectue an moyen de bassins

dfinfiltration.

Le support poreux peut étre constitué par un sol natural ou un sable de

granulométrie donnéde.

L'efficacitd du procddé découle des propridtds physigues de ce filtre,
véritable réacteur d'dpuration biologique au travers duguel percolent
lentement les eaux usédes. Ce filtre non saturé, c'est-a-dire non immergd,
permet, gri3ce 4 la finesse de ses pores, un contact intime entre 1l'oxygéne de
l'air et l'eau pollude divisée en fines goutelattes lors de la percolation.
On a ainsi l'assurance que l'activitd bactérienne agit en tout point de la

masse du fluide tant qu'elle disposera d'oxygeéne en quantité suffisante.

L'art de l'infiltration contrdléde consiste donc & gérer l'oxygeéne de 1l'air
au travers d'un massif flltrant. L'originalité ae la technigue est qu'on y

parvient sans consommation d'dnergie "externe” en pratigquant L'infiltration

alternde, ce qui nécessite au moins un double systéme d'infiltration.



Le matériau filtrant n'est pas seulement le siége des processus
d'oxydation poussés. Du fait de sa non saturation, il est doté d'un pouvoir
de rétention dlevé 3 1'égard de composés chimigues {métaux lourds, etc...) =2t
des micro-organismes pathogénes. Ces derniers, une fois retenus dans la zone
aéréde ol les conditions ne leur sont pas favorables, y dépérissent en raison

de la présence de micro-organismes prédateurs aérobies (protozoaires).

Les systémes §'épuration par infiltration contrdlée possddent donc le

pouvoir de décontaminer les eaux usées.,

3.2 Paramdtres

3.2.1 La mobilisation de la capacité é€puratrice d'un milieu granulaire par
infiltration contrdlde, autrement dit la transformation d'un systéme inerte en

biofiltre dépend de régles de dimensionnement et de fonctionnement précises.

Au départ, on dispose de deux "matériaux de base" : le massif granulaire

et l'effluent, qu'il s'agi't de mettre en contact selon un mode séquentiel.

3.2.2 Le massif granulaire est un systéme gui laisse passer l’eau plus ou
mois vite et qui permet les échanges d'air entre les pores et 1'atmosphére :
échange convectif lorsque l'eau est en mouvement dans le massif granulaire
("pompe & air"), dchange diffusif lorsgu'elle est au repos (profil d'humidite
a 1'dguilibre). Ie massif granulaire est donc un réacteur ol se mélangent,
d'une part 1'eau et l'air, d'autre part des eaux de différentes dates car
aucun milieu filtrant ne fonctionne en systdme piston parfait

(caractér istiques dispersives du matériau). Par ailleurs, le massif

granulaire est un systéme de rétention.

- L'effluent, est constitué d'un flux liquide qui active le massif

granulaire sous certaines conditions (apport contrdlé) et d'un £flux polluant,
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- Le mode séquentiel est déterminé par deux ensembles de grandeur

mesurables, directement ou indirectement, et modélisables, qui définissents
. d'une part, le bilan d'oxygéne & l'intérieur du massif filtrant

. d'autre part, le temps de séjour de l'zau dans ce méme massif. Ces
grandeurs sont autant de paramétres de l'dpuration par infiltration
contrdlée pour un effluent de caractéristiques données. Considérant
que le massif granulaire est le coeur du systéme, on distinguera deux

lots de paramétres selon qu'ils lui sont intrinsdques ou extrinséques.

3.2.3 Paramétres intrinséques en massif granulaire: 1Ils en définissent les
caractéristiques hydrauliques, dispersives et gdométriques (conductivité K (&)

et succion ? (@) en foncticn de la teneur en eau, dpaisseur).

Dans la pratigue, la caractérisation du massif filtrant s'étend &
d'autres phénoménes:
. gestion du colmatage: par sa granulométrie le matériau granulaire
doit empécher la migration en profondeur des matiéres en suspension
de l'effluent et favoriser un nettoyage ais€ de la plage

d'infiltration aprés son séchage (cas des bassins)

. inter~-actions chimigues entre l'effluent et la matrice du massif
granulaire, dues principalement & la présence de carbonates et de

particules argileuses gonflantes.

Au stade des études préliminaires, ces paramétres servent §
sélectionner le massif granulaire et 4 Adterminer si le sol en place convient

ou si l'on doit faire appel & un sol rapporté.

3,2.4 Paramétres extrinsdques: ils caractérisent les conditions d'apport
de l'effluent sur le massif granulaire (charge hyudrauligque et charge de
pollution). L'apport élémentaire est la "bAchée" dont on ddtermine la dose et

le rythnme.
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L'expérience montre gue si le sol peut 8tre un systéme épurateur puiscant
et complet (performances au moins €gales aux dispositifs biologiques
classiques auxquelles se surajoutent une limpidification totale des eaux et
une décontamination poussde), 1 'épuration n'atteint un niveau intéressant que

pour des plages de valeurs assez étroites de combinaison de ces paramétres.

3.3. Per formances

Dans les meilleurs cas, c'est-d-dire lorsqu'il est possible techniquement
et économiquement, de s'inscrire dans les plages de valeurs recomrandées des
paramétres, l'dpuration par infiltration contrdlde donne les per formances

dpuratoires suivantes:

- épuration physico-chimique

. matidres en supension: limpidification totale

. D.C.0. : dpuraticn & 90-95%

. nitrification : quasi totale
. dénitrification ¢ de l'ordre de 50%
. composés phosphorés : épuration 3 10-20%

- épuration des micro-organismes pathogénes

. germes~tests de contamination fécale:

- coliformes fécaux: abattement de 5 4 6 unités logarithmiques. Dans
les eaux dpurdes les CF sont inférieurs & trés inférieurs & 1000/1090
ml.

- streptocoques fécaux: abattement de 4 U-log. Dans les eaux dpurdes

les S¥ gsont inférieurs & trés infdrieurs 4 100/100 mil.

. parasites : épuration totale

. salmonelles: absentes dans 65% des prélévements sur eaux dpurées.
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4. MCDALITES DE MISE EN OEUVRE

4.1 Types de dispcsitifs

Les dispositifs peuvent &tre drainds ou non drainés,

4.1.1 Dispositif non drainé

La Figure 1 représents ce cas (sables dunaires par exemple).

Bassin Bassin en
au repes fonctionnement

i

Zane {1} . o
non saturée L ) )
Ecaulement vertical MR, Jvrher oo
PR + . *\ Exutoire

N Zcqp(Z%' L, ’ ;
appe réceptrice 4 f ] 2 L/
Ecauig&ent ho?'lzontal 3 Iy ’ A A A A P /}

Schéma de Principe du Fonctionnement des Bassins d'Infiltration

»

Ie milieu épurateur par excellence est constitué€ par la zone non saturée &

transit vertical. Une reconnaissance hydrogdologique des sites est nécessaire

au pré€alable 3 la conception des projets. On devra s'assurer,
essentiellement, gue le niveau de la nappe sSouterraine est au moins 4 3 m de
profondeur sous le sol et que l'agquifére est capable de véaiculer

horizontalement le ddhit infiltrd vers un exutoire naturel ou des puits de

reprise.



4.,1.2 Dispositif drainé

Pour diverses raisons: économie de repompage ou encore conditions
géologigques défavorables, le dispositif peut comporter un niveau de drain sous

la zone & transit vertical.

4.2 Dimensionnement de la plage d'infiltration des bassins

Les dispositifs d'dpuration par infiltration contrdlde nécessitent 0,50

a

- 2 I . . ] *
a 0,75 m par éguivalent-habitant (10 a 15 fois moins que le lagunage).

4,3 Entretien - Prétraitement

Les bassins d'infiltration sont nettoyds par ratissage aprés leur
séchage., Leur entretien est donc extrémement simple et peut faire appel sans
probléme 3 une main-d'oeuvre nombreuse et peu qualifide. Au demeurant, un des
intéréts majeurs des systémes d'infiltration est de soulager 1'exploitation du
difficile probléme de la géstion de boues liquides. Reste le maillon du
prétraitement qui doit s'inscrire dans la méme logique de simplification des
procédures de gestion. En s'inspirant de rdalisations existantes tant dans
les pays tempérés que dans les pays arides, on doit s'orienter vers des
bassins décanteurs & grand temps de séjour (2 jours minimum) assurant une
digestion anadrobie des boues et permettant d'espacer dans le temps (1 fois

par an ?) les opérations d'élimination des boues "primaires",

4.4 Souplesse de fonctionnement

Les dispositifs d'épuration par infiltration contrdlée admettent sans
probléme des variations de charges hydraulique et polluante (journaliéres ou
saisonnidres). Les eaux pluviales urbaines peuvent &tre traitdes en mélange

avec les eaux usédes domestigues.



¢

Colit

<}

Selon les conditions de site 2t le type de dispositif (drainé ou non
4 ~ s

drainé), les colits d'investissement oscillent entre 200 et 500 F.F. par
équivalent-habitant

.

Les frais d'entretien sont inférieurs d ceux d'une station classique &
boues activées.

5. CUELQUES AMENA

ENAGEMENTS D'EPURATIOU PAR INFILTRATION CONTRO

5.1 Port-Leucate (Aude, France)

Site s

littoral méditerranden, corden dunaire entre l'édtang de Leucate
et la Méditerranee (Fig. 2).

Bassin

Bassin

Etang de Leucate
{coq uilaes)

— — —

:\ Méaditerranée
- .\, {baignade)

Coupe Schémaligue de I'’Aménagement de Port-Leucate

Objectifs

protéger l'étang ot les cultures de coguillages et las zones
de baignade contra la pollution bactérienne par les rejets de la station
d'dpuration de Port-Leucate; d&conomie d'un émissaire en mer,
Nature des effluent

effluent ée la station d'dpuration
physico-chimigue,



Dispositif: 6 oassins d'infitboocoian o T30 W Zhecor, or ucAs doans

le sable dunaire, capacité ae 30,000 dg¢ .ivelent—-ioitants (ao-hab), 5.000
3,. .
m /j {Fig. 3}.

Colit investissement: 76 FF par aamiz-nt (w.:iitesent tartiaire),

Résultats dvuratoicress les rdsultats suivants ont €td obtenus avec

-

1'infiltration directe d'2£fluants brut: (avant wise en service da la station

d'dpuration). Suivi de la gualitd Je L'eau par des pidzomdtres dans la nappe

®
WL
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L

sous les bassins. La Ficure 4 monkr u 52 i2 la wmatidre organigue est

-

s

éliminde {dont 60% pendant le transfert e1 aon satwrd), Lz Pigqure 5 montre
que, dans les conditions de l'axpdrimentatian, le notwre cw germes kémoins de

contamination fécale est réduit e 4 4 5 unitds logarithaigues (Ulog) pendant

le transfert vertical puis de 2 Ulog pendant l= transfert horizontal.
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400+ ] Pollution de I'etfluent brut

Demande
chimique
en oxygéne W

Epuration par inflltration mécanique sur le fond du bassin ~ 30%
en mg/! 3004 [

4

200+ J. Epuration par percolatlon dans 3,5m de zone non saturée  30%
] Epuration dans la nappe (écoulement horlzontal) 25%
100 -
0 T - — - Distance
0 20m 50m par rapport au bassin

Fig./-I-.Epuratlon de la Matiére Organique 3 Port-Leucate '

5.2 Créances (Manche, France)

-

Site: massif dunaire sur le littoral de la Manche.

Cbjectif: épuration des eaux usées domestiques, protection des cultures

de coguillages contre la pollution bactérienne.
Mature de l'effluent: eaux usdes domestiques.

Dispositif: dégrillage, déshuilage, dessablage, tamisage puis

. . . 2 . .
inflitration dans 4 bassins de 600 m chacun, creusés dans le sable dunaire,

3,, X
600 m /3 (Fig. 6}.
Colit d'investissement: 300 FF par habjtant (traitement complet}.

Résultats hydrauligues: Le tamisage est insuffisant pour assurer des

vitesses d'infiltration satisfaisantes, nécessitd de décanter les effluents

avant infiltration (temps de séjour 2 jours).

Résultats dpuratoires: aprés 3 ans de fonctionnement, aucune

modification de la qualité de la nappe située & 8 m de profondeur (absence

totale de germes, pas ce variation de la ECO).
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Pollution de 'effluent

Epuration par percaoiation
dans 3,5m de sable

Epuration dans la nappe
_ +——Califormes té&caux

\Collformes totaux

. Distance

b 20m 50m  au bassin le plus proche

.-Epuralion des Germes Témolns de Contamination Fécale
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-Créances . Vue d'Ensemble de la Station d'Epuration
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5.3 Montpeyroux (Hdrault, France)

Site: plateau marneux, zone de vignobles.

Objectifs: traitement conjoint des eaux usdes domestiques et des effluents
vinicoles; absorption des d-coups de pollution diis aux rejets de la cave

coopdrative; réutilisation des eaux épurdes pour 1'irrigation,
Principe: prétraitement des effluents puis épuration par infiltration

contrdlde dans des bassins dra®nds 3 sable rapporté sur les marnes, rejet de

1'effluent dpurdé au cours dleau.

Bassins d*'Inflltration

4 x 300 m2 Ruisseau
Eaux usées Décanteur
domestiques . digesteur Vidange
180 \m}/j Dégrilleur automatique T
— = t — .
—t—
Rejet du
/4 dralnage
Effluent Réservolr de
vinicole stockage temporaire !
30 m3/]-10¢ i/an

Lil de séchage
des boues

Schéma de I'Aménagement de Montpeyroux

Fig. 7
Nature de l'effluent: eaux usdes domestiques (fortes variations
saisonniéres) et effluents vinicoles.

Dispositif: décanteur-digesteur, 4 bassins infiltration drafnés de 300
2 ; sy P .
m c¢chacun et garnis de 3 m de sables, capacité 1200 équivalent-habitants,

180 m/4 (Figs. 7, 8 et 9).

Colit investissement: 600 FF par haoitant (traitement complet),
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i B 0,1m de sable 0-5mm
VD
4.
A
‘@ 2,9m de sable grosster 0-25mm
p
Es
y
50035 B a7 %20 P oa7a 4 3% 5 O} 0,5m de gravier 5=-25mm + drain
S N7 A A /AN N T .

- Coupe Schématique des Bassins d'Inflitration de Montpeyroux

Fig, 8

Résultats dpuratoires: 1la DCO est éliminde & plus de 80%., (n cbserve une

nitrification, méme 3 une température de 9°, L'abattement des germes n'est
que de 2 a 2,5 Ulog. Deux'phénoménes en sont responsables: mauvaise
répartition de l'effluent & la surface des bassins (débit de vidange du bassin
de stockage insuffisant) et temps de séjour insuffisant dans le sable grossier
dont la granulométrie est trop étalée pour assurer un écohlement type piston,

Un sable & granulometrie serrde (type sable dunaire} convient mieux.

5.4 Céreirdde - Montpellier (Hérault, France)

Objectif: rdutilisation des eaux usées dpurdes pour l'irrigation de
cultures marafchéres (expérimentation suivie en collaboration avec

l'Université de Montpellier).

Principe: décontamination d'un effluent secondaire de station d'épuration
par infiltration dans des bassins 3 sable rapportd, drainds, et repompage des
effluents dpurds puis irrigation goutte 3 goutte de cultures maralchéres

(tomates).
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-Montpeyroux  Vue des 4 Bassins d'Infiltration
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Fig. 9

Effluent secondalre
de ia station d'épuration

¥

Filtration

2 bassins de 160 m2 Bassin de
stockage

Vers reseau
goulte a goutte

Schéma de {'"Aménagement de La Céreirdde

N

Fig. 10



Capacité: 430 m?/j en 188&5.

. s . . . 2 .
Dispositif: deux bassins drainés de 160 m chacun, un des bassins est
garni de sable fin, l'autre de matériau plus grossicr. L'eau épurde est

repompde vers un bassin de stockage puis vers un réseau goutte 3 goutte

irrigant 3 & 4 hectares (Fig. 10 et 1l).

Résultats: 1l'eau drainde au fond des bassins a la qualitd suivante: MES
1L mg/l; DCO<L30 mgoz/l; N kjeldhal 12 mg/l; N nitrigue 3 g/l
coli formes fécaux 8.103/100 ml; streptocogues fécaux 3.103/100 mi.

L'irrigation localisée {(goutte 3 goutte) de 0,5 ha de tomates de conserve
s'est dérouléde sans incident et a conduit & une production satisfaisante dans
ce contexte (32 tonnes)., La qualité sanitaire des tomates produites,
contrdlée par le Service de la Conscmmation et de la Répression des Fraudes,
est jugde "correcte" ou "acceptable™ selon que les tomates touchent ou ne
touchent pas la terre. Cette gualité est dans les 2 cas, meilleure que celle
d'un échantillon de référ'ence, prélevéd sur un marché. Sans doute la qualité
sanitaire des produits doit-elle beaucoup au mode d'irrigation au goutte a

goutte,

5.5 aménagement pilote de Ben-8Sergac Agadir (Maroc)

Site: massif dunaire sur socle calcaire peu perméable.

Objectifss: dispositif expérimental d'dépuration contrdlée dans le sol du
Grand-Agadir (400.000 équivalent-habitants): protection de la zone de
baignade contre la pollution par les effluents domestiques, économie d'un
rejet en mer par émissaire et rdutilisation des eaux épurdes pour irrigation,

notamment de cultures marafchéres.

Nature des effluents: eaux usées urbaines.



- -La Céreiréde Arrivée de I'Eau dans un des Bassins d'Infiltration
Fig, 11

Dispositif pilote: dégrillage - dessablage - ddshuilage, prdtraitement
par décantation horizontale ou tamisage 750 microns, infiltraticn alternde
. . 2 .
dans 3 bassins dra®nés de 100 m chacun et garnis de 2 ou 3 m de sable

dunaire {0-2 ammn) {Figs. 12 et 13).

Résultats du prétraitement: le tamis ne retient que 4% des matiéres en

suspension alors que 31% sont €liminds par décanteur horizontal (12 m/j); 1a
décantation permet ainsi d'obtenir des vitesses d'infiltration plus élevdes

dans les bassins.

Résultats hvdrauliques: les meilleurs rendements d'dpuration ont €td

y

4 > 3 2 ~ I'd
obtenus par des apports journaliers de 10 a 15 m /m (apport par bachée),
Le tomps de vidange et de séchage n'excéde pas 24 h au bout de 20 jours. La

sur face des bassins est nettoyde par ratissage tous les 20 jours,

Bpuration pivsico-chirizue: les principalas caractdristiques de

L'effluent 3 1'entrde et 4 la sortin des Lassins sont présentdes asu Taoleau T.
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TABLEAU I

Caractér istiques chimiques de 1'effluent de Ben Sergac

avant et aprés épuration par inflitration

MES DCO azote total phosphore
mg/1 mg 03/1 ma/1 mg/1
Entrée bassin
(effluent décantd) 200 & 350 800 & 1400 100 & 250 20 a 30
Sortie bassin £ 1 45 & 100 50 & 150 3,5
Rendement 99% 90 3 95% 50% 15-20 %

MES: matiére en suspension. DCO: demande chimique en oxygéne.

Pour les apports impor-tants (40 m3/m2/j) les rendements sont moins

bons car le temps de sé€jour est trop faible pour une bonne dgpuration.

L'azote de l'effluent est essentiellement de l'azote Kjeldhal. En sortie
des bassins on retrouve des traces d'azote Kjeldhal et essentiellement de
l'azote nitreux et nitrigque. Le phosghore est retenu de fagon remarquable

dans le massif sableux.

Décontamination de 1l'effluent: les résultats globaux du tableau II

laissent apparaftre une grande variabilité de L'efficacité dpuratoire du
dispositif d'infiltration. Outre la variabilité naturelle inhdrente & tout
phénoméne bioclogique, cette variabilité est le résultat de la modification de
certains paramétres. On a pu montrer que l'efficacité de la décontamination
est, en premiére approximation, proportionnelle 3 la hauteur de massif
filtrants décroft Fortemen®: avec la hauteur des b3chées unitaires (Fig. 14});
dépend du taux d'oxygénation du milieu (meilleur abattement quand le milieu
est bien oxygéné); cro®t avec le temps de séjour dans le massif filtrant (Fig.

15).

tliminatisn des parasites et des virug

L'élimination des parasites est totale ainsi Juw celle des virus (Tableau
I11).



Résultats globaux de la décontamination cbtesnue

’

par infiltration contrdléde 3 Ben Sergao

Coliformes fécaux Streptocoques fécaux
Bassin de 3 m Bassin de 2 m Bassin de 3 m Bassin de 2 m
de saple de sable de sable de sable
entrée 6,92 6,77 6,01 6,30
(Ulog)
sortie 3,88 4,88 3,13 3,79
(Ulog)
abattement
moyen 3,08 1,89 5,76 2,51
(Ulog) g
TABLEAU III
Elimination des parasites et des virus par infiltration
contrdlée & Ben Sergao
Parasites Virus
Effiuent brut 4010 oeufs helminthes/1 Virus poliomy€litique
Effluent décanté 840 ceufs helminthes/1l:
* 570 Nématodes/1l
* 170 Cestodes/1 -
* 0 Trématodes/1
Effluent aprés aucun parasite aucun virus observé

infiltration

Nota: l'aménagement pilote de Ben Sergao est une réalisation de la
Coopération Maroco-Frangaise, «dans le cadre du programme des Collactivites
locales; il a €t¢ mis en oeuvre pac la Direction des Collectivitds Locales du
vinistdre de l'Intérieur du Maroc.
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5.6 Flesselles (Somme, France)

Site: plateau crayeux, absence de cours dfeau.

Objectifs: supprimer la stagnation des rejets de la station d'dpuration

et protéger la nappe de la craie contre la pollution bactérienne.
Principe: dpuration terminale du rejet de la station d‘'épuration des eaux
usdes domestiques ainsi que des eaux pluviales par infiltration contrdlée dans

des bassins 3 sable rapporté sur la craie (Fig. 16). .

Dispositif: eaux pluviales: décantation (4200 m3) puis infiltration

dans 2 bassins de 1000 m2 chacun. Eaux usédes: épuration terminale dans 2
2 ’ . .
bassins d'inflitration de 1650 m chacun. Capacité 2200 ég-hab. (Fig. 17 et

18). 1Ie sable rapporté est du sable dunaire.

e
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--Coupe Schématigue de PAménagement de Flesselles

Fig. 16.



Résultats: Les eaux usdes scnt infiltrdes 3 des vitesses variant de 0,2 &
0,4 m/j, les eaux pluviales 3 des vitesses de l'ordre de 1 w/j. L'élimination
des germes est faible du fait de la fainle dpaisseur (0,5 ou 1 wm) du sable et
de l'apport continu des effluents, bkn effet l'abattement cdes germes ast
fonction de la nature cu sable (saple fin & granulométkie trés serrde), de son
épaisseur et du mode d'apport Ge l'eau. A Flesselles, pour amdliorer la
décontamination, il faudrait au minimum 3 m de sable dunaire et un bassin de
stockage temporaire gqui permettrait un apport (d‘'eau sdquentiel sur les
bassins. L'apport par "pichdes" permet d'utiliser toute la surface des
bassins et d'obtenir dans le massif sapleux un écoulement de type piston qui

favorise la réoxygénation par convection.

Entretiens ratissage périodique du fond des bassins aprés vidange totale

et séchage (Fig. 19)

_Flesselles

Mise en Place
du Sable Filtrant
sur le Substratum
de la Craie

Fig. 17
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RE-USE OF TREATED SEwAGE EFFLUENT IN THE ISLAND OF MALTA

By

V. GAUCI
Chief 2nalyst
Sant Antnin Sewage Treatment Plant
rarsaskale, Malta

1. INTRODUCTION

The Maltese islands are made up of two islands+. BMalta and Gezo.
Malta is the larger island with an area of approximately 300 sg. km and a
population of 330,000. Malta is cne of the most densely populated
countries in the warld. The climate is semi-arid with long, hot and dry
summers and cold winters during which there are shert, heavy downpours.
The mean annual rainfall is 568 mm, of which only an estimated 25%
infiltrates to augment underground water supplies.

Over the years Malta has experienced water shortage prablems, a
situation reflected in local laws. An old regqulation, for example,
stipulates that every house should have an wnderground cistern of adequate
capacity for rain-water collection. 2Another prchibits the use of
first-class water for the purpose of irrigatiom. ALl along, therefore,
Malta has been trying to solve the prcblem of water shortage in its own way
and with its limited resocurces.

As far back as 1884, Iord Chadwidk suggested that sewage should be
used for irrigation, thereby saving first-class water for domestic use. In
1952, Morris repeated the same suggesticn, but recommended that, due to
particular local oonditicns, irrigation with raw sewage should not be
carried out.

There are no permanent sw face water streams or lakes on the island,
but up to about 25 years ago, underground resources wWere adequate to meet
the local water demand. A rapid rise in water demand has occurred over the
last 25 years, due to various factors, including the slow but steady
increase in population (including the increase in towrist populatim), the
increase in standards of living and industrialization. Over-exploitaticon
of local aquifers led to a gradual salinity increase. During the sixties,
the Warld Health COrganization, as executing agency on behalf of the lhited
Nations Develomment Programme, carried out a study on the local water
supply and wastes. Among the recammendations which followed this study was
sewage treatment for the purpose of re-use in irrigatiom and aquifer
recharge. In 1978, the Swedish consulting firm VBB carried out a
pre-investment study on an Integrated Liquid and Solid Wastes Reclamaticn
Project.

As a follow-up to these studies and recommendaticns, a sewage
treatment plant was commissioned in 1983 in the locality known as Sant
Antnin and since then it has been producing water for irrigatim.

2. THE SANT ANTIIIN SEWAGE TREATMENT AND IRRIGATIQN PROJECT

Cf the total area of 13,000 ha under cultivaticn in Malta, only about
4% is under irrication{ the rest may be described as d&ry or semi-irrigated
land, which depends more ar legs upon rain which falls during the period
Septenber to April.
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Priar to the installaticn of the Sant Antnin Sewage Treatment Plant
(SASTP), irricated land was supplied with water cbtained from
privately-owned wells, usually tapping a perched aquifer to the ncrthwest
of the island. The SASTP was designed to augment the irrigated area in
Malta by 600 ha and this in the scutheast regicn which has traditicnally
been under dryland cultivation. Morewver, the graundwater resources in the
region are not of hich gquality, so that there is no risk of groundwater
polluticn.

The design capacity of the SASTP is 12,000 m3 per day, equivalent to
just under 50% of local sewage production. Sewers draining the inland
parts of Malta (100,000 p.e.) converge to a central pumping station fram
where the sewage is pumped to the SASTP. The raw sewage is strong, having
a BOD5S of 500 mg/l and a Total Kjeldahl Nitrocgen of 75 mg/l. This reflects
the relatively low per capita water consumpticn of the commmity. ILevels
of heavy metals and other toxic elements are as expected of a typical
domestic sewage.

Figures 1 and 2 show a block diagram and plan of the installatio,
respectively. The sewage flow admitted to the plant is adjusted on a
monthly basis in such a way that the flow meets the predicted agricultural
demand. The sewage is subjected to preliminary and primary treatment[
then follows biological treatment by the Activated Sludge Technique, where
virtually complete carbonaceous and nitrogenous oxidation are achieved in
the same plug~flow reactor. Finally, the water is subjected to rapid sand
filtration and disinfection by chlarine gas. Unrestricted irrigation is
practised in the area, so that the reclaimed water has to reach adequate
health standards. Fecal ocolifarm levels of less than 100 per 100 ml in 80%
of the samples are achieved by maintaining a trace of free chlorine in the
final effluent. Table I shows mean analytical data. The effluent is

Table 1
Sant Antnin Sewage Treatment Plant Laboratory

Mean Foutine Analytical Results - 1986
(based an samples taken during pericd March - November)

Znalytical Parameter s/s° T SE SFE FE
pH 7.4 7.1 7.2
Turbidity 12.5 2.8 (77%)%2 3.1
E.C., microS/cm 4097 3744 4033
Suspended Solids, mg/1 205 25 (898%) 4 (E4%)

Chleride, mg Cl/1 1002

Ammcniacal N, mg/l 74 0.4 (100%)

Nitrate N, mg/l 47

C.0.D., mg/1 472 55 (88%) 36 (353)

E.0.D., mg/1l 251 10 (96%) 6.7 (33%)
Alkalinity, mg Cat03/1 198

M.B.A.S., my IAS/1 0.06 0.07
Boreon, mg B/1 1.0 1.0

Fecal Coliforms /100ml 103 105 1
Fecal Strepts / 100ml 104 104 2

*], S/S - Settled Sewage (Primary Effluent)
SE - Secondary Effluent
SFE - sand Filtered Effluent
FE - Final Effluent
*2 Values in parenthesis cefer to the % reductim from preceding stage.
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SUMMARY OF SEWAGE TREATMENT STAGES

CRUDE SEWAGE

SCREENS

P SCREENINGS (TRASH)

h. 4

AND GRIT
AIR (o]] 8 l
REMOQOVAL UNIT

jom—wP OIL AND GRIT

I

PRIMARY
- SEDIMENTATION

pe—y)p PRIMARY SLUDGE

. 4

AR ——P| AERATION TANK

h A

SECONDARY
SEDIMENTATION

SURPLUS SECONDARY
[ACTIVATED} SLUDGE

h. 4

SAND FILTRATION

-

CHLORINE =—m}) DESINFECTION

h. 4

PLANT EFFLUENT
PUMPED TO IRRIGATICN
RESERVQIRS

Fig. 1 Summary of Sewage Treatment Stages
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pumped to 5 irrigation reservoirs situated on hicgh ground which together
provide a total capacity equivalent to a 24 h supply.

Activated sludge plants are easily upset by wrong bicmass management,
sewage feed quality and flow fluctuations, and insufficient aeration
capacities. Periods of biological instability invariably result in a
detericration of effluent gquality. The plant my take several weeks to
recover, In order to limit the cccurrence of such situations it is
necessary to have the operation of the plant always under control. There
is not much scphisticated equipment at the SASTP, which has resulted in a
significant lcad of manual and routine operatians including sampling and
analysis in an c-site labeoratory fully equipped to carry cut all routine
analysis, including microbiological tests.

Although officers from the Department of Agriculture assist local
farmers by discussing prcblems and giving advice, agricultural management
was entirely in the hands of the lomal farmers. During 1986, 290 farmers
in the area benefited from the project. Furrow irrigation was practised,
bhut spray irrication was alsc used. The main crops cultivated in the
regicn were potatoes, tomatoes, brcad and runner beans, vegetable marrow,
green pepper, turnips, cabbages, cauliflower, lettuce, strawberries and
clover.

The capital cost for the project was 16 million US$, of which 1.4
million US$ were the foreign component, ocomprising designs and machinery
supplied by the Italian firm Breda.

A total of 859,000 m3 of reclaimed water was pumped to irrigaticn
during 1986, and this during the period March to November. Fig. 3 shows
water pumped to irrigatiom month by month during 1986. The cost of this
water amounted to 1.1 US$ per m3. Approximately 50% of this cost was due
to annual repayments on capital investment, while the rest went on
salaries, power, chemicals, fuel, maintenance and water distribution
costs. An ammual nominal fee of 100 US$ per ha of irrigable land was
charged. The revenue oollected was a mere 4% of effluent cost. Financial
aspects apart, however, the project has created a number of not easily
quantifiable benefits, viz. an increase in agricultural producticon,
creation of new job opportunities and last but not least, the reduction of
polluticn which otherwise would have resulted following the disposal of
sewage into the Mediterranean Sea.

SASTP — EFFLUENT SUPPLIED
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Fig. 3 SASTP — Effluent Supplied
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2. PROBLEMS ENCCUNTERED

Many difficulties have been encountered since 1983 when the plant
started operations.

Fig. 6 shows the increase in water demand since the start of
operaticns. Nevertheless, water demand never went beyond half plant des:.gn
mpamty, because of the orlgmal 600 ha earmerked for irrigatiomn, only 300
ha were under irrigation in 1986. The other 300 ha either still required
to be connected to the irrigation netwark or required reclamation before
they could be cultivated.

Effluent salinity is rather hidh, reflecting the high sodium and
chloride ion levels in the domestic supply. Strictly speaking, the
effluent must be considered as a water of marginal quality, needing special
agricultural management tedhniques. In spite of this, however, no special
techniques have been adopted. Figs. 5 and 6 show the results of soil
salinity monitcoring. Soil samples are taken before and after the
irrigation season. Apparently, salts accumalate in the scil as a result of
irrication, to be washed down again during the winter months. Also, rather
suwrrrisingly, scome crops which are generally considered as sensitive to
salinity have been cultivated successfully. These included strawberries
and runner beans. This is undoubtedly related to the permeable nature of
the local calcarecus soil and goes to show that salinity standards for
water intended for irrication may be misleading if taken without regard to
the local soil properties.

SASTP - EFFLUENT SUPPLIED
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It is felt that the substitution of vegetable crops with more
water-responsive industrial crops should be more carefully considered.
Cultivation of fodder crops, for instance, besides reducing further the
health risks, would help to cut down on the importation of fodder. This
would require cansiderable mechanisation. In this respect, the
fragmentaticn of the land would certainly pose prcblems.

3. CONCLUSION

Unlike many countries in which sewage treatment is taken for granted,
Malta has had its first experience of sewage treatment and re-use with the
coming into operaticn of the SASTP in 1983. To the majarity of the
population, sewage has been scmething to be got rid of as quickly as
possible. It is understandable, therefore, that to a certain extent, this
attitude still existsf for example, it is not uncommon to encounter a
certain diffidence in its re-use. This attitude will be changed first of
all by maintaining a high standard in the finished product and also by
maintaining good public relatims.

s

From this point of view, the Sant Antnin Project has wndoubtedly been
a success. Proof of this ocomes from the number of government waste re-use
projects, the feasibility of which is being studied. These include*

(i) the extension of the existing irrigation network to cover the whole
southeast of the island[

(ii) the setting up of a’sewage treatment plant for effluent re~use to
the north of Malta(

(iii) the setting up of a similar plant in the island of Gozol

(iv) the setting up of a Solid Wastes Recycling Plant where sewage sludge
from SASTP and municipal solid wastes are co-composted for use in
agriculture. This project is in the tender evaluation stage and is
due for implementaticn in 1988.

(v) use of sewage reclaimed for aquifer recharge.
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TREATIENT AND USE OF SLJACE EFFLULLT FCRk
IRRIGATION AND OTILR PURPOSES Iii SYRIA

By

A. BlaD
fiead of Lepartment of Invircnmental Engineering,
Faculty of Civil Engineering
Tishreen University
Lattakia, Syria

1. INTRODUCTION

From 19€0 statistics, about 80% of the urban populaticn in Syria had a
demestic water supply net system and abcut 70% of those had a combined
sewage system (incustrial, house sevage and storm water flow) sxploiting
the existing overflow on the same net system.

In rural areas the fiqures for water supply are 55%, sewage water
about 30%, and as for the case of this netwcork system {water supply -
sewace water), it can be said that it is in gocd condition.

In future trends predicticns for the year 2000, drinking water and
sewage water net system projecticns reach 98% and 95% in tne urban regians,
and 95% and 90% in the rural regicns.

It has been estimated by Syrian statisticians that water consumpticn
was between 80-200 iLitres per person daily in 1980 and will be ketween
175-250 litres per perscn dailly in 2000 for wrban areas. In rural areas in
1980, it was between 50-100 litres per person daily and is expected to
reach 150 litres in 2000.

tater rescurces to meet the needs of domestic water in Syria consist
of springs, wells, lakes and rivers. Accarding to the specifications of
raw vater, there are different methods for drinking water treatment as in
European systems whereas this treatment aims at reaching the drinking water
standard of WEO. Recent data in Syria (ratios and consumpticn, water
supply treatment plants) show levels comparable with European conditions.

In contrast, in the fiewd of sewvage water treatment it can be seen
that treatment ratiocs in Syria (cities and villages) are almost zero,
except for same small treatment uvnits for scme i1ndustrial and tourism
plantsy the largest is a treatment unit wiich functicns only in the surmer
of the 'Fumal Lahbeya' (Colden Sands Beacn) residential site swhicn
oomprises villas (chalets) for projected population of 12,000, which has
peen developed by a private company, tue Tourist and Vacaticn Cooperative
of Hors, with financial assistance from tne government. The first pnase,
for a populaticn of 7.000, including a sewage treatment plant, 1s now
ocnplete.

The treatment plant, built (at an estimates cost oif IS 4 milliun) by
the French firm SOAF comprises the follawing stages- (1) valancing tank
(11) screens. (iii) greace and sand remcval (iv) biclogical treatnent by
activated sludge in tec taans, (v) clarificaticn (witn recirculaticn of
activated siudye),. and (vi} ciloarination vith seodium inpocilorite to a
resicuar of 0.3-0.5 mg/ittre. The efiluent 15 wisciarced nts tue poutn: of
a grall river away fron tie catalng area.
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Cludye fmom the claciiier is oconcentratsd in a thickener anu then goes
to sludge drying beds but can be alternatively processea in a pressure
filter, the liquid being returned to tne clarifier and the sludce being
collected by truck for disposal.

This treatment plant is in service for cnly wo manths in the swmer
during which period wnich the effluent treated water pours into the sea,
but cannct be considered as an agplied model for re-using the effluent
treated water in irrigaticn, and should not be regarded as a typical Syrian
experience in this sector.

The report dealt cnly with the basic elements cf re-use of wastewater
in irrigation. The use of this effluent for other pwpcses is not carried
out, because sewage water is discharged directly into rivers, lakes ar the
sea. Cwnseguently, the water from these resources {except the sea) is used
mainly for irrigaticn.

Industrial plants use either neighbouring well water or the public
water supply.

As the author has mentiwed in earlier reports, sewage water from
cities or villages pouwrs into water rescurces such as the Mediterranean
Sea, rivers, lakes and untreated water is used for irricatiom purposes.

Up to the present, some studies have been carried cut by American, and
English companies for major Syrian cities (e.g. Damascus, Aleppo, lattakia,
Homs, Hama) but up until now for technical and financial reascns nothing
has been put into cperatim.

What is presented here are the results of studies and research
undertaken by the authcr, considering the local environmental conditicns in

Syria.

2. WAIER-BORME DISEASES IN RELATION 10 THE USE
OF SEWACGE WATLR FOR IRRIGATICL IN SYRIA

Owing to the shortage of freshwater and since market gardening in
urban areas provides a livelihcod for large sections of the populaticn,
irrigation and recycling of wastewater is essential., This is carried out
with polluted sewage water. Fig. 1 shows a typical situation of the cycle
of sewace water for irricaticn in Damascus the illness cycle that
accompanies it in Syria. In oclder to prove tnis illness cycle, the author
was able to find a corselatiun between the freguency of contagious diseases
such as cholera and typhus, and the use of sewnge water or poliuted river
water in irricaticn (Fig. 2). This oonfirms tne necessity for sewage water
treatment, especially to reduce micrcdoial pollutants.

As polluted water (from rivers, lakes, etc.) is used mainly during the
sumer for irricating raw vegetables, in which tne concentraticn of
Rllutants is raxamum, all sesage water rust Le treatsu in an advanced vay
50 as to ensure nygienic reguirements for irricaticn water. lays to
acliesve these cbjectives are founc in tne following sectiwnas.
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3. %:E BASIC :IEIEODS OF TRIAT.ELT

In sanitary engineering science, there are different accepted
treatment metiicds used for specific geals, which have been adopted
werldwide. If a new treatment system for sanitary sewage water 1n Syria is
to be set up, first we must calculate tnhe efficiency and econcrmy of the
treatment in additicn to its requirements as part of the classical
treatment sethod, which we can discuss, in arder to have an active system
to lessen the danger of pollutants in heaith and environment and tc use
tieir relative values more econcmically {for instance, the values related
to memanical treatment as comparative values).

Table I summarizes the results of different treatments of sewacge water
and their costs in respect of the decresasing degree of crganic pollution
(BCeg) .

Table I
Compar ison between the ccsts and benefits in varicous kinds of treatment
(acoording to tne EODs)

Kind Decreasing kemaining ECDs  Kelative Relative annual

of the (rganic in effluent efficiency ccsts in relaticn

treatment pollutants water (mg/1l)* of treatment to mechanical
EOx in % treatment

rechanical 30 . 210 1.0 1.0

Biological

without 95 15 3.2 2.40%*

nitrification

Biological

with 95 15 3.2 2.80%**

nitrification

* Taking 1nto ccnsideraticn that the amount of average cocentration of

(BODg) in raw sewage water is 300 mg/l.

wx Acoording to the sources (references) the relative costs for building is
limited to the seccnd amount.

*%%  The additicnal oosts provided that the nitrogen compounds (nitrificatien,
denitrificaticn) decrease.

In the case of the mechanical-ticvlcgical treatment (Taple I), the
improvement in the result of the treatment as far as the thiird level
ocorresponds to the costs until factor (2.2} and this proportien is
calculated because it is known tnat the propartional yearly costs for
mechanical treatment only, gives factor (1) as a comparative operator.

In additicn, the biclogical-mechanical treatment systems for sanitary
disposal water have recently gained experience and hich technical
knowledge. Desides flexibility, 1t has a hich degree of safety.
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The cluiogical-mecnanical treatment is not totally aceguate for
antiseptics.

There are tiree majur methcds for disinfectian {antiseptics)e
i) antisepsis with onlcrine
ii} antisersis with ozcne
iii) antisepsis by tne use of chemical ccagulaticn (c.g. by use of fine

lime).

Mntisepsis by cnlarine may be aciieved eitner for sewage water that
has been treated mechanically only, or for sewvace water that has been
treated biclogically. Using chilorine to antisepticize water that has been
treated mechanically demands a high consumpticn of the chilarine substance,
forming a hich proporticn of CL organic compound.

These are bioclogically inuigestible compounds and near—-poiscious. In
general, certain prcblems ocour tarcugn transperting and storing chlarine,
especially in work places.

hcoording to Imhoff, sterilizing sewage water (memanical and
biological treatment), by decreasing the rate of bacteria to 98-99%,
demands the usage of CL-2 Grams/M3 sewage water.

In the case of raw sewage water, the fall off of bacteria to 90-95%
demands the use of 20 CL grams for each M3 sewage water.

In additicn ,CL does not play mere than a subservient role in
decresasing the rate of the organic polluticn (BCDg), apart from the fact
that it is difficult to treat raw sewage water with chlcarine, compared with
the sane treatment for sewdge water which has already keen treated
biologically.

The use of a compound physico-chemical treating system instead of
biclogical treatment with added chlcrine, also makes it possible to achieve
antisepsis of sewage water withcut chlcrine.

According to the kind of compound-treating system, the relative ccsts
range between 104-211%. The physico—cnemical treating system followed by
chlaring, is relatively expensive. 2Mntisepsis by means of czae my de
used for sewage water treated mechanically-biologically.

Tnis is because water treated py other incomplete methods needs large
amounts of hign—priced wzone. In reality, by using ozane there are no
cencomitant dangers except that it needs a perranent source of energy to
oduce czone.

Antisepsis with oczwune has the followiny, acvantages-

i) no leavings cr chenical sludges are formed

ii) there is no need to modify tne treated water ac for example in
the case of chemical ccagulaticn with lire

iii) reaching a proogressive sterilizaticn for treated wates, that is

besides cutting off the activity of bacteria, czane tco cuts off

the activity of viruses and thus czcie is better than chlarine

tne poiscnous effect of sevage water treated with czone is very

lone compared wvidh otaer metaccs

V) remcving poliutants fron treated sevage vater anca improving the
rualities of purifying water.

—

v

-

In spite of the ¢reat acvantages of the treating syster icr senace
vatery it czone, it 1s otiil rather an expensive systen.
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antisepsis of seage water vitn clemical coagulatiun, e€.g. oy the use
of lime, may be achieved ridht ircm the seccnd stage following the
mechanical-biclogical treatwent. Funcarmentally, treatment by lime in the
higa field for 'pk' with the value pli | 11.5 (EL~hich lime process),
achieves near-perfect sterilication and tne aikali sludge formed shcould
aiterwards be useful 1n acriculture withcut further modificaticn.

It seens tnat the re-use of lime Ly means of burning the gathered lime
compounds and modi fying the bucning gas, will be possible in future. By
recycling the lime, the nutrients (nitrogen-phesphorus) may be Kept for
plants for manure purposes, and thus avoid loss. Phosphorus renains
througn the re-use cperatim (recycling) of the lime. Wnat is lost must be
restared witn fresh lime. The settled lime mey be used to fertilize tie
agrarian lands while the nitrogen compounds mostly remain in the treated
water.

In Fig. 3, we can see the typical planning exaibit for a mecnanical-
viclegical treatment plant with the follicwing treatment by chemical
oagulation with lime and its re-use.

A treating system by coagulation achieves pecfect disinfecticn and its
cost is clearly nigher than the cocst of disinfection methods by the use of
ozne and chlorine. The direct chemiel aocagulaticn operatic by lime
through two successive periods without a biological treatment pericd, is
ansidered cheaper than any other metncd but it does not bring about
compete sterilization. The other chemical physical treatment methcds do
nct remcve enocugn dissolved arganic subjects (BCDg). That is because the
substances remcved from sewage water ¢o not amount to more than 10%.

Generally, the abcve-menticned consideratians lead us to the following
conclusion.

The best treatment methcc for sanitary sewage water in Syria, which
allows for subseguent agricultural use is the biclogical-mechanical
treatment system, followed by the disinfection system with the use of
czane. The problem of supplying such systems witn encugn financial
resouroes (energy needed is included) can be considered as overcome. The
same is true for czone. The amownt of power for the disinfection of seswage
water for agricultural use in Syrian towns in the inner and drought-prane
areas, and with all its population of 8 million can pe estimated as follows
in Tapble II.

Table 11

The necessary electrical power for varicus desages of czane
for a biolcgical-mechanical treatment plant treating sewage water from
6,000,000 perscnsor {eguivalent perscnj nearly 1.2 (ilectometra)3
of semage water daily

Czcn (O3} consumpticn Electricai Pcwer
"mg/1" “Mecavatt”
1 1.3
5 7.5
10 15
2 20

<0 G0
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Thus we can ccme to a decisioun as to the correct treatment that will
ensure, taking into account Syria's circumstances, the protecticn of the
vater supply ¢n the cne nand and the complete disinfecticn of sewage water
in order to exploit it in agricultural use in irricaticn, cn the ctner hand.

Protection of the water supply necessitates a Jdecrease in the nitrogen
conpounds of sewage water that is discharged into it. This decrease can be
achieved by bioclogical treatment at a fairly low ccst.

For thinly popualated areas in Syria (villages) where cheap land is
found, we can suggest treatment methods of sevage in these regicns for its
re-use in irrigation, such as installaticn of a non-technical system, e.g.
oxidaticn pands. By installing 5-7 oxidation ponds, with the retention
time for each of five days, put consecutively as follows-

anaercbic pcads
facultative ponds
maturation pends.

This treatment lowers micrcbial polluticn to the rate of 100 coliform per
100 ml effluent water. This water beoomes suitable for irrigation. This
kind of treatment by ponds has various advantages related to expense,
maintenance, skilled perscnnel, operaticn, construction and experience.

4. EVALUATION MODEL 10 CEFINE TEE PURFOSE OF SEVAGE wATER TREATHENT
In crder to estimate the financial cost of the treatment system in
oonnecticon with the utility of sewace water after purificaticn, the
following major thiree criteria only are of concern-s
a) the costs of sewage water treatment.

-

b) the security degree of the treatment system in relaticn to the
damage that may occur to the usufructuaries.

¢} envircnment protecticn as opposed to envirconment polluticn.

These main criteria subsume cther criteria. The results of this
estiration are summarized in Table III.
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Table II1

Evaluation table showing link between tyre of sewage water treatment
and the criteria of ccst, envirwnmental influences and vicrk security

Critericn Lepxsiticon of Plants tater kecycling of
treated water irricaticn filtratiwn selace water
in water treatment in
source {river, dr inking water
sea)

Costs 4 3.5 2 1.4

Envircnnental 2-3

Effects 1 I412.5 3 4

Work Security 4 2-3 2 1

I-1 2.5
whole Felative 9 7.5~2.5 7 6.4
Conseguence I-M 8.5

¥otes EFelated to Table III

i, The assessment was done in a way that the influence of the single
critericn nad been estimated to be between l-4 for single usage of
treated sewage water and degree 4 was defined for the necsssary
influence, which decree 1 was defined for direct passive influence.

2. The same importance was given to the different criteria because the
controllers of the other usage purreoses may cget partly different
levels of care according to the person who assesses and has an
impartant point of view in this assessment. If we want to be mcre
accurate, the costs contrellers and enviranmental influences may vary
accerding to the envircnment and locaticn where the cwner of this
assessment lives.

3. The cost was evaluated accurding to the conseguences of Fig. 4 vhere
it is shown in a simple foarm. Legree 4 was considered as a degree
for estumating tne biological and mechanlcal treatment cost as the
lowest level of the requirements for sewage water treatment. so the
assessment values for advanced treatment systems can be calculated,
by relating ratio (4) to the relative treatment cost according to

Fig. 4.
L. The evaluaticn of work security was done ¢n the basis of calculating

nygienic dangers cn the usufructuarys of the treatea water in
prifiaticon plants cut of order or not working prcopercly, e.g. in the
agricultural usage condition, work sectrity is linked to the types of
irricated plants. inere there is a defect of the purificaticn plant
wiich is used to irricate vegetaicles, this leads to the use of
poliuted water for icricaticn resulting in damage to nealth.

5. The environmental effects define tne narmful pacsive influences that
are aple to affect swil, air anu vater anu by a progressive treatment
for setage water in aruer to be used for wrinking, tie influence of
tuese water will be at alli narmless for envircnment, so it 1s
estimated with degree 4.

6. From our stuay of the whole assessment wegrees wn fable III, for
kinds of single usage, we found timt the rejuirexents of tae

gualitative use treatrent (piants irricatian anu pourlng treatew
water 1n the water source ot nearly the sane estirartica).



hiis means that the mechanical-oiclogical treatment of sewage water

togetner witn the additimal disinfection (part or whole) and considering
the criteria (ccst, wark secwrity, harmful environmental influences), these
things as a whole, are nearly equal in importance to the mechanical-
bioclogical treatment by itself. If we want to re-use treated sewage water
for agricultural purposes, there will be an additiunal cost but this cost
will be low compared with the positive value of the re-use of treated water
in the areas of envirnment protecticn ana work security (Table III).

Pepending on the limited results acccrding to the calculated model, it
will be useful too to consider the necessity of evaluating sewage water for
agricultural purpcses in Syrian imner cities such as Aleppo, Homs, Hama,
the desert and drought-prane areas such as Camascus, Sweda, [Air Alzour and
Tadmor (Fig. 5).

In contrast, tnere is sufficient fresh water in the coastal area tc be
used for agricultural purpcses. In this case, sevage water will be
directed almcst to the water source (river or sea) after treatment, and the
type of treatment for sewage water will be cetermined at that stage.

relative
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5. PRAILI FLG/ POLLUTICL I COLAINED SLnER Sy810.
I LRITARIA AD ITS TREATLELT

All the sewer netwcrks in Syrian cities are conbined systems and the
arount of rain flow in them oconsists of between 20-200 tirmes more in dary
weather flow acccrding te the climatic locaticon of the city.

Until recently, Invircnmental Sanitary EIngineering Science has bean
restricted to the area of the protection of water sowces from urban
pollutants, It, therefore, has focused on the treatment of dry weather
flow. But research and recent American and European studies have shown the
importance of rainwater flow treatment in sanitary sewers and combined
systems as well.

Dry weather flow contains crcanic and micrcbial pollutants but storm
weather flow contains higher ratics of these pollutants.

According to the measurements whica todk place in Busnau {Stuttcart),
the following ratics were defined (Table IV) between pollutant lcad in dry
weather flow and storm weather flow of the first shock of rain water.

Table IV

Average Ratic of Pollutian lcad in the storm
and dry weather flow in the first shock

Average ratio of pollution load resulting from Time after start of
storn weather flow to pollution lecad resulting rain water flow
from dry weather flow in ccmbined sewers (RiA/TWA) (minute)
Colifcrm Total nurber of Organic
Bacteria micro~orcanisms Polluticn (BODs)

33 100 13 0-12

The figures in the table show that the large amount of pollutants in
water sowces is due to storm weather flow. This is how the initial flow
of pollutants in storm weather flows exerts a negative effect on hygiene.

It is clear that the effects of storm weather flow exceed those of dry
weather flow by at least 13 times in the case of crganic pollution (EOLg)
and reaches 100 in the case of total micro—arganisms.

The gqualitative relatimmsaip among the variocus pollutants in rain
weather flow is shcim in Fig. 6 which explains the rainflow studied in the
first pericd {from the beginning of storm weather flow, abcut 50% of the
total fiows).
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All this shows the extent of very high polluticn (orcanic and
micrcoial, and settleable solids) of the storm water flows taking place in
the first retenticon periocd of rainfall in a combined sewage system. This
stresses the importance of treatment of starmwater flow by means of rain
over flow tank systems, especially as far as tne first shock of rainfall or
flow and the protecticn of water sources and public health is concerned.
Therefore, water sowrces for irricaticn purposes in Syria will become safer.

In an earlier published stucy {(Aaad, 1923), the author has formulated,
on the basis of the measurements cdone in Pusnau/Stuttgart and
Pullach/damich and related experiencs, mathematical formulae and simulation
models for rainfall and flows in Latakia city, for a pericd of 13 years.

The end result was presented in curves for lattakia and other Cerman
cities {Fig. 7). These curves allow us to calculate the necessary volume
of starm overflow tank in relation to the protection of water resources
frem crcanic and micrcbial pollutants.

This type of provision can e reccrmended for other coastal
Mediterranean cities.
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6. SPECIAL SUGGESTICLIS FOR SEWITERY SE.ACL ALLL
TPEATHETT IIT TLE COASTAL CITY OF LATTAKIA

6.1 The Present Situation

The city of lattakia (pomulation 300,000, estirated to reach 500,000
by the year 2000), has at present, an extensive network of combined sewer
systems, most of which woark by free gravity discharging into different
peints on the Mediterranean (Fig. 8).

At present, there is no treatment for sewage water, as a result of
which the envirament in the touristic regicns north and scuth of the city
is damaged. It is thus necessary to put forward a plan to enswre the
disposal of sanitary sewage water in the city of Lattakia
(disposal-treatment).

6.2 Sanitary Sewage tater Treatment

After studying the urban and topographic data, the following locations
were chosen for the installaticn of sanitary sewage units®

ncrth 1- El-Jouar
2~ El-Merouj

south 3- El-Aedine
4~ El-Raasa

After the detailed study of sewage water prcblems in the city of
Lattakia concerning sewage water treatment related to the site of the
treatment unit and type of effluent usage, the evaluation of the chosen
locatins from the enviramental and urkan point of view, a general
sanitary concept has been put forward for the city of Lattakia till the
year 2000 (Fig. 8).

6.3 Tne Reccmmended Plan (Fig. 8)

6.3.1

Alternative means of collecting, treating and disposing or re-using
wastewater in the ILattakia area have been identified and evaluated in
weceding studies published by the author who is now with the binistry for
Invircnmental Affairs. The reguired facilities comprise essentially fouxr
items, narely sewerage, storm drainage and treatment, sewage treatment and
effluont disposal.

6.3.2 Summary of plan

-
6.3.2.1
The recornmended sewerage system is based on the existiang network and

is a mixture of both combined and separate systems.

6.3.2.2

The basic concept is that all sewage will either e pumped or will
gravitate to the Lamsarkhc Pumping Staticn which will have a peak flcowv
capacity of 2246 1/s by 2000 AD. The foul sewage will be discharced to the
treatment tanks situated at Jouar. The year 2000 connecticn to the
treatrent works will be a twin 1000 ma diameter pipe, 5.25 km long.

The stcrrwater treatment concept is recommended for tne Lattakia areas
in order to reduce investment in larie cevers ana fur better hygienic
cenaiticns.
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5.3.2.2 .

There has been noticeable ccoperaticn tetween the sanitary project and
rain flow treatment. The towristic regicn (A) in the ncrth and the
industrial regicn (B) situated alcng the river Kabir Al-Shimali each have a
separate sewer system. The rest of the city has a conbined sewers system,
divided into seven parts, at the end of which there is an overflcow tank for
treating rain water flow.

6.3.2.4

The expansion area (C) of the city of Lattakia will have three
solutions as shown in Fig. 8. All of the wastewater generated in Lattakia
will be treated in one treatment at Jouar, and will comprise preliminary
units censisting of mechanically raked screens and removal of grit and
other incorganic material, followed by secondary treatment in activated
sludge tanks or aerated lagoons. The lagoons will censist of complete-mix
basins followed by partial-mix basins. The latter will functicn or be
mechanically aerated. There will be facultative lagocns where sludge
accumulaticnn will take place. The total area required for a treatment
system to deal with the year 2000 peak flow of about 200,000 ds/d from
500,000 people will be abcut 60 ha.

By the aerated lagccns system the inherent advantages are a minimal
sludge disposal prcblem, ease of operation and built-in flexibility for
conversicn to more sophisticated extended aeration or activated sludge
systems if necessary at a later date.

56.3.2.5
The effluent will be disposed of to the Wadi Channel to the north of

the Jouar treatment wcrks site. Almost 5 km of 1200 to 15C0 mm diameter
gravity land cutfall will be reguired. The Wadi Channel will serve as a
future irricaticn drain. If the flow in the receiving chamnel were to be
used for irricaticom of vecetables, it would be advisable to upgrade the
treatment system by the provision of maturaticn ponds and disinfectia.

7. RECO-INENDATIONS

Sewage treatment plants are relatively expensive installations whose
operaticn, monitoring and maintenance reguire trained specialist staff.
Otherwise, they cannot achieve their cleansing cbjective and keep the plant
in good condition over many years.

Even in the case of sirple uncomplicated cleansing processes such as
pends it has been shown that they, tco, can product the desired effect cnly
where trained perscnnel are available. This requirement is all the mcre
important in the case of hiualy tecinical plant. The training of
specialist persmnel takes a lony time, and it is accordingly important to
carry it out in ¢ood time, before the treatment plants are complete. This
entails first providing the necessary training estaolisaments.

Accardingly, the folleowing course is reccmmended for the training of the
necessary persamel in Syria.
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Sincs tnerz are as yet no treatment plants in &yria's cocastal regyicn,
one model of each tyre of treatrent plant {activation and ponds) snould be
established. It is suggested that first a sophisticated technical plant
should ke constructed eitner in Lamascus or in the coastal town of
Iattakia, for the following reasons.

Fygienic conditions there reguire urgent measures for the protectien
of water resouwrces, owing to sacrtage of space, only this type of plant
is possible there as it does not take up a great deal of space.
Furthermore, Lamascus and Iattakia alsc have a university and a college of
technology, so that this mcdel plant could serve at the same time for
research and training purpcses. Students can then underge further
practical training in the plant. For this reascn, a low-technology model
plant should alsoc be constructed near LCamascus (suburb) or Iattakia, so as
to provide opportunities for caining practical experience with this type of
installaticn and in arder to draw comparisciis with the high-techinolcgy
plant. The model plants should be planned and constructed by firms in
co-operation with the chief planner. At the same time, the regional
authorities should also be brought in at this stage, so that later they
can, at least partially, themselves take over responsibility for planning
and operaticn. Otherwise these plants should be manned by trained
perscmnel from industry (skilled workers and/cr master craftsmen), who
should bte able within a short time to run the plant independently under the
direction of a qualified plant manager. The latter should also undergo
training abroad, whilst the remaining superviscry staff should cain several
mcenths' experience abroad, e.g. in neighbouring countries.

Treatrent plants would be built in the remaining regicnal centres and
in rural areas along the same lines as the model plant in Damascus or
Iattakia. An irportant aspect is the retenticm of a wniform system, i.e.
the same operaticnal system and mechanical eguiprment. Only in this way can
uniform training and reliable operatim be guaranteed.

Having regard to financing difficulties, the provisicn of plants in
other ocoastal towns {regicnal centres)} may be effected as follows-

i} the treatment plants should e built in central points acccrding to
water management requirements, each individual plant being complete,
including the cleansing systems.

ii) the persainel would be trained as and when these plants are
established, either at the model plants in Lamascus or Iattakia or at

plants in other Arab-speaking countries (Tunisia)i

iii) training would be provided primarily in both tne low and high
technoloyy plants in Lamascus or Lattakia, whilst the training abrcad
is regarded as supplementary.

The orcanisation of varicus types of plant is described in another
repart (1C) accarding to tyre and size.
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Cther recomwencaticns wost aprropriace for local conditions in Syria-

As recards the hygienic venefit to the populaticn, (ladk or sacrtage
of fresh water-recycling of wastewater for ifricatiun is general)

corplete treatment plants shculd be installed in all cases. This

camot be achiieved merely by installing a screen and sand trap. These
plants must consist of mechanical-biclogical treatment stage follcowed
by advanced treatment for disinfecting purposes. This can be achieved
through the methceds described above.

If stage-by-stage development is necessary for ecanomic reasans, this
should be managed in such a way that complete plants are erected at
central points throuchcut the country.

Duilding up the system by stages has certain financial advantages but
it is also more effective in achieving the desired hygienic results.

In contrast to Burcpe, additimal trained staff are required to carry
cut bacteriolcgical tests. This could alsc be handled by perscrnnel
already available (e.g. water supply or health officials).

It is necessary to adapt a wmiform training and reliability in
cperaticn which means the choice of a miform system (same
canstruction and same mechanical equipment).

It is extremely important to treat the rain flow water by using
overflow tanks. This ensures the protection of water resowces from
pollutants and, in addition the effluent water will be safer for

irrication purpcses.

An accurate and continucus mmitor ing programme is essential to
efficient system operations. Data accumulated form a comprehensive
mmnitoring programme will provide a measure of system efficiency and
also enable prcblem areas to be defined so that corrective measures
can be undertaken rapidly.

There is a need for data o sewage flow, BOD and S5 collected on a
regular basis. A monitcring station should be established in every
city where treatment of sewage water will be taking place and a
monitoring programme established, preferably con a weekly basis.

Investications should also be carried out to control oil discharges
and cother campounds to the sewers from industrial premises, in order
to prevent the untreated sewage from contaminating the beaches.

There is a need for accurate cost reccords to be defined for the
current sewerage operatims. At present, the actual costs for
operating the facilities and the final costs of constructing new
facilities are not adequately documented. There is as a result no
firm basis for developing localised cost estimates, and data from
other lccatimms must be used or data developed on some other basis,
poth of which may not be strictly applicable to local cenditions.
Feeping accurate records of capital and operatim and maintenance
ccsts and having them available for management and engineering is
necessary for efficient planning and operation.

It is recommended that the wastewater management schiene be financed as
far as possible from a swchargs on the water bill.
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EXPERIENCE ALGIERTENNZI EX MATIERE DE TRAITEYENT
ET DE REUTILISATION DES BEAUX USEES DES EFFLUZNTS URBAINS POUR
L TRRIGATICN ET POUR D'AUTRES FIUS

M. MOUSSA
Ministére de l'Hydrauligqus, de l'Environnement et des Foréts

Algérie

RESUME

L'accroissement des besoins en eau aidant, 1'on sera de plus en plus
amend 3 prendre en compte la rdutilisation des eaux usdes dans tout systéme de
planification des ressources en eau, qu'il soit régional ou national,
particuliérement dans les pays arides et semi-arides. Les stations
d'épuration doivent 4 l'avenir viser un duble objectif: diminution de la
pollution et valorisaticn des eaux épurdes et des boues. Pour répondre aux
derniers critéres recommandés pour une réutilisation des eaux usédes, des cheoix
judicieux de procédé s'imposent. C'est dans ce cadre que nous présentons dans
ce rapport le systéme 4'dpuration des eaux de la Ville d'annaba et le schéma

de reutilisation des effluents traitds.
1. TIITRODUCTION

1.1 Intérét de la réutilisation nour 1'Algérie

Au cours de ces derniéres anndes, le développement dconomique et social
de 1'Algérie a étd marqué par une forte croissance de l'urhanisation et un
intense développement industriel tant au niveau des grandes agglomfrations
qu'd celui des villes moyennes. Ces deux phénoménes ont nécessité la mise en
opuvre d travers les différents plans de développement d'importants programmes
d'investissements en matidre de mobilisation des ressources en eau et

A'assainissement.

Ces investizsements se sont traduits par une augmentation importantz des
volumes distribuds pour les besoins d'alimentaticn en eau potanle =t

industrielle.



Les volumes de rejets d'eau usde sont estimés comme suits

is7¢ : 350 Mm3
1985 : 680 Mm3
2010: 1,5 Milliard de m3

Compte tenu de l'accroissement des besoins en eau et du potentiel en
ressource en eau actuel, le développement de la réutilisation des eaux usdes
prendra une part importante dans les systémes de planification et de gestion

des eaux.

A l'heure actuelle les avantages qu'offre la réutilisation des eaux usdes
ne sont plus & démontrer particulidrement dans les pays arides et
semi-arides. Dans certaines de ces rdgions les ressources en eau suffisent a

peine & couvrir les besoins en eau potable.

Cependant si les avantages sont nombreux, tels gue l'optimisation de la
gestion des ressources en‘eau, le recyclage dec fertilisants, l'augmentation
de la production agricole, il ne faut pas oublier les inconvénients. Le plus
grave est celui li€ aux risques pour la santd humaine: la transmission &
1'homme des cermes pathogénes, des métaux lourds et d'autres produits

chimiques toxigques que contiennent les eaux usdes.

1.2 Les risques sanitaires

Une étude rdalisdée par la Bangue mondiale (1986) sur plusieurs cas en pays
developpés et en voie de développement a montrd que la rdutilisation d'eaux

usdes brutes ou partiellement traitdes a €té la cause des maladies suivantes:

i) chez les consommateurs da légumes crus ou ce salades ascaridiose,

trichocdphalose, choléra, amibiases

ii) chez les consommateurs de viande bovine insuffisamment cuite le
tasnia (la viande provenant de bdtail piturant sur des prds irriguds

avec les eaux usdes);



iii) chez les travailleurs d'exploitation agricoles irrigudes par eaux

iv)

usdes: les mémes maladiss, plus l'ankylostomiase;

chez les populations rdsidant 3 proximité de telles installations
agricoles notamment celles utilisant le mode d'irrigation par

aspersion.

1.3 Les normes de réutilisation et lour évolution dans le temps

Prenant en considération l'utilisation de plus en glus importante des eaux

usées plus ou moins traitdes, 1'CdS au début des anndes 1870 a rduni des

comitds d'experts autour de cette guestion.

Les normes sanitaires étaient alors trés strictes.

1%68

1485

Californies moins de 23 coliformes totaux/100 ml pour l'irrigation
des terrains de golf, des parcs publics, des piturages pour le bétail
laitiery; moins de’2,2 coliformes totaux/100 ml, pour l'irrigation
directe des cultures vivriéres. Il s'agissait de normes trop
contraignantes, car méme les moyens technologiques de 1'dpogue ne

pouvaient atteindre ces niveaux de traitement.

Les travaux d'un groupe d'experts de 1'OMS5 ont abouti aux conclusicns
que "l'irrigation non limitde des cultures ferait courir peu de
risques 4 la santé si l'on utilisait des effluents d'une qualité

vactériologique de 100 coliformes/100 mL".

La réunion d'épidémiologistes tenue & Engelbert propose de nouvelles

normes:

Irrigation sans restriction

moins de 1000 coliformes fdcaux/1G0 ml

moins de 1 oceuf viasle de nématode par litre

jlous constatons une nette gvolution depuis les normes de 1962.
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1.4 Traitement

A travers les &tudes menées pendant les dernidres annédes concernant la
rdutilisation des eaux usdes, ont €té dégagds les nouveaux critdres 3 prendre

an compte pour une telle utilisations

i) élimination au maximum des helminthes intestinaux
ii) réduction effective des dléments pathogénes (bactdries, virus)
iii}) effluent clair inodors.

I1 est montrd par ailleurs que le systéme de traitement par les étangs de
stabilisation convient le mieux pour répondre aux trois critéres.
Généralement bien congu et bien exploité, ce systéme de traitement peut
éliminer totalement les oeufs d'helminthes, rdduire & 99,999% les bactéries

entdr iques et & 99% leg virus entériques.

»

C'est dans ce cadre que nous présentons & la suite du présent rapport le
systéme d'dpuration des eaux usdes de la ville d'Annaba par les étangs de

stabilisation et un schénma de rdutilisation de ces eaux.

2. PRESENTATION DE LA REGION D'ANNABA

2.1 Besoins en eau

L'essor socio-économique de la rdgion d'Annaba a engendré depuis plus
d'une décennie, un accroissement des besoins en eau (Fig. 1), dépassant

largement les rdserves exploitdes.

Actuellement, 1'AEP, l'agriculture et l'industrie consomment au total un
. 3
volume annuel d'environs 123 Mm , provenant du barrage de la Bounamgusse (95
Mm3), de la nappe profonde des graviers d'Annaba (8 Mm3) et du massif

dunaire de Bouteldija (20 Mm3).

L'ensemble des secteurs socio-dconomigues accuse actuellement un déficit
3 rd - 2 rd & r'd
en eau de lLfordre de 80 Mm fan., Ce déficit sera resorbé en totalite par la
mise en exploitation du complexe d'adduction en eau du systéme de Mexenna {145

Mm>) (Fig 2).
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Le secteur industriel consomme & lui seul plus du tiers du volume annuel

rd . 3 -, a 3
des reéserves mobilisees, soit 50 Mm~,

2.2 Le climat

Ie climat de la région d'Annaba, est du type méditérannden & variations

saisonniéres marquédes: €£té chaud et sec, hiver doux et humide.

Les pluies annuelles ou intdrannuelles de la région sont trés
irrdguliéres et leur régime s'étale entre deux saisons distinctes, l'une séche

(mai-octobre), l'autre humide (novembre-avril).

Ia moyenne des pluies (sur 40 ans) est de 703 mm/an avec 4'impor tantes

variations, de 345 mm (année la pius séche) & 1015 mm (année la plus humide).

Les températures montrent également d‘'importantes variations, avec un

e . . (o}
maximum absolu de 46,4 C et un minimum absolu de 0,8 C.

-

La moyenne annuelle de l'evapo-transpiration est 1123 mm.

2.3 Les €tangs de stabilisation de la ville d'Annaba

2.3.1 Iles solutions envisagées

La ville d'Annaba connalt actuellement une extension assez forte et
1'¢tude de l'alimentation en eau de la ville montre que cette extension

conduit 3 une fourniture d'eau potable relativement élevée.

Les eaux usdes sont actuellement rejetées sur le rivage marin et dans la
petite darse du port. Dans un souci d'hygiéne et de salubrité, il a été
décidé d'épurer les eaux usédes avant rejet dans le milieu naturel, Plusieurs

solutions dtaient possibles:
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i} rejet en mer par une conduite sous-marine, mais l'anse d'Annaba peut
faire craindre la présence de courants défavorables rabattant les
eaux usdes vers la rivage (3 noter que le rejet en mer nécessite en

tout €tat de cause une épuration préalable);

ii) construction d‘'une station d'dpuration biologique.

L'expérience montre que trds peu de ces stations fonctionnent
correctement pour de multiples raisons, dont l'une est la pénurie de
techniciens hautement gqualifids capables de contrdler efficacement la marche
correcte de l'installation. D'autre part, dans une tude sur l'optimisation
des installations d'épuration des eaux usées et la comparaison des solutions,
la SONADE démontre que le colit d'une station d'épuration biologique est de 2 &

3 fois supérieur & celui des dtangs de stabilisation,

2.3.2 Construction des é€tangs de stabilisation

Des terrains étant disponibles 34 une distance raisonnable d'Annaba, le
choix s'est alors porté sur les étangs de stabilisation. Deux sites furent

reconnuss

i) le premier dans le marais de M'khadda 4 proximité de l'embouchure de

la Maffragh, & une distance de 22 km de la ville;

ii) le second & la surface des salines d'Annaba englcbant une bande de
terrain situde au nord-ouest de ces derniéres, celui-ci 3@ une

distance de 7 km de la ville.

Compte-tenu du coflit respectif de la conduite de refoulement (diamétre
1.250 mm} et des frais d'exploitation, le terrain des salines fut retenu. Par

ailleurs, celui-ci offrait d'autres avantages:

a) Le terrain des salines est plat. Il convient parfaitement 4 la
création des bassins horizontaux. Sous la couche d'argile
décomposéde par le sol, le substrat est composé d'argile jaune peu

F_ v
permeable.



b) L'eau épurde pourra @tre réutilisde pour les besoins industriels
d'El-Hadjar et Jdu printemps & l'automne pour 1'irrigation d'un
périmétre agricole proche de la station. L'eau épurée sera de bonne
gqualitd chimique et béndficiera d'une dépollution bactér ienne
exceptionnelle. Le rendement des étangs de stabilisation est de
99,999% de dépollution des microbes pathogénes alors qu'd l'aval de
stations d'épuration piologique on retrouve normalement une charge de

4
10 /litre de germes tests de contamination.

2.4 Processus d'dpuration en €tangs de stabilisation

La destruction des matiéres polluantes s'effectuant par des processus
purement naturels, la technigue d'dpuration par lagunage est plus extensive et
plus lente que les procddés d'activation utilisés dans les stations

d'épuration classigues qui sont beaucoup plus compactes.

Le cas le plus général est celui des installations mixtes, dites de
"stabilisation”, ol s'dtablissent des conditions anaédrobies dans une partie du

milieu liquide, surtout en profondeur, le reste fonctionnant en milieu ad€robie.

Pans les tangs de stabilisation, la destruction des matiéres organiques
s'opére grice & une association biologique extr&mement large et non pas
exclus ivement par des bactéries, comme dans le cas de l'dpuration c¢lassique

par boues activées.

Un des avantages considérables de l'étang de stabilisation par rapport a
une station d'dpuration conventionnelle réside dans la destructien presque

compléte des bactéries. Toutes les dtudes entreprises 3 l'échelle mondiale

sont unanimes & constater le puissant effet bactdricide 8o cette technique,



2.5 Domaine d'application

L'épuration par des processus naturels convient particuliérement bien aux
agglomérations ou collectivitdés de petite et moyenne importance, lesquelles
ont constitué jusqu'a présent son principal champ d'application, bien que des
installations comprenant des étangs d'une super ficie totale de plusieurs

centaines d'hectares aient pu @tre réalisdes dans le monde (Melbourne).

Le procédé est spédcialement intdressant pour les petites collectivitds
disposant de peu de noyens, tout comme dans les zones touristiques o la

population peut s'accroftre dans des proportions trés importantes.

De plus, contrairement aux stations d'dpuration conventionnelles qui
nécessitent un entretien suivi par un personnel qualifié, la surveillance d'un
dtang de stabilisation ne nécessite qu'un minimum de contrdle gue peut assurer
dans le cas de petites collectivités un ouvrier non spécialisé. Ce minimum de
contrdle est ndanmoins indispensable au fonctionnement correct de

l'installation. ’

Enfin pour une collectivité disposant de terrains d'étendue suffisante et
dont les effluents sont rejetds dans un milieu naturel nédcessitant une
protection particulidrement poussée sur le plan sanitaire, la mise en ceuvre
de la technique du lagunage est pleinement justifide £tant donné la pérennitd
du traitement et son efficacitd sur le plan de la réduction des pollutions

organiques et surtout de l'élimination des pollutions bactdriennes.

En résumé, et si l'on compare une station d'dpuration conventionnelle i un
dtang de stabilisation, ce dernier, lorsqu'il existe une disponibilité de
terrains, présente certains avantages comme la simplicitd de mise en oeuvre,
un mininum de contrdle et d'entretien, ce qui réduit de fagon considérable les
frais de fonctionnement, et la fiabilité du traitement tant du point de vue de
la réduction des charges organiques que de celui de l'élimination de la
pollution bactérienne. Ce dernier point est fondamental car il est trés
difficile et ondreux d'dliminer les germes sur des effluents traitds en
station classique. En outre, un dispositif de stérilisation nécessite une
surveillance trés étroite, qui rend son efficacitd trés aléatoire dans le cas
de petites collectivitds., En ocutre, cette solution offre la possibilité de
suppor ter sans dommages pendant plusieurs semaines des surcharges trés

ilmpor tantes.
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3. LES EAUX USEES DE LA VILLE D'ANNABA

3.1 dnalyse des eaux usées

3.1.1 Analyses chimigues

Les analyses pratiquées sur échantillons font apparaftre les résultats

suivantss

Ca {en mg/e) 62

Mg * 45

Na " 252

K " 35

"

So4 127
PH " 7.6
amon ium " 3,89
Phosphates " 12

»

Ces résultats sont normaux et n'appellent pas de commentaires.
3.1.2 Analyses bactériclogiques
1 R
1,4 x 107 /litre

1,1 x 10?/litre
1,1 % 10?/litre

Ceoliformes totaux

Colibacilles

Streptocogques

3.2. Ile systéme d'assainissement de la ville d'Annaba

C'est un dispositif multiple gqui fonctionne sur l'ensemble ou presque du
réseau d'assainissement des eaux usdes et pluviales de la ville d'Annaba,

exception faite du centre ville o il est unitaire.

Evacudes par ces réseaux, les eaux usédes seront en totalité relevées et
refouldes vers les étangs de stabilisation par un réseau de stations de

pompage réparties dans le tissu de la ville.
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3.3 Caractéristiques des étancs de stabilisation de la ville 4'Annaba

Le site de la station occupe une superficie de 160 ha et est localiséd 3

l'endroit dit "les salines” situd & 7 km & 1'Est de la ville d'aAnnaba.

Les donndes de base qui ont permis de dimensionner les différents dtangs

sont les suivants:

~ Yolume journalier admis dans

1'installation
- charge organique
- concentration en
- ¢concentration en

- rendement glcbal

ETE HIVER
65,700 m3 66.790 m3
journalidre entrante 18.250 kg 18.885 kg
DBOS des eaux brutes 278 mg/1 282 mg/1
IBOS des eaux épurdes 10 mg/1 30 mg/1
d'épuration 9 % 90%

L'ensemble du systéme (FPig. 3) est constitué de 13 bassins formant trois

séries de quatre bassins

constitue l'exutoire des

La répartition des

Bassins anadrobies

lére série
2e

Je sdrie

Bassins adrobies 2

lére série
2e série

3e sdrie

chacun avec un treiziéme pour 1'homogénéisation gui

eaux épurées.

super ficies par nature de bassin est la suivante:

prcfondeur — 2 m

8 ha 32
série 8 ha 32

8 ha 32

profondeur - 1,50 m

16 ha 2

15 ha 2
18 ha 2
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Bassins de maturation i profondeur ~ 1,20 m
lére série 17 ha 98

2e série 17 ha 99

3e série 17 ha 99

Bassins de polissage: Profondeur - 0,90 m
lére série 8 ha 82

2e série 8 ha 82 )

3e série 8 ha 82

En outre, il existe un bassin d'homogéndisation ol se regroupent les
effluents traités des 3 séries. La superficie de ce bassin est de 6 ha, ce
qui permettra un temps de séjour supplémentaire et un point de rejet unique de

l'effluent.

La surface totale d'amprise des bassins est de 160 ha,

Pour les rendements des dtangs de stabilisation, les degrés de

s 0N

satisfaction attendus en £téd 4 la sortie des bassins sont les suivantss

- bassin adrobie 20 mg/1
- bassin de maturation 12 mg/l1
= bassin de polissage 10 mg/1.

Les durdes de séjour prévues sont les suivantes:

- bassin anadrobie 2 J

~ hassin adrobie 10 J 33
-~ bassin de dématuration 9J 23
- bassin de polissage 3 J 44

ce qui donne une durde de séijour totale de 25 jours.
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Les autres ouvrages 4 l'amont sont les suivants:

- bassin de tranquillisation et de dissipation d'énergie
- dégraisseur

- venturi pour la mesure des débits

- ouvrage d'equi-répartition de 1'effluent

~ regards de répartition dans les 3 bassins.

3.4 Principe de fonctionnement

3.4.1 Description

Le systéme est donc basé sur 3 séries de bassins identiques; chague
s€rie comporte le méme nombre de bassins et les bassins aérobies de maturation

et de polissage ont tous la méme superficie dans la catégorie concernde.

Les eaux usdes cheminent donc du bassin anadrobie ol elles subissent une
forte dégradation des matidres organiques vers les bassins adrobies. Ce
processus se poursuit dans les bassins aérobies et de maturation ol s'amorce

dgalement la dépollution bactérienne.

la diminution des germes de contamination est surtout sensible dans les
bassins de polissage ocu l'action solaire et l'oxygéne naissant provenant de la
photosynthése algale sont favorisds par une faible profondeur des bassins

{0,%0 m).

Les eaux €purées des 3 séries déversent dans un bassin d'homogénéisation
ol le temps de contact d'une journde amdliore encore la gqualitd de
l'effluent, De ce bassin, les eaux dpurdes sont évacudes par siphonnage vers

le canal 3 ciel ouvert.
3.4.2 Situation actuelle de la station d'épuration

Toutes les infrastructures {bassin, digues, ouvrages i l'amont des

édtangs) sont en cours de rdalisation.

La mise en service aura lisu cette annde gri3ce 3 l'achévement des
travaux d'éguipement de la station de relevage principale (700 1/s) situde

dansg le cdseau d'assainissement de la ville d'Annaba.
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4. Schéma de rdutilisation des eaux de la station d'Souration

’

4,1 Réutilisation des eaux traitdes pour l'agriculture
La station d'épuration ainsi congue vise un double objectif:

i) épuration des eaux usées entra®nant une diminution importante de la

pollution des eaux de la zone cBtidray
ii} wvalorisation des eaux dpurédes.

S'agissant du second cbjectif, il est d retenir pour deux raisons
principales. Les effluents traités sont pour leur majeure partie de
provenance domestigue et se prétent donc en principe 3 l'irrigation. Des
terres agricoles aptes 4 l'irrigation sont disponibles dans un rayon
économiguenent intdressant. On peut irriguer jusqu'a 2000 ha & partir des

s2aux traitdes.

Ceux voies sont envisagées, l'expér imentation et la réutilisation
directe, In matiére d'expdrimentation un protocole interviendra sur une
parcelle de 7,5 ha dégagée par les services de l'agriculture et situde en face

du 13 éme bassin.

Pour unhe utilisation directe, il y a lieu de respecter rigoureusement deux
conditionss
a) les qualitds bactdriclogiques, lides 3 la prédsence de certains germes
pathogénes qu'il faudra au préalable identifier et dénombrer pour évaluer
les risgues de contamination. Dans cette hypothése, l'on sera amené &
opter pour un choix cultural adapté qui tout en permettant la

rdutilisation des eaux usédes assurerait une meilleure production agricoles

b) la qualité physico-chimique: on s'attend & ce que l'eau usde au contact

ra

led bassins acquiert une salinité¢ importante. Cela tient Au fait qgu'il

~

> >

existait des marais salants dans l'aire occupde par les bassins de

lagunage.
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La nappe phréatigue est fortement influencée par cette ancienne mine do

.

sel. L'sau d'un puits situd dans cette zone titrait jusqu'd 5 g/l de sels.

Pour résoudre ce probléme, on devra par le jeu de remplissages et vidanges
tipétds de l'ensemble dJdes bassins du systdme ramener le taux de concentration
en sel 4 un niveau convenable, coupte tenu de la nature pédologigue des sols
de la plaine d'Annaba. Aux stades suivants, on envisagerait d'autres actions
complémentaires, telles gue l‘'isolement des bassins de la nappe phréatique par
des films polyethyleénds judicieusement selectionnés, & défaut par le

rabattement du niveau de la nappe phrdatique.
4.2 Réutilisation des eaux pour 1l'industrie

Ie tissu industriel, dans la Wilaya d'Annaba, est constitud
essentiellement d'unitds de production de l'acier et de ses dérivéds, d'engrais
phosphatds et de guelgues autres unités agro—alimeantaires: lait, tomate,

pivents, etc.

Dans une premiére tape, on ne s'intéressera gqu'aux possibilitds de
réutiliser les eaux usdes traitdes pour les systémes de refroidissement du
complexe sédérurgigue d'El-Hadjar. Il s'agirait plutdt d'une expérimentation

de laborateire visants

-~ la connaisszance des facteurs limitant l'utilisation des eaux usédes & des

fins industriellesy

~ 1la détermination des moyvens technologiques & investir pour atteindre la
gualitéd puysico-chimique regquise pour une telle situation; & ce stade
appara%t la ndcessitd de compléter ces aspects de la question par une
dtude ae rentabilitd dccnomique des procddds technologigues & employer
pour valoriser efficacement le m3 d'2au rdutilis< dans les circuits de

refroidissement.



4.3 Rdutilisation des eaux usdes dpurdes dans la recharge actificielle des

acguiféres cltiers

Cette question ne sera abordée dans une premiére dtape qu'd titre
expérimental par les essais de laboratoire, dont le but serait d'dtawlir au
misux la dyramigue de certains composants chimiques ou bactdriclogigues

présents dans les eaux, aprés épuration.
5. CONCLUS ION

Dans les zones méditdrrandennes, et notamment celles qui accusent desg
tensions en matiére de ressources en eau, la rdutilisation des eaux usédes
constitue probablement le meilleur moyen d'atténuer les conflits entre les
demandes urbaines et les demandes ayricoles. De ce fait elle constitue un
potentiel de ressources en ean intdressant 3 mettre & la disposition des

planificateurs de gestion des eaux.

Ies nombres guides ont dvolud nettement et d'une fagon favorable 3 la REU
au fur et 3 mesure que cette question a €té abordde. La hidrarchie des
pathogénes est reconsidéréde. De ce fait l'dpuration par les systémes &'étangs
de stabilisation apparaft comme intdressante dans la mesure ol elle répond le
mieux aux nouveaux critéres demandds pour une rdutilisation des eaux usdes
pour lfagriculture, en plus de sa simplicite de mise en oeuvre et du minimum

de ocontrdle et d'entretien qui rdduit de fagon considérable les frais de

fonctionnement,
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IZ4IR MUSICIPAL JASTL.AIER IREATMENT AND RECLALAED IhATER QUARACILRISTICS
Ey

A. S. QK
Loctor of Biology,
Izmir Fetropolitan tmnicipality
Turkey

1. INTRODUCTICL!

Izmir is cne of the most important commercial and industrial centres
of Turkey. The city of Izmir, an wurban centre with 2 millicn inhabitants,
extends right round the east end of the bay of Izmir from Semikler to
Yenikale, and consists of the central Izmir and Karsiyaka regicns. The
existing sewer system serves Karsiyaska, PBEayrakli and the central Izmir
area, tost of the sewer system discnarges directly te the bay through
cutfalls located along the shareline. Sewers serving the areas adjacent to
Melez creek discharge directly to the creek. The shoreline areas are
between Karsiyaka and Bayrakli and between the PBayrakli and bMersinli
industrial areas. Industries in these areas discharge through their own
sewers either directly or indiresctly via creeks crossing the area. The
waste discharges are totally untreated and finally find their way throuch
98 disposal points and creeks into the bay.

The city is a commercial, industrial and touristic centre as well as
an impcrtant internaticnal port with a harbour in the inner bay. Izmir is
an important port of entry for raw materials and products imported into
Turkey, and also has the largest export facilities for regional products.

Most industries are situated right on the ccastline, for reasams of
topograghy, transpoartation, industrial and coooling water supply and
drainage. Only three alternative sides are possibly subject to industrial
development. These are Gaziemir, Eornova and Bayuk Cigli. The
availability of water has resulted in the rapid development of industry in
the Eornova plain. Industries discharge their wastes and ocatribute
significantly to the present water pollution of the streams and of Izmir
bay.

Izmir, one of the fastest-growing cities in Turkey, according to the
1985 census results, has a 4.4% share of the total natiocnal populaticn.
This fast increase has caused prcblems with energy distribution, water
supplies, commmnication, transportaticn and housing which is insufficient
for the city residents. In particular, the disposal of waste materials
{for example wastewater and solid wastes) is an important problem for Izmir
city. The system is very primitive, discharging into the bay which is the
internaticnally acknowledged symbol of the city of Izmir, and wiich is
being destroyed aesthetically, touristically, recreaticnally  and
eccnomically. Parts of the bay are bpeing increasingly expeosed to various
pollutant lcads and the bay is becoming a turbid, foul-smelling and shallow
salty swamp. In additicn to aestnetic jrcblems, the present situaticn
poses the risk of sericus health hazards for the city population of mere
than two million inhabitants.

These prcolems can only ce resolved by collecting the domestic and
industrial wastewaters in Iznic, and suwjecting tnem to treatment
techniques, so that tne city will have a better enviranmental quality and
cleaner sea water in future vears.



CENERAL DESCRIPTION OF TIL POLLIUTION OF IZIR BAY

Izmir bay, especially the inner bay as shown in Fig. 1, is a receiving
medium with limited capacity for diluticn and dispersion of pollutants. In
the inner bay, the collecticn of sludge at several creek moutns and the
high comcentration of arganic substances have caused unpleasant odours as
well as a disagreeaple appearance for tne city. 2s a result, thne port area
has undergone severe environmental detericraticn.

Izmir bay's pollutant sources can be categorised in two groups* the
point pollutant socurces and the non-point pollutant sources. The point
pollutant group, whidh contains domestic and industrial wastewater can be
controlled by good plamning which comprises both domestic and industrial
wastewater management. Polluticn in the bay is predominantly caused by the
damestic and industrial wastewaters of the city. Polluted lcads discharged
are constantly increasing and thus enlarging the polluted area as can be
seen from Fig. 2 (D.E.U., 1985). It is predicted tnat over the next 30
years, popalation, wastewater flow rates, orcanic pollutian, suspended
solids, nitrogen, phosghorus, heavy metals and toxic material lcads will be
about three times as much as their present values as swmmarized in Tables 1
to VII (D.E.U., 1985).

Other secondary sources of pollutian in the bay are overland flow
caused by rrecipitation, agricultural drainage, wastewater drainage from
port activities, waste loads carried to the bay by streams and rivers.
These non-point sowces located all around the bay are not easy to control
but in the long run their management and control will be necessary and can
be achieved by means of geod forward planning.

The general rates of discharged pollutants into the bay are as follows:®

50% domestic and industrial wastewaters

15% polluticn originating from the streets and roads as a result of
rain washing

10% pollutants carried by the rivers

102 agricultural pollution (over fertilization and scme insecticides)

82 ercsim cof soil

4% polluticn originating from ship traffic

3% wmcontrolled pollution

The domestic and industrial wastewaters discharged into the bay
contain the following pollutantse arganic substances, suspended solids,
pathogenic micro-organisms and viruses, nutrient (nitrogen and phosphorus)
and heavy metals.

Orcanic supstances discharced into the bay have caused the depleticn
of dissolved oxygen in water by creating an anoxic condition and a bad
smell, a typical indicator of anaercbic processes, 1is given off.
Furthermore, in the imner bay areas very low oxygen concentrations have led
to the disappearance of mest of the marine life.
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Taole I
Predicticn of urban population in Izmir Metropolitan Area

Years Populatian

1985 1,595,660

1595 2,163,600

2005 2,689,750

2010 2,997,400

2015 3, 267,000
Table II

Predicticn of domestic and industrial wastewater flow rates
originating from the Izmir Metropolitan Area

Years Domestic wastewater Incustrial wastewater Total wastewater
discharge (m3/d) discharge (m3/d) discharge (m3/d)
1985 245,000 93,000 338,000
19S5 420,000 118,€00 538,000
2005 628,000 143,000 771,0C0
2010 752,000 155,000 ©07,000
2015 895,000 168,000 1,066,000
Table III

Predicticn of ROD lcads

Years Comestic EOLg Industrial BOD; Total BOLg
load (kg/d) load (kg/d) load {kg/d)

1985 112,000 102,000 214,000

1995 173,0C0 130,000 303,000

2005 242,000 157,000 399,000

2010 283,000 170,000 453,000

2015 310,000 185,000 495,000

Table IV

Predicticn of suspended sclids loads

Years Cormestic 85 Industrial 8§ Total &5
lcad (kg/d) lcad (kg/d) lcad (ky/d)
19€5 117,000 49,000 1Go, 000
1995 184,000 62,000 246,000
2005 255,000 75,000 330,000
2010 258,000 £1,000 37%,0C0

2015 327,000 «C,000 415,000
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Taple V

Predicticn of nitrogen loads (as M)

Total Nitrogen

Years Ccmestic hitrogen Industrial Nitrogen

(kg/d) (kg/a} (kg/d)
1985 6,125 2,325 4,450
1995 16,500 2,950 13,450
2005 15,700 3,575 19,275
2010 18,800 3,875 22,675
2015 22,500 4,200 26,700

Table VI
Predicticn of ghospnorus leads {as P)

Years Comestlc Phosphorus Industrial Phospnorus  Iotal
Phosghorus (kg/a) (kg/d) (kg/d)
1985 1,960 140 2,100
1985 3,360 180 3,540
2005 5,020 215 5,240
2010 6,016" 234 6,250
2015 7,184 2582 7 /440

Table VII

Estimates of heavy metal lcads

Parameter Pollution load
{kg/d)
Chromium 7,500
Iead 7
Cadnium 0.7
Zinc 16
Copper 3
Mercury 11

Cyvanide

58




~u
- 245 -

Suspended solids continually depusited at discharce points have caused
the gradual filling up of tne imer bay arsa. Also the «rganic ratter in
the suspended solids and the settled dead marine organisms have given rise
to anaercbic deccmpecsiticn in the sediment causing depletion of the oxygen
and creating bad smells. Eoth the suspended matter and the growing
micro-crganisms increase the twrbidity of the water, which limits
transparency and thus impedes the pnotosynthetic activity providing oxycen
for the water colummn.

Pathogenic micro-crganisms and viruses in surface waters and the bay
threaten severe health hazards for the city of Izmir. Thus, the use of the
Iznir bay area for fishing, recreatim and tourism has been largely limited
by the presence of these carganisms which may cause a variety of diseases.

In additim to organic loads, stimulaticn of algal biomass producticn
by photosynthesis ococurs in Izmir Bay, a phenamencn mainly leading to
eutrophicaticn, which is enhanced by nutrients such as nitregen and
phosphorus contained in wastewaters.

Industrial wastes have been and with few exceptims are being
discharged into the bay withcut any previocus treatment causing waste lcads
of heavy metals and toxic substances, These suostancss settle and
acaumulate in the sediment and are incorporated into the food cycle there
in significant concantraticns in marine vertebrates and fisn. As a result,
bicmagni fication can cccur in human beings in respect of heavy metals. The
heavy metals and toxic substances wiich mainly pollute the bay are
chromiun, lead, mercury and cyanide. fArong these, chromiun from the
tanning industries has the largest share in tne waste load input and it is
believed that the concentraticns of the rest of the heavy metals in the bay
have nct yet reached disturbing levels.

3. PRESENT INDUSTRIES IN IZIR

The industrial situation is in prooess of changing from processing
agricultural products to manufacturing goods. The older industries are the
tanneries, raisin and tobacoo processing and olive il productian plants.
lore recent industries are dairy products, wrapping materials, truck and
tractor parts, an ircn and steel mill, detergent and scap products, cement,
several caming factcories and distilleries.

These industries all produce a large amount of heavily polluted
effluents per unit of production which are discharged either directly or
througi canals of wastewater to the sea. Some of them have treatment units
for their effluents, for instance, a paint factary, a vegetal oil factary,
and a tannery factory.

Most industries in the Dornova area discharge large amounts of
crganic matter, suspended solids and floatables oontent effluents into a
nearby ditch, draining intc the Manda creek which runs through agricultural
areas before finding its way into the bay (Fig. 3).

The tanneries, mostly located to the scutn of Izmir, have been cbliced
to canstruct coliective treatment plants in the city to treat their own
wastewaters.



[ )
!\\.‘ ’ \. - J.:’ Pl i, v, -
i . & :
i i STV : H
;= ac.g - o';’ '\ !!
!- 100 ‘_I ) P Sae ___.‘,-.\J vﬂ‘w Cresk ._l
' p- Ity ) e Soragva T
) /s Seritler JY Sayraens g 8500 ; L
<y D 210 sco /% I i
; ] i N
Ay i !
i 2 i
!' MAD Creek v
A i -
ILMIR . “.‘.c;"".‘-'f - .. LI :. o
Alsoneck T e
j Camate !
IZMIR  pay Sficonee X stoog 4 :
. " ¢ ) j’
S 4 1 ;e
Yorair 5 . ! \sao i 2
1 hilepe LT, s ' narsa
519803 H g o Q000

! \
< Alndag ™.,

\
Y
3, v .. [ ~ _ "}
Jenkale (3 Mo e” Srnre —— E3 ;
"y oty R e s A "v'
}
i
S §
1)

4
v,

:
~ ¢
' A -
e 48Y sy [
; oy Gust .t i~ (7 'f'" !
®  tan - i Y P T I \ i
Lecca ' S PR /A ' kY i
F RN P ‘C' ‘| ' ) H
" P -:' h e S } \\ .\.
P I/ 3algeva b N \ Juca \\ <.
i 1 oceg Y - ' ‘6T o0 ) -
Sl $ \ ] i
' K i) ’ [] !
E t Viundate ' \
N i, ' ; : H
~, ! 3 !
2 ! } i
AS I / H
-l / t H
s . H
/ ...
¢ N - - ‘.‘,
P - ane "-v---o-—
) i
: /
) H
. i Gazwanr ]
‘. 27000 !
...._._“__\ '.‘
LY !
Fig. 3 Fegions of Izmir city

4. POLIUTION PREVENTIVE LEGISIATION

Turkish Environmental Law 2872 (1983) sets out a principle of
"Polluters pay", effective in the preventiocm and alleviaticm of pollutim.
Based on this law, a bay law related to the industrial wastewaters
management for the city of Izmir is to be prepared. The main thinking
pehind this regqulation is that pretreatment for industrial wastewater nust
satisfy certain discharge criteria. If any parameter has a value hicher
than that indicated in the by-law, that industry/industrial plant will be
forced to set up a pretreatment plant for tnese parameters, after which
they will be allowed to discharge their wastewater to the sewerage system.

5. MUNICIPAL WASTIMATER COLLECTICHM AND TREATMENT
FOR TIE CITY OF IZNIR

Three projects have been already been prerared on municipal
wastexrwater ccllection and treatment in the city of Izmire the "lzmir
Sevierage Projectl Master Plan and Feasibility Project" (Carp,
Harris-tesara, 1971), the "Izmir Sewerage Project DMaster Plan and
feasibility Report" )Su-Yaoi, Holfelder, 1981) and the "Izmir lastewater
Treatment Plant Feasibility Study" (Dokuz Eylll Univ., 1985). In all of
tnose projects, the collection, treatment and disposal of the domestic and
industrial wasteiwaters in Izmir have been dealt with in great detail and
the necessary public healtn engineering measures nave been developed.
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The total amcunt of wastewater produced in tae city of Izmir curing
19685 was about 3413000 m3/ cay (3,950 1/sec) and it is predicted to reaca
avcut 1,066,000 m3/day (12,340 1/sec) oy 2015. The possinility of
re-using such large amounts of water should be carefully considered in the
choice of suitable methods of treatment and disposal, especially for a city
like Izmir with semi-arid climate and a scarcity of water.

5.1 lastewater Collectiom

The Izmir sewer system, the main parts of which are under
canstruction, cansists of a 49 km long main track encircling the bay and
its swsidiary collection works amounting to 90 km and an extensive netwcrk
of tertiary sewers. The construction of the main canal was started in 1983
and this is presently being continued in three sectias., Wastewater
collected by means of this sewerage system will be conducted to the north
of the bay near Cigli to be treated in the treatment plant there. The main
rationale of the sewerage xoject 1is to eliminate direct and indirect
discharge of wastewaters to the inner bay where mixing and diluticn
potentials are quite law. In fact, the imer bay area has no capacity to
‘assimilate wastewaters which have undergone even advanced treatment.
Therefore, the idea of ccnstructing small local treatment plants instead of
a main cne on the outskirts of the city, will still not provide an adeguate
soluticn for the preventiocn of pollution in the irmer bay (Fig. 4).

5.2 Jastewater Treatment

A stabilization pond system, therefore, is a better resolution of
Izmir's prcblem than the other alternatives. This system consists of
mecdhanical screens, a grit chamber and three ponds. This combinaticn has
been found to be the most appropriate method of treatmeat for deomestic
wvastewaters and pretreated industrial wastewaters (Fig. 5). In this
alternative, the wastewater is held in anaercoic ponds, facultative ponds
and maturaticn ponds with a detention pericd of 4, 16-18 and 5-6 days
respactively. In the anaerchic and facultative ponds, organic substances
(BOD) and suspended solids (SS) are removed. During the S5~day detenticn
period in the maturation pend, efficient coliform removal is achieved by
neans of solar radiation or photoxidaticn and antibacterial substances
produced from algae.

This system is the most eoconomical with respect to poth initial
investment and operating costs, compareé with all other possible
alternatives. Furtnermore, stapilization pond systems are ideal processes
for a city like Izmir which has a sub-tropic climate and depletion of
atnogenic micro-orcanisms can  be realized making use oi natural
processes. Thaus Dy Keeping tne wastewater in shallow ponds for a few
weeks, very efficient pataceen rencval cccurs as well as EOD and &€ remcval
during summer. The efficiency ©f rercoval is sc hign that no fecal
coliforns will be present in tne effluent during the sunmer. The
efficiency of in-plant pathogen removal duwring the winter seascn might
however drop consideraply. The dilution capacity and bacterial die—off
rates provided by a marine cutfall system still to ve designed will make up
for tihis less cf efficiency and it will be possible to meet the
recreaticnal standard of 1,000 FC/100nl during tne winter pericd also.
dovever, since the bay is not used for recreaticnal purposes during tune
winter time, tne appliction of tnis recreaticnal standara ccontaians an
additicnal safety factor.
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In stadilization poncé systens, nitrcgen and pncspicrus can be removed to a
greater degree (50-50% nitrogen, 95-70% phosmerus} by algal aarvesting and
consequently eutrophication in the receiving media can ke controlled mcre
effectively. Alcae to be harvested will have a potential accnomic value,

Hevertheless, stabilization ponds do present scme disadvantages for
the city, amcng tnese foul smells whicn may be produced by anaercoic units,
and mosquito prcoolems. DBut it has been definitely establisned that
well-maintained and properly operated stabilizaticn ponds do not incur more
cdowr and insect prcblems than other well-operated treatment systems.

The main disadvantage of tne stabilizaticn pond system is that it
requires large areas of land located clcse to the city. It is well
established that given the availability of such areas, natural treatment
systems in cities with warm climates like Izmir have numercus advantages.
The area required for the stapilizaticn pond system for the year 2015 is
rouchly 2,000 ha. Fortunately for Izmir, there is laml available in Cigli
witn an area of 3,100 ha which is topograpiically convenient and ideally
loccated for the construction of stabilization ponds (Fig. 6). A larcge part
of this area is publicly owned, and is not convenient for acricultural
purposes because drainage is not possible and it cannot e used for tne
canstruction of buildings because of its low soil-bearing capacity.
Stabilization pond systems do not require heavy concrete structures and can
be built using earth dikes.

In stabilization pond systems, however, sludge accumulates at the
bottom of the anaercbic parts and is well digested within a few years.
This sludge can suseguently be dried and removed by alternatively
separating the ponds from the systems. This sludge is of great value as a
raw material due to its nitrogen, phcsrhorus and or¢anic matter content.
Its heavy metal content will also be low because the raw wastewater
influent will not have a high ooncentration of heavy metals., Because they
will be treated in the pretreatment system at the sowce of wastewater (for
exarple, in the polluting factory) these sludges can be used as fertilizer,
can be composted together with solid wastes or can be processed and used as
fuels.

The stabilization pond system proposed has great potential for
efficient treatment. The treated wastewater can ve used for irrication and
industrial purposes. It is alsc possible to utilize part of the treated
wastewater for cooling and industrial purposes in the developing "Crganized
Industrial District (A0SB)" in the Cigli region. Further treatment may be
required for scme specific inuustriss, hawvever.

In the stabilizaticn pond system, bota prcject and constructicn are
made possible by Vorld kank financial osupport. The trends project is
finisned anG a private company is presently preparing the applicaticn
project. Tais will be finished by the end of 1900 and canstruction will
begin in 198¢. The system will be operatiocal in 1992,

5.3 The Criteria for Stabilization Pond rased on Iegal Framewcrk

In reszect of treatmeat critaria, standards of municipal wastsvater in
treatment systen in Iznir city nave been stucdied for tic years in tie Prime
tinistry Ceneral Lirectorate of Invircament anu Lokuz EylUl University of
Izrir. bow the criteria for tie municipal wastewater nave been prepared,
tae draft nas been finalized ana this study will be arproved in the near
futuce. '
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vnen te municipal wastewater is treated in the stavilizaticn ponds, toey
will have tne characteristics shown below (Table VIII).
Table VIII

lastewater cnaracteristics for damicipalities {Populaticn over 10,000)
with a raw ECD lcad in excess of 600 kg/day

Parameter Composite sample Composite sarple

of 2 hour of 24 hour
EOD {mg/1) 50 45
QD (mg/1) 140 100
ss (mg/l) 45 30
pii 6-9 6~9

5.4 Financial Aspects

The oost of the above-mentimed project in 1986 was as follows®

Collectors and secondary sewers 103,000,000,000 TL
Treatment plant and outfall 43,000,000,000 TL
Fngineering services 4,7C0,000,000 TL
TOTAL . 150,700,000,000 TL

6. CONCLUSICH

It is believed that with the realization of this project envircnmental
proolems in Izmir will be cansiderably reduced.
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RE-USE OF TREATED wASTLIALD
POSSIBIE APPLICATIOLIS L, YUCOELAVIA
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V. tiaslese bk, Split,
Yugoslavia

and

BOGDRAN IVANCIC
tater Autharities of Calmatia
Balkanska 26, Split
Yugoslavia

1. ABSTRACT

The paper presents the Yugoslav interest and attitude towards the
application of treated wastewater for irricaticn and other purposes. The
re-use of treated wastewater has not been carxied out so far, but its
application is being planned mainly as an accompanying activity together
with the protection of water rescurces and the sea, or possibly for saving
drinking vater cn the islands and in the isolated coastal areas. The
reasans for and characteristics of this apprcach are presented and dealt
with, as well as the necessary preliminary activities related to the
implementation of the wastewater re-use in the coastal regions of
Yugoslavia.

2. INTRODUCTION

The need to re-use treated wastewater appears to exist cnly in the
coastal area of Yugoslavia. The ocoastal belt of Yugoslavia is more than
4,000 km long, and the distance between its farthest points is 750 km,
which shows the high degree of develcpment of the coast.

In Yugeslavia, there are over 1,000 islands, mostly unpopulated. In
the coastal belt and cn the islands there are abcut 1,000,000 inhabitants,
most of whom live in scme larce tovms on the ccast, while the rest live in
a great nurber of small settlements (Fig. 1). In tnis area, there is
significant eccnomic activity. Industry is mainly concentrated in the
vicinity of large towns (Split, Rijeka, Zadar, Sibenik) and anly a small
part of this industry is located in the small towns and settlements.
Agricalture is poorly develcped, prirmarily due to unfavourable scil
conditions (mainly rocks) and unsuitacie hydrologic conditicns and the
sacrtage of water in swmer. Therefore, agriculture is well develcped cnly
around the estuaries of the rivers on the ccast.

Tourism is certainly the mcost important activity of this area and it
is continually developing. Towism is mere significant in small towns,
whereas large towns are mostly transit centres. This towism is of a
tyrically seascnal type with peaks in July and August, vhile its intensity
decreases in winter. There are rmore tnan 5,000,000 tourists in tnis area
annually.
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The Zdriatic coast is characterized by a typically i=ditsrranean
ciimate, with cold and wet winters and dry and warnm.surmers (Fig. 2).
Starting from the east to the west almg the coast the regions become nxre
humid and colder. From the geological standpoint, this area is a typical
karst terrain, with rocks and mountains without any large valleys and flat
areas. Such topological, climatolegical and geclegical conditicns caused
the formaticn of the respective water resources, so that there is a lack of
water in these areas. This is particularly true for the islands, which are
characterized anly by an wstable lense of fresn water under the islands.
The specific features of these areas are Xarst springs and sub~ marine
springs witn characteristic significant oscillatians in capacxtz.& Some
of these sgrmgs have a considerable capacity, like Jadro (min 5 m /s),
Cmbla (6 m9/s), Rjecina (2 m/s). The catchment areas of these springs
include the immediate hinterland and the regions further inland. The
characteristic feature of these springs is that they have been formed and
are located in typically kKarst regicns, and are mainly of an cverflow type
(Fig. 3). Several larcge rivers flow into the Rdriatic Sea in the coastal
area, such as the Zrmanija, Krka, Cetina. These rivers are recharged in the
antinental part of the country.

Large towns are the highest consumers of water, throughout the whole
year continucusly. DMost small towns are high consumers only during the
sumner , so that they are characterized by high cscillaticns in consumption
primarily due to the periocds of seasonal peaks in towrism. Agriculture is
not a sicnificant consumer of water, due to lacdk of water and also because
the soil is not rich nor easily available.

3. VWATER SUFPLY - PRESINT STATE

The yrcblem of water supply in this area has been sclved in various
vays. large centres are supplied by water from the regicnal water supply
systems which use water from streamflows or water-rich karst springs.

Small towns mainly use the local sowreoes or are connected with the regicnal
systens.

One of the loml sowrces is rain harvesting. rost of the coastal
settlements have solved the problem of water supply successfully. The
situaticn on the islands is more complex. Iarge islands, located near the
coast, are comnected by submarine pipelines to the regicnal systems on the
cwast. Small islands and the islands located farther off shore use local
sources, rain narvesting and water tankers supplementing supply during the
sunmer . Although the situaticn is neither easy nor simple, the supply of
the islands with potable fresh water is still satisfactory. The greatest
problem is cscillations in the consurmption during the summer menths, when
the local sources lack water or ccmpletely dry up. In additicn to the
roblen of water quantity, anctner proplem has lately becorme acute, i.e.
the polluticn of water, which thus eliminates soue of the sources in the
area, so that they are no langer sufficient.

A similar situaticn applies in incustry. Industry is located in large
towns or in tne vicinity of sicnificant water resources, sc that there are
nc problems of water supply.

The situation is more complex with reward to agriculture. The mild
tediterrancan clirate makes pessible an iantensive crowtih of varicus plants,
such as editerranean fruit, if sufficient guentities of water can be
ensuced.



hfcrtunately, in the surmer months tiuere is a shortage of water on the -
islands and in isolated areas, so that even the water supply is inadequate,
and agricultural activities are limited to small lots around the houses.
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The exisrence of a larve rasket (tousisk) and tae prcblens relatzd to tne
impcrt of kediterranean fruit, make agriculture an impertant facter in tais
area, so that plans are currently being made to try to sclve the problem of
water supply for agricultire. Cne of tane alternatives to be consicered is
the re-use of the wastawater, especially on the islands and in isolated

coastal areas.
4. EI~USL Il YUCOSIAVIA (STATE-OF=2FT)

The re-use of wastewater fcr agricultwre or scme other purpcses has
not been carried out sco far in Yugoslavia. However, this statement applies
only tc the directly crganised re-use of wastewater and not tc re-use
througn polluted water rescurces.

The reasms Why re-~use has not been so far carried out are numercus
and can be summed up as followse thwe activities cn the islands and in the
aastal area did not have significant econcric importance as to reguire the
applicatiun of this non-cunventional sowrce of water for agricultural
production and cther purposes. Lowever, the development of tourism and the
resulting increased ccasumpticn, hich costs of water supply and food
supply, and the increasing demand for the purificaticn of tne wastewater,
make the re-use of wastewater acceptable for the irricaticn of agricultural
areas and landscape. &coordingly, certain initiatives have been undertaken
in crder to analyze all the aspects of this problem. 2nother reason that
has made re-use an important subject to be considered by the water
authcrities and others, is the wncontrolled application of re-use in
certain regions. Some islands and coastal areas use, for irrigation
purposes, tne groundwater vwhich is mixed with wastevater flowing cut of the
septic tanks. The same applies to small islands which have the lense of
fresh water floating above the sea water. This water has been used for
irrication for a long time, but today this probiem is becoming more acute
since the consumption of water cn the islands has increased and there are
great quantities of wastewater which freely, without control, flow
underground and thus make the growmndwater guality questicnaple and
dancercus for use for irricaticn.

5. PLAITIDNG AT POSSIBILITILS FOR RE-USE

Accarding to the analyses undertaken, it has been established that it
is difficult to carry cut the re-use in the situatim as it is in
Yiageslavia, since- i) tnere is little interest in this tyre of water
supplyl ii) geological, nyércloyical and topographical characteristics of
the area are not favourable. ii1i) tuere is not enocugh experience an.d
knewledge to solve these problems. It has also been found out tiat re-use
can be carried cut in certain small coastal areas only but with different
cbjectives. Thus, there is nc possibility for tiwe development of re-use of
great capacityt only small plants could be installed.

Bcocording to the specific features of this area- future demands,
development trends, plans fcr tne protectiun of water resowurces, the
carrying out of re-use in the coastal area and ¢n the islands is planned in
tie following situaticas-.

i) wvhen the polluteu yroundwater has already been used for irricatian

(areas wnich aave sclved the water supply fron other scurces).
ic) wher me groundwater in iecet arens used

;
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iii) wnen tae ccastal sea in tne clesed bays ana sasins sould se frotectad
from eutropilicatian ar where wasteiater is treated with nigi
efficiency (seconcary treatment)’

when water for irricaticn or water supply shculd be provided from such
sources.

iv}

The facts stated above show that tne re-use of treatzd wastewater as
an additicnal scwrce of fxresh water, is not of primary impoartance for this
area. This sowrce of fresh water is significant and justifiable only if it
simultanecusly solves some cther prcblems (groundwater protecticon,
protecticn of the sea ana cthers).

5.1 Imrrovement of tie present use of tne polluted ¢roundwater

as already stateu, some types of re-use of the polluted groundwater
are already being carried cut, in certain locaticns, rcst freguently on
small islands (Fig. 4). In tne surmer menths, it is re-use in the real
sense of the woard, since the growmdwater is renewed exclusively by the
wastewater from the septic tanks. The local populatia, as well as the
water authorities, are certainly aware of this situation. Therefore, local
inhabitants use this water cnly for irricaticn, as there are no other
sources for this purpcse during the sumer months. However, the local
population is not guite conscious of the proolems and threats resulting
from this type of irrigation. Consequently, the water authorities are
considering this problem in arder to improve the existing applicaticn. The
geological characteristics of the area (karst, cracked rocks) are such that
they make possible fast sinking of the water undergrouné with minimum
purification on its way. Therefore, the only possibility is the use of the
parified water directly from the swfzce retentions. The constructicon of
such surface retenticns, indispensable for improving water quality, and for
the balancing of demand and supply, is not easy in these rocky terrains.
The optimal sclution is the retention of the type - plastic lined peond.
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n tae otner hand, tuae treatment of wastewater in tls area will not
Iresent a great prcblem since tne wastewater is typically domestic water of
standard guality. 7The greatest provlem is the hich oscillations in tne
inflcw of wastewater.

Starting from these characteristics, it has been concluded that the
mesent consumers of tne polluted crowmdwater should build retentiwns aleng
with the respective plants. Past examinaticns of this water have shawn
that, in mcst cases, the water should be kept in the retentions cnly in
order to reduce the bacteria to the reguired standards, and to improve the
quality of water in respect of the other characteristics. Consequently,
septic tanks would be quite sufficient as pre-treatment. However, it is
questionable whether it is justified to use the underground aguifer as
retention for these purposes due to the following reasmse

a) whether it is harmful to pollute the croundwater, even if small
quantities are considered[

b) whether the gromdwater losses are too great and hence dangercus
for the pollution of the coastal sea.

Generally speaking, these questicns are not easily answered, and this
roblem should be solved from cne case to another in acccordance with the
local characteristics.

5.2 Re-use as the protectiocn of groundwater in karst

The ninterland represents the area of recharge for the great coastal
saurces (springs, rivers) used for drinking water. These regims are large
and are located in a tygpical karst area. In arder to protect this water
all the settlements in this area should have the wastewater treatment with
a high degree of puwrification. The reascns for this have been already
menticned (karst, low auto-purification capacity of the underground soil).
The settlements are scattered and small, so tnat the construction of a
scghisticated regicnal treatment plant could not be justified. Therefore,
it is recoomended that simple processes should be used, e.g. lagunas, being
simple and efficient plants, so tuat the treated water is retained in the
plastic lined ponds and used for irrication. 2Applying this solution (Fig.
5), the inflow of the purified water into the underground will be
rrevented, and simultaneously the water will be used efficiently, since
these areas lack water for irricaticn, particularly in the sunmer montas.

Those regicons situated just beyond the ccastal belt are characterized
by excepticnally warm and dry susmers and cold winters. Consequently the
vegetaticn of tnis reyicn is poor and the terrain rocky. iovwever, these
areas include small karst goljes suitable for the intensive development of
agriculture. later has alvays been the limitine factcr. Cther foarms of
grouncwWater protecticn are exgensive and uncertain’ hence the suggested
soluticn is considered suitable for tais area (cheap coastructicn, easy
maintenance, not too rmuch eneccy, ne depand for skilled pecsanel,
efficiency in the elimipaticn of bacteria, acricultural producticn).

5.3 Pe-use as the protecticn of the sea

e ccastal belt of tiae Fériatic sea in Yugeslavia is excepticnally
well-developed, and tuere are nurercus bays and straits of varicus sizes.
Since tnese bays are well protected, they have, since ancient tines, been
suitaple for the lccaticon of settlements. iLowadays, nowever, tne
controllad and uncontrolled scwees (point 2ol non—zoint) of polliution tave
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Fig. 5 FRe-use scheme in the case of groundwater protection

polluted and degraded the sea in these bays in scme places to a state of
eutrophication. The main cause of the high decree of pollution is the
insufficient exchance of the sea water in the bay with the clean, open sea,
so that tile nutrient salts are stared to build up in the sea. In crdex to
solve tiis prcblem it is necessary to treat the wastewater, and scmetimes
the storn runoff, to a degree which will prevent eutrophication{ this
implies the constructicn of plants of hich efficiency, or pumping the
wastewater several kilometres ocutside the bay and releasing it into the
cpen sea. If the water is efficiently treated, its release into the sea
can be justified{ whether there are economical and envircnnental reasons
for it when the areas by the sea have not sufficient quantities of water
for irricaticn and for other purpcses. This release is even more
questicnable considering the expense of tae operaticn. fThus, wnen tne
water is pumped ocut of the bay, with the previcus treatment of a lower
degree, it is necessary to analyze tae economic and envircnmental aspects
of this solution as compared with the application of re-use wastewater for
some local needs. Iccordingly, bearing in mind the great derand for water
in this area, and tne necessity to protect the sea, the application of
re-use is consicdersd to be an efficient and envircunentally justified
solution, particularly for areas on the islands since the cost of tringing
vater tnere is extremely hich. In the present situaticn, when the disposal
of tne .astevmter is effected by leng submarine cutfallis witn the
respective mechanical treatwent, this metncd is not very attractive for
other areas. icvever, such disposal of wastewater camiot ccatinue
indefiaitelv. Te applicaticn of a treatient of nigner de.res will nase
re-use of .asteiater ncre acceptacle (Fi;. 8).



a)Discharge of effluent

in the bay

b)Discharge Of the effiyent in the open seg

c) Reuse of effluent

figure 6
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5.4 Te-use as the proceuwre for providing water for irricaticn anc wacer
supply

The carrying out of re-use exclusively for irrication purposes takes
place in Yugcslavia only for the islands distant from the coast and for the
isolated coastal areas withcut water. In the future it will prdbably be
used only for the islands since the ccnstruction of regional ccastal vater
supply systems has been planned.,

The ooastal areas and those islands connected to the regimal water
supply systems, can store water from the regional system during the winter,
when tne consumpticn is lower and thus they can provide sufficient
quantities for irrigaticn, but it is juesticnable whether it is
eccnemically justifiable to use water for this purpose. If the regicnal
systens cannot satisfy all the demands cn their cayacity, then the carrying
out of ce-use for irricaticn of agricultural areas and landscape can be
fully justified, particularly as a measure for saving water from available
resources, anc for the development of agriculture. This is not the case at
resent, but it does not mean it will nct happen, primarily cn the islands.

6. CORCLUSION

From the facts stated above, it can be concluded that re~use of
wastewatsr has not been carried out in Yugoslavia. However, increasing
demands for water in the areas shart of water will prooably lead to the
application of this rethod, as a measure for reducing the consumpticn of
drinking water. Re-use to satisfy the cdemands of agriculture exclusively,
is not 1likely to occur in the near future, but it will have applicaticn in
combinaticn with other purpeses, such as groundwater and sea protection.
Fe-use of this type can be justified in the present situation, and
therefore certain effarts are being rade to hring this about.

Yugoslavia is very interested in improving its knowledge in this field
and in exchanging experiences in this field, hence all the activitiss,
including the activities carried out by PAP/RAC are very helpiul. We are
conscicus of all the preblems and dilemmas in the application of this
source of fresh water, and therefore, are trying to grepare the necessary
tecdmical and legislative measures.



VALORISATION DES BEAUX USEES PAR L' IRRIGATION
EN FORET MED ITERRANEXNNE

G. BEIOIT DE QOIGHAC, A. MALAVAL, Ch. RIPERT
Groupement d'Aix-en-Provence du CEMAGREF

Division "Protectican des for@ts contre l'incendie®, France

M. CADILLOLY, L. TREMEA

tocidtd du Canal de Provence, France

1. TITROCUCTION

Deux des questions les plus difficiles auxquelles sont confrontdes les
collectivitds locales en réyion méditarrandenne sont la pgrévention des
incendies de foré: et l'dlimination des eaux usées,

L'idée trés sdéduisante a priori, de les résoudre simultandment en
irriguant la forét avec les eaux usées avait €téd dmise depuis plusieurs
anndes, L'installation expérimentale Je Cogolin est la premidre tentative
faite, en France, pour vérifier la possibilité de sa mise en oeuvre

opfrationnelle.

2, DESCRIPTION DE L'INSTALLATION

Ie site retenu est situf sur la conmune de Cogolin, dans le Var, a
proxinitd du Golfe de Saint-Trupez. [e substrat géologigue est un micaschiste
du massif des Maures, la pente (5 & 40%) et la profondeur du sol (20 & 50 cm)
sont asser variables. La végdeation a €td trés margude par l'action de

DR )

1'honme, et notamment par les incendies anciens: bouguets de chénes-lildges et
o 1 5 1t1 Id- e iaarnt 4 1. ’ b 3] -~ o 11 2edminde 'l' 1
de pins mzritimes (dépdrissunt & cause du Matsucoccus), Jisséminés a2u miliaw
dA'un wmauis A& bruvdra arooresecente ab cistes bien Jéveloppd. Elle est donc

trés inflamwmeble et combustible 2t constitun un milieu bien reprisentatif de

la Provence cristallina.
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Les eaux utilisdes pour l'irrigation sont les affluents de la station de
Cogolin qui ont supi un truitement par beoues activées en adration prolongde et

une double filtraticn par tamis de 180 & 120 microns successivement.

La qualitd de cet effluent est caractdrisds par un pH ldégérement basigue
proche de la neutralitd, une mindralisation et une charge en matidres en
suspension assez faibles, une DCO & teneur movenne de 46 myg/l, une
prédoninance de l'zzote ammoniacal parmi les diffdrentes formes de l'azote
minéral et une charge bactér iologique aux valeurs classigues pour les

diffdrents germes.

L'effluent utilisé constitue donc une eau d'irrigation de qualitd

convenable ne devant pas entrajner de problémes majeurs pour les espéces.

L'ensemblas du site a fait l'objet d'un débroussaillement préalable & la

mise en place du dispositif,
L'irrigation a portd sur deux types d'arbres:

- les arbres de la for8t autochtone composée de chdnes-lidges, de chénes

ver s et pubescents, de ping maritimes et de quelques rares fruitiers;

- des plants introduits, au nombre de 1.600 eaviron, appartenant & 14
essences feuillues (merisier, draple sycomore, ailante, aulne de Corse,
micocoulier, platane d'CGrient, cobinier, saule hlanc, soghora, peuplier blanc,
ch3ne-1idge et 3 espéces d'eucslyptus: dJdalrynpleana, gunnii et macarthuri) et
2 essences rdsineuses (pin pignon, cyireés vert). Ces plants ont étd installds

en deux dtapes, en 1982 et 1983 avec quelques regarnis en 1984,
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Deux méthodes d'irrigation ont &t€ utilisdes (Figure 1):

- L'aspersion sur les deux secteurs I et II (12 asperseurs sur chacun, &

l'dcar tement 12 x 18 métres) qui porte sur 0,8 ha environy

- la "micro-ircigation" (localisde) sur les secteurs A, B, C, et b, selon
un procddd mis au point par la Compagnie du Bas-Bhdne-Languedoc, qui porte sur

1,7 ha environ.

la dose a étd d'une fois 1'ETP (évapo-trenspiration poteatielle) en

aspersion et a varid entre 0,5 et 2 fois L'ETP en micro-irrigation,

Au début de la seconde campagne d'irrigatien, en 1984, deux zones
"témoins" ont €té implantdes; la premiére campagne portait en effet sur
1'ensemble du dispositif pour assurer la reprise des plants installds dont la

plupart appartiennent & des essences hygrogphiles,

*

Figure l: Tercain expérimental - ditfdrentes parcalles
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3. RESULTATS

Au bout de trois saisons estivales de fonctionnement, L'installation
donne toujours satisfaction. Les problémes de colmatage gue l'on redoutait a
oriori, notamment en micro-irrigation, ne se sont pas posds avec acuité.
Néanrmoins, il est nécessaire de prendre des précautions trés soigneuses lors

de 1'arrét hivernal Ge l'installation: chloration, ringage et vidange.

- La rdaction de tous les végdtaux a &té trds positive, 12 ol les arbres en
place formaient les bouguets pré-existants, le couvert s'sst fermé et s'est
assombri, entravant la reprise de la broussaille du sous-bois. L'effet
"pare-feu-arboré" a donc €t€ renforcd. I3 ol les arbres en place sont
clairsemés ou absents, la oroussaille ainsi qua les rejets de ch@nes, ont, eux
aussi, vigoureusement profité de l'irrigation, surtout en aspersien. La
micro~irrigation, privildgiant les arbres plantés, a moins profitd 3 la

broussaille.

Les plants irriguds pendant trois ans ont tous beaucoup mizux poussé que
les plants témoins qui n'avaient été irrigués que la premiére annde pour
faciliter la reprise. La figure 2 indigue les croissances toutes espsces
confondues, en pourcentage de la hauteur initiale, mesurde mois par mois au
cours de 1'dté 1984. La figure 3 indigue les croissances de quelques espéces,

annde par annéde.
Deux chservations sont & faire.

a) La micro-irrigation donne de biszn meillesurs résultats que
ltaspersion. L'interprétation de ce fait est gue la micro-irrigation
favor ise surtout les plants, alors gue l'aspersion profite aussi d ia

broussaille qui concurrence les plantsy
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n) les essences qui rdagissent le plus favoraslement & l'irrigaticn
gont, en régle géndrale, les essencas les plus hygrophiles, les moins
longévives, et celles dont la croissance est la plus rapide, comme,
par exemple, le robinier et le saule et, dans une moindre resure,

l'aulne de Corse, le platane, le micocoulier et l'ailante.

pDes mesures d'inflammabilitd ont ét€ rdalisdes pendant tout 1'éte selon
la méthode IMRA (dpfradiateur). Elles ont montr€ une trds forte diminution de
1'inflammabilitd, & cause Jde la turgescence constante des végdtaux.
Toutefois, l'importance de la bicomesse de broussaille {surtout en aspersion)
laisse subsister un risque d'incendie qui serait important si on ne procédait
pas & un débroussaillage annuel. A l'occasion de celui-ci on peut dgalement
assurer la maintenance du dispositif. Ce ddbroussaillage doit &tre poursuivi

jusqu'd ce que le couvert des arbres soit fermé.

L'dtude de la qualitd des eaux de ipercolation et de ruissellement,
realisée par la S.C.P., a montré gque les eaux de percolaticn, en toutes
saisons, et les eaux de rdissellement en hiver et au printemps n'dtaient pas
affectdes par l'apport d'eaux us€es. Par contre, les eaux de ruissellement
aprés les premiéres pluies orageuses de fin d'dt€ et d'automne ont une charge
d'autant plus proche de celle de l'effluent de la station gue 1'dpisode
pluvieux est important et qu'il suit de prés la période d'irrigation. Cette
charge accrue n'a cependant gu'un impact polluant réduit puisqu'elle
intervient au moment ol le rdgime hydrique permet une meilleure dilution. La

gqualitd des eaux s'améliore ensuite progressivement.

La suivi de 1l'dvolution physico-chimique des sols montre une amélioration
sensible: augmentation du pH, de la capvacité totale d'dchange et de la teneur

en phosphore total; diminution des t=neurs en carbone et azote.

Au point de vue bactériologigue, la concentration bactérienne dans les
sols augmente parallélement 3§ la dese d'irrigation. On n'a pas ratrouvé de
germes pathogdnes dans les sols et le phénoméne d'accunulation de la charge
volluante d'une saiszon d'irrigation & l'autre ne sa produit pas. On n'a pas
trouvd non plus de contamination bactérienne dans les adrosols au-dessus des

parcelles avelsinant les zonaes en aspersion.
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3imn qu'aucunes observations yuantitatives n'aient pu les concerner, les
mauvaises odeurs ne sont que ldgdrement perceptibles lors de 1'irrigation par
agspecrsion, qui n'intervient que la nuity; elles sont d'autre pact absentes des

zones ol la micro~irrigation est pratiqude.

S'agissant 4'une installation expdrimentale, on n'a pas jugé les coflits

assez significatifs pour rfaliser une dtude dconomigue.
4. CONCLUSIONS .

L'irrigation de la forét méditerrandenne avec des eaux usdes peut
contribuer 4 la résolution de deux graves problémes, en diminuant la pollution
des eaux douces ou marines Que aux effluents de station d'dpuration (probléme
particuliérement aigu en ét€ ol co¥ncident maximum de population et étiage des
cours 4'eaux), et en favorisant la croissance rapide d'arbres pré-existants ou
plantds: ceux—ci atteignent plus rapidemsnt le stade ol leur couvert est
suffisamment €levé et sombre pour constituer un pare-fau arbor€ non

combus tible,

La technigque la plus recommandable est celle de la micro-irrigation.
{localisde), moyennant le respect de certaines prdcautions: filtration de
1'affluent, chloration périocdique, vidange soigneuse, en hiver,

débroussaillage jusqu'd ce gue le couvert des arbres soit fermé.

Aprés le succés de cette installation pilote, il serait trds souhaitable
d'entreprendre des rdalisations en vraie grandeur, surtout si, aprés avoir

s s AN : rd

démontrd les possibilitds d'irrication avec des eaux dad3id traitdes, on arrive
- a2t le projet est déja lancé par la D.D.A.F. du Var - 3 obtenir des rdsultats
aussi positifs avec les eaux brutes dégrilldes et filtrdes, On pourrait alors
proposer aux collectivitds préoccumfes des pointes ce débit estivales qui
"débordent™ leurs stations d'dpuration, d'dcr@ter ces pointes en les envoyant
directement valor iser les for&ts environnantes, économisant ainsi la

construckion d'une nouvalle station.
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other chlorinated hydrocarbons in marine organisms (MED FOL
IIT). MAP Technical Reports Series No. 3, UNEP, Athens 1986
(128 pages) (parts in English, French or Spanish enly). )

UNEP/FAO: Research on the effects of pollutants on marine
organisms and their populations (MED POL IV). MAP Technical
Reports Series No. 4. UNEP, Athens 1986 (118 pages) (parts in
English, French or Spanish only).

UNEP/FAO: Research con the effects of pollutants on marine
commnities and ecosystems (MED POL V). MAP Technical Reports
Series No. 5. UNEP, Athens 1986 (146 pages) (parts in English
or French only}.

UNEP/IOC: Prcblems of coastal transport of pollutants (MED FOL
VI}). MAP Technical Reports Series No. 6. UNEP, Athens 1986
(100 pages) (English only).

UNEP/WHO: Coastal water quality control (MED FOL VII). MAP
Technical Reports Series No. 7. UNEP, Athens 1986 (426 pages)
{parts in English or French only).

UNEP/IAEA/IOC: Biogeochemical studies of selected pollutants
in the open waters of the Mediterranean (MED FCOL VIII). MAP
Technical Reports Series No. 8. UNEP, Athens 1986 (42 pages)
(parts in English or French only).

UNEP: Biogecchemical studies of selected pollutants in the

cpen waters of the Mediterranean (MED POL VIII). Addendum,
Greek Cceanographic Cruise 1980. MAP Technical Reports Series
No. 8, Addendum. UNEP, Athens 1986 (66 pages) (English only).

UNEP: Co-ordinated Mediterranean pollution monitoring and
research programme (MED POL - PHASE I). Final report. 1975-
1980. MAP Technical Reports Series No. 9. UNEP, Athens 1986
(276 pages) (English only).

UNEP: Research on the toxicity, persistence, bicaccumilation,
carcinogenicity and mutagenicity of selected substances
(Activity G). Final reports on projects dealing with toxicity
(1983-85). MAP Technical Reports Series No. 10. UNEP, Athens
1987 (118 pages) (English only).
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UNEP: Rehabilitation and reconstruction of Mediterranean
historic settlements. Documents produced in the first stage
of the Priority Action (1984-1985). MAP Technical Reports
Series No. 11. UNEP, Priority Actions Programme, Regional
Activity Centre, Split 1986 (158 pages) (parts in English or
French only).

UNEP: Water resources development of small Mediterranean
islands and isolated coastal areas. Documents produced in the
first stage of the Priority Action (1984-1985). MAP Technical
Reports Series No. 12. UNEP, Priority Actions Programme,
Regional Activity Centre, Split 1987 (162 pages) (parts in
English or French only).

UNEP: Specific topics related to water resources development
of large Mediterranean islands. Documents produced in the
secord phase of the Priority Action (1985-1986). MAP
Technical Reports Series No. ‘13. UNEP, Priority Actions
Programme, Regional Activity Centre, Split 1987 (162 pages)
(parts in English or French only).

UNEP: Experience of Mediterranean historic towns in the
integrated process of rehabilitation of wurban and
architectural heritage. Documents produced in the second
phase of the Priority Action (1986). MAP Technical Reports
Series No. 14. UNEP, Priority Actions Programme, Regional
Activity Centre, Split 1987 (500 pages) (parts in English or
French only).

UNEP: Envirormental aspects of aquaculture development in the
Mediterranean region. Documents produced in the period 1985-
1987. MAP Technical Reports Series No. 15. UNEP, Priority
Actions Programme, Regional Activity Centre, Split 1987 (101
pages) (English only).

UNEP: Promotion of soil protection as an essential camponent
of envirommental protection in Mediterranean cocastal 2zones.
Selected documents (1985-1987). MAP Technical Reports Series
No. 16. UNEP, Priority Actions Programme, Regicnal Activity
Centre, Split 1987 (424 pages) (parts in English or French
only}.

UNEP: Seismic risk reduction in the Mediterranean regicn.
Selected studies and documents (1985-~1987). MAP Technical
Reports Series No. 17. UNEP, Priority Actions Programme,
Regional Activity Centre, Split 1987 (247 pages) (parts in
English or French only).

UNEP/FAO/WHO: Assessment of the state of pollution of the
Mediterranean Sea by mercury ard mercury compourds. — MAP
Technical Reports Series No. 18. UNEP, Athens 1987 (354
pages) (English and French).

UNEP/IOC: Assessment of the state of pollution of the
Mediterranean Sea by petroleum hydrocarbons. MAP Technical
Reports Series No. 19. UNEP, Athens 1988 (130 pages) (English
ard French).
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UNEP/WHO: Epidemiological studies related to Envirommental
Quality Criteria for bathing waters, shellfish-growing waters
ard edible marine organisms (Activity D). Final report on
project on relationship between microbial quality of coastal
seawater and health effects (1983-86). MAP Technical Reports
Series No. 20. UNEP, Athens 1988 (156 pages) (English only).

UNEF/UNESCO/FAO: Eutrophication in the Mediterranean Sea:
Receiving Capacity and Monitoring of Loy term Effects. MAP
Technical Reports Series No. 21. UNEP, Athens 1988 (200
pages) (parts in English or French only).

UNEP/FAO: Study of ecosystem modifjcations in areas
influenced by pollutants (Activity I). MAP Technical Reports
Series No. 22. TUNEP, Athens 1988 (146 pages) (parts in -~
English or French only).

UNEP: National Monitoring programme of Yugoslavia, Report for
1983-1986, MAP Technical Reports Series No. 23. UNEP, Athens
1988 (223 pages) (English only).

UNER/FAO: Toxicity, persistence and bicaccumilation of
selected substances to marine organisms (Activity G). MAP
Technical Reports Series No. 24. UNEP, Athens 1988 (122 '
pages) (parts in English or French only).

UNEP: The Mediterranean Action Plan in a Functiocnal
Perspective: A Quest for Law and Policy. MAP Technical
Reports Series No. 25. UNEP, Athens 1988 (105 pages) (English
only). ‘

UNEP/IUCN: Directory of Marine and Coastal Protected Areas in
the Mediterranean Region - part I Sites of biclegical ard
ecological value. MAP Technical Reports Series No. 26. UNEP,
Athens 1989 (195 pages) (English only).

UNEP: Implications of Expected Climate cChanges in the
Mediterranean Region: An Overview. MAP Technical Reports
Series No. 27. UNEP, Athens 1989 (52 pages) (English cnly).

UNEP: State of the Mediterranean Marine Envircrment. MAP
Technical Reports Series No. 28. UNEP, Athens 1989 (221

pages) (English only).

UNEP: Bibliography on Effects of Climatic Change and related
topics. MAP Technical Reports Series No. 29. UNEP, Athens
1989 (143 pages) (English only).

UNEP: Meteorolegical and Climatological Data from Surface and
Upper Measurements for the Assessment of Atmospheric Transport
and Depositicn of Pollutants in the Mediterranean Basin: A
Review. MAP Technical Reports Series No. 30. UNEP, Athens
1989 (137 pages) (English only).
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UNEP/WMO: Airborne Polluticn of the Mediterranean Sea. Report
and Proceedings of a WMO/UNEP Workshop. MAP Technical
Reports Series No. 31. UNEP, Athens 1989 (247 pages) (parts
in English or French only).

UNEP/FAQO: Biocgeochemical cycles of specific peollutants
(Activity K). MAP Technical Reports Series No. 32. UNEP,
Athens 1989 (139 pages) (parts in English or French only).

UNEP/FAC/WHO/IAEA: Assessment of organotin campounds as marine
pollutants in the Mediterranean. MAP Technical Reports Series
No. 33. UNEP, Athens 1989 (185 pages) (English and French).

UNEP/FAOQ/WHO: Assessment of the state of pollution of the
Technical Reports Series No. 34. UNEP, Athens 1989 (175
pages) (English and French). .

UNEP: Bibliography on marine pollution by organotin compounds.
MAP Technical Reports Series No. 35. UNEP, Athens 1989 (92
pages) (English only).

UNEP/IUCN: Directory of marine and coastal protected areas in
the Mediterranean region. Part I - Sites of biological and
ecological value. MAP Technical Reports Series No. 36. UNEP,
Athens 1990 (198 pages) (French only).

UNEP/FAO: Final reports on research projects dealing with
eutrophication and plankten blooms (Activity H). MAP
Technical Reports Series No. 37. UNEP, Athens 1990 (74 pages)
(parts in Ernglish or French only).

UNEP: Commeon Measures adopted by the Contracting Parties to
the Convention for the Protection of the Mediterranean Sea
against Pollution. MAP Technical Reports Series No. 38.
UNEP, Athens 1990 (100 pages) (English, French, Spanish and
Arabic).

UNEP/FAQ/WHO/IAEA: Assessment of the state of pollution of the
Mediterranean Sea by organchalogen compounds. MAP Technical
Reports Series No. 39. UNEP, Athens 1990 (224 pages) (English
and French).

UNEP/FAO: Final Reports on research projects. (Activities H,
I and J). MAP Technical Reports Series No. 40. UNEP, Athens
1990 (124 pages) (parts in English or French only).
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FNUE/COL/0MM: Etudes de base et surveillance contimue du
ptrole et des hydroccarbures contenus dans les eaux de la mer
(MED FOL I). MAP Technical Reports Series No. 1. UNEP,
Athens 1986 (96 pages) (parties en anglais, franais ou
espagnol seulement).,

PNUE/FAO: Etudes de base et surveillance contimie des mtaux, -
notamment du mercure et du cadmium, dans les organismes marins
(MED FOL II). MAP Technical Reports Series No. 2. UNEP,
Athens 1986 (220 pages) (parties en anglais, franais ou
espagnol seulement).

PNUE/FAO: Etudes de base et surveillance continue du DDY, des
PCB et des autres hydrocarbures chlors contenus dans les

organismes marins (MED FOL III). MAP Technical Reports Series
No. 3. ©UNEP, Athens 1986 (128 pages) (parties en anglais,
franais ou espagnol seulement).

PNUE/FAO: Recherche sur les effets des polluants sur les
organismes marins et leurs peuplements (MED FOL 1IV). MAP
Technical Reports Series No. 4. UNEP, Athens 1986 (118 pages)
(parties en anglais, franais ou espagnol seulement).

PNUE/FAQ: Recherche sur les effets des polluants sur les
comunauts et cosystmes marins (MED POL V). MAP Technical
Reports Series No. 5. UNEP, Athens 1986 (146 pages) (parties
en anglais cu franais seulement).

FNUE/COI: Problmes du transfert des polluants le long des
ctes (MED FOL VI). MAP Technical Reports Series No. 6.
UNEP, Athens 1986 (100 pages) (anglais seulement).

PNUE/QMS: Contrle de la qualit des eaux ctires (MED POL
VII). MAP Technical Reports Series No. 7. UNEP, Athens 1986
(426 pages) (parties en anglais ou franais seulement).

PNUE/ATEA/COTI: Etudes biogochimiques de certains polluants au
large de la Mditerrane (MED POL VIII). MAP Technical
Reports Series No. 8. UNEP, Athens 1986 (42 pages) (parties
en anglais ou franais seulement).

PNUE: Etudes biogechimiques de certains polluants au large de
la Mditerrane (MED FOL VIII). Addendum, Croisire
Ocanographique de la Gree 1980, MAP Technical Reports
Series No. 8, Addencum. UNEP, Athens 1986 (66 pages) (anglais
seulement) .

PNUE: Programme coordonn de surveillance contirue et de
recherche en matire de pollution dans la Mditerrane (MED
TOL ~ PHASE I). Rapport final. 1975 - 1980. MAP Technical
Reports Series No. 9. UNEP, Athens 1986 (276 pages) (arglais
seulement).
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PNUE: Recherches sur la toxicit, 1la persistance, 1la
bicaccumulation, la cancrognicit et la mutagnicit de
certaines substances (Activit G). Rapports finaux sur les
projets ayant trait la toxicit (1983-85). MAP Technical
Reports Series No. 10. UNEP, Athens 1987 (118 pages) (anglais
seulement) .

FNUE: Rhabilitation et reconstruction des tablissements
historlques mditerranens. Textes rdigs au cowrs de la
premire phase de 1l'action prioritaire (1984-1985). MAP
Technical Reports Series No. 11. UNEP, Priority Actions
Procgramme, Regional Activity Centre, Split 1986 (158 pages)
(parties en anglais ocu franais seulement).

PNUE: Dveloppement des ressources en eau des petites les et
des zones ctires isoles mditerranennes. Textes rdigs

au cours de la premire phase de l'action prioritaire (1984~
1985). MAP Technical Reports Series No. 12. UNEP, Priority
Actions Programme, Regional Activity Centre, Split 1987 (162
pages) (parties en anglais cu franais seulement).

PNUE: Thmes speifiques concernant le dveloppement des
ressources en eau des grandes les mditerranennes., Textes
rdigs au cours de la deuxime phase de l'acticn prioritaire
(1985-1986) . MAP Technical Reports Series No. 13. UNEP,
Priority Actions Programme, Regional Activity Centre, Split
1987 (162 pages) (parties en anglais ocu franais seulement).

PNUE: L'exprience des villes historicques de la Mditerrane
dans le processus intgr de rhabilitation du patrimoine
urbain et architectural. Documents tablis lors de la seconde
phase de 1l'Action prioritaire (1986). MAP Technical Reports
Series No. 14. UNEP, Priority Actions Programme, Regional
Activity Centre, Split 1987 (500 pages) (parties en anglais ou
franais seulement).

PNUE: Aspects environnementaux du dveloppement de
l'aguaculture dans la rgion mditerranenne. Documents
tablis perdant la priode 1985-1987. MAP Technical Reports
Series No. 15. UNEP, Priority Actions Programme, Regicnal
Activity Centre, Split 1987 (101 pages) (anglais seulement).

PNUE: Promotion de 1la protection des sols came Iment
essentiel de la protection de l'environnement dans les zones
ctires mditerranennes. Documents slectionns (1985-
1987). MAP Technical Reports Series No. 16. UNEP, Priority
Actions Programme, Regional Activity Centre, Split 1987 (424
pages) (parties en anglais ou franais seulement).

PNUE: Rduction des risques sismiques dans la rgion
mditerranenne, Documents et tudes slectionns (1985
1987). MAP Technical Reports Series No. 17. UNEP, Priority
Actions Programme, Regicnal Activity Centre, Split 1987 (247
pages) (parties en anglais cu franais seulement).

FNUE/FAO/CMS: Evaluation de l'tat de la pollution de la mer
Miiterrane par le mercure et les composs mercuriels. MAP
Technical Reports Series No. 18. UNEP, Athens 1987 (354
pages) (anglais et franais).
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PNUE/COI: Evaluation de 1'tat de la pollution de la mer
Miiterrane par les hydrocarbures de ptrole. MAP Technical
Reports Series No. 19. UNEP, Athens 1988 (130 pages) (anglais
et franais).

ENUE/QMS: Etudes pidmiclogiques relatives aux critres de la
qualit de 1l'envircmnement pour les eaux servant la
baignade, la culture de coquillages et 1l'levage d'autres
organismes marins comestibles (Activit D). Rapport final sur
le projet sur la relation entre la qualit micrcobiemne des
eaux marines ctires et les effets sur la sant (1983-86).
MAP Technical Reports Series No. 20. UNEP, Athens 1988 (156
pages) (anglais seulement).

PNUE/UNESCO/FAO: Eutrophisation dans la mer Mditerrane:
capacit rceptrice et surveillance continue des effets long
terme. MAP Technical Reports Series No. 21. UNEP, Athens 1988
(200 pages) (parties en arglais ocu franais seulement).

PNUE/FAQ: Etude des medifications de 1l'cosystme dans les
zones soumises 1l'influence des polluants (Activit I). MAP
Technical Reports Series No. 22. UNEP, Athens 1988 (146
pages) (parties en anglais ou franais seulement).

PNUE: Programme national de surveillance continue pour la
Yougoslavie, Rapport pour 1983-1986. MAP Technical Reports
Series No. 23. UNEP, Athens 1988 (223 pages) (anglais
senlement) .

rd

PNUE/FAO: Toxicit, persistance et bicaccumilation de
certaines substances vis—vis des organismes marins (Activit
G). MAP Technical Reports Series No. 24. UNEP, Athens 1988
(122 pages) (parties en anglais cu franais seulement).

PNUE: le plan dfaction pour la Miterrane, perspective
fonctionnelle; une recherche juridigque et politique. MAP
Technical Reports Series No. 25. UNEP, Athens 1988 (105
pages) (anglais seulement).

PNUE/UICN: Rpertoire des aires marines et ctires protges
de la Mdliterrane. MAP Technical Reports Series No. 26.
UNEP, Athens 1989 (196 pages) (anglais seulement).

PNUE: Implications des medifications climatiques prvues dans
la rgion mditerranenne: une vue d'ensemble. MAP Technical
Reports Series No. 27. UNEP, Athens 1989 (52 pages) (anglais
seulement).

INUE: Etat du milieu marin en Miiterrane. MAP Technical
Reports Series No. 28. UNEP, Athens 1989 (225 pages) (anglais
seulement) .

PNUE: Bibliographie sur 1les effets des medificatiens
climatiques et sujets connexes. MAP Technical Reports Series
No. 29. UNEP, Athens 1989 (143 pages) (arglais seulement).
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PNUE: Domnes mtorolegiques et climatologiques provenant de
mesures effectues dans l'air en surface et en altitude en vue
de l'valuation du transfert et du dpt atmosphriques des
polluants dans le Bassin mditerranen: un campte rendu. MAP
Technical Reports Series No. 30. UNEP, Athens 1989 (137
pages) (anglais seulement).

FPNUE/CMM: Pollution par voie atmesphrique de la mer
Mditerrane. Rapport et actes des Joumes d'tude

OMM/PNUE. MAP Technical Reports Series No. 31. UNEP, Athens
1989 (247 pages) (parties en anglais cu franais seulement).

NUE/FAO: Cycles bicgochimiques de polluants spcifiques
(Activit K). MAP Technical Reports Series No. 32. UNEP,
Athens 1989 (139 pages) (parties en amglais ou franais
seulement) .

PNUE/FAO/OMS/ATEA: Evaluation des composs organcstanniques en
tant que polluants du milieu marin en Mditerrane. MAP
Technical Reports Series No. 33. UNEP, Athens 1989 (185
pages) (anglais et franais).

PNUE/FAO/CMS: Evaluation de 1'tat de la polluticn de la mer
Mditerrane par le cadmium et les composs de cadmium., MAP
Technical Reports Series No. 34. UNEP, Athens 1989 (175
pages) (anglais et franais).

PNUE: Bibliographie sur la pollution marine par les camposs
organostanniques. MAP Technical Reports Series No. 35. UNEP,
Athens 1989 (92 pages) ({anglais seulement).

PNUE/UICN: Rpertoire des aires marines et ctires protges

de la Mditerrane. Premire partie - Sites d'importance
biologique et cologique. MAP Technical Reports Series No.
36. UNEP, Athens 1990 (198 pages) (franais seulement).

PNUE/FAD: Rapports finaux sur les projets de recherche
consacrs l'eutrophlsatlon et aux efflorescences de
plancton (Activit H). MAP Technical Reports Series No. 37.
UNEP, Athens 1990 (74 pages) (parties en arglais cu franais
seulement)

PNUE: Mesures Commnes adoptes par les Parties Contractantes
la Convention pour la Protection de la Mer Mditerrane
contre la Pollution. MAP Technical Reports Series No. 38.
UNEP, Athens 1990 (100 pages) (anglais, franais, espagnol et

arabe) .

PNUE/FAO/OMS/ATFA: Evaluation de l'tat de la pollution de la
mer Mditerrane par les composs organchalogns. MAP
Technical Reports Series No. 39, UNEP, Athens 1990 (224
pages) (anglais et franais).

PNUE/FRO: Rapports finaux sur les projets de recherche.
(Activits H, I et J). MAP Technical Reports Series No. 40.
UNEP, Athens 1990 (124 pages) (parties en anglais ou franais
seulenment) .
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