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Résumé 
La Commune Urbaine de Toliara, se trouvant dans la région Sud-ouest de Madagascar, avec une 

population de 203 061 habitants génère approximativement 8 250m3/L des eaux usées. 

Aujourd’hui, environ 10% des eaux usées sont collectées dans le central de Toliara et les 90% 

restantes sont disposées à l’évacuation ou déversées ailleurs. Vue ces conditions, la gestion des 

eaux usées est difficile à réaliser dans une ville à faible niveau d’infrastructure sanitaire. Dans 

cette étude, la situation courante pour la gestion des eaux usées a été enquêtée pour obtenir les 

solutions possibles. D’où le sujet particulier était d’appliquer le système d’évacuation et le 

traitement des eaux usées. De ce fait, ces eaux usées provenant de tous les différents quartiers de 

la ville sont collectées et déterminées selon leurs caractéristiques. Et  des méthodes 

mathématiques sont utilisées pour construire un bassin et pour traiter les eaux usées de la ville, et 

aussi, pour construire un bassin à but expérimental pour le traitement des eaux usées dans la  ville 

de Tuléar. L’examen des eaux usées de Toliara est composé d’analyse d’oxygène, pH, 

température, DBO, MES et autres éléments chimiques. La majorité des eaux usées sont 

anaérobiques ou à faible taux d’oxygène de 0,08-3,43mg/l, le pH est de l’ordre de 7-7,5 et la 

température des eaux usées est environ 30-32°C. Le DBO et le MES sont respectivement 179-

220mg/l et 51-159mg/l. Ces résultats étaient appliqués dans un modèle développé pour la 

construction d’un bassin de traitement, et qui était utilisé pour le concept du critère  du design du 

bassin de la ville de Toliara. La forme est obtenue après des expériences à des températures 

variables, pour les différents types de réacteurs avec et sans traitement. Un système de mesure 

référentielle pour un bassin est choisi pour traiter les déchets des fosses septiques (toilette 

publique utilisée par 70-250 personnes).Le bassin est conçues de deux modules parallèles pour 

des études comparatives et certains compartiments sont remplis des substrats (gravillons et sable 

ou gravillons uniquement). Le système bassin était traité sous trois différentes modifications en 

trois phases expérimentales (phase I, II et III). Le taux de chargement hydraulique utilisé, durant 

les différentes phases expérimentales, a varié entre les phases. Les résultats expérimentaux sont 

élevés pour le DBO et le MES depuis l phase I à la phase II jusqu’à la phase III. La principale 

raison était les modifications du besoin en oxygène dans le bassin. Le DBO et le MES maximum 

éliminés ont atteint, respectivement, 45et 62% dans le bassin artificiel G et 45 et 53% dans le 

bassin artificiel de référence D. Ainsi, l’efficacité dégagée pour  le DBO et le MES augmenté 

entraîne l’élimination des éléments chimiques : NH4-N (40-50%), NO3-N (25-50%) et PO4-P (30-

40%). Ces résultats montrent le potentiel de l’utilisation du bassin pour le traitement des eaux 
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usées dans la ville de Toliara. Des études approfondies sur les modifications et les optimisations 

sont recommandées. 

Mots-clés : Commune urbaine, eaux usées, gestion, design, bassin, variation de température et  

DBO. 
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Abstract 
The municipality of Toliara in South-west of Madagascar, having population of 203, 061, 

generates approximately 8,250 m3/d of wastewater produced daily. At present, about 10 % of the total 

wastewater is being collected by Toliara central and the remaining 90 % of the wastewater is being 

disposed of into open drains or rejected anywhere. Under such conditions wastewater management is 

difficult to realize in a city which such a poor sanitation infrastructure system. In this study, the 

current situation for wastewater management has been investigated and possible solution discussed.  

Application of a sewerage system and wastewater treatment has had particular focus. Included in this 

has been collecting and characterizing wastewater from different areas of the city, application of 

mathematical models for design of a constructed wetland for treatment of wastewater from the city 

and a 14 months pilot experiment on wastewater  treatment with a constructed wetland in Toliara city.  

The Toliara wastewater composition included the analysis of oxygen, pH, temperature, BOD, TSS 

and nutrients. Most of the wastewater was anaerobic or had low oxygen levels of 0.08 – 3.43 mg/L), 

the pH value was in the range 7-7.5 and the wastewater temperature about 30-32 °C prevailed. The 

BOD and TSS were ranged 179-220 mg/L and 51–159 mg/L. These results were applied to a model 

developed for a constructed wetland, which was used for design of a constructed wetland for the city 

of Toliara. The design was done at various temperatures experienced in Toliara, for different reactor 

types and with and without pretreatment (septic tank). A pilot scale subsurface constructed wetland 

system was designed to treat the septic tank effluent (public toilet used by 70-250 persons). The 

wetland consists of two parallel modules for comparative studies and some of the cells were filled 

with different media (with sand or gravel). The wetland systems were operated at three different 

modifications in three phases (experimental phase I, II and III). The hydraulic loading rate applied 

during the different experimental phases varied between the phases. The experimental results showed 

higher removal efficiencies of BOD and TSS from phase I to phase II and to phase III. The main 

reason for this was modifications to enhance the oxygen supply in the wetland. The maximum BOD 

and TSS removal reached 62 and 45 %, respectively, in pond G, and 45 and 53 %; respectively, in the 

reference pond D. As the removal efficiency for BOD and TSS increased, so did the removal of 

nutrients; NH4-N(40-50%), NO3-N(25-50%) and PO4-P(30-40%).These results show potential for the 

application of constructed wetlands for the treatment of wastewater in Toliara city. Further studies on 

modification and optimizations are thus recommended.   

 
Key words: municipality, wastewater, management, design, wetland, temperature and BOD removal.  
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CHAPTER I  
GENERAL INTRODUCTION 

************* 

1.1 Background  
In the majority of developing countries, poor solid waste management and inadequate 

sewage treatment pose serious threats to human health and the environment. Off-site wastewater 

disposal has been given priory attention at similar levels with water supply. Investment in 

sanitation services as compared to water supply is also not given the priory it deserves by the 

national governments in the developing country. Madagascar is one of the poorest and least 

developed countries in the world and is facing these problems.  According to Briscoe (1993), in 

the Word Bank financed water and sewerage project, wastewater collection and treatment 

components accounted for only a fifth of the required budgets.  

Toliara city case was poor sewage infrastructure system. Approximately 20% of the population 

has access to sewage system connection. Urbanization and economic development are now 

changing the face of the earth dramatically and remain powerful drivers of pollution. Toliara city 

do recognize the need for improved wastewater management, but they are faced with a number of 

constraints which hamper effective and efficient waste management efforts. In addition, low cost 

solutions for both the collection and treatment of wastewater which meet the needs of the 

majority of the population are required.  

1.2 Constraints to wastewater management  
There are social or cultural norms accepted by the society and such norms affect the 

design of wastewater management systems. There is often a lack of understanding of local 

cultures and this has often been the cause for the failure of technology used.  The social incentive 

is based on the responsibility of individuals as part of the community for the improvement of the 

community. Chapter I of this thesis provides a detailed discussion of solid waste management 

problems facing Toliara wastewater management.  The result is a lack of economic as well as 

social incentives to participate in wastewater management activities. This problem is acute at the 

local government level (regional, district and municipal) where local taxation systems are often 

inadequately developed and, therefore, the financial basis for public services, including waste 

management, is weak.  
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In this study, it has been observed that several stakeholder agencies at the regional level in 

Toliara city are usually involved, at least partially, in wastewater management. But, Deat, (2000) 

said there are often no clear roles and functions of the various regional agencies defined in 

relation to wastewater management. This problem is directly applicable to municipal wastewater 

management systems, many of which do not have formal methods of managing their wastes and 

whose systems are often unstructured, inadequate or obsolete. At municipality, many officers in 

charge of wastewater management, particularly at the local level, have little or no technical 

background or training in engineering or management. Without adequately trained personnel, a 

project initiated by external consultants cannot be continued. As a result, a wastewater 

technology is often selected without due consideration of its appropriateness in the overall 

wastewater management system.  

Although, there are many problematic of wastewater management in Toliara city, the poor 

sewage management and related material seems to be having significant negative impacts on the 

city, as particularly, the marine ecosystem and human health.  This is one of reasons why the 

current study chose to primarily focus on sources, treatment and disposal of municipal 

wastewater. The insufficient research and development activities on wastewater treatment in 

Madagascar also leads to the selection of inappropriate technologies in terms of local climatic 

conditions, financial and human resource capabilities, and social or cultural acceptability.  

1.3 Research scope of this thesis  
From 2008 to 2011, it was performed research in Toliara city. It was supported by the NUFU 

project through the University of Stavanger in Norway. The research set focus on solutions that 

could be applied to large constructed wetland system in the municipalities with tropical climate. 

The task of this study was to estimate the loading and operating conditions for the reduction of 

pollutants and nutrients. Also, it included an evaluation of the applicability of design and 

operation of a pilot scale system for wastewater treatment at the public toilet in Toliara city. This 

study was focused on the potential of constructed wetland as a low cost condition. In addition, the 

effect of the warm and favorable climate to degrade the pollution was studied.  

1.4 Objectives of this thesis  
The main objective of this study was to improve our knowledge base of wastewater treatment 

processes using the constructed wetland in the tropical environment. It will be developed design 
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criteria and operation experiences and environmental requirement that might be to apply in 

wetland site in similar municipalities. During this study, the specific point had the main focus: 

! Knowledge of the municipal wastewater  sources;  

! Comprehend of the basic characteristics of domestic wastewater and apply these 

characteristics to a preliminary engineering design ; 

! Calculate volume loadings within the wastewater treatment system for BOD removal;  

! Evaluation of the design and performance of a pilot constructed wetland at the public 

toilet;   

! Proposal of guideline for design, construction, use and management to local authorities 

and public awareness.   

1.5 Outline of this thesis 
This thesis contains the two mains sections: municipal wastewater management problems and 

pilot experiments constructed wetland (post treatment)  

Chapter 2 contains an introductory description of the context and constraints of the 

wastewater management in the city. 

Chapter 3 reviews the wastewater characteristics and applied to make a mathematical 

model of constructed wetlands which is used for design. It will be proposed design of a 

constructed wetland for the municipality of Toliara at the minimum temperature. 

Chapter 4 includes the pilot plant of the constructed wetland. It will present the 

performance of the wetland system with respect organic matter, total suspended solid, 

nitrogen and phosphorus removal. The impact of pH, temperature and dissolved oxygen 

on the removal of these pollutants is emphasized.  

Chapter 5 concludes the study with summary and recommendation of the design of a 

constructed wetland.  
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CHAPTER II 
 

2 STATUS AND STATEMENT ON MUNICIPAL WASTEWATER 
MANAGEMENT: PROBLEMS & CHALLENGES OF SEWERAGE 

NETWORK AND DRAINAGE SYSTEM IN TOLIARA CITY 
************* 

2.1 Introduction   

2.1.1 Background   
The development of Toliara city is consequence of the municipal policy reflected and practices of 

the urban development plan. Also, it is synergy with the economic conjuncture in the municipal, 

regional and national practice of wastewater management. The city has specific characteristics 

which is the key elements to determine the operational system. In the Toliara city, the soak away 

pit system obviously is not suitable due to high water table and low permeability which result 

into water logging and flooding. Currently, the septic tank and soak way pit systems have been 

used where their effluent are disposed of on land. This practice of using absorption trench to 

disposal wastewater into land has the potential impact on polluting the ground water.  The 

problems are worse to the community which depends on the open well (shallow well) as sources 

of water supply. This is very common scenario especially in poor communities of Toliara city.  

2.1.2  Statement of Problems   
Currently, the existing sewage system situations are faced with the following problem:  

" It is lacking the sanitation management of works and lacking communication between the 

department of engineering in the city and the population; 

" Sewage system is only covering the central neighborhoods of the city; 

" It is a source of heavy bacterial contamination of the seashore and water in the Toliara 

bay; 

" Municipality of Toliara has insufficient and under-designed sewage system. Only few 

individuals have been connected to the sewerage network and municipal drainage system. 

It also is lacking an environmental regulation and enforcement.  

2.1.3  Strategy to achieve the goal of this study 
The first part of this study is focused on the different views of the urbanism, economic, socio-

cultural, organizational, strategies and techniques. The municipal development as well as the 
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management plan is including water supply, solid waste and wastewater management system. 

The main aim of this study is to understand and to identify: i)- City development, its status and 

characteristics, morphologies and water and sanitation program project; ii)-governance system 

and socio-economic context of city: compulsion, acquired knowledge and contribution of the 

sustainable wastewater management; iii)-dysfunctional factors of city and its impact on the urban 

sewage system. 

2.2 Toliara urbanization and development  
2.2.1 General existing situation Toliara municipal  
The city of Toliara is built on the South-western coastline of Madagascar, 945 km south of 

Antananarivo the capital of Madagascar. It is bordering in the west to the Mozambique Channel, 

the north by Fiherenana river and south by Onilahy river. The tropical capricorn goes through the 

south of the city and the geographic situation is located between 23°21’05 32”S and 

43°40’1090”E.  Toliara city is subdivided into six districts: Besakoa, Betania, Tanambao I, 

Tanambao II, Mahavatse I and Mahavatse II with 41 “neighbourhoods” (map 1). A road to the 

east joins Toliara with the rest of Madagascar. Before, Toliara municipality is extended the 

surface 28.2 km² of the administration limited when the two rural municipalities (Betsinjaka and 

Mitsinjo) joined the city. For bursting of two rural municipalities, the surface of the city is not 

anymore whereas of around 16 km2 (SAGE, 2008). 
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Map2. 1: Toliara administration zone limited 
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2.2.2 Evolutions  
The city is currently not planned thought and mastered by the people. Contrary, it is the space of 

the anarchy whose polarizations is not concentrated rational but lived merely. The urban society 

doesn't escape this phenomenon.  

# In 1903, Toliara was capital of province; the first hard constructions of infrastructure 

appeared since 1910 and it developed very quickly for the following 30 years. 

# In 1922, the agglomeration of Toliara became the city which was composed of the urban, 

suburban, rural and farming perimeters. The city has a surface area of approximately 28.2 

km2 which is divided into 8 districts and 21 neighbourhoods (Fokontany).  The districts 

were regrouped around the central administrative.  

# In 1946, the agglomeration became again capital of province and kept this function. 50 

years old mark the galloping demographic expansion of the population and the beginning 

of the anarchical extension of the city. In spite of the conception of the urbanism plan 

dating 1967, the illicit constructions invaded in the city of Toliara.  

# 70 years ago, sub urban and rural had separated from the city of Toliara with rural 

municipalities Mitsinjo and Betsinjaka.  

# From 1984, the city was proposed to be reallocated to the old urbanism plan because of 

the extension massif and agglomeration of the companies as ex-SUMATEX and ex-

TOLY (the companies later disappeared).  There are some of equipment management has 

situated without the city administration limited such as University Students Campus, 

Airport, slaughterhouse .etc. It is only benefited for the beautiful administrative utopia. 

Almost of the central government is continuing to solve the sustainability of development of the 

city. It always need of the decentralization as essential for improved urban governance and 

sustainable urban development. 

2.3 Toliara urban governance  

2.3.1 Structures of local governance  
i) - Regional, particularly, south-west region administration is occupied by chief by region 

and administered with 09 districts which has 105 municipalities in total including Toliara city as 

the capital of the region. The municipality is under the general direction of the administration and 

territorial (DAGT) which is the attached unit by the regional manager (SG).  
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ii) – The district has intermediary organization between the DAGT and municipality. 

Chief of district is the first responsible in the municipality administration and represents the 

government central in the district. Usually, chief of district administrates assure the relationship 

between central and regional the government. In fact, the municipality has the autonomy 

administrations but the district is consenting to the legality (decree and primitive annual budget 

project) between the legislatives and executives in the municipality activities.   

iii) -Municipality has organization chart whereby the mayor is a head and leader of the 

administration. In town hall, it is managing by the mayor who is elected by residents for duration 

of four years and also the councils’ members. The number of the municipal council varied by the 

number of the residents registered in the city.  

iv)-Neighbourhood (Fokontany), the mayor transmits the list of the members of the 

committee to the chief of district who notes by decree the designation of the president and vice 

president in the neighbourhoods. The Fokontany is managed by a Committee of 5 to 10 members 

elected by the assembly general of the Fokontany presided by the mayor. The neighborhood 

members are fixed by the mayor.  

2.3.2 Role of the local authorities  
The mayor is in charge of the management of the staff and the municipal heritage. The mayor 

assures executed of the deliberations of the city council and he/she is organizing the municipal 

budget.  The mayor is supported by several collaborators including assistants of the mayor, 

cabinet director, city manager and department or division heads from different units. The mayor 

delivers the authorizations of alignment and the building permits after opinion of the competent 

technical services. In addition, the mayor is in charge for the publication and deposit to the 

control of legality by the representing of the state of the deliberations and decrees. 

Chief of neighborhood (Fokontany) doesn't have his or her own budget. The expenses of the 

Fokontany depends on the budget of the city which is authorized by the mayor. The committee of 

the Fokontany under the mayor's authority participates in security, management of the public 

property and recovery of the taxes, rights and local royalties.   

2.3.3  Direction and service regional stakeholders  
It was reported Lonhold and Lund (2005) when planning environmental management 

systems, or assessing their feasibility, it is important to include a stakeholder analyses.  An 
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institutions or department stakeholder analysis is a social assessment of the planned 

demands and controls the wastewater management activities.  

i)-Direction Inter Regional of Public Works and Meteorology Services is minister of the 

public works and some construction sets in the government's politics concerning urbanism and 

habitat in the city. It is followed by constructional elaborates, the procedures, technical system, 

adviser and coordinate to these effects the action of the other ministries. 

 ii)- Decentralized Regional Service of Country and Planning, 2002-2009 period, this sector is 

independent of the direction inter regional of the public works. Currently, it is close to the 

technical service. This service is charged to the application of the Strategic Urban Development 

Planning or Details Urban Development Planning in the municipal development plan and the 

studies and follow-ups of the works of engineering .Whereas, the municipal technical service and 

this operational sector can have one field of vision of action and closer control of the 

administration and the urban management (litigation, permitted of rehabilitation and construction, 

control of illegal occupation, etc).  

iii)- Regional Service of Land registry and topography, this service works together with the 

municipal department of land. This service identifies the lands property which can be useful in 

urban management. In addition it depends on topography of areas. In fact, the regional service 

could know the free space so that the municipality could use the public land utility.   

iv)- Regional Direction of Environment and Forest, the main role of this service is to define 

some strategies and to control the preservation of water, soil and air against pollution, the animals 

and to conserve plants. This regional direction is collaborating with ONE. It works with 

operational actors, organizations and institutions of research on environmental impact. ONE leads 

some studies on the management of solid waste and wastewater risks. This office is also 

conducting studies on environmental impact for new constructions priori to certificate 

environmental permit. 

v)- Regional Direction of Health concerns with public health, safety and hygiene. The 

department normally works directly with the operational service in the municipality. It is known 

as Municipal Office of Hygienic (BMH). It is a necessary control of the hygiene and 

environment. It was necessary for the public sanitary measurements to be assured correctly.  

According to the mayor guideline, the responsibility of the BMH is to look at the public health.  
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Indeed, its assignments represent the occasional actions, permanent preventing and controls at 

the time of diseases and hygienic conditions. The municipal technical service and the municipal 

office of hygiene act direct or indirect in the sanitation infrastructure system with the different 

cooperation of departments in the city. In Toliara city, regional directions or services are 

inadequate equipped for wastewater management leading to failure of planning, designing, 

construction, operating and maintenance.  

vi)- Regional Direction of Water was established recently in 2008. It was included in the 

Ministry of Mines and Energies and Ministry of Environment and Forest.  

National Authority for Water and Sanitation (ANDEA) has also just been set up and is supposed 

to deal with water resource management as well as liquid wastes. ANDEA was created in the 

region and it is attached direct with the regional direction of water. This service worked directly 

for the people on the water and sanitation infrastructure system.  

The JI RA MA state company is directly collaborating with this direction. According to the 

city manager, Toliara city has directly collaboration with the JI.RA.MA state company which 

contributes drinking water for the residents. It serves all the population in the city. The taxes paid 

by people to the company will be transferred to the municipality.  Normally, the public water 

supply, the government central or municipality is not involved in the management of water 

supply.  

The municipality manages the public standpost or born fountain but the chief of Fokontany is 

first responsible in their areas. The main objective is to reduce the water and wastewater leakage 

from people and their economic management.  

2.3.4 Toliara municipal financial aspect 
Municipality of Toliara had problem of financial aspect. Currently, from the municipality 

created had weakly budget affected. That means it is contributed to the failure of the 

development. The budget of municipality depends on the resource and taxes collected. According 

to the city manager, the municipality were still being autonomy financial management and were 

the different resources. It could be classified into five categories of the resources collected as 

following: i)-direct or indirect taxes; ii)-duty, licence fee or rental or the royalties; iii) duties 

chargeable; iv)-Subsidy. From the taxes or surtaxes collected, it is not enough to achieve of 

Toliara development plan. Municipal could not make investment on the infrastructure system 
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because the state is not destined some budget contributed to the sewage and drainage 

infrastructure local system.  

2.4 Urbanization and Urban planning development  
2.4.1 Tools of the Toliara development planning 

Since 1999, the initiation of setting up the urban plan documents has been led by the level of the 

municipality of Toliara. The legal setting was urbanism and habitat code (CUH) which was under 

revision from 1999 to September 2001. City document development planning is normally 

structured time to time after the city councils made the deliberation for application in the city.  

• PDM expired in 2008, it is a framework document participatory monitoring at the 

municipal level which is part of the "Strategy Document for Poverty Reduction" 

(DSRP) recommended by the Government. It shows us a voluntary commitment to 

reduce poverty to 50% around 2010. Unfortunately, 65% of the Toliara plan 

documents are not executed in the city. The city plan determines the organization 

of the urban local territory or in way of urbanization and its equipment. Finally, 

the Toliara development plan has been executed at 35% by municipality budgets  

and foreign aid.  

• PUDi document (2003 -2023) is generally management framework in the zoning. 

It is the main way of circulation diagram in drinking water adduction , purification 

and regulation of urbanism. Toliara municipal under collaboration with UNDP, 

they prepared the document plan in details for some neighborhoods.  In the pilot 

study, zoning, water supply and purification in the areas were carried out. There 

was the PUDé which was included in the PUDi in 2005 for Tsienengea and in 

2007 for Tsimenatse I.  

• PDA (Plan Directeur d’Assainissement et de la Drainage) is a tool for 

implementing the overall sewer and storm runoff management in the municipality. 

Particularly, it will determine and specify areas of sanitation and community 

sanitation autonomous areas. The PDA of the municipality of Toliara is part of the 

implementation of the second engagement of the MAP on infrastructure. In 2008, 

Ministry of Land Reform, Domains and Spatial Planning (MRFDAT) initiated this 

project to develop PDA for the urban municipal of Toliara. The PDA is part of the 
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implementation of the National Policy for Regional Development and Housing, 

and completely of the implementation of PUDi.  

2.4.2 Urban wastewater infrastructure and its application 
Most of infrastructure is appointed during the colonized period. For instant, the middle of 

downtown was essentially benefited by the infrastructure purification system (map 2). Existing 

wastewater collection systems consist mainly of traditional and partly covered ditches. According 

to the local engineers, most of existing traditional sewerage cannot be used for transporting 

wastewater. The statement situation with regard to wastewater infrastructure show that the 

wastewater collection was not renovated. There is no wastewater treatment plant in the city.  The 

main channel was not serving the whole population in the city. For development plan of the city, 

it has been assumed that both existing and new developed areas such as east, north-east and 

north-west in the city, investment in the sewerage network should be done by the municipality.  

For improving of sewerage infrastructure system has foreseen in the PUDi, however it was 

not updatering and realized to some activities in the development plan in the municipality from 

2003 to 2023. The content of PUDi has planned to purify/treat the sewage in urbanism plan. But 

the activities are organized into two interdependent subdivisions. Currently, municipal may do 

the rehabilitation of the existing sewer system and drainage system (from police station into 

Paletuvier Hotel). Municipality of Toliara and HFHM partnership will be managing some 

neighborhoods for new sewage network as Tsimenatse I, Tsimenatse II, Tsimenatse III and 

Tsienengea.  For future, municipal of Toliara should be creating a new sewerage system, 

structuring and entering in extension zone. The new periphery should be managing a solid waste 

disposal and wastewater treatment system areas. As Mahavatse I and Ankiembe and Anketa 

neighborhoods, municipality will have a plan to create at least new sewerage pond collectors and 

will be to provide of catchment areas.    
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Map 2. 2: Infrastructure statement and drainage existing in the city 
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2.4.3 Causes of wastewater management problems  
Generally, it is including lack of management of the original and evolution of urbanism, level of 

socio-economic, rapidly growth of population and mentality, lack of knowledge of planer and 

engineer at municipality of Toliara. In 2009, approximately  ¾ of the city had insufficient the 

sanitary facilities system.  Most of the old channel was destroyed due to poor maintenance. In 

addition, it also clogged by garbage discharged. Evacuation of storm runoff is difficult and 

provokes flooding during the rainy season. This is because the city is flat with low soil 

permeability and local infiltration capacity of the soil is not sufficient to absorb the peak 

discharge of storm runoff and overflow of sewage. Currently, the municipality situation does 

have problem investing in the infrastructure from the taxation collected from the residents 

because the expenses and receipts is not equilibrate. The wastewater infrastructure system is still 

inaccessible, deficiency and inadequate for growing up of population.  

2.5  Demography situation  
2.5.1  Nativity  
 According to INSTAT census, the population of Toliara city was roughly 203, 061 in 2008, with 

an annual growth range from 3% to 3.4% percent. At this rate of growth the population doubles 

from 1993 to 2001 (table 2-1), making the population density increased (INSTAT, 2003).  As a 

result, of the high growth rate is sustained in recent years. 
Table 2. 1: Evolution of the growth of population in the city (5 years next) 

 

Year 

 

1993 

 

2001 

 

2005 

 

2007 

 

2008 

 

2013* 

 

2018* 

 

Population  

 

80 826 

 

173 784 

 

176 074 

 

196 194 

 

203 061 

 

235 551 

 

273 239  

       *Number of population projected   in the 5 years next was presented in the table  
                                                                                                     (Source: INSTAT Regional, 2010) 
 
3.7% of the rate of nativity of population is relatively weaker than the rate of nativity in 

Madagascar (UNDP, 2005). Municipality of Toliara is marked by a strong demographic growth. 

The massive arrival of farming people to the city have increased and provoked an anarchical 

development of the districts (or neighborhood) and the pauperization of the city. Because 
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increasing density of the population was weakly the percentage of the areas improving for the 

sanitations facilities in the city.  

2.5.2  Socio-economic characteristics 
According to MADIO Project and INSTAT, the number of population unemployed is increasing 

and the informal commercial sector dominate in the city. This situation results in very precarious 

socio-economic indicators. Our investigations were achieved around of 75% of Toliara 

population living in the poverty line of less than two dollars ($2, 00) per day. During the first 

nine months of 2010, the general trend of inflation is characterized by an upward movement 

(table 2-2). Indeed, the ancestral practices are always maintained in this city and development of 

the districts is manifested in the agglomeration.  
Table 2. 2: Evolution the rate of the inflation in Madagascar per year 

 

Year 2008 2009 2010 2011 

% of Inflation 9.2 9 9 8.9* 

          (Source: CBM, September 2010)     *Estimated 

2.5.2.1 Activities and incoming 
The population activities are varied but the rate of unemployment even elevated (22%, Source: 

CBM, 2010) remains nevertheless a problem to solve today. The size of the inactive population 

increased 14.7% between 2000 and 2001 in the city. It is many difficult to recognize the employ 

income for each institutional sector because the informal activities are dominated. The inequality 

in the distribution of the incomes within the private sector is dominated in the city. In 2003, the 

growth rate of the Malagasy economy is estimated to 9. 6%. In fact, maladjusted of the taxation 

system in the Toliara city is main causes of the municipal wastewater management budget 

affected. However, city manager at municipality said the subvention from the government central 

was only 19 million Madagascar Ariary (MGA) in 2010 and 35 million MGA in 2009 and 45 

million MGA in 2008. These are usually destined for the administration service and investment.   

2.5.2.2 Poorest  
Madagascar is classified among of the poor countries. On the basis of the human poverty 

indicator, it was dominated by the poorest. In Toliara city, the poorest plays a role for the 

changing behavior. The relationship between poor and wastewater management are very intense. 
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It provokes that almost of population do not apply and respect the roles and regulation of city 

document development plan. Consequently, low incoming household was influenced by the 

wastewater management in the city.  For example, in this case, the people may be willing and 

able to cover at least the operation and maintenance cost of total expenses of garbage bins or 

sanitary facility. Viewpoint of incoming, the people cannot cover all the expense. Environmental 

risks are associated with the degradation of the urban environment. Depending on the local 

physical and socio-economic circumstance, on site sanitation system may be feasible in the areas. 

It may be mentioned the risk of water pollution and groundwater contamination by local people 

behavior. 

2.6 Urban morphology and typology 
2.6.1 Originality  
During this study, we were allowed to approach the best realities for presenting the state of the 

space occupation. The urban evolution succeeded in the old different dense neighborhoods, 

unstructured and inaccessible.  Urbanization zone recently are often peripheries structures, less 

dense and relatively accessible by roads such as Andabizy, Maninday road, Betania Tanambao 

etc... Toliara technical service planed the urban development plan without considering the 

capacity of the storm water drainage and sewage system. These are particularly the slum 

neighborhood in the periphery zones which insalubrities or unhealthiness dense. The city had a 

big problem of the urban development plan executed because the shape of urbanization must 

always take account of the zones being in north or south peripheries.   

2.6.2  Form and urban cover  
From 1960 to 2003, the urbanization zone was estimated about 630 ha. Currently, the zone 

urbanized in the survey zone limited was around 1, 428 ha. The city is endowed and covered with 

43. 7 km primary streets network and 44. 5 km of secondary streets. Most of the secondary and 

tertiary roads are not covering by tar. Some of the roads system followed and added gutters cover 

or open along the streets. Toliara city is limited and not approved by township as a result; the city 

cannot require storm water drainage network (map 2-2).  
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a)                                                                                     b)                                                                                                                                                     

Figure 2. 1 a) & b): Drainage system filling up to construct house (Photo Solphi , 2007) 

 

Therefore, the various channels have been converted to landfill sites or waste of lavatories 

disposal. This is caused by lacking a reliable garbage collection and disposal. The part of the 

population in the city dumps of solid waste disposal informal or may be trashed on the street or in 

the drainage system.   Therefore, it will be filled and built an illegal construction (figure 2-1a & 

b). This problem is issue invasion public areas. It becomes occupied by poor people. 

Consequently, the degradation of the urban as their unhealthy housing, density uncontrolled and 

under-equipped was urgent problems to solve. It will provoke a flooding of this area.  

2.6.3 Urban typology and characteristics  
2.6.3.1 Density and accessibility  
The city is characterized by a strong urban congestion. It was classified into three different of 

density:  a)- inferior to 150 inhabitant per hectare was weak dense;  

b)- 150 to 250 inhabitant per hectare was normal; and  

c)- superior of 250 inhabitant per hectare, high density.  

The density range of population is varied between the 20 to 636 inhabitants per hectare. In fact, 

30% of the populations live in neighborhoods of densely population between 150 and 250 

inhabitants per hectare or superior to 250 inhabitants per hectare (appendix1). It was difficult to 

classify the population density of municipality of Toliara because the number of inhabitants is 

increased and varied in the areas visited (map 2-3). Inaccessibility of the parcel of houses and 

lanes are a major handicap of the urban Toliara. It is main reasons of the insalubrities and urban 

purification problems. 
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Map2. 3:  Variation of density classified in Toliara city 

 

Some neighborhoods for example Tsienengea, Tsimenatse and Amborogony without road 

network system for collecting of the garbage, draining of the pits, constructing of sanitation 

facility infrastructure or the fast intervention at the time of emergency fire and flooding are 

practically possible. The inaccessibility is defined as the lack of suitable link between the parcel 

and road network of the neighborhood system.  This strong density results in the inaccessibility. 
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2.6.3.2 Habitat   
In Toliara city, a habitat is characterized by a mixture of traditional and modern houses.  

Then, the traditional house is usually constructed by the woods, rushes, reeds and soil and from 

30 to 45% of the population builds their house by traditional manner. Contrary, it is due 

incapacity of the responsible of the public power at technical service to satisfy the need of 

habitat. In this study, we are only estimated 5 to 7% of households in Toliara which are built with 

concrete materials. In fact, Technical service could not require legal controlled of construction in 

the city.  In 2009, the objective of the HFHM program was improving of housing adequate and 

public infrastructures in the Tsimenatse I, II & III and Tsienengea neighborhoods.  

2.6.4  Typology and structure of the city  
Generally, the classification of typology depends on the income of each household. It was very 

difficult to quantify the income of households due to the following reasons:  

# it doesn't have any precise data on the total income for each household in the city of 

Toliara because of the absence of declaration;  

# the socio-professional co-education in a space doesn't permit a homogeneous 

classification according to income;  

# the habitat situation does not give reality estimation 

Now, the typology classifications are based on:  

• parcel accessibility and construction density;  

• habitat density and road system;  

• legal occupation and  

• space extensive and activities.  

According to the basic typology, our investigations were carried out in the neighborhoods. 

Generally, it was classified to two different groups of the typology characteristics in the city as 

structured or unstructured and dense or less. It also could be classified four types of urban 

typology which represent of predominant trace in the urban space.  
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Map2. 4: Illustrated the typology of Toliara city                   (Solphi, 2011) 
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Map 2-4 illustrated that it is going about space in the neighborhoods as following:  

• dense and structured;  

• less dense and structured;  

• dense and no structured;  

• less dense and no structured. 

A zone is structured if the islets and parcels of the space considered are accessible and planned. 

Unfortunately, the municipal strategy is not sufficient for subvention of infrastructures and 

sanitary facilities system. It is difficult to municipality to solve the space management problem.  

2.7  Interaction and impact of municipal wastewater management system 
2.7.1  Solid waste management  
2.7.1.1 The nature garbage and its management   
The term municipal solid waste refers to solid wastes from house, street, public place, shop, 

office, market and hospital whose handling are very often the responsibility of the municipality 

(Chris Zurbrugg, 2003). In Toliara, the sources of wastes are domestics, market and commercial. 

Its composition is represented in the table 3.  The composition of the garbage from the city is 

more than 55 % of sand (table 2-3). Technical service collector, it is only 1/4 of the city covering 

to collect the solid waste.  
Table 2. 3:  Composition of the garbage in Toliara (Source: MIC Toliara, 2009) 

 

 

 

 

 

 

 

Therefore, only 30% of the garbage is collected however the rest is spreading to the whole city.  

Solid waste management should involve the participation of the people for collecting and 

transporting the waste from household level.  

Type of garbage  Percentage (%) 

Papers ( box, biscuits, box of cigarettes and milk…) 5 

Plastics (sac, pot de yogurts, bucket, cuvette, bottle...) 12 

Metals (tas de ferrailles, seau, réchaud...) 6 

Caoutchouc (wood...) 4 

Tissue used 1 

Vegetable (panier, natte, soubiques, vannes…) 4 

Fermentation waste 8 

Sand and leaves 55 
No classified  5 
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Figure 2. 2: Valorization and Recycling of plastic waste to be grease useable (Photo: MIC, 2009) 

Alternatively, the waste biodegradable and non-biodegradable will be recycling example the 

plastics will valorize to get grease which will be used for tyre traditional transport “charette” 

(figure 2-2).  

2.7.1.2  Solid waste management approaches  
In order to improve the solid waste management, it is necessary to focus on management at 

household level. Municipality and MIC project are engaged in doing the public awareness in the 

solid waste management activities. To change the population’s behaviors is a big challenge in the 

municipality of Toliara.  As so far, the MIC project is assisting all local bodies (figure 2-3) for 

selection of collecting and sorting strategy, disposal sites and arranging the training program to 

various personal involved in the solid waste management.  
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Figure 2. 3: Public awareness by MIC staff with materials supported for collecting and sorting of household 

waste (Photo: MIC, 2009) 

It is recognized that the information of campaign is needed in the most sufficient way to 

solve the human problem related to sewage and refuse reuse management. In Tsimenatse III 

neighborhood, this is carried out by generating awareness to collect and sort waste at the 

household level. They should separate a biodegradable and non-biodegradable waste in a sorting 

bag. The proposal solid waste management approach should include the following: 

$ collection of solid waste at the household level; 

$ segregating of solid waste at the household level;  

$ reuse of non-biodegradable waste at the household level to the extent possible; 

$ collection and to transportation of mixed waste from household level to the identified 

disposal site and treatment of biodegradable waste;  

$ plan activities of solid waste. It could reduce uncontrolled disposal of solid waste. 

2.7.1.3  Materials and Acts   
The technical service feels overwhelmed by the problem and justify the failure by insuficient 

resources. The problems are equipment that is insufficient, inadequated and maladjusted. The 

number of facilities is too few in the city because the estimated of households is 15,571 (CUU, 

2001). The overall production of solid waste by municipal is estimated from 30 to 50 tons per 

day. But the city possesses only one (1) truck which is available of transporting the bins. 

However some barrows have been used to collect garbage in the whole city. In total, only 7 bins 

per day have been collected and transported into the disposal sites. Sometime the reftover 

garbage is burned and dumped (figure 2-4) into the informal disposal due to the shortage of bin 

collectors.  
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Figure 2. 4: One solid waste disposal with two bins overload and refuge burnt in or out the bins 
(Photo: MIC, 2009). 

 

Viewing the municipality situation, there is no regular collection and transport of the bins to the 

disposal site. Indeed, the majority of the people is used to a simple disposal system such as 

dumping, burning in the private space and dismissed on the street or in the canal.  

2.7.1.4  Preoccupation and perspectives  
The technical service occupied directly the solid waste management and organized the activities 

plan. The problem is management of the people’s behavior including the ignorance of 

environmental issue. The service need to apply suction for the people who disposal solid waste 

informal landfill. Currently, the collection and transportation of the waste are available which 

involves strategies and technology for the solid management system. There is no available space 

for storage of garbage before collection and transport to the community level deposit. Even the 

collected waste is often disposed of into uncontrolled dumpsites or burnt which will pollute the 

air and soil.   

2.7.1.5 Impact of refuse on the municipal wastewater management system 
Solid waste is the first causes of the dysfunction of the urban wastewater management system in 

Toliara city. Because some people are using the drains, the discharge place of solid waste results 

into blockage of the percolation of the wastewater in the channel.  People also are dumping the 

waste on the street (figure 2-5). During the rainy season, all solid wastes are transported by the 

runoff to the drains. If the channel swats up, it will cause the flooding of the city. In this study, it 

has revealed that the distances and lack of infrastructure have a major impact on the waste 

collected.  
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Garbage bins are systematically mentioned as the primary infrastructure needed by the population 

the whole city. It will be a high or low standard community. The construction of stations and 

installation of garbage bins are suggested as a solution to reduce distances between households 

and disposal site. Frequent vehicle transfer will improve the waste collection accessibility. Heaps 

of garbage is often accumulated at the street-corners or even in centre of the streets as well as on 

the sidewalks. Logically, collection of refuse in hot climates should be frequent as organic waste 

attracts flies and rats. 

 

          

              

Figure 2. 5: all refuse will put in the bin and not spread on the street or hull of channel or in channel 
Big challenge how to change the people behavior (Photo: MIC, 2009). 

 

In order to improve the waste collection in Toliara municipality successfully, the 

operation should require the cooperation between the users and providers. The financial budget 

must come from municipal funds and users fees.  Transfer stations and garbage bins will enable 

the official waste collection company to expand its range of services and significantly improve 
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waste collection rates. Several transfer stations could assist in setting up by non-governmental 

organizations or community-based organizations but they must require technical, institutional and 

funding support. Municipality of Toliara will not operate itself in the solid waste management, 

since it is not relevant. In poor countries, the lack of adequate water supply and sanitation 

services is one of the most important environmental issues. The problem is particularly acute in 

the densely populated peri-urban areas where the large majority of the dwellers are typically low-

income people (UNEP, 2002). 

2.7.2  Urban water supply  
JIRAMA is the one company which distribute water supply and electricity in Madagascar. In 

2004, the total production of water was 96 million m3 but only 27% of the population were able 

to access water distribution in Madagascar. Between 1992 and 2000, water production increased 

up to 23.5% of water demand. In 2001, only 23.8% of the population had an access to drinking 

water. Of which 24.4% was single households 59 % in urban areas and less than 10% in farming 

areas (WaterAid, 2000). The water supply infrastructure is limited while the water demand is 

increasing. More than half of the population does not have access to safe drinking water that 

means that 87 % do not have adequate and hygienic sanitation facilities. This is an increasing 

problem in the city areas, so the number of population grows very fast. Municipality and 

JIRAMA are engaged in the urban development plan of water infrastructure of the city 

development extension.  

2.7.2.1 Water sources and water supply technology  
Water supply in Toliara city is from the ground water source. JI RA MA normally abstracts water 

from Miary and Andranomena stations to supply drinking water in Toliara city.  

i)- Miary pumping station which is located about 15 km from the city was established  in 

1933 whith only one reservoir which had the capacity 600 m3 and a pipeline 250 mm diameter. 

The pipeline was used to distribute water into the city. In 1959, the reservoir storage disposed in 

the middle of city with pipeline of 250 mm of diameter. During this period, 6 boreholes were 

operating. Currently, 4 of 6 boreholes were still working with 3 equipments by electro-pumping 

immersed. The capacity of equipment is estimated at 300 m3/h (7, 000 to 8, 000 m3/day). The 

Miary station produced water supply with a certain proportion of limestone which is within  

WHO standards. However, sometimes the some increment of limestone cause illness to the 

community level. Since 1979 due to the increase of number of population and expansion of the 
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city development, the Andranomena station supply ( 7 km) created and composed of 2 borings 

equipped which produced approximately 2 000 m3/day. It is slightly brackish water.  

ii) – Some people use a different well such as traditional, stand post and hand pump in peri-

urban and slums of the city. Logically, it is threatened by contamination of wastewater 

infiltrated to the ground water (figure 2-6).  

2.7.2.2 Water treatment system  
Miary and Andranomena stations, the water source is from groundwater and the treatment of 

water is lower cost than other technology and the system is used simple technology. The main 

purpose of water treatment is to produce microbiological safety water that can be consumed 

without risk of diarrhea and other acute gastric infection. This can be assured by disinfection with 

chlorine. 

 
Figure 2. 6: Type of well to get drinking water in the city 

According to Lars et al (2005), grounds water, in many cases, has sufficiently good quality to be 

distributed, upon chlorination, directly to consumers. The JIRAMA system is only treatment 

applied and assured by injection of the hypochlorite of calcium (CaOCl2) or natrium (NaOCl) in 

the exit of every pumping station to getting chlorinate for disinfection of bacteria(consist in 

decontamination) after the raw water pumping (Zo, 2010). The power disinfecting chlorine is also 

bound to the kinetics of the reactions with the elements and organic compounds contained in 

water. It will achieve the optimal dosing of chlorine concentration (> 0.5mg/L, WHO standard) in 

water.  
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2.7.2.3 Storage or water in towers  
The infrastructure still works but its capacity is weak in relation to the number of users or water 

demand (WaterAid, 2005). The storage is assured by two reservoirs of heads such as in Miary 

(600 m3 and 1,000 m3) and the reservoir of balance of 500 m3 is situated in the city central (close 

to the Military campus).  

2.7.2.4 Drinking water production  
Toliara water supply is assured by the Miary and Andranomena stations which produced 82% 

and 18%, respectively. In this study, it was difficult to determine the number of people to have 

access to water supply from the JIRAMA connection. This is each neighbourhood have a used 

standpost and directly connected with the JIRAMA pipeline. JIRAMA permit exactly to a 

number of private subscribe in the JI.RA.MA. In five years, the people subscribed to JI RA MA 

water supply increased by 24% to reach 5, 835 subscribers in 2005 (table 2-4). In 2008, the 

number of houses subscribed increased to 6, 990. The rest of population used to take the drinking 

water from the traditional well, hand pump and standpost. 

 
Table 2. 4: Number of population subscribed at JIRAMA 

Year 2005 2006 2007 2008 

 

Number of subscribers 

 

5 835 

 

5 995 

 

6 438 

 

6 990 

                                                                                                        Source JIRAMA, 2008& SAGE, 2008  

2.7.2.5 Water supply management system 

In Toliara city is completely different of the water supply management each district in the city. 

Some neighbourhoods are managed by a committee designed by the chief of neighbourhoods.  

Since 2000, the municipality transferred directly the responsibility of the born fountain 

management to the neighbourhoods. It called the associative type and semi-centralized as 

Ambohitsabo, Besakoa, Tsimenatse III, Ankiembe Bas & Haut and  the collective type and infra-

local management as Tsimenatse, Tsienengea, Anketa, etc. 

The municipality will increase the number of stand post or born fountain. Therefore, the numbers 

of people to have access the safe drinking water will increase. 244 standposts or stone fountains 
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existed in 2008 (table 2-5) but only 184 standposts served people without JIRAMA connection. 

The context of the management of water becomes to the decentralization and privatization. The 

process focused on technical, tariff and community viewpoints.  

Table 2. 5: Number of born fountain or standpost 

 

Year 2005 2006 2007 2008 

 

Number of born fountain 

 

240 

 

236 

 

242 

 

244 

                                                                                                                (Source JIRAMA and CU-U, 2008) 

 According to legal and technical mode, the modeling of the gait that makes this proprietary and 

managing. It is necessary to distinguish: 

" technical modes: type of standpost, tariff of sale, level of service; 

" organizational modes: management, responsibility of the municipality and 

neighbourhoods  distribution of population in the maintenance; 

The JIRAMA and municipality system have developed the water supply management in the city. 

Water demand management is an important and relevant issue in domestic wastewater production 

because the water consumption will grow because of increasing population in the city.  

2.8 Municipal sewage collection system 
2.8.1  Sanitation technology solution  

2.8.1.1 Domestic sewage original  
In Madagascar, few cities are served by sewerage system and there are situations where 

properties or zone are not serviced at all. Currently, the cover of the evacuation system for 

wastewater discharge is around 49% in the urban agglomeration of which 3% in collective 

system and 46% in domestic system (UNDP, 2005). In Toliara, the people have access to the 

water supply by JIRAMA and, normally they have sanitary facilities and sewage colllection into 

the drainage system. For the municipality situation, most of household had private sewage 

collection because of bad state of sewerage connection and poor working canal makes it difficult 

to collect the wastewater in the city. The majority of the people will collect and treated the black 

water into the soakaway pit or cesspool pit and the grey water will collect directly to the cesspool 

pit. In fact, the domestic wastewater flow infiltrates directly into the ground water and little of the 
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wastewaters is going to the sewerage system. Only in Toliara centre has connected between the 

sewage and drains system to collect the sewage from households, institutional and commercial 

areas.  

2.8.1.2 Industrial waste sources  
The industrial units are few in the city of Toliara. They can be classified like follow is according 

to their origin:   

- INDOSUMA factory essentially concentrate to the transformation of the agricultural 

productions (peanuts) that daily grind out 25 to 30 tons peanuts, cotton and "atratra". It is 

producing 1.8 tons of garbage used in a various manners as fuels and food for farming. 

Concerning of the wastewater, this factory has a treatment and an internal retraining before the 

evacuation into the sea by a channel of 1,112 m.   

- JIRAMA produces oils of draining about 2,000 liter a week. Currently, it is rejected in the 

nature some kilometers of the city without disposal place.   

- Oil tank, garbage dumps of hydrocarbons Fuel-oil altered and muds vestigial 170 m3. Waste 

Hydrocarbon are transported and analyzed in Tananarive; 

- Industries of fishing are not generating any harmful garbage: for example the shrimp factory 

rejected the shells of crustaceans into the sea (table 2-6). 

2.8.1.3  Level of sewage treatment  
There are two types of wastewater generated: grey and black water. Grey water is waste water 

from bathroom, washing plant and kitchen. Grey water can require less treatment because it 

contents low concentration of pollutants and few pathogens, and it could flow directly into the 

drainage system. Black toilet water is disposed in pit latrine or septic tank. Most of the effluent 

infiltrates to the cesspool for infiltration in the soil to the ground water or evacuates into the 

surface water.  

The sanitation technology and population density are connected in wastewater management 

system. The population density determines the availability of land for on-site sanitation and 

strongly affects the unit cost per household. There are various designs for on-site sanitation. 

Typically, the septic tank pit engineering is illustrated in figure 2-7.  The treatment efficiency of 

the septic tank depends on the volumetric capacity.   
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Table 2. 6: Type of wastewater from the factory 

Factory Activity Waste types Quantity/month Observation  

SOPETO  Marketing sea 

food  

Wastewater resulting from 

the administration office 

Wastewater when 

defrosting the freezer  

20 m3 

 

 

 

60 m3, 2 times a 

year 

It has a system of 

purification before all 

rejecting nearby in the 

sea 

COPEFRITO  Processing and 

selling seafood 

products 

 Organic waste: crab 

shells and fish bones 

Packaging waste 

(cardboard, plastic bag  

etc) 

 

 

1.9 T 

 

5.32 T 

 

2 to 3 bins 

 

COPEFRITO bought 

land at Akoronga to 

discharge the waste 

It is collaboration with 

the municipality paying 

Ar 200 000 per month  

MUREX  

 

Processing and 

selling seafood 

products 

 

 

Liquid waste 

Crab fragment 

Administrative waste 

 

 
90 m3 

1.5 T 

2 bins 

 This waste is dumped at 

Andatabo site 

MUREX uses the litter 

bin nearby to dispose of 

liquid waste and 

administrative waste;  

 

On-site sanitation provides an appropriate solution of wastewater management system for poor 

urban areas as like Toliara. These technologies allow for a decentralized approach to provide 

sanitation that is affordable and that can be upgraded.  Black water is partially buried through to 

the pit by the different treatment systems such as septic tank, latrines water flush, latrine simple 

pit and latrine lost pit. 
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Figure 2. 7:  Toliara type of septic tank engineering (Photo: Solphi, 2009) 

          a)      b)  

c)  

Figure 2. 8: Toilet type used of the people in the city, a- latrine pit; 
 b) –closed water with septic tanks c) open fecal in the nature (MIC project , 2008) 
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The Toliara sanitation facility case is exceptional because only 20 % of the people had access to 

hygienic sanitation type. It includes the mode of evacuation, 75% is the pit septic used by the 

majority of the households and 41% of the evacuation excreted in the city. Latrine simple pit is 

estimated to 10 % and was meaningful to people in the city (figure 2-8).  Among the unhygienic 

type, it is estimated 34 % use the manual draining for removal of the waste. The rest of the people will use 

the nature or seaside. On-site options include latrine pits poor flush toilets and septic tanks. Poor 

wastewater management also means daily exposure to an unpleasant environment. The steadily 

increase of faecal contamination at the seaside and other water sources is a human health risk as 

well as affecting and threatening the ecological balance of the marine water environment. 

2.8.2 Storm water drainage statement 
2.8.2.1 Main channel covered collective  
The main collection channel is 700 m of the main drain collector (figure 2-9) and is combined 

sewerage in Toliara center (from Bazar-be, Commissariat de police, Cedratum, ex-Tiko, 

Restaurant Etoile de Mer, ex-Restaurant Hacienda to Paletuvier Hotel evacuation).  

Combined sewage systems carry sewage and storm water in the same channel or pipe. The 

conduit is built at the start 120 cm diameter and at the end of the pipeline 70 cm diameter.  It 

transports simultaneous drainage water and sewage. The municipality economic situation does 

not allow for a suitable investment.  

 

         

Figure 2. 9:  Paletuvier outfal and main drainage rehabilited (Photo: Solphi, 2008) 
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The maintenance should focus on removal of the refuse disposal. It is an obstacle for the 

wastewater percolation. In general, the sewerage and drainage system lacks operation and 

maintenance. This combined sewerage be collect the sewage from the households, commercial 

area, Hotel and restaurants, water tap leakage from pipeline and ground water in Toliara center 

and municipal wastewater.  

2.8.2.2 Street gutter covered  
A street gutter of 900 m (from Maison Rouge, Jardin de la mer, Plazza Hotel, Alliance française) 

is a storm water drainage and is operational. This drainage has water stagnant and is connected 

with sewerage network from Alliance Française and administrative residential.  Storm run off on 

the street is collected in the channel (figure 2-10). The system collects the storm runoff and 

discharge directly to the sea water.  

 

 

Figure 2. 10: Type of the street gutter in the Toliara Centre    (Photo, Ananias, 2008 ) 

2.8.2.3 Channel of evacuation for Tsimenatse I and III neighborhoods 
In the colonization period, it was built a channel in the neighborhood areas; but it lack 

maintenance by the technical service in the municipality. This is an open channel and buzzard 

which is 600 m along from Tsimenatse I west into Tsimenatse III (figure 2-11). The storm water 

drainage should be part of wastewater management because large sewage flows are carried into 

the open storm water drain.  
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Figure 2. 11: Open sewerage system in the Tsimenatse III  sector(Photo: MIC, 2009) 

 

It was an old buzzard and the wastewater effluent evacuated directly into the sea  close to the 

Rotary Club Office.  

2.8.2.4  Open storm water drains 
This is an open channel of 1200 m (from road Antaninarenina, Besakoa and Ambohitsabo) made 

to collect storm water. In this study, it was observed wastewater was led into the mangrove area 

through the salt works. Open channel systems (small volume) is easy clogged by sand and solid 

and waste sometimes people are using it as solid waste disposal. So, the disposal looked at 

mixing of the solid waste disposal and fecal is dispersed over a wide area.  It is not centralized as 

with a conventional drainage system works. In addition, the drainage has always stagnant 

wastewater during the rainy and dry seasons. Accumulation of sediment, vegetation and refuse 

are in evidence both along drainage channels and adjacent to culverts in open channel as 

Ambohitsabo and Besakoa areas (figure 2-12). 
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Figure 2. 12:  Type of open channel and sewerage system in Besakoa (Photo: Solphi, 2009). 

 

2.8.2.5 Drains Outfall in between Ankiembe bas and ex-SOLIMA reservoir tank  
Ankiembe Bas and Haut is victim of the flooding during the rain period. Slums are built out of 

municipal development plan by scrap material in hazardous areas such as flooded lands and steep 

hillsides in the wet season.  

This zone is among the catchment of all the storm water runoff from north-eastern goes into the 

areas. In addition, the neighborhood has contact zone of the sea water and storm water runoff. 

Since the later years, the catchment outlet is not more functional because it was destructed of dam 

protective. This drain is operational during the short period rain (figure 2-13). 

2.8.2.6 Other problem system  
In Toliara city, in the middle of the Monja Jaona Avenue and Gouvernor Campistron road (figure 

2- 14) there was adsorbent collectors systems as in the figure 2-14. The adsorbent collectors are 

collecting the storm runoff. Generally, the volume of the collector was insufficient and it was not 

able to serve the areas in the city. It has to soak into the ground water or surface water. The local 

infiltration capacity of the soil is usually not sufficient to absorb peak discharge of storm water. 

Then the soil and groundwater will be contaminated by pollutants. The network of sewage 

transport in Toliara city is much dispersed and uncontrolled. Besides the failure to plan drainage 

network adequately, municipality encounter many difficulties enforcing legislation.  
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Figure 2. 13: Ankiembe Bas drain outfall 

            

Figure 2. 14:  illustrated the absorbent collector in middle on Monja Jaona avanue and Governor Capstron 
roads 
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2.8.3 None drainage, sewerage system and channel evacuation 
 The topography of the city is very flat and weak altitude. Some districts are lower than the sea 

level. The water table is too weak depth from 1 m to 2m. Logically, the stagnant zone have no 

channel evacuation (figure 15-a).  

 

   

Figure 2. 15 a): Ankiembe Bas stagnation areas  b): Around the Police station flooding 

 

The principal flooding types in the Toliara city (figure 2-15-b) is due to the rate and 

dynamic of urbanization. Some areas are embanked to act as illicit construction land. Now, its 

attendant activities have impacted negatively on drainage system in parts of the city. The 

majorities of the existing drains are evaluated by poor maintenance and are in various states of 

disrepair because it has been built during the colonization period. 

2.9 Interaction of ecosystem marine impact and the municipal wastewater in the Toliara 
bay  

After our investigation, we identified four (04) channels operational as well as Ankiembe 

Bas, Tsimenatse III, Paletuvier Hotel and Besakoa discharged municipal wastewater during wet 

and dry season in the city. Currently, the municipality of Toliara situation may oblige the 

untreated municipal wastewater evacuated into the seaside. In 2005, NORAD and IH.SM opened 

more research on the microbiological contamination in the Toliara bay. Wastewaters show 

different degrees of environmental nuisance and contamination hazard due to their chemical and 

microbiological characteristics (Bohdziewicz and Sroca, 2005). During this study, we observed 

that Toliara bay are polluted by contamination of bacteria. Unfortunately it did not cover 

measuring the chemical contamination.  
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2.9.1  Chemical contaminant in the wastewater  
In municipal wastewater, the common chemical quality variables of concern are chemical 

oxygen demand, suspended solids, ammonia, nitrate, phosphorus, salinity and a range of trace 

metals as illustrated in the second part. These contaminants are derived from domestic sewage, 

the urban runoff, including wet and dry deposition from atmosphere and industrial discharges 

(Blanchard et al., 2001; Katsoyiannisi and Samara, 2004).  

 
Table 2. 7: Chemicals of Health Concern Found in Untreated Municipal Excreta and Wastewater 

 
Chemical  Health effect  

Heavy Metals 
Arsenic 

Cadmium 
Lead 

 
Gastrointestinal, skin, and nerve damage, cancer 
Gastrointestinal, kidney and lung damage 

Nervous and immune system, kidney damage, 
phototoxic 

Chemical oxygen demand   

Inorganic Chemicals 
Cyanide 

Hydrogen Sulfide 
Nitrate 

 
Brain and heart damage, shortness of breath, death 
Nausea, vomiting, mucous membrane irritation 
Methaemoglobinaemia 

Nutrients 
Nitrogen 

Phosphorus 

 
Cause eutrophication which facilitates the growth of 
toxin- producing cyanobacteria and other harmful algae 

 
Source: Chang et al., 1995; National Research Council, 1998; World Health Organisation, 1999; ATSDR, 

2000) 
 

In order to reduce environmental pollution impact, it is necessary to treat wastewater before it is 

discharged into the surface water. Johnson et al, (2000) refers to the most appropriate wastewater 

treatment metal is the one that will produce an effluent meeting the recommended chemical 

guidelines, at a low cost and with minimal operational and maintenance requirements. Table I 

show the health effect of chemical contaminant in untreated wastewater. It is necessary for the 

municipality of Toliara to treat the municipal wastewater because it threatened the intoxicant of 

the marine food chain.  
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2.9.2 Biological contaminant in the wastewater  

Toliara bay is a marine ecosystem which is exposed to different types of pollution coming from 

all sorts of wastewater discharge resulting from population’s activities such as domestic sewage, 

industrial waste from seafood conditioning unities, wastewater from hotels located along and 

nearby the beach (Rasoamananto, 2008). Daily, significant amount of faecal matter is being 

flushed out by the tide into the bay as over 20 % of the population; particularly those from slum 

areas use the beach as an open defecation area.  Specialist researchers always focused on an 

indicator organism of contamination in wastewater. Rasoamananto (2008) said the bay is an 

onshore ecosystem that is disrupted with probably a contamination of the food chain and is 

consequently a risk for the health known Intoxication by Consumption of Marine Organism 

phenomenon (ICAM), owing to the consumption marine products. Thus, edible fish might 

become regularly toxic at certain period of the year. In Toliara, the first event of ICAM was in 

1956 (Rakotovao, 2004). It was almost health effect as cholera disease in 2000, in 2009 (ICAM) 

and in 2011(ICAM) in the city of Toliara. 

   
Table 2. 8: Toliara bay contamination 

 
Germs Bacterial parameter  (/100ml) Classification 

Coliform  
 

Fecal 
Coliform  
 

Fecal 
Streptocoques  
 

Escherichia 
Coli 
 

Value guides 500 100 100 *300 Category 
Value not to be exceeded 10 000 *2 000 -  

Station      

Bay of Toliara 758 146 26 46 B 

                            (Source: Rasoamanto, 2008) 
       

The failure to properly treat and manage wastewater and excreta world-wide is directly 

responsible for adverse health and environmental effects (WHO, 2001).  Rakotovao (2004) said 

the fecal pollution affects the quality of bathing water from the bay and also the quality of fishery 

products as bacterial contamination of the environment could spread across the link in the food 

chain and could cause contamination from the upper level as shellfish filter. Bacterial 

contamination of fecal origin in the bay, Rasoamanato(2008) said that it is associated with 
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organic matter from land transported by rivers or stronger rainfall from the municipality drainage 

system and possibly could cause the phenomenon of fertilization and eutrophication. Table 2-8 

illustrated bacteria pollution from the wastewater sources in the bay.   

 
Table 2. 9: Biological water quality in the Toliara bay 

 
N° Locals  CTT/100ml E. Coli/100ml SF/100ml 

1 Plage de la Batterie 6 0 33 
2 Mangrove-ZAZA 38 10 28 
3 Bordure Mangrove  150 0 120 
4 Plazza Hotel 360 110 450 
5 Embarcadère Anakao 580 180 250 
6 Village pêcheurs (Mahavatse) 3200 2500 900 
7 IH.SM 170 9 100 
8 Village Ankiembe 4 0 36 
9 Village Petit Sarodrano 25 3 38 
10 Mangrove GRT 6 0 23 
11 Port Tuléar 30 1 1800 
12 Fiherenana (pvt virologues) 120 230 360 
13 Effluent Mosquée 92500 3500 1110 

(Source: Patrick GOT CNRS & IRD and  Rasoamananto, 2008) 
 
 
Human excreta have been implicated in the transmission of many infectious diseases including 

cholera, typhoid, hepatitis and cryptosporidiosis (WHO, 2001). Pollution indicator and 

pathogenic microorganism in raw sewage will contaminate the surface water. Because of results 

of the old study, it means the Toliara bay is contaminated by the bacteria via the shore to degrade 

the marine ecosystem (table 2-9). From this study we realize the need to treat for reducing of the 

raw sewage pollution by simple technology effectively at low cost for operation and 

maintenance, for the municipality of Toliara.  
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2.10  Conclusion  
Analysis of the drainage and sewerage network has been done of the urban wastewater 

management system. After our observation, the municipality of Toliara may focus on the 

following:  

" importance of the dysfunction of the urban development system (inadequate and 

insufficiency of sewerage and drain network and inadequate municipal governance 

service); 

" lack of the application of organization plan and urban development plan; 

" financial constraint to realize the urban development programs;  

" public awareness to involve the participation of the people for wastewater management 

(water, solid waste and sanitation). 

As so far, wastewater management comes four majorities of urbanism, water and sanitation and 

solid waste management system:  

" no respect of urbanism and habitat code; 

" urban morphology non structured and lack purification infrastructure; 

" urban extension, it is not integrated or implanted water and sanitation system; 

" disturbance of drainage and sewerage network by waste which provoked spreading of 

solid waste and stagnant wastewater flooding and untreated wastewater contaminated the 

public health through intoxication of the food chain (marine ecosystem damage).  

Finally, untreated wastewater characteristic will be described in the second part.  For solving the 

constraint in the wastewater management, municipality of Toliara will construct a new regulation 

to build the sewerage network system of the whole city. The municipality will be able to collect 

the raw sewage and storm runoff. Also, the municipality is able to create a wastewater treatment 

plant. It will be applied to reduce threatening of the human health and environment impact.  
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3 CHAPTER III 
 

MUNICIPAL WASTEWATER CHARACTERISTICS AND 
WASTEWATER TREATMENT PROPOSAL USING A 

CONSTRUCTED WETLAND IN TOLIARA CITY 
*********** 

3.1 Introduction  
Toliara city has not clarified the separation or combination of sewerage and drainage system and 

surface water. One of three main drainages existing in the city is connected by the private and 

public sewage.  

This study focused to quantify and model the effects of hot climate on the performance of 

constructed wetlands (CW) for the treatment of wastewater associated with urban environments 

in Toliara city and wastewater characterization. The objectives of this study are to:  

a) provide additional information on the feasibility of using wetlands to treat municipal 

wastewater in hot climates;  

b) develop design and operational criteria for constructed wetlands based on theoretical 

evaluation and modeling; and  

c) create a document guideline water treatment. 

3.2 Local site description  
The investigation was carried out in the part of the city that have a municipal sewage works in the 

neighborhoods in the city such as Ambohitsabo, Besakoa, Toliara centre, Mahavatse II and 

Tsimenatse. Most of the sewerage and drainage system works are located in the old city.  

Currently, these areas are assumed to represent the sewerage and drainage systems for the Toliara 

city (map 2- 2). 

3.3 Methodology approach 

3.3.1 Population and environmental issue  
During this study the measurement were done during 2008 and 2009. In order to determine the 

extent of Toliara city’s wastewater and sanitation problems, our investigation, involved two 

students which conducted a random survey of families in 4 neighborhoods of Toliara.  For the 
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purposes of the survey and we randomly surveyed 10 families in the city (table 3-1) (as Besakoa 

and Mahavatse II Ouest, 9 families in Tsimenatse I Ouest, 4 families in Toliara Centre, and 6 

hotels).   
Table 3. 1: Neighborhoods investigated during the research period  

Neighborhoods Besakoa Tsimenatse I Mahavatse II Toliara centre 

Population  5665 4013 4618 3400  

Family  420 793 600 600  

Number of pump 9 6 5 1  

Public toilet  na na na 3  

    na: no avalable                   (Source, Julia & John, 2009) 

Before beginning our survey in each area of Toliara, we spoke to the chief of the neighborhoods 

to determine the estimated number of people living in the neighborhoods. The neighborhood was 

connected to a main drainage system.  When surveying the families, they asked how much water 

in liters was used per person in the family per day for bathing and drinking. How much water in 

liters was used per family per day for cooking and cleaning? How much water in liters was used 

per family per week for washing clothes whether or not the family had a private WC? How many 

individuals were included in each family?  When questioning the hotels in this study, they asked 

to see the monthly bills from JIRAMA that states the amount of water used per month in cubic 

meters.  Then we used these numbers to estimate the total amount of water consumed per day in 

each region by the residents of the four neighborhoods as well as by the area’s hotels.  

3.3.2 Analysis of Toliara sewage effluent  
Two students performed these analyses, one from the University of Stavanger (Norway) and one 

from the University of Antananarivo (Madagascar) for their Bachelor’s and Master’s thesis. For 

determination of the sewage characteristics, samplers took the samples in the different sites in the 

city such as Police Station, ex-TIKO, Etoile de Mer Restaurant, Maison Rouge Residence, 

Alliance Française and outflow Hotel Le Paletuvier.  

We focused on the environmental parameters such as dissolved oxygen, pH and temperature 

which were registered and determined in the field. Multi parametric portable (Multi 340i WTW) 

fitted with pH, temperature and dissolved oxygen sensors were used. The equipment 

measurements were always re-calibrated at laboratory prior to use. Measurement of the physico-
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chemical parameters in the sample taken have directly done in the different sites. In the raw 

sewage sample, the organic matter (BOD), suspended solid (TSS), nutrients (NH4-N, NO3-N, 

PO4-P, TN and TP) and heavy metals (lead, cadmium, nickel, zinc, chrome, copper, lead and 

cadmium) were analyzed at the CNRE laboratory(Antananarivo). The sewage characteristics data 

sets were recorded and used for proposal of constructed wetland design to treat Toliara sewage.  

Water samples were analyzed for BOD, TSS, ammonia, nitrate, phosphorous at the laboratory. 

Organic matter and suspended solids analyzed in samples taken from the septic tank effluent and 

pond D and G effluent followed procedures given in APHA (1992) and a document under 

preparation of chemical analytic analysis in 2008 from University of Stavanger, Norway.   

Biochemical oxygen demand (BOD) was determined after incubation at 20°C for 5days. 

Dissolved oxygen initial and final was measured to determine the oxygen consumption in the 

biodegradation of the organic matter. A multi parametric was used in oxygen measurement.   

Total suspended solids were measured using the GF/C glass filters with 1µm pore size and the 

sample volume to be filtered measured by a graduated cylinder. After filtration, the paper dried at 

105°C for at least 2 hours. The paper was weighted immediately.   

Ammonia nitrogen (NH4-N), nitrate-nitrogen (NO3-N) and phosphorus PO3-P was determined in 

the samples. NH4-N, NO3-N and PO3-P was directly analyzed by the NOVA 60 

spectrophotometer with 460 nm wavelength and the thermo regulator NOVA 420.  

3.4  Wetland wastewater treatment technology  
The system should be adapted to the climatic condition and use simple technology and available 

skills for construction and operation with possible re-use of the end product (Tom, 2000). 

Wetland treatment can take place in natural or constructed wetland sites (Kadlec, 1999).  

3.4.1 Natural wetlands  
Natural wetlands have been used for wastewater treatment for many years. Waste stabilization 

ponds have been the treatment system favored for the majority in developing countries especially 

those located in tropical climates. They include a wide range of shallow ponds, with treatment 

mechanisms that vary from anaerobic fermentation to aerobic mineralization relying on sunlight 

to promote a symbiotic relationship of algae and bacteria. Natural wetlands are usually found at 

the interface between the terrestrial and aquatic ecosystems (Denny, 1985; Mitsch and Gosselink, 
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1993; Tom, 2000). Natural wetlands and optimal sites for storm water treatment practices are 

often located close at many development sites. As a result, some communities still utilize natural 

wetlands for storm water treatment. In Uganda, the Nakivubo and the Luzira natural wetlands are 

dominantly colonized by Cyprus papyrus L. and Miscanthidium violaceum. Robin plants, have 

been receiving urban runoff mainly from Kampala City center and final effluent from the 

Bugolobi Sewage Treatment Works (BSTW) for over 50 years (Denny, 1997; Kansiime and 

Nalubega, 1999; Tom 2000). In Tanzania, natural wetlands occupy over 7% of the country's 

surface area. Case studies show that wetlands significantly reduce suspended solids, biological 

oxygen demand, pathogens, heavy metals and excessive nutrients from wastewater.  

3.4.2 Constructed wetland (CW) 
3.4.2.1 Background  

The historical background on the use of CW in water pollution control originates from the 

research pioneered by Seidel and Kichuth in Germany from 1952(Bastian and Hammer, 1993; 

Kadlec an Knight, 1996; Renalda, 2006). At present, extensive research work on CW technology 

is being undertaken in the temperate regions. In addition, review of the literature shows evidence 

of limited research and use of CW technology in tropical regions. In sub-Saharan Africa for 

instance, some constructed wetlands are operational in South Africa (Wood, 1990) and in Kenya 

(Nyakang’o, 1997, Tom 2000).   

CW combines biological, chemical and physical treatment mechanisms for water quality 

improvement (Kadlec and Knight, 1996; Renalda, 2006).  Constructed wetlands technology 

which imitate the characteristics, processes and features of natural wetlands is becoming an 

increasingly common method for the treatment of all forms of water pollution, including confined 

animal wastewater, cropland runoff, urban storm water, septic tank effluent, municipal 

wastewater, acid mine drainage, industrial wastewaters and landfill leachate ( Kadlec and 

Knight,1996).CW has been proven to be a feasible treatment alternative for wastewater from 

wastewater treatment plants characterized by low investment, operation, and maintenance costs 

(Kadlec and Knight, 1995). For several years, a number of CW systems have been employed to 

treat various kinds of liquids wastes including and more recently sludge from activated sludge 

treatment plants (Heinss and Koottatep, 1998; Renalda, 2006). Domestic wastewater must 

undergo septic tank pretreatment prior to entering a constructed wetland (EPA, 2000) and raw 

sewage characteristic is presented in table 3-2. Untreated domestic wastewater has different 
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characteristics from the septic tank effluent which is lower TSS. According to the literature 

review, the septic tank could remove the TSS of 40% to 50%. The removal of pollutants is 

always accompanied by a limited amount of anaerobic degradation.  

 
Table 3. 2: Composition of sewage characteristics  

Compound Concentration range (mg/l) Typical concentration 
(mg/l) 

Total solids 300 – 1200  
Total suspended solids (d > 1 m) 100 – 350 250 
Total Organic Carbon (TOC) 80 – 290 100 
Biological Oxygen Demand (BOD) 110 – 400 250 
Chemical Oxygen Demand (COD) 250 – 1000 500 
Total nitrogen (TN) 20 – 85 45 
Ammonia(NH4-N) 12 – 50 38 
Nitrate + nitrite(NO3-N + NO2-N) 0  
Total phosphorus (TP) 4 – 15 8 
Orthophosphorus (PO3-P) 3 – 12 6 

                                                                                                          (Source: Metcalf & Eddy, 2003) 

3.4.2.2 Types of constructed wetland  
In general, the objective of using CW is to remove organic matter, suspended solids, 

pathogenic organisms and nutrients such as ammonia and other forms of nitrogen and phosphorus 

(S. Kayombo et al, 1998). Constructed wetlands are classified based either on the dominating 

macrophytes or water flow pattern.  According to Brix (1993), wetlands can be classified based 

on the presence of macrophytes:  

% Constructed wetlands with free-floating macrophytes  

% Constructed wetlands with floating leaved macrophytes  

% Constructed wetlands with submerged macrophytes  

% Constructed wetlands with emergent macrophytes  

Characterization based on water flow was defined by Vymazal, (1998),  

" Free flow water surface (FWS);  

" Subsurface flow water (SFW) which is subdivided into: Horizontal Subsurface 

Flow water (HSFW) and Vertical Subsurface Flow water (VSFW).  
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3.4.2.2.1  Free flow Water Surface (FWS)  
Figure 3-1 shows the free flow water surface system. FWS is a shallow wetland with a 

combination of emergent aquatic plants (cattail, bulrush, reeds and others), floating plants 

(duckweed, water hyacinth and others) and submerging aquatic plants (sago pondweed, widgeon 

grass) and a water surface exposed to the atmosphere (ITRC, 2003). They may have open-water 

areas dominated by submerging and floating plants or it may contain islands for habitat purpose 

(EPA, 2000) and the water moves through the wetland above the substrate at low velocities in a 

quiescent manner (ITRC, 2003). 

 

 

Figure 3. 1:  Free Surface water wetland 

FWS closely resemble natural wetlands in appearance and function with a combination of 

open–water areas, emergent vegetation, varying water depths and other typical wetland features 

(EPA, 2000). Plants in these FWS systems are able to withstand continuously saturated soil 

conditions and the corresponding anaerobic soils. SF wetlands have variable oxygen levels 

depending on atmospheric diffusion, wind action, and the amount of algae or macrophytes 

available to introduce oxygen to the system and the oxygen consumption by BOD removal and 

nitrification. Dissolved oxygen levels are at their highest at the air/water interface and decrease 

with depth. Depending upon the depth of the water and its quiescence, dissolved oxygen levels 

may be quite low at the bottom of the water column and even anaerobic just a few millimeters 

below the water/sediment interface. The oxygen sources to support aerobic degradation is surface 

water re-aeration and photosynthesis. The major biological reactions involve microbial growth 
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attached to the surfaces of the submerged portions of the plants and attached to the detritus matter 

(Reed, 1991). 

3.4.2.2.2 Subsurface Flow Water (SSFW) 
There are two different types of SSFW and they are characterized by the flow path of the 

water through the system, horizontal and vertical subsurface flow constructed wetlands. SSFW 

systems consist of basins or channels with a barrier to prevent seepage and the bed contains of a 

suitable depth of porous media such as rock, gravel or soil. The media also support the roots and 

structure of the emergent vegetation and the water level in the bed is maintained below the top of 

the media so that all flow is supposed to be subsurface (Reed, 1991). FWS is not an actual 

wetland because it does not have hydric soils. Emergent wetland plants are rooted in gravel, but 

wastewater flows through the gravel and not over the surface (EPA, 2000). Contrary, SSFW 

system is also shallow and contains sufficiently large gravel to permit long-term subsurface flow 

without clogging. Roots and tubers (rhizomes) of the plants grow into pore spaces in the gravel. 

Figure 3-2 shows schematics of the SSFW system.  

  

 

Figure 3. 2 Schematic of subsurface flow wetland 

 A typical SSFW system contains gravel beds that may be planted with wetland 

vegetation, berms, inlet and outlet structures for regulation and distribution of wastewater flow.  
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The typical components in SSFW include (EPA, 1988):  

$ inlet piping; 

$ a clay or synthetic membrane lined basin; 

$ loose media filled in the basin; 

$ wetland vegetation planted in the media; 

$ outlet piping with a water level control system. 

 The oxygen source for the SSFW bed is oxygen transmitted from the leaves to the roots of the 

emergent aquatic plants. The biological reactions in this case are the microbial growth on the 

media surfaces and on the subsurface plant parts (Reed, 1991). The oxygen transmitted to the root 

zone of the plants can sustain aerobic microsites for treatment in an otherwise anaerobic 

environment. It is therefore considered important to encourage and support root penetration and 

development throughout the entire depth of a SSFW bed.  

3.4.3 Factors to consider in design of the constructed wetland  
During the implantation of wetland treatment, it is necessary to understand the methods of 

design and construction of wetlands and knowledge about the processes by which constructed 

wetland can remove pollutants. Wetlands are generally characterized by the presence of three 

basic parameters: soil, hydrology and vegetation (ITRC, 2003) and wetlands are suited to sites 

with a relatively large available area, a source of year round water, an appreciable growing 

season and a relatively large water volume facilitating treatment to moderate contaminant 

concentrations.  

3.4.3.1 Selection of type constructed wetland  
SSFW is a widely accepted technology for reducing wastewater BOD, TSS, nutrients and 

coliform (Crites et al, 1998; Reed et al, 2001).  

3.4.3.1.1 Available land area 
 Depending on flow volumes, contaminant concentrations and treatment goals, a wetland 

may require a considerable area. A small wetland may have difficulty handling large flows from 

storm events in areas of high rainfall. 
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3.4.3.1.2 Soils 
Site soils information is necessary to predict hydrology, prepare for excavation and 

determine suitability for wetland plants. Soils should be evaluated for the following: 

& soil classification 

& fraction of sand, silt, clay, organic content 

& permeability 

& field capacity 

& cation exchange capacity 

& pre-existing concentrations of potential contaminants, including nutrients, metals, 

pesticides, and trace organics 

Wetland soil is a support for plant and microorganism growth in which biological and chemical 

reaction take place. Soils are generally divided into two different types: mineral and organic. 

Organic soils have a higher porosity and thus a lower density and higher water holding capacity 

than mineral soils in table 3-3. The presence of organic matter in the soil is desirable.  

Table 3. 3: Comparison of physical properties of wetland soils 

                (Source: Vymazal, 1995 & Carl 2006) 

Sandy or permeable soils may require the installation of a liner to contain water in 

the wetland and prevent infiltration of the wastewater to groundwater. Wetland bottom 

and transition area soils directly influence water exchange with groundwater. 

 Mineral soil Organic soil 

Organic content (%) <12-20 >12-20 

pH 6-7 <6 

Bulk density(g/cm) Gravel ca 2.1 

Sand 12 

Clay 1-1.6 

Fibric<0.09 

Humic 0.09-0.20 

Sapric>0.20 

Porosity (%) Gravel 20 

Sand 35-50 

Clay 40-60 

Fibric > 90 

Humic 84 -90 

Sapric < 84 

Water holding capacity  Low High 

Nutrient availability  Generally high Often low 

Cation exchange capacity  Low, dominate by major cations High, dominated by hydrogen ion 
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3.4.3.1.3 Topography 
The topography of the site proposed for a constructed wetland must also be considered. 

This information will aid in designing areas that will have standing water. Topography is a factor 

in selecting a site and wetland type.  

3.4.3.2 Vegetation selection and management 
Vegetation selection depends on the type of design selected. In Uganda, the Kirinya constructed 

wetland described is the first to treat municipal wastewater using indigenous plants and where 

detailed investigations into their functioning under tropical conditions have been done (Tom, 

2000). For example SSFW, phragmite australis (common reed) was selected. The selection is 

based on the following: 

• an extensive root and rhizome system and therefore provides a good room for the 

attached microbial growth, which enhances biodegradation of the organics. 

• to have high oxygen transfer capacity; hence can grow well in water logged basin 

due to their large internal air spaces for transportation of oxygen to roots and 

rhizome. 

• to be locally available. 

3.4.3.3 Pre-treatment application 
The minimum level of pre-treatment for CW systems should be primary treatment. Pre-

treatment by a septic tank is used often prior to discharge to a constructed wetland. It works as a 

combined physical and biological treatment process. TSS is removed by sedimentation and 

flotation while anaerobic degradation removes some dissolved BOD. Typically effluent level is 

presented in table3-4 and can be compared with the raw domestic wastewater characteristics in 

table 3-2.  Treatment beyond this level will depend on the effluent requirements and the removal 

capability of the wetland system.  
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Table 3. 4: Septic tank effluent characteristics 

Parameters  Concentration range  Typical concentration  

TSS (mg/L) 36-85 60 

BOD (mg/L) 118-189 120 

pH 6-7,8 6,5 

DO ( mg/L) < 2 < 2 

NH4-N (mg/L) 30 – 50 40 

NO3-N (mg/L) 0-10 0 

TN (mg/L) 29,5-63,4 60 

TP (mg/L) 8,1-8,2 8,1 

Fecal coliform CFU/100 mL 106-107 106 

                                       (Source: EPA, 2000) 
 

As so far, according to Ed Stewart, (2005), the performance of septic tanks depends on influent 

characteristics and tank design. Typical effluent concentrations from septic tanks equipped with 

effluent rock filters Illustrated in table 3-4. The raw wastewater treattement in a septic tank as a 

primary treatment is to reduce the amount of suspended solids and BOD coming into the wetland. 

The volume of the accumulated sludge in the tank and the retention time is used as design 

parameters.  

The septic tank should be able to reduce at least 50% of the incoming BOD in order to reduce the 

length of the wetland. Based on empirical evidence, the retention time for a septic tank should be 

at least 24 hours in order to remove 60 to 70% of the incoming BOD (Crites and Tchobanoglous, 

1998).   

3.4.3.4 Design basic parameters 
The principal design parameters for constructed wetlands systems include sizing, flow rate 

pattern, hydraulic retention time, organic loading rate, hydraulic loading rate, depth and bed 

geometry (length and width). 

3.4.3.4.1 Sizing  
The specific design criteria presented below are based on the assumption of a plug flow pattern in 

the wetland. The volume of a constructed wetland is the potential quantity of water that could be 

stored in the wetland basin.  
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3.4.3.4.2 Flow rate  
Placement and type of inlet (Qi) and outlet (Qout) control structures are critical in constructed 

wetlands to ensure water distribution in the whole volume, no dead spaces and treatment 

effectiveness and reliability.  

 , (Equation 3-1) 

                                           Note for preliminary design it was assumed that Qin = Qout .  

3.4.3.4.3 Hydraulic retention time 
Hydraulic retention time is the ratio of the volume of water in the wetland divided by the 

volumetric flow rate of the water through the wetland. Most design includes the safety factor, 

which increases the size of the wetland to account for preferential flow. The required residence 

time is a function of the degradation/removal rates and treatment goal will vary depending on the 

specific contaminants.  

% , (Equation 3-2)  

 

where   t : hydraulic retention time 

   V : volume (m3) 

   Q : flow rate (m3/d) 

   As : Surface areas required (m2) 

   d : depth (m) 

3.4.3.4.4 Organic Loading Rate 
The organic loading rate or BOD loading rate is a measurement of the amount of BOD applied to 

the wetland per areas and time. The organic load must be limited such that the oxygen demand of 

the applied wastewater does not exceed the oxygen transfer capacity of the wetland vegetation.  

%  (Equation 3-3),  
 
where OLR: organic loading rate (kg/d) 
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3.4.3.4.5 Hydraulic loading rate  
The hydraulic loading rate (q) is the volumetric flow rate divided by the wetland surface area and 

represents the depth of water distributed to the wetland surface over a specified time interval. 

HLR is recommended by Cooper et al (1996) from 5 cm/d to 20 cm/d.  

%    (Equation 3- 4),  

where q: hydraulic loading rate  

3.4.3.4.6 Depth 
Estimated operating water depths for constructed wetlands in the NADB (1993) have ranged 

from approximately 0. 1 to over 2. 0 m with typical depths of 0. 15 - 0.60m. Operating depths are 

generally different for the area with emergent plants (0. 6 m) (Reed et al, 1996) than those areas 

with submerged plants (1. 2 m). The design water depth of the wetland system should be selected 

to ensure the adequate oxygen distribution levels and maintain design flow rate  

3.4.4 Design criteria method  

3.4.4.1  Wetland modeling as plug flow reactor (PFR) 
In this process, CW is assumed to be attached growth biological plug flow reactors operating 

with first order kinetics for BOD removal. The first step while designing a new CW is to estimate 

the amount and characteristics of the wastewater to be treated as well as the desired effluent 

quality. Design of the constructed wetland mainly includes sizing the system, depth 

determination, inlet and outlet, configurations, plants, shape of ponds and dams.  

3.4.4.1.1 Design criteria of Wetland  
The critical design factor in sizing a treatment wetland is the rate of removal of the contaminant 

of concern. Removal rates can be defined by kinetic expressions with a specific rate constant. In 

general, rates of reactions are functions of the concentration of reactants and a specific rate 

constant which is a function of temperature. For example, a simple model for the breakdown of 

BOD in wetland systems assumes a first order reaction.   
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The general equation for BOD removal in a wetland system is given by Cooper (1990):  

        (Equation 3-5) 

where :  Ce: Effluent BOD concentration, mg/l; 

  Ci: Influent BOD concentration, mg/l; 

  KT: temperature dependent first order reaction rate constant, d-1 

  t: hydraulic retention time  

The temperature dependency of the rate constant in equation 3-5 is defined as:  

KT: K20 ( ) (t-20)   

where  : Temperature correction factor = 1, 1 (WPCF, 1990);  

K20 is the rate constant at 20°C= 1,104 (EPA,1993), these are empirical values  

If the flow at the depth (h) and the flow rate (Q) is assumed to move through the CW under 

steady uniform flow with no short-circuiting, then hydraulic retention time “HRT or t”can be 

given by: 

 ,    defined in the 3-2 (Equation 3- 6) 

 

3.4.4.1.2 Determination of the surface areas requirement  
 

The model described by Reed et al, (1995) are based the first order plug flow assumption for the 

removal BOD. Then, by combining equation 3-5 and 3-6, the required surface area of the wetland 

unit becomes: 

               (Equation 3-7) 

where:   L : length (m) 

   w : width (m) 

   As : Surface areas (m2) 

   n : porosity of the bed the substrate materials (%) 

   d  : depth (m) 
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3.4.4.1.3 Determination the width and the slop 
The topography is necessary to know sloping of the site because the design and construction of 

wetland is easier where the slop is highest.  

Calculation of the slope of the wetland considering Darcy’s law equation: 

; (Equation 3-8)  

where Ks : Hydraulic conductivity 

Final dimensions of the length and width of the treatment cell are chosen to satisfy equation 3- 8 

subject to a specified aspect ratio λ = L: w. To ensure plug flow length to width ratio (L: w) is 

recommended to be ≥ 3 (Vymazal et al., 1998). Calculation of the length of the bed is based on 

the necessary surface area and width. The volume of a constructed wetland is the potential 

quantity of water that could be stored in the wetland basin.            

%      (Equation 3-9)             

where:   V : volume (m3) 

 

3.4.4.1.4 Media characteristics 
According to the equation 3-7, the porosity coefficient n changes with different media. Obviously 

the area of the SSF system needed differs a lot when choosing different medium type.  

Table 3. 5: media characteristics for subsurface flow system 

                                                                                     (Source: Metcalf and Eddy, 1991 and Renalda, 2006)  

 

Media type 

 

Grain size  
(mm) 

 

Porosity 
(n) 

Hydraulic  

conductivity 
(Ks), M3/m3.d 

 

K20 

Medium sand  1 0.42 420 1.84 

Coarse sand  2 0.39 480 1.35 

Gravelly sand  3 0.35 500 0.86 
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Typical media used for SSF wetland including medium to coarse sand have different K20 values. 

Table 3-5 list some expected porosities, hydraulic conductivity, and K20 value of tested media. 

Constructed wetlands receiving water high in nutrients such as domestic wastewater can be 

constructed with substrate. Substrates used in constructed wetland include soil, sand, gravel, rock 

and organic material such as compost. The media will depend of the type and the size of the 

substrate. Sand is an inexpensive alternative to soil and provides an ideal texture for hand 

planting. Gravel can also be used. In America, many domestic sewage subsurface flow wetland 

has used media ranging from medium grave to rock. Wetland and gravel media receiving primary 

effluent at low solids loading should not clog or require solid removal for many years (Crites et 

al, 1998; Reed et al, 2001). 

3.4.4.2 Wetland modeling as tank in series (TIS) 
The plug flow model is not applicable for practicable condition like the system that is considered 

in this study.  A more suitable model for this study will be the tank in series model (TIS). The 

TIS model is based on a series of mixed reactors placed in a sequence. With a first order reaction 

rate, increasing the number of tanks in series will reduce the total overall volume and improve the 

hydraulics all the system.  

The basic mass balance is developed from the complete mixed reactor definition:  

, Equation 3-10 

 Assuming steady state (dC/dt = 0), the solution of the mass balance for effluent BOD 

incorporating the tank in series concept will be:  

,    Equation 3-11 

         , n: number of tanks in series  

 One reactor in the series refers to a single complete mixed reactor.  

The retention time for n tanks in series are given as:  
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The volume becomes then:  
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In TIS wetland modeling, by combining equation (9), (10) and (11), the required surface area of 

the wetland unit becomes then:  
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 (Equation 3-14) 

3.5 Wastewater treatment mechanism in Constructed Wetlands  
In the wetland, the wastewater from a septic tank is treated by a combination of physical, 

chemical and biological processes in the growing media (gravel) and by microorganisms. These 

processes include settlement and filtration of suspended solid and degradation of BOD by 

bacteria, uptakes of nutrients by plants and chemical precipitation. The focus on wastewater 

treatment by constructed wetlands is to optimize the contact of microbial species with substrate, 

sufficient supply of oxygen with the final objective of bioconversion of BOD to carbon dioxide, 

biomass and water. Wetlands are characterized by a range of properties that make them attractive 

for managing pollutants in water (Bavor and Adcock, 1994). These properties include high plant 

productivity, large adsorptive capacity of the sediments, high rates of oxidation by micro flora 

associated with plant biomass and a large buffering capacity for nutrients and pollutants.  

3.5.1 Biological removal processes  
There are five major biological reactions involved in the performance of constructed wetlands, 

including (Mitchell, 1996b): 

- Photosynthesis is performed by wetland plants and algae with the process adding carbon 

and oxygen to the wetland. Plants transfer oxygen to their roots, where it passes to the 

root zones. The photosynthesis by algae increase the dissolved oxygen content of the 

water and in turn remove nutrients.  
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6CO2 + 6H2O + Algae                    C6H12O6 + 6O2  

In addition, the high pH for the constructed wetland effluent can be explained by CO2 

consumption by algae. Generally, the pH of the effluents are stable.  

- Respiration is the aerobic oxidation of organic carbon, BOD and is performed by all 

living organisms, leading to the formation of carbon dioxide and water. The 

maintenance of optimal conditions (aerobic organic degradation) in the system is 

required for the proper functioning of wetland organisms. Aerobic organisms are those 

requiring free oxygen for respiration.  

- Fermentation is the decomposition of organic carbon in the absence of oxygen, producing 

energy-rich compounds (e.g., methane, alcohol, volatile fatty acids). This process is 

undertaken by microbial activity.  

- Nitrification (aerobic nitrification, autotrophic) is the biological process of oxidation of 

ammonia with oxygen into nitrite followed by the oxidation of this nitrite into nitrate. In 

the first step, ammonia is oxidized to nitrite in an aerobic reaction catalyzed by 

Nitrosomonas bacteria. The nitrite produced is oxidized aerobically by Nitrobacter 

bacteria, forming nitrate. The physical process of volatilization of ammonia may also be 

important in nitrogen removal. Plants take up the dissolved nutrients from the water, 

using them to produce additional plant biomass.  

-  The denitrification (anoxic or anaerobic) is the process mediated by heterotrophic 

bacteria.  Denitrification is the reduction of nitrates back into the largely inert nitrogen 

gas.  

3.5.2 Physico-chemical processes 
Sedimentation and filtration are the main physical processes leading to the removal of wastewater 

pollutants. The effectiveness of all processes (biological, chemical and physical) varies with the 

hydraulic residence time (i.e., the length of time the water stays in the wetland). Longer retention 

times will improve the removal of contaminants.  

3.5.2.1  Key parameters requirement in constructed wetland removal  
3.5.2.1.1 Dissolved oxygen 

 The oxygen-demand processes in wetlands include sediment-litter oxygen demand 

(decomposition of detritus), respiration (plants/animals), dissolved carbonaceous BOD and 

dissolved nitrogen that utilize oxygen through nitrification processes (Kadlec & Knight, 1996). 
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Dissolved oxygen in wetland systems is a requirement for heterotrophic bacterial oxidation and 

growth. It is a required component for wetland pollutant removal processes such as nitrification, 

decomposition of organic matter and for higher organisms. It enters wetlands via water inflows or 

by diffusion through on the water surface when the surface is turbulent. Dissolved oxygen is also 

produced photosynthetically by algae. Plants also release oxygen into the water by root exudation 

into the root zone of the sediments. Many emergent plants have hollow stems to allow for the 

passage of oxygen to their root tissues. Dissolved oxygen (DO) in wastewater has effect on the 

characteristics of the water. Aerobic raw sewage is usually gray in color and has a musty odor. 

Anaerobic raw sewage is usually black and has an offensive hydrogen sulfide odor (Kadlec & 

Knight, 1996). The oxygen concentration usually decreases with depth and distance from the 

water inflow into the wetland. Logically, it is high at the surface, grading to very low at the 

sediment and water interface.  

3.5.2.1.2 pH  
The pH of wetlands is often correlated with the calcium content of water (pH 7 = 20 mg Ca/L). 

Wetland waters usually have a pH of around 6-8 (Kadlec and Knight, 1996). According to 

literature, pH value less than 7 in the wastewater plant influent may indicate septic conditions of 

wastewater. The pH values less than 5 and more than 10 usually indicate that industrial wastes 

exist and are not compatible with biological wastewater operations. Pretreatment of these wastes 

at the source is usually required since extreme pH values may damage biological treatment 

processes. 

3.5.2.1.3 Temperature 
Temperature is widely-fluctuating abiotic factors that vary both diurnally and seasonally. 

The rate of oxygen production is a function of the algal concentration because algal growth is 

both light and temperature dependent. That means it influences photosynthesis, the growth of 

microorganisms, and the bio-decomposition of organic carbon in the system. Temperature exerts 

a strong influence on the rate of chemical and biological processes in wetlands including BOD 

decomposition, nitrification and denitrification. Plant productivity is affected by the amount of 

sunlight, both directly through photosynthesis and indirectly through the effect of sunlight on air 

and water temperature. Evapotranspiration from wetlands is highly correlated with the amount of 

incident sunlight. In the microbial processes, the sunlight is affecting nitrogen concentrations 
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(e.g., mineralization, nitrification, and denitrification) are all significantly reduced at lower 

temperatures (Kadlec and Knight, 1996).   

3.5.2.2 Biochemical oxygen demand removals  
In the wetland, if there is sufficient oxygen, removal of BOD will be a rapid process. 

Oxygen demand is the amount of oxygen used by bacteria and other wastewater organisms as 

they feed upon the organic solids in the wastewater. Analytical methods such as the BOD, COD, 

and the TOC (total organic carbon) measure the organic content of the sewage. BOD is removed 

by process of biological degradation and sedimentation. Biodegradation of organic carbon in the 

organic matter take place in the wetland in aerobic condition to produce CO2. 

3.5.2.3 Suspended Solids removal 
Solids may be derived from outside a wetland (e.g., inflows and atmospheric inputs), and from 

within a wetland from microphyte, macrophyte and animal detritus. With low wetland water 

velocities and appropriate composition of influent solids, suspended solids will settle from the 

water column within the wetland. Sediment suspension releases pollutants from the sediments.  It 

also increases the turbidity and reduces light penetration. The physical processes responsible for 

removing suspended solids include sedimentation, filtration, adsorption onto biofilm and 

flocculation/precipitation. Wetland plants increase the area of substrate available for development 

of the biofilm. The surface area of the plant stems also traps fine materials within its rough 

structure. 

3.5.2.4 Nitrogen removal  
The main mechanism by which treatment wetland removes nitrogen from wastewater is identified 

to be the microbial mediated sequential nitrification–denitrification (Bowmer, 1986; Hammer and 

Knight, 1994; Cooper et al 1996, Vymazal et al, 1998; Tom 2000). The process of biological 

nitrogen removal follows several sequences. Aerobic nitrification is affected by factors like 

availability of DO, temperature and pH of the wastewater. The denitrification process is affected 

by factors like absence of oxygen, temperature, pH, organic carbon available, nitrate available, 

hydraulic retention time and hydraulic loading rate (Bastviken, 2006). The reaction is catalyzed 

by denitrifying bacteria and other bacteria. Then, nitrification and denitrification commonly 

remove nitrogen from municipal wastewater.  
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3.5.2.5 Phosphorus removal  
The phosphorous removal process which is most significant is adsorption in the wetland. PO4-P 

removal is governed by physical (sedimentation) and chemical (adsorption) process and 

biological transformations. PO4-P can be removed directly by chemical storage in the sediments 

(Kamarudzaman et al, 2011). The configuration of constructed wetlands should provide extensive 

uptake by biofilm and plant growth, as well as by sedimentation and filtration of suspended 

materials. Phosphorus is stored in the sediments, biota detritus and in the water. An excess of 

phosphorus can have secondary effects by triggering eutrophication within a wetland, and leading 

to algal blooms and when algae dies they settle on the bottom. They will be degraded by 

microorganisms and the degradation will consume the dissolved oxygen in the water. The water 

could be anaerobic and the fish in the sea or fresh water will be dying.  

3.5.2.6 Heavy metal removal  
Heavy metals is a collective name given to all metals above calcium in the Periodic Table of 

Elements with densities greater that 5g/cm3 and can be toxic (Skidmore and Firth, 1983). The 

main heavy metals of concern include lead, copper, zinc, chromium, mercury, cadmium and 

arsenic. There are four (4) main wetland processes that remove heavy metals are binding to soils, 

sedimentation and particulate matter, precipitation as insoluble salts and uptake by bacteria, algae 

and plants (Kadlec & Knight, 1996). These processes are very effective with removal rates 

reported up to 99% (Reed et al., 1995).  

3.5.3 Performance of constructed wetland  
Wetlands evaluated were sized for an expected volumetric flow rate, hydraulic retention time and 

hydraulic loading. The rate of removal of settle able organics in well-designed wetland can be 

very high at quiescent conditions for filtration in subsurface flow system. Removal efficiencies 

based on inflow and outflow concentrations through horizontal SSF wetlands in Europe and 

North America have been reported to range between 68-93% for BOD, 63-90% for TSS, 27- 65 

% for phosphorus and 60- 65 % for nitrogen (Vymazal, 2002). In addition, if the microphyte such 

as algae is harvested, even higher nutrient removal rates can be achieved.  

3.6 Municipal wastewater characteristics  
Municipal wastewater is mainly comprised of water (99.9%) together with relatively small 

concentrations of suspended and dissolved organic and inorganic solids.  
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3.6.1 Urban hydrology  
Several climatic factors affect the composition of wastewater. Daily and seasonal precipitation 

patterns determine the amount and timing of runoff events. Hot climates may require 

supplemental sources of water to prevent drying out. Humidity affects temperature and 

precipitation both of which are controlling factors in biological and physical processes (Hammer, 

1992).  

3.6.1.1 Temperature characteristics of Toliara  
Toliara city has a hot climate and the minimum and maximum temperature recorded from 2001 to 

2011 and remains quite constant during the dry and wet season (figure 3-3). The annual means 

recorded from 2001 to 2011 remain from 18 °C to 31°C (figure 3-3). Daily and seasonal air 

temperatures affect biological and chemical processes. 

 

Figure 3. 3: Variation of temperature (Source: METEO Toliara, 2011) 

 

3.6.1.2 Rain fall characteristics  
Being part of the South-western of region of Madagascar, Toliara city is characterized by a 

climate sub arid with a low yearly precipitation.  
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Figure 3. 4: Show the variation of the precipitation (Source: METEO Toliara, 2011) 

The mean annual precipitation ranged from 205 mm to 667 mm data sets in the period 2001-2011 

(figure 3-4). The city is benefited strong sunstroke whose means of 225 days per year. The season 

is divided into summer and winter times. More than 80 % of the precipitations  appears between 

Novembers to March; January and February are without dispute the rainiest. Contrary, the period 

of April to October is the remarkably dry season with the minima turning around 2 to 2.5mm in 

July (Appendix).   

It is very difficult to estimate the minimum and maximum intensity of rainfall analysis during a 

period. But it is possible to estimate the probably of occurrence of a particular storm by analyzing 

the past recorded rainfall (Andriamparany, 2006). The Rainfall intensity is defined as the ratio of 

the total amount of rain falling during a given period to the duration of the period.  

3.6.2 Urban water consumption  

3.6.2.1 Estimated urban water consumption  
The quantity of wastewater produced per household in the town of Toliara is around 55 

liters. For 60% of the population, the sewage is buried in holes temporarily or thrown into the 

yard to wet the soil and limit the movement of dust. In addition, almost all drains in the city are 

out of operation. Through the survey, we found that only Toliara Centre is connected to a 

sewerage system; this channel is currently undergoing renovation. Therefore, at the time of the 

survey, it was not operational.  In addition, we found that only Toliara Centre maintained public 
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toilet facilities however, two of the three public toilets did not work properly at the time of the 

survey.  The excel spreadsheet that contains all of the individual responses is attached and our 

findings can be summarized as follows in the table 3-6: 
Table 3. 6: Estimated of water consumption illustrated in some neighborhoods 

 

Neighborhoods 

Water consumption 

Liter/day 

Besakoa 208 313 

Tsimanatse I Ouest 128 109 

Mahavatse II Ouest 204 275 

Toliara Centre 76 138 

Hotels & Restaurants  102 555 

                            (Sources: Julia & John, 2009) 

Based on these estimates and approximations, the total amount of water consumed each day in 

the filed works was difficult to determine because some people used traditional well. The volume 

of water consumed coupled with the city’s lack of basic toilet, sewage and sanitation services 

therefore pose a critical threat to the waters and marine ecosystem.  

3.6.2.2 Estimation of wastewater flow   
It is possible to estimate quantity of the drinking water production by JI RA MA. It 

produced around 11 000 m3 per day (330, 000 m3/month). Taking into account all the losses, it 

can be estimated a wastewater volume of 8, 250 m3 per day.  Of this 75% will be wastewater flow 

to take into account in the calculations of design of a constructed wetland. In table 3-7 the 

volume of the water consumption by the inhabitants in the sector of the city is shown. 

Unfortunately, many sectors were not recorded in the data set of the water consumption during 

this study.  

 

 

 

 

 

 



Design of constructed wetland 
 

67 
 

 

Table 3. 7: Illustration of the water consumption a months 

Sectors Number JIRAMA connection Water consumption 
m3 /month   

A na   na 
B 129 3 215 
C 938 26 452 
D 2 067 70 550 
E 2 528 66 421 
F 480 13 674 
G 188 29 777 
H 41 1 161 
I 90 4 364 
K 19 459 

Total  6 480 216 073 

      Note: A, B, …and K: JIRAMA sectors,  na: no available               (Source JIRAMA, 2010) 

3.6.3 Urban sewage characteristics  

3.6.3.1 Environmental parameters (DO, pH, Temperature) 
The environmental parameter affects the wastewater treatment performance in a wetland. 

Dissolved oxygen concentration, temperature and pH were measured on the different sewage 

system in the part of the city.  Dissolved oxygen concentration is shown in the table 3-8. 

According to Tina (2008), the DO concentration can give an indication of the content of organic 

material in the wastewater since organic material have a large oxygen demand and thereby 

causing low oxygen content. 

 
Table 3. 8: Variation of parameters dissolved oxygen, Temperature and Oxygen measured  

Parameters   Dissolved oxygen  
 (mg/L)  

pH Temperature (°C) 

 
Toliara  city 

 
0.08 – 3.43  

 
7 – 7. 5 

 
30 – 32 

                                                                    (Source TINA & D’Assise, 2008) 

The DO recorded is low but the wastewater treatment process needs sufficient DO for proper 

operation. In addition, the biodegradation products of bacteria which  require oxygen many 

deplete the DO.  Analysis of wastewater temperature was also carried out.  It was recorded from 
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30 °C to 32 °C (table 3-8). When the wastewater temperature is increasing, the DO saturation 

decreases. The temperature measured was in a proper range for the microorganism in the 

wastewater treatment process.  Indeed, test parameters such as DO and pH are affected by 

temperature. Also plant and microbial growth are strongly influenced by temperature (Jackson 

and Myers, 2002, Renalda, 2006). pH of the wastewater fluctuated between 7 and 7. 5 (table 3-8) 

which is considered neutral. There are some microorganisms which can function at extreme, pH 

values.  

3.6.3.2 Organic matter and suspended solid  
An analysis of organic matter and suspended solid in the wastewater samples was done in this 

study.  Both the BOD and COD tests are measurement of the relative oxygen-depletion effect of a 

water pollutant. However, wastewater return of 75 % was not going into the sewage system.  The 

results recorded in table 3-9, the Toliara wastewater is compared to the untreated domestic 

wastewater characteristics (table 3-2) was lower. It is more diluted because it had the linkage 

between the sewerage system, water supply pipeline and groundwater.  

 
     Table 3. 9: BOD, COD and TSS in the sewerage of Toliara city 

Parameters  TSS 
(mg/L) 

BOD 
(mg/L) 

COD 
( mg/L) 

 
Toliara city  

 
50 - 152 

 

 
179 - 220 

 
415- 529 

                                                                       (Source: TINA, 2008) 

During the wastewater percolation through the channel, suspended solid could settle at the 

sampling time.  

3.6.3.3 Nutrient elements 
At two of the outfalls in the city, there are high mangrove levels in the areas nearby Paletuvier 

Hotel and Besakoa that means it was high nutrients levels evacuated from the city to the sea side. 

Majority of sources of nitrogen to wastewater are from kitchen, bathroom, laundry and toilet 

(excrement and urine). The samples analyses are illustrated in table 3-10. Excessive 

accumulation of nitrogen in surface waters can lead to ecological imbalances (EPA, 1999) that 

may cause overgrowth of plants and animals leading to water quality degradation 
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(eutrophication). In fact, high concentration of the unionized ammonia species is toxic to fish and 

other aquatic life. Ammonia nitrogen may deplete dissolved oxygen in natural waters by way of 

microbial nitrification reactions (EPA, 1999).  
Table 3. 10: Nutrients concentration in the sewer of municipality of Toliara 

Parameters  NH4-N 
(mg/L) 

NO3-N 
(mg/L) 

TN 
(mg/L) 

PO4-P 
(mg/L) 

TP 
(mg/L) 

 
Toliara city  

 
0- 2 

 
0.18- 12 

 
0- 23 

 
0.07 – 12 

 
0 – 2.3 

                       (Source: TINA, 2008) 

Therefore, it is important to remove the ammonia, nitrate and total nitrogen in the municipality 

wastewater effluent. In table 3-10 is shown the high NO3-N values because in this study the 

biological conversion of ammonia nitrogen to nitrate nitrogen was present. Therefore, the pH and 

temperature values measured in the table 3-8 influenced the effectively nitrification in the 

municipal sewage.  

The PO4-P and TP concentration levels are affected by the different sources in the municipal 

sewage system. During the period of observation, as result of some samples analyzed of 

municipal sewage are shown in table 3-10.  The high PO4-P concentration may be caused by a 

rise in solids concentration. Because the pipeline/channel was still stagnant, it was not flushed 

with wastewater in the sampling period.  

3.6.3.4 Heavy metals  
The heavy metals considered in this research are copper (Cu), zinc (Zn), nickel (Ni), chrome (Cr), 

lead (Pb) and cadmium (Cd). In this study, the Pb concentration in the municipal sewage effluent 

varied from 0 to 10mg/L. The Cd concentration level ranged from 1to 3 mg/L. Fluctuation of the 

Zn, Cu, Ni and Cr presented in the table 3-11. The source of content of heavy metals in the 

wastewater is primarily a consequence of the intended use of heavy metals in industrial products 

and commercial areas. However, heavy metals may also be lost to waste during production and 

use. Heavy metals are always one of the main chemical classes of substances of water and soil 

pollution and can be found in various concentrations in wastewaters coming from municipal 

sewage (Chipasa, 2003). The speciation of heavy metals significantly influences their 

environmental mobility and bioavailability determining a potentially high danger of 

environmental contamination (McBride, 1994). It is necessary to reduce the effluent 
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concentration level. These metals may go through a series of reactions that can be predicted 

based on properties in the wetland.  

Transfers and transformations of metals such as Ni, Cu, Pb, Cd and Zn made in various oxidation 

states and free ion forms. Such high effluent concentrations can be harmful to aquatic organisms 

during periods of high temperature, depletion of dissolved oxygen and elevated pH. 
Table 3. 11: Heavy metal variations in the Toliara city sewers 

Parameters Ni 
(mg/L) 

Zn 
(mg/L) 

Cr 
(mg/L) 

Cu 
(mg/L) 

Pb 
(mg/L) 

Cd 
(mg/L) 

 
Toliara city  

 
0-3 

 
0 – 1 

 
0 -0.5 

 
0-1  

 
0-10 

 
1- 3 

              (Sources: TINA & d’Assise, 2008) 

During this study, the measured pH was close to neutrality, the heavy metals was high that means 

the soil or sediment will be possible pH acidic.   

Heavy metal concentration values measured make it necessary to treat the Toliara city sewage as 

result the influence the water quality. In this study was proposed treatment of municipal sewage 

because highest of the concentration of those heavy metals. There are many properties in a 

wetland that contribute to the types of reactions and process that will occur such as hydraulic 

retention time, soil type, vegetation, and basic design criteria will all impact efficiency in 

treatment systems.  

3.7 Presentation of wetland model  
As result of wastewater analyzed, Toliara city need to create wastewater plant and to treat 

municipal sewage using the wetland. A wetland system is suggested to the municipality of 

Toliara because it will have lower cost and energy needed. The wetland could especially be 

attractive and adapt in the hot climate where there is demand for clean water. This design was 

selected based on the criteria for optimization of results. The following steps were used in the 

design of constructed wetlands.  

According to Johansen and Brix, (1996) the design of horizontal flow CW systems is 

recommended to follow the following steps: 

• Estimate the amount and characteristics of the wastewater to be treated as well 

as the desired outlet quality; 
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• Based on the knowledge on reductions in the chosen pre-treatment step, the 

load into the wetland is estimated; 

• Estimate the surface area needed using the empirically determined degradation 

rate constant and minimum concentrations; 

• Calculate the width and the slope of the wetland using Darcy’s law; 

• Calculate the length of the bed based on the necessary surface area and width. 

3.7.1 Wetland modeling without pretreatment 

3.7.1.1 Determination of the estimation of quantity of influent  
% Flow rate estimated, this would result in the wastewater flow rate (Q). It is 

estimated 8 250 m3/d.  We use design loading rate estimated to treat into 

the wetland: 1 815 kgBOD/d;  

% BOD of raw wastewater maximum is about 220 mg/L (municipal sewage 

characteristics in table 9) ; 

% Desired effluent BOD, Ce =  25 mg/L ( European Union standard) 

% Minimum water temperature in the Toliara city was 20 °C  and 30°C 

maximum; 

% KT=0.9 (at 20°C) and KT= 2.33 (at 30°C); 

% Brix (1998) recommended detention time for BOD removal in horizontal 

subsurface flow is 2-14 days. water depth submerged is d: 0.60 m; 

% Porosity n: 0.35  

3.7.1.2 Determinations Hydraulic Retention Time without pretreatment  

3.7.1.2.1 Plug flow reactor model  

By solving the equation for plug flow reactor show the effluent BOD as function the hydraulic 

retention time in figure 3-5.  The graphic presentation can be used to determine the necessary 

retention time required to achieve the effluent targets.   
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Figure 3. 5: Effluent BOD as function retention time 

Referring to the graph and with expected effluent target of 25 mg/L BOD (EU standard) the 

required retention time will be about the 2, 5 and 0, 9 days at 20°C and 30 °C respectively.  

3.7.1.2.2  Tank in series model without pre-treatment  
In figure 3-6, it is shown the variation of hydraulic retention time by the use of 1, 2 or 3 tanks in 

series. At temperature of 20°C, it will be 8. 6, 4.2 and 3.5 days with 1, 2 and 3 series of tank 

respectively. At 30°C, the hydraulic retention time will be 3.2, 1.6 and 1.4 days in TIS (1, 2 and 

3) respectively. So by figure 3-7, increasing the temperature, the hydraulic retention time will be 

reduced to meet the effluent BOD standard.  

 
Figure 3. 6: Effluent BOD as a function retention time at 20°C 
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.   

 

Figure 3. 7: Effluent BOD as a function retention time at 30°C 

Increasing the number of tank in series make the system more efficient and requires smaller 
volume.  

 

Table 3. 12: illustrated the variation of HRT, volume loading rate and surface area requirement as a function 
of temperature effected 20°C and 30°C to meet effluent BOD of 25 mg/L (EU standard) 

 Hydraulic retention time 
(d) 

Volume  Surface areas requirement  
(m2)  (m3)  

Temperature  20°C 30 °C 20°C 30°C 20°C 30 °C 
PFR 2.5 0.9 57 000 23 000 95 000 38 333 

1 Tank 8.6 3.2 203 000 77 000 338 333 128 333 
2 Tank 4.2 1.6 101 000 39 000 168 333 65 000 
3 Tank 3.5 1.4 83 000 33 000 138 333 138 333 

 
 

3.7.2  Wetland modeling with pretreatment (e.g. septic tank treatment) 

3.7.2.1 Characteristics of pretreatment effluent  
BOD of raw wastewater maximum is about 110 mg/L (40 % to 50 % 

remove by the pretreatment) 
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3.7.2.2 Determination of hydraulic retention time with pretreatment  

3.7.2.2.1 Plug flow rate  

 

Figure 3. 8: Effluent BOD as function retention time with pre-treatment 

Pretreatment for the wetland can be done by a septic tank where the expected BOD removal can 

be set to about 50 %.  

This is based on the observations done on the septic tank effluent in the experimental study 

presented in chapter 4. Now, the design equations are recalculated for reduced BOD loading and 

results are shown figure 3-8 and expected effluent target of 25 mg/L BOD, the required retention 

time will be about the 1.6 and 0.6 days at 20°C and 30 °C, respectively.  

Table 3. 13: The required of HRT, volume loading rate and surface area requirement as a function of 
temperature effected 20°C and 30°C to meet effluent BOD of 25 mg/L (EU regulation) with pretreatment 

 Hydraulic retention time 
with pretreatment   

(d) 

Volume with pretreatment Surface areas requirements  
 (m3)  m2 

 20 °C 30°C 20°C 30°C 20°C 30°C 
PFR 1.6 0.6 39 000 15 000 65000 25000 
1 Tank 3.7 1.4 89 000 35 000 58333 58333 
2 Tank 2.4 0.9 57 000 23 000 95000 38333 
3 Tank 2.1 0.8 51 000 19 000 85000 31667 
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3.7.2.2.2 Tank in series modeling  

The results for treatment of pretreated wastewater for TIS model is shown in table 3-12and in 

figure 3-9 and figure 3-10. With a first order reaction rate, increasing the number of tanks in 

series will be reduced the total overall volume and improve the hydraulics all the system.  

 

Figure 3. 9: Effluent BOD as a function retention time at 20°C with pretreatment 

Temperature influenced the wetland design of 1, 2 and 3 tanks series expected effluent BOD 

standard will be reduced the hydraulic retention time.  In the figure 3-13, at temperature 20°C 

will be short the residence time as 3.7, 2.4 and 2.1 day in the tank series, respectively.  

At temperature 30°C will be the hydraulic retention time 1, 0.7 and 0.6 days in the tank in series 

1, 2 and 3, respectively. The required time to meet the BOD effluent target is lower compared to 

wastewater without pretreatment.  
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Figure 3. 10: Effluent BOD as a function retention time at 30°C with pretreatment 

3.7.3 Determination of surface area requirements  
The calculated surface areas using the different models show that a plug-flow system is most 

efficient compared to the tank in series systems. However, an ideal plug-flow does not exist in 

natural systems and will thus not work at that level. Applying the tank in series model (TIS) is a 

realistic modification in order to have a more realistic description of the wetland. The TIS 

combines a plug flow pattern with a level of internal mixing, and increasing the number of tanks 

increases the efficiency of the wetland and thus reduces the necessary area required. What 

number of tanks in series that will best represent a wetland for this case is difficult to conclude, 

and more pilot investigations are recommended. For untreated raw sewage retention times 

between 2.5 and 8.6 days was required at 20°C, while at 30°C it was between 0.9 and 3.2 days. 

This show the strong influence of temperature on wetland performance and for design purposes 

and to include safety factors, the design for 20°C is recommended. For pretreated wastewater the 

required retention times are significantly lower and follow the same temperature effects. 

Depending on selected system, pretreatment may reduce required wetland area (volume) by 30 - 

50 %, while a pretreatment unit such as a septic tank takes less than 5 % of the wetland area. The 

model shows that there are big savings in area and volume by selecting septic tank pretreatment. 

And to make the wetland as 3 tanks in series will save nearly 50 % space compared to one tank. 
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3.8  Construction, operation and maintenance of CW 
In general, Reed and Brown (1992) indicate that, in the wetlands they surveyed, the average cost 

for an SF wetland was $22 000/acre, while the average cost of a SSF wetland was $87,000/acre. 

According to Mitsch and Gosselink, 1993; Kadlec and Knight, 1996 and Tom, 2000, the 

construction costs of wetland are variable due to several influencing factors that are specific for a 

given and depends on what is already at the site. The main factors that affected the cost include 

among others the following and location and topography; accessibility; wetland design and type, 

site improvements, compliance monitoring infrastructure and availability of field equipment. The 

poor municipal could not frequency support the operation and maintenance cost. It is important to 

know which kind of simple technology efficiency and low cost to treat municipal wastewater.  

As the area of a treatment system increases, energy and operating costs decline. Constructed 

wetlands have significantly lower total lifetime costs and often lower capital costs than 

conventional treatment systems. A variety of factors affect the cost of constructed wetlands: 

" detention time (climate dependent); 
" treatment goals; 
" media type (deeper systems require less liner); 
" pretreatment type; 
" number of cells (more cells require more hydraulic control structures and liners); 
" source and availability of gravel media and 
" field survey. 

 
According to Tom, 2000, this study will referrer the cost for the construction of Kirinya pilot 

wetland (320 m2) that were designed for a maximum flow of 40 m3/d was US $ 33 000 

(excluding land cost).This costs could not be adapted in the Toliara city because it is not 

reflecting some different factors of the construction of wetland. The municipal will be adapted 

the activities to correspond to the incoming resources.  

3.9 Conclusion 

 A solid understanding of the physical, chemical and biological processes which contributes to 

remove pollutants in a CW, it is necessary. The parameters were measured in the wastewater 

treatment as pH ranged from 7 to 7.5.The temperature recorded between 30°C and 32°C and 0.08 

to 3.43 for dissolved oxygen. The sewage characteristic could be determined for the design of 

constructed wetland. The BOD and TSS ranged 179 mg/L to 220 mg/L and 50 mg/L -152 mg/L 
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in Toliara city wastewater of BOD and TSS, respectively.  It is necessary to know the sewage 

characteristics for design of constructed wetland. Design of constructed wetland in Toliara city 

could be benefited by the hot climate that means CW will work well. It will be helpful to the key 

environmental factors to treat wastewater using CW. In this study, the fluctuation of temperature 

will be factor to focus in the design of constructed to meet of target 25 mg/L BOD effluent.  The 

minimum (20°C) and maximum (30°C) of temperature could be used for design criteria of 

constructed wetland (with and without pretreatment). Hydraulic retention time to remove the 

pollutants in the municipal sewerage was lower at the maximum temperature than compared to 

longer hydraulic retention time at the minimum temperature.  

So the recommendation will be to install pretreatment and split the wetland into three 

compartments, or at least make the length to with ratio at such a level that it promotes a plug-flow 

regime. The plug-flow regime will not be ideal and a safety factor must be included, meaning that 

the TIS with 3 tanks would be realistic.  
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4 CHAPTER IV 

PERFORMANCE OF CONSTRUCTED WETLAND SYSTEM USED 
IN THE HOT CLIMATE OF POST TREATMENT OF ANAEROBIC 

EFFLUENT AT JARDIN DE LA MER, TOLIARA CITY 
***** 

 

4.1 Introduction  
4.1.1 Background  

Septic tank is pretreatment of domestic wastewater from individual household and private. It 

is the first process in the onsite sewage system. Most of the pre-treatment process will be 

anaerobic. Septic tank effluent has reported to contain biological oxygen demand, chemical 

oxygen demand, nutrients and pathogen microorganisms at concentration levels which are far 

higher than the recommended standard for effluent disposal (M.E Kaseva, 2004). Inadequate 

treatment of domestic wastewater contributes to pollution of surface water and might led to 

ground water problems. A simplified technology for sanitation should be included in the 

process of treatment.  According to the literature review that there is a sanitation deficit in 

developing countries, there is a need for simplified systems of collecting and treating effluents 

and for the appropriate low cost domestic wastewater treatment to supplement the septic tank 

system. Constructed wetlands are attractive options for the post-treatment of effluent from 

anaerobic septic tanks. These advantages include the low cost of installation and easy 

operation (UNEP, 2004). The subsurface flow constructed wetland has been studied for the 

treatment of high strength effluent domestic in particular areas.  

This study chose the septic tank effluent from a public toilet in the city. The aim of this study 

was design of constructed wetland systems for using a post-treatment and assessment of the 

performance of the subsurface wetland in the hot climate. The system was evaluated in the 

performance of the removal of organic matter, suspended solid and nutrients.  The removal of 

pollutant in wetland is effected by factors inflow, pollutant loading rate, HRT, HRL, climatic 

condition such as temperature, pH, DO availability, surface area for biofilm growth and 

wetland design flow.  
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4.1.2 Research in this study  

This study focused on the septic tank effluent that was followed by a constructed wetland 

treatment. At the moment, the technology is not often used and has not been demonstrated in 

country. This study was aimed at demonstrating the application of simple technology in the 

accessible areas and assessing the viability of using the CW system to treat the septic tank 

effluent. Toliara city had wastewater discharge problems because the collecting and 

transporting the waste is inadequate (chapter III). This study was applied to Toliara city 

where it can use the constructed wetland before discharging into the sea or surface water or 

infiltration into the ground water because water table problem is recognized in the city.   

The main objective of this study was to demonstrate a small scale constructed wetland for 

wastewater treatment. Also local authorities were involved in using the simple technology to 

treat municipal wastewater.  The specific objectives were:  

i) to determine the treatment of septic tank wastewater using a small scale constructed 

wetland in hot climate conditions;  

ii) to assess ways of improving the design criteria of the system to be guideline in the hot 

climate areas;  

iii) to raise the awareness of the simple technology as  a relevant method for wastewater 

treatment.  

4.1.3 Location of pilot constructed wetland  
In this research, the Institut Halieutique et des Sciences Marines (IH.SM) has established a 

small scale constructed wetland at Jardin de la Mer, Toliara city.  Many students got 

improved knowledge about the design and sampling in the sites. The constructed wetland 

system was built for post treatment of septic tank effluent.  

The small pilot constructed wetland is located at 23°21’30.36”S of latitude and 43°40’.0.90”N 

of longitude at the Toliara city.  It was behind the public toilet and guardian house.  The 

primary treatment consists of a prefabricated septic tank. The secondary treatment includes 

the wetland. Figure 4-1 shows the septic tank system. 
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Map 4. 1: shows the site of the pilot study of small scale of constructed wetland 
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Figure 4.  1:  Septic tank system (pretreatment) 

4.2 Methodology  
The wetland selected was the subsurface flow for treating the septic tank effluent. It is good 

for removal of BOD, TSS and nutrients (nitrogen and phosphorus). Also it minimizes odor 

and vector problems, simple to construct, maintenance and operational costs are low 

compared to vertical subsurface flow systems (Brix, 1987.; Cooper et al, 1996). It is simple 

technology, solar driven systems that is user friendly and does not require highly trained and 

skilled operators compared to conventional systems. Selection of the type of constructed 

wetland is based on the treatment objectives required and available site.  

4.2.1 Design criteria 
The criteria of the wetland units were based on the BOD concentration loading rate. BOD, 

TSS, nitrogen (NH4-N and NO3-N) compounds and phosphorous (PO3-P) compounds are 

treated by the constructed wetland.  The removal of soluble pollutants in the CW is due to 

bacteria and algae growth attached to the substrates. Some modification was made with 

respect to the growth of algae and dissolved oxygen variation at high temperatures that prevail 

in this study.   

The summarized of calculation of design criteria used were: 

% 79 - 250 per day of the number of persons censured using of the public toilet (WC, 
bathroom and Urinal); 

% Flow rate variable and  hydraulic retention time in three phases(table 1); 
% BOD concentration influent from head tank maximum 51-160 mg/L; 
% BOD concentration effluent of 25 mg/L(EU standard) ; 
% Temperature at 20°C; 
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4.2.2 Construction of the wetland cell 
During the design of the landscape, the water table was difficult to manage because it was 

easy to get water from the groundwater in this area (figure 4-2). The material of construction  

for the wetland cells was cement, gravel and sand, and iron.  The wetland system was 

constructed using the bed slop of 1% with dimension of length 4 m and 1.50 m wide. The 

bottom and walls of the pond was made of concrete cement which composed the sikalite to 

protect from water coming in and out.    

 

                                                       

Figure 4. 1: shows the territorial landscape 

Both the pond D and pond G were divided to 3 wetland cells. Each wetland cell had length of 

1.25 m and 0.715 m wide.  In addition, the wetland cell 1, 2 and 3 had depth of 0.35 m, 0.37m 

and 0.39 m, respectively (figure 4-3).    

 

 

Figure 4. 2 : A constructed wetland with 3 parallel cells 
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All corners and above of the pond was fixed by iron of 8 mm diameters. A PVC pipe of 100 

mm led septic tank effluent from the head tank into the first compartment.  The inlet of the 

pond was used and reduced the PVC pipe of 50 mm of the diameter. A PVC pipe with a 

diameter of 40 mm connected the first, second and third wetland cells. 

4.2.3 Cost estimative of constructed wetland  
Constructed wetlands have significantly lower total lifetime costs. This study will referrer the 

cost for the construction of Jardin de la mer pilot wetland (≈ 6 m2) that were designed for a 

maximum flow of 0,7 m3/d was US $ 700  (excluding land cost). The municipality will be 

adapted the activities to correspond to the incoming resources.  

Table 4 1: Cost estimative of the constructed wetland 

 
 

 

       
N° 

PRICE 
DESCRIPTION  

Unity 
 

Quantities 
 

Unit Price 
 

Amount (MGA) 
 

 

    
1 Cement CPA 45 Sac 3,00 18 700,00 56 100,00  
2 Cement CPJ 35 Sac 8,00 18 400,00 147 200,00  
3 Sand m3 5,00 10 500,00 52 500,00  
4 Gravel  m3 3,00 17 000,00 51 000,00  
5 Caillase m3 3,00 13 000,00 39 000,00  
6 Parpain de 10x20x40cm u 80,00 400,00 32 000,00  
7 Plank of coffering  u 3,00 6 000,00 18 000,00  
8 IronTr6 bar 1,00 7 000,00 7 000,00  
9 Iron Tr8 bar 8,00 12 500,00 100 000,00  
10 Iron Tr10 bar 1,00 18 800,00 18 800,00  
11 Wire circuit kg 3,00 4 500,00 13 500,00  
12 Point 60 kg 2,00 3 500,00 7 000,00  
13 Sikalite kg 3,00 10 000,00 30 000,00  
14 Manpower Fft 1,00 600 000,00 600 000,00  

    TOTAL HT: 1 228 200,00  
Stopped the present BDE to the sum of: One million two hundred twenty eight  thousand two hundred 
ARIARY  
(Ar 1 228 200,00), including the VAT to the rate of 20% for an amount of: Two hundred forty five thousand 
six hundred forty ARIARY (Ar 245 640,00) 
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4.2.4 Experiment start up and operational system  
In this study, pilot scale subsurface flow constructed wetland has been constructed. The two 

pond systems comprise of one pond G system with gravel and one pond D system (control). 

The substrate gravel used was of limestone type in the system. The type and size of gravel 

ranged from 10 to 25 mm diameter. Also, it was added and mixed with fine sand.  The head 

tank accumulated septic tank sludge. It was cleaned once a month because it provoked 

clogging of the PVC inlet pipe.  The flow rate of the wastewater at the inlet of each pond D 

and G was measured by using a graduated cylinder and stopwatch. The experiments were 

conducted in two equal parallel units each of 3 wetland cells. The cells were connected in 

series.  The experiments were carried out in three different phases. Septic tank effluent was 

discharged by gravity of PVC 100 mm pipe of diameter from the head tank and was reduced 

to PVC of 50 mm pipe to the pond D and G.  

 
Table 4. 2: Volumetric loadings and operational data applied 

Phase  Flow rate  Hydraulic retention time Organic  loading rate  
(m3/d) (d) g BOD/L/d 

 4.2 0.45 0.32 
Phase I 3.6 0.52 0.28 

 3 0.62 0.23 
 2.7 0.69 0.21 
 2.5 0.75 0.19 

Phase II 2.4 0.78 0.18 
 2.3 0.81 0.18 
 2.1 0.89 0.16 
 2 0.93 0.15 

Phase III 1.9 0.98 0.15 
 1.8 1.04 0.14 
 1.8 1.04 0.14 

 

The pond system and operation characteristics are summarized in table 4-1 and table 4-2. The 

pond D and G system was modified in the different phases. The modification was done to 

improve the oxygen production and it will optimize the wetland removal efficiency. 
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Table 4. 3: Pond D and pond G systems characteristics 

 Phase I Phase II Phase III 

Wetland 

(Pond) 

Pond D Pond G Pond D Pond G Pond D Pond G 

Cell 1 Open Open Open Open Open open 

 
Cell 2 

 

Open 

 

Open 

Gravel 

+ 

sand 

Gravel 

+ 

sand 

Rearranged 

to gravel dam 

form 

Rearranged 

to gravel dam 

form 

Cell 3 Open Gravel  

+ sand 

Open Gravel  

+ sand 

Open Rearranged 

gravel dam 

  

Phase I  

The first phase was running from July 2010 to December 2010.  The characteristics of pond D 

and pond G is shown in the table 4-2 and figure 4-5. The pond D system without gravel was 

used as a control during this phase I (figure 4-4).  In pond G system was gravel with sand in 

cell 3 for wastewater treatment. It has some unlike layer feeding the septic tank effluent.  The 

inlet flow rate was tried to be constant during this phase.  

 

Figure 4. 3: Constructed wetland (pond D and G) parallel in the phase I 

During this period, the system operated at a constant loading but the loading was interrupted 

by clogged of sludge to be affected of oxygen decreased.  
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Figure 4. 4: Schema of constructed wetland in the phase I period 
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Phase II  

This phase was operated from January 2011 to April 2011.  This experiment was carried out 

with a sub emergent of the gravel with sand. During this phase the system modified (table 4-2 

and figure 4-7). However, in the previous phase, persistent low DO inlet and outlet of wetland 

unit. The wetland unit was to maximize the expected dissolved oxygen concentration. The 

open pond was to increase dissolved oxygen by natural aeration, and it will be effect the 

pollutants removal. It was the settlement process of organic matter which was brocken down 

by degradation process. Variation of septic tank effluent loading would therefore increasing 

the level of treat extent (table 4-1). The pond G was filled with gravels and sand in the cell 2 

and 3 which would provide wastewater treatment in table 4-2.  

 

Figure 4. 5: Wetland (pond D and pond G) system modified and variation of volumetric loading rate 
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Figure 4. 6: Schema of pond D and G in the phase II period 
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Phase III  

This phase was carried out between Mai 2011 and August 2011. The target of the 

modification of the pond system was done to improve the oxygen transfer through open pond 

surface. The results from the phase II illustrated the requirement for increasing of the 

dissolved oxygen concentration (over 2 mg/L) in the wetland unit. The pond D and G was 

again changed in the wetland system with gravel in the second cells.  It used only the gravel in 

the second cells of the pond D and G. Also, end of the pond G had similar from. The gravel 

arranged and formed a dam in the middle of the cells (figure 4-8 and figure 4-9).    

 

 

Figure 4. 7 : show the modification of the pond system in phase III 

 

The strategy adopted was to modify the configuration of the wetland units which would allow 

for increased surface aeration and stimulation of algal growth on the surface of the gravel. 

These alternations were expected to result into enhanced dissolved oxygen concentration in 

the water. Then, it would enhance oxygen transfer via surface aeration and algal 

photosynthesis. This indicated that oxygen supply for organic matter degradation increased.  
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Figure 4. 8: Schema the wetland system during the phase III 
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4.2.5 Procedures sample collection and analyzing 
In phase I, II and III, the samples were usually analyzed according to the standard methods 

and water and wastewater analysis. The standard methods were referred to for analysis of 

samples. In the site, the key environmental (dissolved oxygen, pH and temperature) 

parameters were recorded. Parameters such as dissolved oxygen, pH and temperature in the 

septic tank effluent and pond D and G effluent were analyzed with Multi parametric portable 

probes (Multi 340i WTW). Samples analyses were carried out at the IH.SM laboratory.  

To monitor the fluctuation of the flow rate, it was determined three times a day in the pond at 

Jardin de la Mer. The flow rate varied during the different phases. The running of this 

experiment was for 14 months, the sampling points were placed the inlet and outlet of 

wetland. In the different cells, the variation of the environmental parameters was sometimes 

measured in the middle of cell in the pond D and G. All water samples collected by the 

students and technicians were stored in the ice cooler box and were transported from the site 

to IH.SM laboratory for analysis.  

Sampling was carried out three times a week in all the points. The sampling was changed 

when the system had a problem and modified. The sampler could provide refrigeration while 

the sample is being collected and stored inside. The sampling was normally done between 9 

a.m and  17 p.m. Usually, it was used a bottle 250 mL taking a sample from septic tank 

effluent (inlet)  and also 2*250 mg/L from pond D and pond G effluent.  

4.2.6 Modeling wetland BOD data as a tank in series system (phase III) 
The results from the wetland can be used for determining rate coefficients for the limiting 

parameter. Most current models assume dissolved BOD as limiting parameter. In some 

systems dissolved oxygen may limit the BOD removal rate, depending on the relative loading 

of BOD and supply of oxygen. It can be assumed BOD limitation when an excess of oxygen 

is measured in the effluent; more than 2 mg/l. In the systems investigated in this study, 

effluent oxygen varied and based on the results the limitation may have been due to oxygen 

for some periods and limited by BOD for some periods. Thus the structure of the model 

incorporates BOD as the limiting parameter and will be used in this application.  

The pilot plant consisted of three compartments for each module (D and G) and a tank in 

series (TIS) type of model was applied. The solution for the TIS was shown in chapter II and 

was found as:  
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 , (Equation 4-1), where n = 3, V/Q = th, 

 This is expression yields: , (Equation 4-2) (Metcalf and Eddy, 

2003)  

By inverting and linearizing it can be solved graphically and the reaction rate can be 
determined based on the data from the pilot with 3 tanks in series:  

This is expression yields:  

 (Equation 4-3) (Metcalf and Eddy, 2003)  

The slope of the graph represents (k/3) so then the rate can be determined (figure 4-10):  

 

Figure 4. 9: Linearized BOD data for determination of reaction rates (k) 

Pond D: Slope = 0.1425 = k/3 => k = 0.43 d-1 

Pond G: Slope = 0.1292 = k/3 => k = 0.39 d-1 

There is some uncertainty associated with the results, as can be seen by the low correlation 

factor for the trend lines (r2). So to complete the evaluation of the actual reaction rate it is 

recommended more measurements to verify the values found here.  
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4.2.7-Data analysis  
In this study used the Excel Microsoft 2010 to arrange the data set and XLSTAT 2009 

software for the statistical analysis. Statistical analysis of results was carried out through the 

correlation test by Pearson-test between two mean comparisons. t-student was required for 

variance comparison in order to select the equal or different variances. Trends and plots have 

been used when required in order to show differences in both mean values and dispersion.  

4.3 Results and interpretations  
4.3.1 pH 
  The dissolved oxygen, temperature and pH ranges for the three phases are given in table 4-3. 

In the time of experimentation, the pH increased in pond D (figure 4-11). The pH values from 

the septic tank effluent, pond D and pond G was uniform throughout the serial of experiment 

(phase I, II and III). It ranged from 6.97 to 8 which is close neutral and was increasing during 

the experiment. During the experiment, the pond was completely covered with bloom algae 

on the surface and in the bottom. The growth of algae correlates with the light that stimulates 

the photosynthesis mechanism. pH of the pond D effluent and pond G effluent increased in 

the wetland as dissolved oxygen also increased. Then, BOD removal requires DO supply in 

wetland.  

 

 

Figure 4. 10: pH values in the septic tank effluent and effluent from the wetland (pond D and pond G) 

(July 2010-August 2011) 

 

 

 

Phase I Phase II Phase III 
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Table 4. 4: Data ranged of the environmental parameters measured from July 2010 to August 2011, from 
the septic tank effluent, pond D and pond G effluent  

 Parameters  pH Temperature 

(°C) 

Dissolved oxygen 

(mg/L) 

 

Phase I 

Septic tank effluent  6.97-7.29 22.3 – 31.5 0.66- 1.11 

Pond D effluent (control) 7.17- 8.07 20.9 – 32.4 0.39- 3.16 

Pond G effluent  7.14 – 7.60 20.1 – 31.6 0.40 – 4.52 

 

Phase II 

Septic tank effluent  7.03-7.36 26.5 – 30 0.83- 2.61 

Pond D effluent (control) 7.23 – 7.43 26.62  -  30.3 0.66- 2.37 

Pond G effluent  7.24-7.49 26.7 – 30.2 0.89 – 2.42 

 

Phase III 

Septic tank effluent  7.11- 7.52 19.3 – 20.6 0.61 – 0.7 

Pond D effluent (control) 7.65 – 8 17.7 – 20.3 0.96 – 3.09 

Pond G effluent  7.54 – 7.89 18.1 – 20.4 0.93 – 1.8 

4.3.2 Wastewater temperature  
The water temperature was influenced by the season (summer and winter).  

 

Figure 4. 11: Variation of temperature (°C) from the septic tank effluent and effluent from 
the pond D and pond G (phase I, II and III, July 2010 – August 2011) 

 

Phase I Phase II Phase III 
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During the experiment, the fluctuation of temperature was high temperature in the influent 

(septic tank effluent) and effluent (pond D and G) in November 2010, December 2010, 

January 2011, February 2011 and Marsh 2011. The temperature from the influent and in the 

effluent remained relatively steady and uniform during this study (figure 4-12). 

The water temperatures at Toliara city were not subject to seasonal variability like in the case 

of temperature wetland. The water temperature was expected to have been nearly steady all 

year around from influent to effluent during all phases. 

4.3.3 Dissolved oxygen (DO)  
Variation of dissolved oxygen was measured in the influent and effluent during this 

experiment (table 4-2).  The dissolved oxygen concentration was not constant in the influent 

and effluent during this study in figure 4-12. The septic tank effluent came from an anaerobic 

system and was low in DO while pond D and G effluent was from an aerobic system.  These 

results were affected by modifications of the system in the next phase. The target of the 

modification was to improve the oxygen supply in the wetland and at later stage when algal 

blooms prevailed in the open zone ponds. High DO is required for BOD removal in the 

wetland.  

 

 

Figure 4. 12: Dissolved oxygen concentration profiles in the phase I, II and III from the septic tank 
effluent (influent to wetland) and from effluent of pond D and pond G (July 2010 – August 2011) 
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4.3.4 Removal of pollutants  
4.3.4.1 Biochemical oxygen demand and Total suspended solid  
4.3.4.1.1 Concentration trends 
In phase I, the BOD and TSS concentration trends in the wetland system was decreasing 

values. The means of BOD and TSS concentration from the septic tank effluent and from the 

pond D and pond G effluent recorded 72.7 mg/L, 62.5 mg/L and 53.1 mg/L respectively 

(figure 4-14) and the means of TSS concentration from septic tank effluent and from pond D 

control system and pond G were 27.5 mg/L, 22.8 mg/L and 20.2 mg/L respectively in figure 

4-16. 

In figure 4-15 the BOD concentrations in pond D and G effluent was lower than the values 

from the septic tank throughout the time on the study. Maximum BOD reduction in the pond 

D (control) and G were obtained at the longest hydraulic retention time. 

 

Figure 4. 13:  Concentration trend of BOD from septic tank effluent and from pond D and pond G as 
measured from July 2010 to August 2011. 

Phase I  Phase II Phase III 
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Figure 4. 14: Concentration trend of TSS from septic tank effluent and from pond D and pond G as 
measured from July 2010 to August 2011. 

 

The hydraulic loading rate influenced the corresponding mass reduction of BOD in the septic 

tank effluent (reference the plug flow reactor modeling, determination of hydraulic retention 

time in chapter II). The volumetric loading rate into the wetland system was modified 3 times 

(table 4-1).  

In phase III, the BOD removal increased and could be a result of the modification for 

improved DO supply. Also improved TSS removal could be due to filtration in the gravel 

dams.  

4.3.4.1.2 Removal efficiency   
The average concentrations of BOD and TSS from the septic tank effluent (influent to the 

wetland units) and the effluent from the pond G are given in the table 4-4 Also, the 

percentage  removal efficiency calculated on the basis of concentrations for each parameter 

during the experiment (phase I, II and III) is shown in the table 4-4.   

 

 

 

 

 
 

Phase II Phase III Phase I 
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Table 4. 5: Summary of BOD, TSS, NH4-N, NO3-N and PO4-P concentrations in the influent (septic tank 
effluent) and effluent (pond D and G) per month and removal efficiency during the phase I, II and III; 

 
 Parameters 

 
Septic 
tank 

Effluent 
(mg/L) 

Effluent 
pond D 
(mg/L) 

Effluent 
pond G 
(mg/L) 

Pond D 
Removal 
Efficiency 

 (%) 

Pond G 
Removal 
Efficiency 

 (%) 
  BOD  72.7 62.5 53.1 16.4 29.7 
  TSS 27.5 22.8 20.2 19.6 29.7 

Phase I NH4-N 96.1 56.2 52.5 40.1 48.1 
 NO3-N 1.4 0.9 1 33.8 36.8 
 PO4-P 10.8 10.9 5.8 15.5 39.4 
 BOD  71.7 46.8 41.5 32.8 39.6 
 TSS 20.4 10.5 8.8 44.8 53.2 

Phase II NH4-N 65.6 37 33.8 42.6 47.8 
 NO3-N 2.8 2.1 2 24.8 32.5 
 PO4-P 20.1 11.4 10.5 38.5 41.7 
 BOD 84.7 51.4 32 39.4 62 
 TSS 13.6 8 7 43.4 46.1 

Phase III NH4-N 29.2 1.4 14.4 44.5 52 
 NO3-N 1.1 0.7 0.6 37.8 47.7 
  PO4-P 16.9 10.3 9.4 36.3 41.9 
 
Dissolved oxygen was required for reducing the BOD and TSS concentrations through pond 

D and pond G system. When the DO increased, the BOD and TSS removal efficiency 

increased throughout the time of the experiment in the phase III. However, the concentration 

of these parameters remained steadily lower than the influent regardless of the fluctuation in 

the septic tank effluent (table 4-3). The BOD and TSS reduction in pond G (table 4-4) were 

improved from the phase I to phase II and III.  

4.3.4.2 Nitrogen and phosphorus  

4.3.4.2.1  Concentration trend  
In the phase I, the NH4-N concentration rate ranged betwen 67. 1 mg/L and 168. 8 mg/L in the 

septic tank and the pond D (control system) and pond G was measured 3.8 – 33.7mg/L and 

5.9 – 29.3 mg/L, respectively.  The NO3-N concentration in the septic tank effluent, the 

effluent pond D and pond G was  recorded 0.7 mg/L- 1.3mg/, 0.4 mg/L – 0.9 mg/L and 0.3 

mg/L- 0.7 mg/L, respectively. PO4-P concentration ranged 5.01mg/L- 9.1 mg/L in the septic 

tank effluent and 3.1 mg/L – 6.8 mg/L in the pond D and 1.8- 6.8  mg/L in pond G. It is 

illustrated in the figure 4-16.  
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Figure 4. 15: Concentration of ammonium (NH4-N) in the septic tank effluent and 
in the pond D and pond G effluent (July 2010-August 2011) 

 

 

Figure 4. 16: Mean monthly (July 2010-August 2011) of nitrate- N concentration 
in the effluent (from septic tank) and in the effluent ( from pond D and pond G effluent) 

 

Phase means of concentrations is shown in the Figure 4-18. Nitrate and phosphorus 

concentrations in the septic tank effluent were low as compared to the ammonium 

concentration.  

Phase II Phase III 

Phase I 

Phase I Phase II Phase III 
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Figure 4. 17: Monthly mean of the phosphorus (PO4-P) concentration in the influent ( from septic tank 
effluent)  and effluent (from pond D and pond G) 

Concentration of nitrate and phosphorus in the effluent from pond D and pond G were 

relatively low during the phase I and II (figure 4-17 & figure 4-18). The modifications 

introduced in the phase I, II and III were intended to increase oxygen into the wetland through 

the surface aeration and algal photosynthesis. Aerobic nitrification, affects the variation of 

NH4-N converted to NO3-N. It was uptake by bacteria and in algae growth. Variation of NO3-

N produced in nitrification was removed in denitrification, It required low DO and the 

denitrification worked well. This was causing low NO3-N concentration. Discharge of 

nitrogen and phosphorus stimulates algae growth. NH4-N, NO3-N and PO4-P concentration 

trends in the effluent (from pond D and pond G) were low as compared to the concentration in 

the influent (from septic tank effluent) during the experiments.  

4.3.4.2.2 Removal efficiency  
In this study, summary data of means of NH4-N, NO3-N and PO4-P removal efficiencies in 

pond D and pond G effluent is respectively given in table 4-4. The overall average 

phosphorus removal efficiency of the wetland was 44.9 % and 33.4% from pond D and pond 

G, respectively. It was better PO4-P removal efficiency from pond G treatment system (gravel 

and sand) compared to pond D.   

4.4 Discussions  
Generally, most conventional wastewater treatment processes are ‘aerobic’ the bacteria used oxygen 

to break down the organic waste products take in oxygen to perform their function. According to 

Wetzel (1993); Cooper et al (1996); Wanner (1997), BOD removal in the constructed wetland 

Phase I 
Phase II Phase III 



A pilot study municipal wastewater wetland 
 

102 
 

is considered to be more of a microbial mediated process specifically executed by attached 

aerobic and anaerobic bacteria. In this study, the dissolved oxygen concentration was variable 

and prevailed constantly low in the open pond D and G during the experimental work.  

4.4.1 Impacts of parameters environmental  
4.4.1.1 Dissolved oxygen 
The dissolved oxygen in wetland systems is a requirement for heterotrophic bacterial 

oxidation. In figure 4-13, fluctuation concentrations of dissolved oxygen (DO) during the 

experiments are shown. It shows that DO concentrations were very low through of wetland 

less than 5 mg/L during the whole period. The oxygen concentration decreases with depth and 

distance from the water inflow into the wetland. In this study (phase I and phase II), it was 

low DO concentration. It is recommended for the BOD removal efficiency, because the 

correlation of the DO and BOD removal (%) was no significant in the pond D (p ≤ 0.436, 

figure 4-19) and pond G (p ≤ 0,645, figure 4-20).  

Then, in this experimentation phase III, the modification of wetland system was necessary to  

increasing the DO concentration level in the algae pond. However, it was rapidly growth algal 

bloom in the pond D and G.  The hydraulic retention time in the wetlands may have been too 

short. 

 

 

Figure 4. 18: The correlation of the BOD removal efficiency and DO requirement in pond G 

 

DO enter wetlands via water inflows when the surface is open. Normally, the growth of algae 

in the open pond could increase DO concentration because of the photosynthesis by the algae. 
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DO is available in the wetland because of rapid growth of algae. Newuman and Pietro (2001) 

argued that high DO concentrations were associated with the presence of algal that caused a 

continuous production of O2 into the water and in the pilot there was growth of algae on the 

bottom, on the surface of the gravel. 

 

 

Figure 4. 19: The correlation of the BOD removal efficiency and DO requirement in pond G 

It was better BOD removal efficiency in pond D and pond G (figure 4-19 and figure 4-20) 

because the photosynthesis produced more oxygen in the wetland.  

The algal concentration in the pond may influence the nutrient effluent, temperature and 

sunlight because of the photosynthetic activities of pond algae. There is a diurnal variation in 

the dissolved oxygen concentration (Mara, 1987). Also the pH will increase by the 

photosynthesis (aerobic) and denitrification process (anaerobic) and then NH4-N removal is 

possible in the wetland effluent.  

4.4.1.2 pH 
Kadlec and Knight reported that the pH observed is largely within the recommended range 

from 4 to 9.5 for the existence of many treatment bacteria, denitrification and nitrification in 

the wetland units. In this study, the pH measured (influent and effluent) through the open 

ponds was shown in the table 4-3. Logically, pH values measured was favored the 

metabolism of algae, activity of heterotrophic bacteria and degradation of organic matter in 

the pond units. A high pH value corresponded to high DO concentrations. The high pH values 

were related to the consumption of inorganic carbon dioxide from aqueous media (Goldman 

et al, 1972; Sawyer et all, 1994, Tom, 2000).  
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Figure 4. 20: The correlation of DO and pH in pond D 

 

Theoretically, the photosynthesis and denitrification could increase the pH.  In the pilot 

system, the nitrification (natural aeration) cause a pH decrease.  The correlation of DO and pH 

in the pond D was significant (p ≤ 0.034).The pond G was not significant (p≤ 0.401). 

 

 
Figure 4. 212: The correlation of DO and pH in pond G 
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4.4.1.3 Temperature  
Monitoring of temperature was carried out because the biochemical and chemical processes in 

the wetland systems are affected by temperature. Temperature has influence on water 

chemistry and biological activity. Parameters such as DO and pH are affected by temperature. 

Algae and microbial growth are strongly influenced by temperature. According to seasonal 

fluctuations of the wetland temperature could influence the processes of biological 

transformation. Kadlec, (1999); Kadlec (2006) studied the surface low wetlands for 

temperature and energy lows.  In this study, increase in DO was accompanied with the 

decrease in temperatures in all three units.  The temperature was high during the experiment, 

it will enhance the growth of algae. Then the sunlight on the city will encourage the 

photosynthesis which produces more oxygen supply in the wetland. Figure 4-22 shows the 

correlation of DO and temperature from the septic tank effluent and pond G effluent. The 

correlation of temperature and dissolved oxygen was significant (p ≤ 0.019), it increased the 

temperature. 

 

 

 

Figure 4. 23: The correlation of the dissolved oxygen and temperature in pond G 

Dissolved oxygen concentration increased during the study in the phase III and it was because 

of modifying the system to improve the oxygen supply. Contrary, in pond D was not 

significant (p ≤ 0.40). Oxygen is more produced by the photosynthesis process. These results 

improved the BOD removal in the wetland.  
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4.4.2 BOD and suspended solids removal  
Removal of both BOD and TSS occurred during the experimental period. Inflow 

concentrations of organics decreased substantially to improve the reduction of BOD and TSS 

during phase I and II. The influence of the different phases on BOD and TSS removal 

efficiency was not evident except in 2010. It presented and indicated that the removal of 

organics in the last experiment. Increasing of BOD removal efficiency from 29.7 % to 62 % 

in the experiment was significant. It was better BOD removal after the modification of system 

(table 4-2). It may be a reason of the influent BOD variation, that sludge was filled the head 

tank and clogging the pipeline.  
 

 

 

Figure 4. 24: BOD and TSS correlation from the pond D 

 

Normally, the progression of the dissolved oxygen was reflected by the variation of the BOD 

concentrations in this study.  Also, the DO concentration influenced the BOD removal (Tom, 

2000).  BOD may be measured of the amount of oxygen needed by microbes to break down 

the organic matter. When BOD is high, it means there are a lot of organic contaminants in the 

water, and the microbes are working to break it down consuming DO. Observed use of 

oxygen in the test, so when BOD is high, DO is low.  

A linear regression was used in order to determine if there was correlation between the TSS 

and BOD in the effluent of pond D (control) and pond G treatment system. The regression 



A pilot study municipal wastewater wetland 
 

107 
 

line (R2= 0.81) that there was a positive correlation between the TSS and BOD levels in the 

study (pond D and pond G). 

Inflow concentrations of suspended solids were low and fluctuated widely during both 2010 

and 2011 (fig. 4-25). Elimination of suspended solids occurred during the experiments. In this 

study, concentrations less than 40 mg/l were observed after the passage of the aerobic 

wetland. 
 

 

Figure 4. 22: BOD and TSS correlation from pond G 

 

During the stable periods in 2010 and 2011, in pond G,  the TSS removal efficiency amounted 

in the wetland unit were around to 29.7 % in the phase I, 53.2 % in the phase II and 46.1% in 

the phase III. Also, in the pond D, the TSS removal efficiency is increased from 19.4% to 

44.8%.  

Despite that the first phase I got clogged at the end of October 2010; the clogging may have 

caused wastewater overflow to the pond D and G. After rearrangement of gravel layer in the 

ponds no signs of clogging occurred throughout experimental works. It was the cause of 

fluctuation of different loading rate and retention time (table 4-1). This is justified since at 

hydraulic loading rate in the table, BOD removal efficiency was still increased above 50% 

(table 4-4) and yet effluent concentrations were still below the design value of 25 mg/L (EU 

standard). Another aspect to take into account in a wetland is the role of the algae community 
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within the system. Luyiga et al. (2003) observed that the algae community increased dissolved 

oxygen supply and pH, improving BOD and NH4 removal.  

4.4.3 Nitrogen and phosphorus removal  
This research discusses the performance of subsurface flow constructed wetland system 

operated with limestone gravel, gravel with sand in treating the septic tank effluent (NH4-N, 

NO3-N and PO4-P). Nitrogen removal is achieved not only by the bacteria, but by the algae 

uptake and adsorption. In phase II and III experiments, it was growth of algae in the wetland 

system. NH4-N, NO3-N and PO4-P concentration were measured from the septic tank effluent, 

pond D and pond G effluents. NH4-N concentration in the septic tank effluent was relatively 

high and it was shown in the figure 4-15. After the septic tank treatment, surface aeration of 

pond and algae photosynthesis has directly been applied in the wetland in this study.  DO 

supply may take place via two natural routes: surface aeration (Brezonik, 1994) and 

photosynthetic generation (Muyima et al. 1997; Tom 2000).  The ponds system was expected 

to promote aerobic conditions during periods. High dissolved oxygen supply in the pond 

showed improved nutrient removal in this study. After the substrate replacement in the second 

cells of pond D and G in the phase the II and III. Clogging of the first two stages have blocked 

the nitrification and removal of ammonia diminished within a month.  The average inflow 

(NH4-N and NO3-N) concentration rate decreased to average outflow concentration in the 

table 4-4.  It was resulting in removal efficiency of NH4-N amounted to 48% in the phase I, 

48% in the phase II and 52 % in the phase III. Despite that, the nitrate concentration at the 

outflow from the first pond cells (pond D and pond G) remained low. In this study (phase I, II 

and III), the NO3-N removal efficiency rate was recorded 37 %, 32 % and 47.7 % 

respectively. Also, nitrification in the second wetland affected the pH values. In this work, the 

pH in the pond D and pond G system was found to be ranging from 6 to 8 through the 

experiment. pH decreased after the NO3-N was eliminated to a great extent. However, the 

wetland bed successfully eliminated nitrate to allow denitrification, if it was low DO in the 

wetland and at the outflow nitrate concentrations remained very low.   Consequently, 

nitrification played a long term role in removing of NH4-N if it is high DO in the wetland.  

Phosphorus removal from wastewater by wetland is to a large extent controlled by 

biogeochemical processes (Kadlec and Knight, 1996; Tom, 2000). Adsorption to substrate is 

suggested to be the principal mechanism that contributes much of the removal (Wood, 1990; 

Mann, 1990). In this study, it shows a small difference in uptake bacteria or algae in system 

with gravel and without gravel. The preliminary results indicated that the amount of 
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phosphorus removal efficiency sequestered in the above ground biomass of algae was 

represented by the phosphorus inflow load to the phase I, II and III, respectively (table 4-4). 

Nitrogen and phosphorus was not the target of the study and no attempts have been done with 

respect to mechanisms responsible for phosphorus removal. High DO in the phase III for 

BOD removal was because of high algae growth and association uptake of nitrogen and 

phosphorus.  

 
4.5 Conclusions  
The septic tank and wetland combination was suitable for treatment of the wastewater from 

the public toilet. According to the results, the pond G system with most gravel has higher 

removal efficiency compared pond D system (control). These findings also show the 

suitability of limestone gravel to be used in constructed wetland to treat septic tank effluent. 

  Increasing the dissolved oxygen in the wetland, improved the BOD removal in different 

phases. In the pond D system, the BOD was recorded 16.4 %, 32.8% and 39.4% in the phase 

I, II and III, respectively. The BOD removal efficiency in pond G was higher than in the pond 

D, 33.6%, 56.3% and 60.7% for phase, I, II and II, respectively. The presences of the nutrients 

(NH4-N, NO3-N and PO4-P) in the wetland stimulated algae growth on the gravel surface with 

corresponding uptake of nutrients and contribution to oxygen supply. 

 The highest efficiency of the pond G systems, in term of nutrients removal was recorded at 

48.1 %, 47.6 and 52% for NH3-N, 36.8%, 32.5% and 47.7% for NO3-N and 39.4%, 41.7 and 

41.9 % for PO4-P, in the phase I, II and III, respectively. These results were generally higher 

that the reference pond D (table 4-3).  

As a conclusion, pond G system had higher removal efficiency compared to pond D. The 

removal efficiencies obtained in this study suggests a need for further research to show that 

this system is capable of producing final effluent, which can meet the required standards (5 

mg/L to 25 mg/L of BOD effluent, Madagascar standard) recommended for effluent disposal 

in receiving water bodies in Toliara city.  
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CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 
  

The population growth rates and rapid urbanizations are a feature in Toliara city but the 

sewerage service delivery like many other sectors are most often out paced by these changes. 

After our investigation, they need full control of the lodgment building with sewage system 

and managing in the Municipal Development Plan (PDM). Toliara municipality is 

recommended to create a new sewage network and drainage system the whole city.  

Toliara municipal wastewater management can use using alternative treatment methods that 

are efficient, low cost and can be applied to a wide community. This study of  the Municipal 

wastewater characteristics and pilot constructed wetland at Jardin de la mer provided a base 

research and application of the wetland technology for wastewater treatment in Toliara city. 

The lessons and experiences learnt over the time of the experimentation and operation of 

these units is used to generate recommended guidelines for future design, operation and 

management of this system in similar condition. Wetland design and operation require 

knowledge of the wastewater characteristics. The results obtained in the minimum and 

maximum temperature for wetland design criteria. Then, it is recommended to install 

pretreatment and split the wetland into three compartments. The TIS with 3 tanks would be 

considered as realistic in Toliara city.  

This study served as a base for research and demonstration of the potential application of the 

constructed wetland technology in Toliara region. In this region, the existing tropical climate 

conditions are expected to stimulate microbial activity and algae growth throughout the year 

and this will enhance continuous removal of pollutants from wastewater. The studies carried 

out at Jardin de la mer pilot constructed wetland located in the Toliara municipality. The 

wetland was divided to two units (pond D and pond G) with 3 cells each of 1.20 m × 0.60 m × 

0.37 m and was built such that leakage or ground water infiltration was minimized.  

The septic tank effluent (anaerobic system) from the   public toilet was used as the influent to 

wetland (aerobic system). The limestone gravel was filled in the two units and modified the 

system during the different phases. This structural modification created suitable pH and aimed 

at increasing DO concentration in the tropical condition that stimulated BOD removal and 

nitrogen removal by simultaneous nitrification–denitrification. The reduction of BOD and 

TSS increased as the hydraulic rates was reduced. The BOD removal varied between 16 %, 33 



Conclusion and Recommendations 
 

111 
 

% and 40 % in the pond D and 30 %, 40 % and 62 % in the pond G during the experiment. 

For TSS removal was superior 20 % in pond D and 30% in pond G. NH4-N, NO3-N and PO4-

P varied from 16 % to 40 % in pond G. This alternating structural arrangement of a wetland is 

recommended to be integral part of a subsurface flow wetland designed for reduction of BOD 

in the semi-arid climate.  
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Abstract A continuous deterioration of the physical environment surrounding the 
city of Fort Dauphin in southeast Madagascar is creating a challenge for proper 
and sustainable resources management, especially for a sanitary water supply. The 
catchments area surrounding the lakes Lanirano and Lakandava is at risk of 
becoming heavily polluted. A research project with the goal of mitigating the 
effects of pollution of the drinking water sources was established in 2004 by a 
collaborative effort between the Marine Sciences and Fishery Institute (IH.SM), 
the National Environmental Research Center (CNRE) and the University of 
Stavanger, Norway. Water was analysed for heavy metals Cadmium, Chromium, 
Copper, Iron, Manganese, Nickel and Lead, and monitored for two years (2004-
2006). Lead and Cadmium values in the distribution system consistently exceed 
recommended maximum values by the World’s Health Organization (WHO) at 
0.01 mg/l and 0.003mg/l for Lead and Cadmium, respectively. Maximum 
concentrations in the public water supply exceeded WHO values by one or two 
order of magnitude, 4.6 mg/l and 0.3 mg/l for Lead and Cadmium, respectively. 
Public health has to be protected from disease causing organisms in the water 
supply. It is essential to maintain a proper Chlorine level in the entire pipeline 
system. 
  
Key words Chemical pollution; Chlorine; Drinking water; Fort Dauphin; 
Monitoring  
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RABENEVANANA 
 
 

*      Fishery and Marine Sciences Institute (IH.SM)-University of Toliara-Madagascar  (sosolyjol@yahoo.fr) 
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Introduction 

  
Various studies of the coral reef have been carried out by researchers from the Fishery and 
Marine Sciences Institute (IH.SM) for the last 15 years.  
Major sources of pollution affecting the marine environment of Toliara Bay include :   

% untreated municipal wastewater Figure 1) and storm water carrying pollutants  
% Open defecation  at the beach (Figure 2) 

The health of marine habitats such as sea grass, mangrove forests and reef ecosystem is 
influenced by water quality. The amount of pollution entering the marine environment has 
increased significantly due to open defecation and untreated municipal wastewater discharge 
along the coast.  
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APPENDIX 
APPENDIX  I: Density and Population in Toliara city 

District Neighborhoods Population Surface Density 

BE
SA

K
O

A
 

Besakoa  5 594 29,72 188 
Tsianaloka  4 112 15,99 257 
Ambohitsabo 2611 50,95 51 
Antaninarenina  3358 37,64 89 
Betartitarika  na na na 
Sakabera 1124 21,67 52 
Tsongobory 954 46,71 20 
Antaravay na na na 
Anketa Bas  

5381 35,36 152 Anketa Haut  
Anketraka  2269 46,99 48 

TA
N

A
M

BA
O

 I 
 Tanambao I  4605 13,52 341 

Tanamba Morafeno  9221 20,82 443 
Tsienengea  10 068 15,83 636 
Toliara Centre  5578 53,65 104 
Tanamba II 352 13,6 26 

BE
TA

N
IA

  

Betania Mangabe  1781 28,2 63 
Betania Tanambao  4451 29,6 150 
Betania Est  

5827 94,5 62 Betania Ouest  
Andaboly  5913 53,35 111 
Ankilifaly  na na na 

TA
N

A
M

BA
O

 II
 

TSF Nord        
TSF Soavadia  2572 2118 121 
Ampasikibo 6026 44 137 
Amborogony Est 

6546 18,3 358 Amborogony Ouest  
Konkasera  na na na 
Ankatsaka  4592 25,41 181 
Andabizy  2957 26,06 113 

M
A

H
A

V
A

TS
E 

II 

Mahavatse II Est  9711     
Mahavatse II Ouest  7345 42,34 229 
Tsimenatse I Est  7200     
Tsimenatse I Ouest  15 062 43,91 343 
Tsimenatse II 9334     
Tsimenatse III 1754 35,16 265 

M
A

H
A

V
A

TS
E 

I 

Mahavatse I Tanambao  9 125 26,48 345 
Mahavatse I Est  

12634 66,1 191 Mahavatse I Ouest  
Motombe Tanambao  8234 60,74 136 
Ankiembe Bas  5605 47,97 220 
Ankiembe Haut  4929 na na 
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APPENDIX II  

FICHE D’ENQUETE CADRE, RESPONSABLE ET MENAGE 

************  

Date     : 
Département  ou Institution  : 
Nom     : 
Sexe     : 
Age      : 
 

I- DEMOGRAPHIE 
Nombre 

d’habitant 
2006 2007 2008 2009 

Homme Femme Homme Femme Homme Femme Homme Femme 
Effectif          
Total          
 

a)-Caractéristique de ménage 

Nombre de ménage    
Taille de ménage  
Origine ethnique 
Religion     
Résidents   Oui  Non  
Locataire    Oui                   Non  
 
b)- Répartition par âge  
 
Nombre d’enfant 
(0-15 ans) 

Effectif 
(15-25 ans) 

Adulte  
(25-60 ans) 

Agé 
(60+) 

    
 
C)-Habitat  
 
Type de 
maison  

En dure  En planche  En tôle En matériel 
végétal 

Autres 

Nombre       
 
d)-Profession  
 

Professions Père Mère 
Fonctionnaire    
Artisanat    
Pêcheurs    
Chômeur    
Autres    



Appendix 
 

123 
 

II. SANTE  
 
Maladie imputable à l’eau et autres :  
 

Maladies Nombre d’enfants touché 
Années 2007 2008 2009 
Diarrhée    
Toxicose    

Pneumonie    
Autres    

Maladies Effectif des femmes touchées 
Années 2007 2008 2009 

Paludisme    
Pneumonie    

 
III. EDUCATION (2009) 
 
a)- Superficie du quartier  
 
 
Effectif d’enfants 
scolarisés  

Effectif d’enfants non 
scolarisés 

Adultes scolarisés Rôle et attribution  

    
 
 
Chef de village Effectifs des Membres  Rôle et attribution  
Oui Non   
 
 
Chef de secteurs Effectifs des Membres  Rôle et attribution  
Oui Non   
 
 
Pouvoir traditionnel  Nombre et leurs entités claniques  Rôle et attribution  
Oui Non   
 
 
b)- Organisation Associatives et communautaires et autres  
 
 
ONG et Association locales  Dénomination  Domaine  d’intervention  
1.  
2. 
3. 
4. 
5. 
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5-LES INFRASTRUCTURES EXISTANTES  
 
Canal d’évacuation  Longueur(m) Observation (problème actuel)  
   
 
Borne Fontaines  Nombre  Observation (problème actuel)  
   
 
Bac des ordures ou dépotoirs   Nombre  Observation (problème actuel)  
   
 
Toilette public  Nombre  Observation (problème actuel)  
   
 
Bassin lavoir   Nombre  Observation (problème actuel)  
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APPENDIX III 

 
 

NATIONALE NORME STANDARD 
 DE REJETS D’EFFUENTS LIQUIDES 

************* 
 
 
Selon le décret n°2003/464  du 15 avril 2003, dans l’article 4, les eaux usées domestiques sont 
considérées comme des rejets liquides polluants. Elles sont classées selon les qualités suivantes : 
 

PARAMETRES 
 

BONNE 
QUALITE 

QUALITE 
MOYENNE 

QUALITE 
MEDIOCRE 

HORS CLASSES 
 

FACTEURS BIOLOGIQUES 
Oxygène dissous (mg/L) 5≤OD 3<OD<5 2<OD≤ 3 OD<2 
DBO5 (mg/L) DBO5≤5 5<DBO5≤20 20<DBO5≤70 70<DBO5 
DCO(mg/L) DCO≤20 20<DCO≤50 50<DCO≤100 100<DCO 
Présence de germes pathogènes Non Non Non Oui 
FACTEUR ORGANOLEPTIQUE 
Couleur(mg/L Pt) Coul<20 20≤ coul≤30 30<coul  
FACTEURS PHYSIQUES ET CHIMIQUES 
Température (°C) Θ <25 25≤  Θ<30 30≤  Θ<35 35< Θ 

pH 6,0≤ pH≤ 8,5 
5,5<pH<6,0 ou 

8,5<pH<9,5 
pH≤5,5 ou 

9,5≤pH  
MES (mg/L) MES<30 30≤MES≤60 60≤MES≤100 100<MES 
Conductivité (µS/cm) χ ≤ 250 250< χ ≤500 500< χ ≤3000 3000< χ  

 
 

 
Paramètres Unité Normes 
 
Turbidité NTU 25 
Nitrates  mg/L 20 
Nitrites mg/L 0,2 
Phosphates mg/L 10 
Phosphore mg/L 7 à 25 
Chlorure mg/L - N 250 
Azote 
Kjeldahl mg/L 20 
Cadmium mg/L 0,02 
Chrome mg/L 2 
Fer mg/L 10 
Nickel mg/L 2 
Plomb mg/L 0,2 
Zinc mg/L 0,5 
Manganèse mg/L 5 
Cuivre mg/L  
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APPENDIX IV:  Data set Toliara weather 

Precipitation, minimum and maximum temperature as function  

  

 

 

 

Year    2001     2002     2003     2004     2005   

Month Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  T° min T°max 

January 149,1 23,5 33 172,8 22,1 31,9 138,4 23,9 32,9 33,6 24,5 34,4 509,5 23,8 32 

February  26 23,6 33,2 99,6 23,7 32,7 35,6 23,7 34,1 55,2 22,8 32,8 9 23,1 33 

March  103,7 22,8 32,9 1,2 23,1 33 19,8 23 33,6 33,1 23,1 33,7 58,7 22,6 32,8 

April  na 20,5 31,5 0,5 20 31,5 19,8 19,9 31,4 6,6 21,4 32,7 8,2 19,6 30,1 

Mai 14,3 17,8 30 0 18,1 30,1 2,8 18,3 29,9 2,6 17,9 30,2 4,9 18,2 30,6 

June na 14,4 28,1 0 14,9 28,3 1,9 15,8 28,9 11,1 17,4 23,9 0 16,2 28,8 

July  0,9 14,8 28,1 17,1 15,2 27,5 1,3 14,3 27,4 9 15,3 27 27,8 15,1 27,4 

August  24,4 15,1 28,9 0 16,8 29,5 0,2 14,8 28,4 0,2 16 28,9 0 15,2 29,5 

September na 16,6 29,2 25,2 16,9 29,3 na 17,7 30,5 17,9 18 29,6 12 17,8 30,8 

October 9,1 19,3 29,9 0 19,2 31,1 0,4 19,5 30,6 0,2 19,7 30,3 0 19,9 31 

November  4,3 22,5 32,1 9,4 21,4 31,3 6,5 22,2 32,2 37,4 21,9 31,7 5,5 21,1 31,2 

December  156,2 23,7 32,2 3 22,7 32,2 13,4 24 33,2 95,4 23,8 32,7 32 23,4 32,9 

Means  54,22 19,55 30,76 27,40 19,51 30,70 21,83 19,76 31,09 25,19 20,15 30,66 55,63 19,67 30,84 
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Year    2006     2007     2008     2009     2010   

Month Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  T° min T°max Precipitation  
T° 

min T°max 

January 68,7 23,6 34,1 298,8 23,8 32,4 135,4 23,8 32,1 61,9 24,3 33,1 25,9 23,4 33,8 

February  69,8 23,9 33,2 109,4 23,99 32,33 84,6 23,4 32,4 24,3 34,1 0 42,0 23,3 33,3 

March  6,2 24,3 34,4 3,6 22,47 32,17 49,6 21,4 31,7 104 22 32,2 6,1 22,5 33,4 

April  0 21,6 31,9 63,2 21,66 31,98 1,5 19,3 29,3 0 19,8 30,8 0,0 21,0 32,4 

Mai 0,7 16,89 28,97 34,7 18,5 29,9 10,9 17,2 28,9 3,2 18,2 28,7 89,6 18,8 29,7 

June 9,8 16,2 28,4 9 15,2 27,9 3,1 14,75 26,93 2,9 16,3 28 46,8 16,2 28,2 

July  3,4 15,8 28,7 0 14,8 28,2 0 15,2 27,8 0 14,35 25,67 3,7 15,0 28,2 

August  15,5 16,6 28,4 2 15,2 28,3 0 15,2 27,8 0 15,7 27,9 0,2 14,8 28,0 

September 2,4 16,01 29,38 0 17,3 30,5 0 16,13 28,93 4,3 16,9 29,1 0,3 15,7 29,6 

October 0 19,2 31,3 0 18,8 30 0,3 20,3 30,7 0 18,8 30,1 4,0 18,7 32,0 

November  0,2 21,9 32,6 0,7 22,4 32 1,9 21,7 31,4 0 20 31,7 1,0 20,5 32,6 

December  28,8 24,1 33,5 16,9 23,7 32,5 0,8 22,38 32,19 6,7 21,9 32,93 21,8 21,0 33,5 

Means  17,13 20,01 31,24 44,86 19,82 30,68 24,01 19,23 30,01 17,28 20,20 27,52 20,12 19,24 31,21 
 

Year    2011   
Month Precipitation  T° min T°Max 
January 202,9 22,6 33,2 
February  197,4 21,8 32,8 
March  75,2 21,3 32,6 
April  2,2 18,8 30,9 
Mai 7,3 16,4 29,9 
June 22,7 14,0 28,4 
July  8,4 12,4 26,7 
August  na na na 
September na na na 
October na na na 
November  na na na 
Decemeber  na na na 
Means  73,73 18,18 30,64 
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APPENDIX V  

Toliara wastewater characteristics (TINA, 2008) 

 

A- Parameters physic-chemical  
 

 

  
Sample site 

 
DO 

 (mg/L)  
Cond  

(µS/cm) 
pH 

 
T  
°C 

  Outside Policestation 0,23 1418 6,91 31,8 
  Outside Tiko 2,62 1641 7,49 31,3 
  Outside Etoile de Mer 1,5 1605 7,45 31 
Toliara city  Hotel Etoile de Mer 1,51 1602 7,48 31,1 
  Maison Rouge 0,08 1335 7,39 29,6 
  Outside Alliance Française 3,43 1813 7,47 32 
  Outside Le Paletuvier 1,3 1563 7,42 31,6 
 
B-Organic matter and suspended solid  

  
Sample site 

 
TSS  

(mg/L) 
COD  

(mg/L) 
BOD  

(mg/L) 
  Outside Policestation 1350 415 219,69 
  Outside Tiko 50 8,1 4,94 
  Outside Etoile de Mer 74 39,6 14,72 
Toliara city  Hotel Etoile de Mer 59 18,4 9,61 
  Maison Rouge 1287 529 179,43 
  Outside Alliance Française 152 29,6 12,08 
  Outside Le Paletuvier 57 11 6,52 

  Effluent/Mangrove Areas 62 25 13,15 
 
 

 
C- Nitrogen and phosphorus  
 

  
Sample site 

 
TN  

(mg/L) 
NH4-N 
(mg/L) 

NO3-N 
(mg/L) 

PO4- P 
(mg/L) 

TP  
(mg/L) 

  By the fishmarked 0 0 1,19 12 0 
  Outside Policestation 17,6 0 0,18 1,6 2,28 
  Outside Tiko 0 0,19 10,85 0,41 1,06 
  Outside Etoile de  Mer 22,7 0 0,22 1,17 1,25 
Toliara city  Hotel Etoile de Mer 10,7 0 12,13 0,55 1,16 
  Outside L`Hacienda 0 0 9,44 0,34 0 
  Maison Rouge 0 0,09 0,61 1,14 0,87 
  Outside Alliance Française 20,6 0 9,42 0,07 0,87 
  Outside Le Paletuvier 0 1,24 10,28 0,25 0,97 
  Effluent/Mangrove Areas 12,4 0 9,39 0,45 0,64 
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APPENDIX VI: Data set experiment per month 

 

A- Parameters Physico-Chemical  

 

  

 

 

 

  
Parameters 

  
pH 

 
Temperature  

(°C)   
Dissolved Oxygen 

(mg/L) 

  Months 
Septic Tank 
effluent  

Pond D 
effluent  

Pond G 
Effluent  

Septic Tank 
effluent  

Pond D 
effluent  

Pond G 
Effluent  

Septic Tank 
effluent  

Pond D 
effluent  

Pond G 
Effluent  

  July 2010 7,29 7,19 7,19 22,3 20,9 20,1 0,66 0,39 0,40 
  August 2010 7,16 7,35 7,27 22,6 22,2 22,3 0,27 1,11 0,30 
Phase I  September 2010 7,06 7,51 7,19 28,0 28,5 28,1 0,82 3,27 1,72 
  October 2010 7,10 7,39 7,40 28,8 29,7 29,2 0,48 1,70 2,01 
  November 2010 7,07 7,17 7,14 29,7 29,8 29,9 0,62 2,18 1,76 
  December 2010 6,97 8,07 7,60 31,5 32,4 31,6 1,11 3,16 4,52 
  January 2011 7,36 7,35 7,27 30,0 30,3 30,2 2,61 2,37 2,42 
  February 2011 7,17 7,43 7,49 29,2 29,5 29,2 2,29 2,06 2,00 
Phase II March 2011 7,07 7,29 7,24 28,6 28,8 28,5 1,92 2,48 2,30 
  April 2011 7,03 7,27 7,26 27,4 26,9 27,3 1,45 1,36 1,81 
  May 2011 7,05 7,23 7,29 26,5 26,6 26,7 0,83 0,66 0,89 
  June 2011 7,52 7,68 7,68 20,6 20,3 20,4 0,68 0,96 0,93 
Phase III July 2011 7,50 8,00 7,89 19,5 19,1 19,4 0,70 2,83 1,70 
  August 2011 7,11 7,65 7,54 19,3 17,7 18,1 0,61 3,09 1,80 
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B-  Biochemical Oxygen Demand and Total Suspended Solid  
 

 

 
 
 
 
 

  
Parameters  
 

BOD 
(mg/L) 

TSS 
 (mg/L) 

  Months  
Septic tank 

effluent  Pond D effluent  Pond G effluent  
Septic tank 

effluent  Pond D effluent  Pond G effluent  

  July 2010 160 149 117 58 56 51 

  
August 2010 77 72 70 

34 21 19 

Phase I September 2010 65 54 50 22 17 14 

  October 2010 51 40 37 19 18 12 

  November 2010 59 39 31 19 15 16 

  
December 2010 55 41 34 

15 10 10 

  January 2011 62 55 45 12 9 9 

  February 2011 56 44 41 20 16 11 

Phase II March 2011 79 40 36 23 11 10 

  April2011 84 42 36 18 9 7 

  May 2011 78 54 40 18 7 7 

  June 2011 86 62 55 14 7 7 

Phase III July 2011 84 49 47 14 9 9 

  August 2011 84 44 42 13 8 7 
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C- Nitrogen and Phosphorus  
 

  
Parameters 

 

  
 NH4-N 
(mg/L) 

  

  
NO3-N  
(mg/L) 

  

  
PO4-P 
(mg/L) 

  

  Months 
Septic tank 

Effluent  
Pond D 
(control) 

Pond G 
Effluent  

Septic tank 
Effluent  

Pond D 
(control) 

Pond G 
Effluent  

Septic tank 
Effluent  

Pond D 
(control) 

Pond G 
Effluent  

  July 2010 75,7 3,8 5,9 1,1 0,7 0,7 9,5 14,5 16,1 
  August 2010 71,5 55,1 56,6 1,3 0,6 0,3 29,7 35,8 8,3 
Phase I September 2010 168,7 88,9 112,7 1,9 1,4 1,7 5,9 3,4 3,4 
  October 2010 89,3 75,2 45,9 2,0 1,2 1,5 6,8 4,8 2,8 
  November 2010 67,1 57,2 31,0 1,0 0,8 0,5 5,0 3,1 1,8 
  December 2010 104,3 57,2 62,7 1,3 1,0 1,0 8,1 3,5 2,6 

  January 2011 57,6 43,9 36,4 2,3 1,8 1,7 11,2 9,1 8,7 
  February 2011 64,6 39,9 37,4 2,2 1,8 1,4 9,1 6,8 6,8 
Phase II March  2011 70,0 33,7 29,3 2,4 1,6 1,3 17,3 8,4 8,5 
  April 2011 88,9 42,5 42,3 5,2 3,9 4,1 32,1 23,4 19,5 
  May 2011 47,0 24,8 23,6 2,1 1,4 1,2 30,9 9,5 8,8 
  June 2011 31,5 13,4 12,5 0,7 0,4 0,4 23,1 12,3 9,7 
Phase III July 2011 38,6 25,6 22,4 1,3 0,8 0,7 18,5 11,9 12,9 
  August 2011 17,6 10,1 8,1 1,4 0,9 0,7 9,0 6,6 5,7 
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APPENDIX VII  

A-Modeling without pretreatment 

Plug flow model without pretreatment  

Q (Flow rate ) 8250 m^3       
BOD_in 220 mg/l   
K_t 0,9 1/d at 20 °C 2,33436821 at 30° C 
d 0,6 m       
Determination Effluent BOD concentration (mg/L) 

30 °C 20 °C 
Volume t C_e C_e 

1000 0,04 199,26 211,76 
3000 0,13 163,45 196,19 
5000 0,21 134,08 181,77 
7000 0,30 109,99 168,40 
9000 0,38 90,23 156,02 
11000 0,47 74,01 144,55 
13000 0,55 60,71 133,92 
15000 0,64 49,81 124,08 
17000 0,72 40,86 114,95 
19000 0,81 33,51 106,50 
21000 0,89 27,49 98,67 
23000 0,98   91,42 
25000 1,06   84,70 
27000 1,15   78,47 
29000 1,23   72,70 
31000 1,32   67,36 
33000 1,40   62,40 
35000 1,48   57,82 
37000 1,57   53,57 
39000 1,65   49,63 
41000 1,74   45,98 
43000 1,82   42,60 
45000 1,91   39,47 
47000 1,99   36,56 
49000 2,08   33,88 
51000 2,16   31,39 
53000 2,25   29,08 
55000 2,33   26,94 
57000 2,42   24,96 
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Wetland 
modeling Tank in series model without  pretreatment    
Q= 8250 m^3   

BOD_in= 220 mg/l Concentration influent  BOD  
25 
mg/L    

K_t 0,9 1/d at 20 C 
2,334368

21 
at 30 
C   

d 0,6 m   
Calculation effluent concentration (mg/L)   
   
Temperature  20°C 30°C 

Volume t 
1 
tank 2 tank 3 tank 1 tank 2 tank 

3 
tank 

1000 0 211,9 211,8 211,8 200,2 199,7 199,6 
3000 0,1 197,4 196,8 196,6 169,6 166,8 165,7 
5000 0,2 184,7 183,3 182,8 147,1 141,3 139,1 
7000 0,3 173,6 171,2 170,3 129,9 121,3 117,9 
9000 0,4 163,7 160,2 158,9 116,3 105,3 100,8 

11000 0,5 154,9 150,3 148,5 105,3 92,2 86,9 
13000 0,6 147 141,2 139 96,2 81,4 75,4 
15000 0,6 139,9 133 130,3 88,5 72,4 65,8 
17000 0,7 133,4 125,4 122,2 82 64,9 57,8 
19000 0,8 127,5 118,5 114,9 76,3 58,4 51,1 
21000 0,9 122,1 112,1 108,1 71,4 52,9 45,3 
23000 1 117,1 106,2 101,8 67,1 48,1 40,4 
25000 1,1 112,6 100,8 96 63,3 43,9 36,2 
27000 1,1 108,3 95,8 90,7 59,9 40,3 32,5 
29000 1,2 104,4 91,1 85,7 56,8 37,1 29,3 
31000 1,3 100,7 86,8 81,1 54,1 34,2 26,6 
33000 1,4 97,3 82,8 76,8 51,5 31,7 24,1 
35000 1,5 94,2 79,1 72,8 49,3 29,5   
37000 1,6 91,2 75,6 69,1 47,2 27,4   
39000 1,7 88,4 72,3 65,7 45,2 25,6   
41000 1,7 85,8 69,2 62,4 43,5   
43000 1,8 83,3 66,4 59,4 41,8   
47000 2 78,7 61,1 53,9 38,9   
49000 2,1 76,6 58,7 51,4 37,6   
51000 2,2 74,6 56,5 49,1 36,4   
53000 2,2 72,8 54,4 46,9 35,2   
55000 2,3 71 52,3 44,8 34,1   
57000 2,4 69,3 50,5 42,8 33,1   
59000 2,5 67,6 48,7 41 32,1   
61000 2,6 66,1 47 39,2 31,2   
63000 2,7 64,6 45,3 37,6 30,4   
65000 2,8 63,2 43,8 36,1 29,6   
67000 2,8 61,8 42,4 34,6 28,8   
69000 2,9 60,5 41 33,2 28,1   
71000 3 59,3 39,7 31,9 27,4   
73000 3,1 58,1 38,4 30,6 26,7   
75000 3,2 56,9 37,2 29,5 26,1   
77000 3,3 55,8 36,1 28,3 25,5   
79000 3,4 54,8 35 27,3   
81000 3,4 53,8 33,9 26,3   
83000 3,5 52,8 32,9 25,3   
85000 3,6 51,8 32   
87000 3,7 50,9 31,1   
89000 3,8 50 30,2   
91000 3,9 49,2 29,4   
93000 3,9 48,3 28,6   
95000 4 47,5 27,8   
97000 4,1 46,8 27,1   
99000 4,2 46 26,3   

101000 4,3 45,3 25,7   
 

 

 

 

Volume t 1 tank 2 tank 3 tank 1 tank 2 tank 3 tank 
103000 4,4 44,6 25   
105000 4,5 43,9   
107000 4,5 43,3   
109000 4,6 42,6   
111000 4,7 42   
113000 4,8 41,4   
115000 4,9 40,8   
117000 5 40,2   
119000 5 39,7   
121000 5,1 39,1   
123000 5,2 38,6   
125000 5,3 38,1   
127000 5,4 37,6   
129000 5,5 37,1   
131000 5,6 36,7   
133000 5,6 36,2   
135000 5,7 35,7   
137000 5,8 35,3   
139000 5,9 34,9   
141000 6 34,5   
143000 6,1 34,1   
145000 6,2 33,7   
147000 6,2 33,3   
149000 6,3 32,9   
151000 6,4 32,5   
153000 6,5 32,2   
155000 6,6 31,8   
157000 6,7 31,5   
159000 6,7 31,1   
161000 6,8 30,8   
163000 6,9 30,5   
165000 7 30,1   
167000 7,1 29,8   
169000 7,2 29,5   
171000 7,3 29,2   
173000 7,3 28,9   
175000 7,4 28,6   
177000 7,5 28,4   
179000 7,6 28,1   
181000 7,7 27,8   
183000 7,8 27,5   
185000 7,8 27,3   
187000 7,9 27   
189000 8 26,8   
191000 8,1 26,5   
193000 8,2 26,3   
195000 8,3 26   
197000 8,4 25,8   
199000 8,4 25,6   
201000 8,5 25,4   
203000 8,6 25,1           
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B- Data modeling with pretreatment 

Plug flow model  with pretreatment  
Q 8250 m^3 

   BOD_in 110 mg/l 
   K_t 0,9 1/d at 20° C 2,33436821 at 30° C 

d 0,6 m 
   

  
30 °C 20° C 

  Volume t C_e C_e 
  1000 0,04 99,63 105,88 
  3000 0,13 81,73 98,09 
  5000 0,21 67,04 90,88 
  7000 0,30 55,00 84,20 
  9000 0,38 45,11 78,01 
  11000 0,47 37,01 72,28 
  13000 0,55 30,36 66,96 
  15000 0,64 24,90 62,04 
  17000 0,72  57,48 
  19000 0,81  53,25 
  21000 0,89  49,34 
  23000 0,98  45,71 
  25000 1,06  42,35 
  27000 1,15  39,24 
  29000 1,23  36,35 
  31000 1,32  33,68 
  33000 1,40  31,20 
  35000 1,48  28,91 
  37000 1,57  26,78 
  39000 1,65  24,81 
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Tank in series model 
with pretreatment  
Q 8250 m^3 
BOD_in 110 mg/l 
K_t 0,9 1/d at 20 C 2,33436821 
d 0,6 m 

       

30°C   20°C   

Volume t 1 tank 2 tank 3 tank 1 tank 2 tank 3 tank  

1000 0,04 100,08 99,86 99,78 105,95 105,91 105,90  

3000 0,12 84,80 83,38 82,86 98,69 98,40 98,30  

5000 0,21 73,57 70,67 69,557 92,36 91,66 91,41  

7000 0,29 64,96 60,66 58,95 86,80 85,59 85,15  

9000 0,38 58,16 52,63 50,40 81,86 80,10 79,45  

11000 0,46 52,64 46,10 43,42 77,46 75,13 74,24  

13000 0,55 48,08 40,71 37,68 73,51 70,60 69,48  

15000 0,63 44,25 36,21 32,90 69,94 66,47 65,12  

17000 0,72 40,99 32,42 28,90 66,70 62,69 61,12  

19000 0,80 38,17 29,20 25,53 63,75 59,23 57,44  

21000 0,89 35,71 26,43  61,04 56,04 54,04  

23000 0,97 33,55 24,04  58,56 53,11 50,91  

25000 1,06 31,64   56,27 50,40 48,02  

27000 1,14 29,94   54,16 47,89 45,34  

29000 1,23 28,40   52,20 45,57 42,86  

31000 1,31 27,02   50,37 43,41 40,55  

33000 1,4 25,77   48,67 41,40 38,41  

35000 1,48    47,08 39,52 36,42  

37000 1,56    45,59 37,77 34,56  

39000 1,65    44,19 36,14 32,83  

41000 1,73    42,87 34,61 31,21  

43000 1,82    41,63 33,17 29,69  

45000 1,90    40,46 31,82 28,27  

47000 1,99    39,36 30,55 26,94  

49000 2,07    38,31 29,36 25,69  

51000 2,16    37,32 28,23 24,52  

53000 2,24    36,38 27,17   

55000 2,33    35,48 26,17   

57000 2,41    34,63 25,22   

59000 2,50    33,81    

61000 2,58    33,04    

63000 2,67    32,30    

65000 2,75    31,59    

67000 2,84    30,91    

69000 2,92    30,26    

71000 3,01    29,64    

73000 3,09    29,04    

75000 3,18    28,47    

77000 3,26    27,91    

79000 3,35    27,38    

81000 3,43    26,87    

83000 3,52    26,38    

85000 3,60    25,91    

87000 3,69    25,45    

89000 3,77    25,01    
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APPENDIX VIII 

Modeling of the pilot using 3 tank in series 

CSTR = 3 
  

TIS; n = 3 
 Pond D Pond G 

 
Pond D Pond G 

((Cin/Ceff)^3-1) 1/HRT 1/((Cin/Ceff)^3-1) 

     2,31596345 11,5181608 1,11111111 0,43178574 0,08681942 
1,3415741 6,50881146 1,11111111 0,74539304 0,15363788 

1,30483681 3,63335752 1,11111111 0,76637936 0,27522753 
4,13594191 4,35363281 1,11111111 0,24178289 0,22969323 
2,00690713 2,08396983 1,11111111 0,49827916 0,4798534 
7,55398375 2,16753672 1,11111111 0,13238048 0,4613532 
0,03378293 1,00247897 1,11111111 

 
0,99752716 

2,32995177 10,570215 1,11111111 0,42919343 0,09460546 
0,55090637 0,20358798 1,11111111 

  2,97543946 16,4654334 1,11111111 0,33608481 0,06073329 
1,05111389 1,12864391 1,11111111 0,95137169 0,88601905 
5,59179688 6,42644267 1 0,17883339 0,15560708 
1,42260123 0,90544148 1 0,70293768 

 1,68024853 2,70926638 1 0,59515005 0,36910361 
4,87096646 5,16203704 1 0,20529807 0,19372197 
1,2747588 2,39555832 1 0,78446213 0,41743922 

9,14402742 12,5963382 1 0,109361 0,07938815 
7,42893309 6,83183739 1 0,13460883 0,14637351 
3,10195637 3,40198474 1 0,3223772 0,29394606 
2,91374244 3,37292041 1 0,34320123 0,29647898 
3,3952055 5,40242736 1 0,29453298 0,18510198 

7,242408 9,08368512 1 0,13807562 0,11008748 
13,3550772 14,017517 1 0,07487789 0,07133931 
3,3563968 5,73184458 0,90909091 0,29793855 0,17446391 

7,04733716 8,0778681 0,90909091 0,14189757 0,12379504 
6,2292909 6,40140973 0,90909091 0,16053192 0,15621559 

10,3564531 8,45291228 0,90909091 0,09655815 0,11830242 
5,93697719 6,30041488 0,90909091 0,16843588 0,15871971 

 

 

 


