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This report is the result of a preliminary feasibility study on the construction of a treatment 

wetland to improve the quality of water extracted from the Ngong River in Nairobi so that it can 

be safely used for income-generating activities and contribute to the improvement of water 

quality in the Nairobi river basin. The objective of the wetland project is to treat a portion of 

Ngong River water so that it meets the World Health Organisation‘s standards for irrigation. 

The wetland would then be used as the central component of a recreational park.  The direct 

beneficiary of this project would be the population of the Savannah community which would 

profit from improvements in their environmental and economic well-being. The community of 

humans and wildlife downstream would benefit from improved water quality. The present study 

is based largely on literature reviews and interactions with members of the subject community. 

As far as could be assessed, the project is technically, economically and socially feasible. More 

primary research is needed, especially on the hydrology and water quality of the Ngong River 

at the proposed project site so as to complete the feasibility assessment and to develop a more 

detailed project design and Environmental Impact Assessment.  
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This project was developed through collaboration 

between three parties.  

KWENCH, the acronym of the Kenya Water, ENergy, 

Cleanliness and Health Project, is a small, non-

governmental organization that was registered with the 

NGO Coordination Board in 2006. KWENCH‘s objectives 

are to provide water and sanitation services to informal 

settlements in the Nairobi River basin and to protect and 

restore the environmental health of the Nairobi River and 

tributaries. The executive director is Constance Elizabeth 

Hunt, who has more than 26 years of experience in water 

resources management.  

Centre for Environmental Stewardship, is a NGO 

founded by a team of professionals in the fields of health, 

environment, biodiversity and natural resource 

management. Its mission is to integrate human needs with 

environmental health and integrity through research; 

environmental training and awareness; strategic leadership in community development; youth, 

gender and environmental conservation and conflict resolution for sustainable development. 

CES‘s activities include provision of technical services in areas of environmental policy, 

Environmental Project Strategic Planning and Implementation, Project Evaluation and 

Monitoring, Environmental Impact Assessment and Audits. Mr. Murithi Riungu and Dr. Mbaabu 

Mathiu contributed on behalf of CES to this research. Mr. Murithi also acted as a translator for 

the Dutch participants introduced hereafter.  

David Vervoort and Jorn van de Ven, students from Delft University of Technology, the 

Netherlands were part of the study team.   
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Figure 1: Nairobi, the capital city 
of Kenya 

 

Developing countries are coping with serious problems. In sub-Saharan Africa, meeting basic 

needs such as clean water and food is a daily struggle for many. Growing populations and 

climate change are exacerbating these problems even more.  

The problem area considered in this report is 

Kenya‘s capital, Nairobi. Nairobi can boast of a past history 

of good environmental health when it was reputed as the 

"Green City in the Sun." Over time, this reputation changed 

due to rapid urbanisation and population growth, which has 

far outpaced the expansion of its physical and social 

infrastructure.In 1901, there were only 8,000 people living 

in Nairobi. By 1948, the number had grown to 118,000 and by 

1962 the city had a population of 343,500 people. By the 

year 2009, the city‘s population was about 3.1 million.  It is 

projected to be 3.8 million by the year 2015 (Radoki, 1997).  

The majority of this increase is concentrated in the 

informal settlements scattered throughout Nairobi. Of 

these, the most well-known is Kibera, one of the biggest 

slums in the world which houses more than one million 

people. The high density of people living in Kibera has a 

considerable influence on the health and sanitation status 

of its residents and on the environment.  

This situation poses problems common to all the slums in Nairobi. Due to insufficient 

means of waste management, inhabitants have no proper way of disposing of their garbage. 

This leads to people dumping their litter into any available space in the local environment. As a 

consequence, much of the waste finds its way to the rivers adjacent to or flowing through the 
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Figure 2:  Highly polluted Ngong River 

Figure 3:  Vegetables grown with highly 
polluted Ngong River  

 

slums. The effect is that these rivers are 

severely polluted with human excreta and other 

domestic waste. This pollution not only affects 

the local but also the national environment. As 

the rivers carry the waste downstream they 

pollute larger rivers as they merge with other 

tributaries. The rivers eventually empty into the 

Indian Ocean, effectively distributing the waste 

across the East African coastline and damaging 

the marine environment.  

The focus of this research is the most 

polluted river in the Nairobi River Basin, known as the Ngong River. Flowing through Kibera and 

other slums, this river acts as an open sewer and a garbage dumping trench.  In addition to 

receiving waste streams from the slums, the industrial area along the river contributes to the 

water pollution. Water quality measures are not adequately enforced and a large proportion of 

the city‘s industry is informal and therefore difficult to regulate. Heavy metals, oils, greases 

and dyes are dumped without permission. Broken sewers leaking sewage into the river 

aggravate the problem even more. As a result, Ngong River‘s water is black, emanating stench 

and full of solid waste.  

Nevertheless, this water is used for 

irrigating crops on the banks of Ngong River, 

threatening human health. All over the world, 

especially in developing countries, there has 

been a notable increase in the use of wastewater 

for crop irrigation as a result of the recognition 

of the value of nutrients in wastewater, which 

significantly increase crop yields (Mara & 

Cairncross, 1989). The two main sources of 

pollution in Ngong River, domestic and industrial 

waste, lead to two different health problems.  
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First, crop irrigation with untreated domestic wastewater causes significant excess intestinal 

nematode infection (parasitic worms) in crop consumers and field workers. In addition, 

bacterial and viral diseases such as cholera, typhoid and diarrhoeal diseases can be effectively 

transmitted by irrigation of vegetable crops with untreated domestic wastewater (Shuval, 

1986;Carr, 2005).  Diarrhoeal diseases are especially significant as diarrhoea is the third 

largest cause of death in Kenya after HIV/AIDS and respiratory infections (WHO, 2002). 

Second, wastewater from industrial effluents, containing chemical pollutants and heavy 

metals can result in pollutant accumulation in the soil and crops and thereby pose a health 

hazard (Carr, 2005). It is difficult to assess the impacts on health because of the problem of 

associating chronic exposure to chemicals with diseases having long latency periods. 

However, health effects from both organic chemicals and heavy metals have been 

observed where industrial wastewater has been used for irrigation (Van der Hoek, 2002). 

Heavy metals like cadmium, lead and arsenic that are found in industrial waste are classified as 

carcinogens by the International Agency for Research on Cancer.  

Thus, it is clear that using Ngong River water for irrigation poses serious health threats 

to both farmers and consumers. These consumers are not only local as the demand especially 

for leafy vegetables in higher income groups is outstripping supply from proper agriculture. 

The produce from urban agriculture has spread to retail outlets, including supermarkets 

(Ndede, 2002). 

Although unhealthy, the logic of the community is that they would rather die of chronic 

disease caused by consuming polluted food in 30 years than die of hunger tomorrow 

According to Article 25 of the United Nations Universal Declaration of Human Rights 

everybody has the right to ―... a standard of living adequate for the health and well-being of 

himself...‖  

Clearly this condition is not being met in Nairobi and therefore the situation should be 

improved. The local population is either unaware of or unable to address this situation on their 

own due to lack of technical knowledge and funding. 

 



The proposed project would establish a wetland to purify the polluted water and a recreational 

park. Efforts have previously been made to address the problem of polluted rivers in Nairobi. 

The most notable attempt is the Nairobi River Basin Project (NRBP), previously headed by the 

United Nations Environment Programme (UNEP) but now led by the Nairobi City Council, which 

conducted research on purification of the rivers that drain the basin. Their initial conclusion 

was that small scale biological filters may pose a partial but important solution to the water 

pollution problem (Ndede, 2002). Because the NRBP has so far been unable to implement this 

concept on the ground, two Nairobi-based NGOs, KWENCH and CES, have now adopted the 

initiative and are working to develop the idea further.  

The primary mission of the present, proposed project is to improve the water quality of 

the Ngong River to World Health Organisation‘s standards for irrigation, which is an 

appropriate standard for water that people may come in casual contact with and with which 

fish and vegetative products will likely be produced.   It is possible to achieve this by 

constructing a biological filter in the form of a wetland that is designed to improve the quality 

of Ngong River water. Within a wetland plants and the soil in which they grow clean the water 

as it flows by. The roots of the plants can adsorb and absorb pollutants. A wetland is typically 

constructed with concrete cells filled with gravel or soil and submerged, emergent and/or 

floating vegetation. The next chapter will explain in more detail what a wetland is and how it 

works.  

The proposed project would be an alternative to the ongoing unhealthy agricultural 

activities. With affordable entrance fees to the park, hires for picnics and the sale of snacks 

and other merchandise to park visitors, income streams to the local community will be much 

greater than they are from selling of vegetables currently grown on the project site. The 

overarching concept for the park is one of environmental sustainability.  

In addition to the water purification benefits of the wetland cells, the park would make 

use of cutting edge technologies, such as bio-digester ablution blocks; would use recycled 

materials such as plastics in outfitting the park with tables, benches and other amenities; and 
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would recycle materials used in the park, such as organic waste, on-site, creating useful 

products such as compost. Unemployed youth will be the major beneficiaries of the 

opportunities for income generation created through the wetland park. Other, secondary 

sources of income and benefits would be from environmentally sustainable activities within the 

park such as ornamental fish breeding and a research and learning grounds on advanced 

integrated environmental management. 

In addition, recreational grounds are essential to the healthy growth and development of 

an urban population. The monotony of urban life brings about many psychosomatic diseases 

due environmentally induced stress. The establishment of a recreational ground, especially in 

the Eastland area of Nairobi, which houses a large population and has virtually no recreational 

facilities, would improve the quality of life of the inhabitants.  

Before actual construction of the wetland is possible, the feasibility of the project needs 

to be determined. This is the subject of this report: a preliminary feasibility study of wetland 

construction at the proposed project site for the purpose of cleaning part of the water of the 

Ngong River to WHO standards for irrigation. The project site was initially selected based on its 

size, which is large compared with other sites under initial consideration by KWENCH and CES; 

its soil characteristics (several of the other sites initially under consideration lay directly on 

top of rock outcrops, making excavation costly and difficult), and the relative flatness of the 

topography (several other sites investigated were found to lie in deep valleys).The selection of 

the site was refined in consultation and field visits with local officials and community leaders.  

This preliminary feasibility assessment is divided into three parts: technical, economical 

and social analysis.  Analysis of technical feasibility examines factors characterizing the 

proposed project site, such as soil properties, initial and projected water quality and available 

land, with the objective of ascertaining whether water quality improvements resulting from a 

constructed wetland at the site would be adequate to justify construction of the project. 

Analysis of social feasibility considers whether community support for the proposed 

project would be adequate to justify the construction as assessed based on their perceived 

benefits. It also seeks to analyse the opportunity costs involved in replacing existing economic 
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Figure 4: Savannah Location, Nairobi province 

 

 

activities at the project site, and to ensure that community investment is sufficient for effective 

operation, maintenance and management of the project. 

Economic analysis considers whether the benefits of constructing and maintaining a 

treatment wetland and recreational park at the proposed site and on the ecosystems 

downstream are greater than the costs of doing so. 

   

The specific project site has been chosen by the community of the Savannah/Soweto area. The 

local people call their settlement Soweto but there are many other settlements in the city with 

the same name. To avoid misunderstanding, this report will now call the area by its official 

name: Savannah.  

The Nairobi province is 

divided into four administrative 

districts which are further 

subdivided into counties.  The 

Savannah location lies on the 

eastern edge of the urban 

Nairobi in the Embakasi 

division on area the north bank 

of the Ngong River. 
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Constructed wetlands constitute an increasingly popular technology for treating wastewater, 

particularly in developing countries that lack adequate financing for conventional technologies.   

Over the past decade, the effectiveness of constructed wetlands in treating wastewater has 

been the subject of intensive scientific research. Although there still are knowledge gaps, 

literature on constructed wetlands, the processes by which they purify water and design 

methodologies is available.   

A constructed wetland consists of a properly designed shallow basin filled with some 

sort of substrate, usually soil or gravel, planted with vegetation tolerant of saturated 

conditions. Water is introduced at one end of the wetland and flows over the surface or through 

the substrate, and is discharged at the other end through a weir or other structure which 

controls the depth of the water in the wetland. The polluted water loses nutrients and other 

pollutants to both the substrate and the plants. The plants can be harvested so new vegetation 

can grow and absorb new pollutants. The substrate eventually becomes saturated with 

pollutants and may need to be replaced in order to regenerate the effectiveness of the cleaning 

process.  

 

The in and outflow of water through the wetland, referred to as hydrology, is the most 

important design factor in constructed wetlands because it links all of the functions in a 

wetland and because it is often the primary factor in the success or failure of a constructed 

wetland. While the hydrology of constructed wetlands is not greatly different from that of other 

surface and near-surface waters, it has several important aspects:  

1. Small changes in hydrology can have fairly significant effects on the wetland effectiveness.  

2. Because of the large surface area of the water and its shallow depth, a wetland system 

interacts intensely with the atmosphere through rainfall and evapotranspiration (the combined 

loss of water by evaporation from the water surface and loss through transpiration by plants). 
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Figure 5: 
typical 
constructe
d wetland 
with 
several 
succeedin
g cells 

Source: 

WetPol 

2009  

Conference. 

The density of vegetation of a wetland affects its hydrology, first, by obstructing flow paths as 

the water finds its sinuous way through the network of stems, leaves, roots, and rhizomes and, 

second, by blocking exposure to wind and sun. 

 

ii. Plants 

Besides hydrology, both vascular 

plants (the higher plants) and non-

vascular plants (algae) are 

important in constructed wetlands. 

Photosynthesis by algae increases 

the dissolved oxygen content of the 

water which in turn affects nutrient 

and metal reactions. Vascular 

plants contribute to the treatment 

of wastewater and runoff in a 

number of ways:  

1. They stabilize substrates and limit channelized flow.  

2. They slow water velocities, allowing suspended materials to settle. 

3. They take up carbon, nutrients, and trace elements and incorporate them into plant 

tissues;  

4. They transfer gases between the atmosphere and the sediments. 

5. Leakage of oxygen from subsurface plant structures creates oxygenated micro sites 

within the substrate. 

6. Their stem and root systems provide sites for microbial attachment.  

7. They create litter when they die and decay.  
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Substrates form another part of constructed wetlands. Substrates used to construct wetlands 

include soil, sand, gravel, rock, and organic materials such as compost. Sediments and litter 

then accumulate in the wetland because of the low water velocities and high productivity typical 

of wetlands. The substrates, sediments, and litter are important for several reasons:  

1. They support many of the living organisms in wetlands. 

2. Substrate permeability affects the movement of water through the wetland. 

3. Many chemical and biological (especially microbial) transformations take place within 

the substrates. 

4. Substrates provide storage for many contaminants. 

5. The accumulation of litter increases the amount of organic matter in the wetland. 

Organic matter provides sites for material exchange and microbial attachment, and is a 

source of carbon, the energy source that drives some of the important biological 

reactions in wetlands.  

 

Finally, a fundamental characteristic of wetlands is that their functions are largely regulated by 

microorganisms and their metabolism. Microorganisms include bacteria, yeasts, fungi, 

protozoa and algae. The microbial biomass is a major sink for organic carbon and many 

nutrients. Microbial activity:  

1. Transforms a great number of organic and inorganic substances into insoluble 

substances;  

2. Alters the reduction/oxidation (redox) conditions of the substrate and thus affects the 

processing capacity of the wetland and 

3. Is involved in the recycling of nutrients.  

The microbial community of a constructed wetland can be affected by toxic substances, 

such as pesticides and heavy metals, and care must be taken to prevent such chemicals from 

being introduced at damaging concentrations (US Environmental Protection Agency, 1995).  
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Figure 6: 
Schematic view 
of surface flow 
and subsurface 
flow wetland 

Source: US EPA, 

1995. 

There are two main types of constructed wetlands, determined by the direction in which the 

water flows through them. Water in the wetland can either flow vertically or horizontally. These 

systems are referred to as Horizontal Flow System (HFS) and Vertical Flow System (VFS), 

respectively. Because for VFS external power and drainage is needed, this system is technically 

more complex than HFS and therefore, more prone to failure. Because of a relative shortage of 

technical knowledge and construction materials in Africa, HFS is considered more appropriate 

for the proposed project. The Horizontal Flow Systems are again divided into two types; the 

Surface Flow (SF) and the Sub-Surface Flow (SSF) systems. 

In SF systems the water flows over the substrate which mostly consists out of native 

soil. The soil and the plants extract pollutants from the water as it passes by.  The SSF system 

uses substrate of a much larger diameter, allowing water to seep through the substrate. The 

water flows through the root region of the plants where pollutants are removed from the flow.  

In practice, mostly a combination of the two systems is usually applied.  
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There are several available scientific studies on constructed wetlands in Africa. Detailed 

descriptions of the projects, which are similar to this project, may be found in the publications. 

A selection of conclusions from these reports follows:    

Okurut (2000): "The final conclusion drawn from this evaluation and from other 

previous assessments is that application of constructed wetlands in Uganda and the sub-

region, can be considered both technically and economically a viable option for municipal 

wastewater treatment." 

Kivaisi (2000): "Constructed wetlands are among the recently proven efficient 

technologies for wastewater treatment. Compared to conventional treatment systems, 

constructed wetlands are low cost, are easily operated and maintained, and have a strong 

potential for application in developing countries, particularly by small rural communities. 

However, these systems have not found widespread use, due to lack of awareness, and local 

expertise in developing the technology on a local basis." 

Nzengy‘a & Wishitemi (2001): "The physical and chemical properties of water were 

measured at a common intake and at series of seven other points established along the 

wetland gradient and at the outlet where the water is collected and pumped for re-use at the 

restaurants. The physico-chemical characteristics of the wastewater changed significantly as 

the wastewater flowed through the respective wetland cells. Analysis of the data available did 

not reveal temporal variation in the system‘s performance. However, significant spatial 

variation was evident as the wetland removed most of the common pollutants and considerably 

improved the quality of the water, making it safe for re-use at the restaurants." Other 

publications report  similar results (Mashauri, 2000), (Oketch, 2006 ), leading the authors to 

conclude that the results of constructed wetland projects in Africa are generally positive, 

producing projects that are more economically feasible compared to conventional wastewater 

treatment methods.  

 



Is building a wetland to clean part of the water 

of the Ngong River to WHO standards for 

irrigation technically feasible? 
 

The goal of this research is to examine 

whether the construction of a treatment 

wetland at the Savannah location in Nairobi, 

Kenya, for cleaning part of the water of the 

Ngong River to WHO standards for irrigation 

is generally feasible. This question will be 

approached from a technical, social and 

economic perspective  

It should be noted that this research is 

based primarily on estimates and not 

measured quantities of water and 

pollutants, due to temporal and financial 

limitations. Further, primary research, 

particularly on the water quality and 

hydrology of the Ngong River at the 

selected site, will be needed for detailed 

project design, feasibility and environmental 

assessment. 

To achieve the research objective, the goal 

is formulated in the following main and sub 

questions. 

The question that lies at the heart of this 

research is formulated as:  

This question stated above implies several 

secondary and tertiary questions.  

 

2.2.2 Secondary and tertiary questions for 

technical analysis 

The main question implies for the technical 

aspect of the project: 

The corresponding sub questions are: 

a. Is the soil at the project site suitable 

for building a wetland?  

b. Is the water of the Ngong River 

suitable for building a wetland? 

i. How much water and at what rate 

is flowing in the river? 

ii. How polluted is the water and with 

what contaminants? 
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Is building a wetland to clean part of the water of 

the Ngong River to WHO standards for irrigation 

technically, socially and environmentally feasible? 

 

Is building a wetland to clean part of the water 

of the Ngong River to WHO standards for 

irrigation economically feasible? 
 

Is building a wetland to clean part of the water 

of the Ngong River to WHO standards for 

irrigation socially feasible? 
 

c. Is the site topographically suitable 

for building a wetland? 

 

i. Is the site big enough? 

ii. Is the terrain profile suitable? 

d. Is the site environmentally suitable 

for building a wetland? 

i. Is the climate suitable? 

ii. Is the local flora suitable? 

iii. Is the local fauna suitable? 

e. Can the wetland maintained and 

supervised? 

i. What parties are willing to 

maintain the wetland? 

ii. Do the parties have the required 

skills; if not, can they be 

adequately trained? 

iii. How can the continuity of the 

maintenance be guaranteed? 

The main question implies for the social 

aspect of the project: 

The corresponding sub questions are: 

a. What would the non-economic 

effects of the wetland and 

recreational park be? 

b. Will the community support the 

wetland and recreational park? 

c. Will the government approve the 

construction and management of the 

wetland and recreational park? 

d. Will other parties that can 

compromise feasibility support the 

wetland and recreational park? 

The main question implies for the economic 

aspect of the project: 

The corresponding sub questions are: 

a. What would the constructed wetland 

cost? 

i. What are the costs for the 

wetland design? 

ii. What are the costs of the initial 

construction? 

iii. What are the costs of permits? 

iv. What would the maintenance cost 

on annual base? 

b. How much income will the wetland 

and recreational park generate? 



The information necessary to provide a preliminary answer to the research questions has been 

acquired in three different ways. The first method used is literature review. Information found 

in scientific publications, books and other reports have provided general information on both 

wetland construction and condition of the Ngong River. A list of the literature cited can be found 

under ‗References‘ at the end of the report. This literature review is the primary source of 

information for the research on technical feasibility. 

The second method used is chemical analysis of plant tissue to gauge the degree to which 

crops irrigated with water from the Ngong River poses a threat to the health of the people who 

cultivate and consume them. The authors believe that this information is important in terms of 

assessing the social feasibility of the proposed project as it may influence the degree to which 

the community supports a change in land use at the site.  

The third method used is interviewing. With this method knowledge on opinions of different 

stakeholders is gathered as well as specific information from wetland experts. Information 

gathered through interviews has contributed qualitatively to answering questions in all three 

research fields. 
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Figure 7:  

Sticky black cotton soil when wet  

 Is building a wetland to clean part of the water of the Ngong River to WHO standards for irrigation 

technically feasible? 

The soil found at the project site may serve four purposes. First, and most importantly, the soil 

could be used as the bottom of the wetland where it must be capable of preventing the water 

inside the wetland to seep into the ground, and preventing groundwater from entering into the 

wetland. Secondly, the soil may be used as a substrate. The substrate is needed for the growth 

of the microbes. It also has the function of adsorbing pollutants such as nitrate and ammonia to 

the surface area of its particles.  Finally, the soil can be used as building ground to support the 

wetland. 

 

The suitability of the soil as a lining for 

the bottom of the wetland depends on 

two factors, first, the permeability of the 

soil and, second, whether the desired 

improvement in water quality can be 

achieved if there is exchange between 

the water in the wetland and the 

groundwater table. If the soils on the site 

are permeable and water exchange is 

undesirable, a liner may be required, 

contributing to construction costs 

(Kadlec & Knight, 1995).  
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Figure 9:  

Cracky black cotton soil when dry 

Concerning the permeability, where on-site soils or clay provide an adequate seal, 

compaction of these materials may be sufficient to line the wetland. Sites underlain by karsts, 

fractured bedrock, or gravelly or sandy soils must be sealed by some other method.  

It may be necessary to have a laboratory analyze the construction material before 

choosing a sealing method. On-site soils can be used if they can be compacted to permeability 

of <10-6 cm/sec. Soils that contain more than 15% clay are generally suitable for wetland 

construction (US Environmental Protection Agency, 1995).  

ii.  

In a wetland the substrate can have a significant impact on the effectiveness of the cleaning 

process of the water. It may be possible to use soil found at the site as substrate. This could 

reduce construction costs because no substrate would need to be purchased and transported 

to the construction site. 

The selection of the right 

substrate is important in the design of 

the wetland and should be made 

carefully.  For example, soil texture 

affects root growth and the retention of 

pollutants. Sandy, coarse-textured soils 

have a low potential for pollutant 

retention but do not significantly 

restrict root growth (US Environmental 

Protection Agency, 1995).  

Marble (1991) advises the 

selection of a site that contains organic 

soils such as peat or muck which 

maximizes the retention of toxic 

substances, especially metals and 

synthetic organic materials such as 

PCBs. 



 

 26 
 

 If organic soils are not available, fine mineral soils high in organic content are 

recommended. The least attractive substrate types are sand, cobble-gravel, rubble and 

bedrock. If an organic substrate is not available on site, an off-site source should be located 

(Marble, 1991).  

 

The soil should be firm enough to withstand the weight of the wetland. The construction must 

remain in its place: drifting, moving or sinking of the wetland can significantly reduce its 

effectiveness. Local sags due to differences in soil type can cause cracks in the walls of the 

embankments.  

 

The geological history of Nairobi has been dominated by volcanic activity whereby a thick 

succession of alkaline lavas and associated tuffs began accumulating millions of year ago. 

Almost the entire Nairobi area is covered by these volcanic rocks derived from the Rift Valley 

region and estimated to accumulate in volume to more than 250 cubic miles (1,042 km3) and 

covering an area of nearly 1,200 square miles (3,000 km2). As a result, the most prevalent 

geological formation from Nairobi West and South Central area and downstream through the 

Industrial Area and Embakasi is the impermeable Nairobi Phonolite (Wayumba, 2001), (Ndede, 

2002).  

Phonolite is a rare volcanic rock formed from magma. On top of the phonolite lies 

extremely friable, highly organic black cotton soil up to a depth of 5 feet (1.5 meters). The 

permeability of compacted black cotton soil lies in the order of magnitude of <10-8 cm/sec in 

optimum moisture content (Ola, 1980). This indicates the possibility of using the soil in 

compacted form as a liner. The phonolite is, as mentioned before, impermeable and Ngong 

River-water flows over the rock, not through it (Ndede, 2002). Thus the black cotton soil as well 

as the phonolite would be a suitable bottom wetland lining, preventing groundwater from 

entering the wetland and visa-versa.  
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With regards to the phonolite, the construction would have to be directly on top of the 

lava rock. This is only possible if the relief is flat and after all the sand overlaying the phonolite 

is removed, a consideration that will increase excavation costs. Sand is not suitable for use as 

a substrate because of the risk of clogging. Furthermore, the sand at the site may be polluted 

due to periodic flooding of the river banks.  

The black cotton soil is also not suitable for wetland construction because it has a high 

swelling potential when inundated and tends to shrink and crack when it dries out, causing 

concrete structures to crack (Ola, 1980). The volcanic phonolite, on the other hand, is suitable 

as a foundation for wetland construction as it is strong enough to support skyscrapers. Further 

research is needed to determine whether the relief of the volcanic ground is suitable.  

Is the soil at the project site suitable for building a wetland? 

Conclusively, the soil at the project site is suitable for building when construction is 

directly upon the volcanic rock. In practice this would mean excavating the wetland cells and 

using the black cotton soil for constructing the major berms and dikes and as substrate. 

 

The amount of water flowing in the river is very important for the design of the wetland. Is it 

going to clean the entire river, or must there be some sort of channelization to treat only part 

of it? This depends on the hydrology of the stream and the efficiency of the technology if the 

goal is to maximize the amount of clean effluent produced by the wetland. 

The volume flow of Ngong River at Savannah location is measured to be 2.1 - 17.3 

m3/sec in the dry season and 10.8 - 39.9 m3/sec in the wet season (UNEP/UoN, 2003). If the 

wetland was to be built to treat the entire river, it should be able to cope with streams of at 

least 75% of the maximum flow occurring, that is 30 m3/sec. This is far beyond the capability 

of a wetland of the size of the land that is available (see following chapters). For referential 
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Figure 8: Solid pollutants in Ngong 
River 

 

purposes: the surface area for constructed marshes ranges from 24.6 to 39.6 m2/m3 of 

applied wastewater per day (US Environmental Protection Agency, 1988). This mean that to 

achieve a flow of 30 m3/sec, a wetland of size 64,800,000 m2 is needed which is quite 

spacious.  

Although this may not be accurate because of variations per system, the figure does 

indicate the order of magnitude. It is concluded that it is necessary that a part of the stream be 

tapped from the river to feed the wetland because otherwise the wetland would need a surface 

area far bigger than that available on the project site. 

  

As stated previously, the water of the Ngong River is heavily polluted because of discharges 

from slums and from the industrial area through which it flows. Slum discharge consists of 

plastic bags, faeces and domestic waste. Major industries in this section of the river include 

tanneries, oil refineries, metal plating, motor vehicle garages, paint making, dyes, papermaking, 

milk packaging, pharmaceuticals and confectionaries. Several sewers have burst and discharge 

freely into the river. These sources pollute the river but with which pollutants and to what 

extent?  

One problem of the river is the pollution 

with solid waste (see figure 11). Fortunately, this 

problem can be solved by placing filters to 

remove the waste before the water enters the 

wetland. The so-called ‗garbage trap‘ has to be 

cleaned every few days to prevent clogging. 

Another problem is the pollution of the 

water that is not visible to the unaided eye such 

as chemicals, bacteria and heavy metals. 

Unfortunately, consistent data about the level of 

this type of pollution of Ngong River over time is 
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not available. Wandiga et al (2005) have conducted a review of all the data available on the 

pollution level of Ngong River and other rivers in the Nairobi river basin over the period of 1964 

– 2004, collected from refereed journals, students' theses and projects, written reports and 

other grey literature.  

This data was assessed for consistency over the time period mentioned for all the 

parameters recorded. It was found to be highly inconsistent. Large gaps in terms of time 

schedules and frequencies were identified. The data had neither been reported in a concerted 

manner nor in a systematic way. 

The Ngong River is the most widely studied within the study period, but physicochemical 

parameters  (temperature, conductivity, total alkalinity, total solids and dissolved oxygen) 

have not been sufficiently studied. Very few studies have been done on chemical parameters 

such as nitrates, nitrites, albuminoid ammonia, and phosphorus, among others. Few heavy 

metal analyses have been undertaken. Microbial and flow rate analysis have only been done 

once. Pesticides, organics, grease and oil have never been reported. Other parameters not 

reported at all include free ammonia (NH3), Bromides (Br-), Cobalt (Co), orthophosphates, 

Nitrogen (N), Mercury (Hg), Molybdenum (Mo), Titanium (Ti) and Manganese (Mn). On top of that, 

the sampling points in the river have not been fully established so that there is no way one is 

able to reflect the trends at a particular sampling point through several studies (Wandiga, 

2005). 

Because of the unreliability of historical monitoring results, this feasibility study bases 

its analyses on data drawn from reports as recent as possible, neglecting data results from 

the past. A recent study conducted by the University of Nairobi in July and August 2009 

(Department of Chemistry, University of Nairobi, 2009) is relevant. The study assessed the 

level of pollution of Ngong River based on several parameters, which are listed in table 3.1, 

along with a description of how they influence water quality. Table 3.2 lists the values of the 

parameters found in the river. 

Careful consideration has to be given to the results from the 2009 report on which the 

analysis is based for two reasons. First, the spectrum of researched parameters is limited: far 

from every heavy metal or microbiological parameter has been reported on. Secondly, the data 
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is from a limited timeframe. Only 2009 values are included, so an analysis of variation in 

concentrations over time is not possible. Therefore more complete research on the quality of 

the water is needed to assess the probable effectiveness of the proposed wetland.  

The result of data limitations is that the values of the parameters are more broadly 

interpreted in the present report. They are considered as indicators of which part of the 

spectrum of relative contamination the levels of pollutants fall into. For example, water with a 

pH of 6 is to be treated as slightly acidic, and the analysis should take into account that the 

wetland must possibly be able to cope with a pH of 5. Variation is possible: the values are 

guidelines but must not be interpreted strictly. 

To put the values from the 2009 report into perspective, they can be compared to the 

Guidelines for Interpretations of Water Quality for Irrigation (Ayers, 1985) drawn up by the 

Food and Agriculture Organization (FAO) of the United Nations and to the 1993 WHO water 

quality standards. These guidelines classify irrigation water quality into three groups, 

according to their ―Restriction on Use‖ corresponding with the degree of contamination: no 

restrictions, slight to moderate restrictions and severe restrictions. The divisions are 

somewhat arbitrary since change occurs gradually and there is no clear-cut breaking point. A 

change of 10 to 20 percent above or below a guideline value has little significance if considered 

in proper perspective with other factors affecting crop yield.  

Field studies, research trials and observations have led to these divisions, but the 

experience and management skill of the water user can alter them. Values shown are 

applicable under normal field conditions prevailing in most irrigated areas in the arid and semi-

arid regions of the world. See appendix A for more information on these guidelines. 
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Physical, chemical and biological characteristics and their descriptions 

Temperature Temperatures are of interest for determination of the potential thermal condition of water 

leaving the wetland. Receiving waters may be temperature- sensitive for vegetation and 

biochemical processes. 

Hydrogen ion 

concentration 

pH is a measure of the acidity or alkalinity of a solution. Wetland water chemistry and biology 

are affected by pH. Many treatment bacteria are not able to exist outside the range 4.0 < pH 

< 9.5. Denitrifiers operate best in the range 6.5 < pH < 7.5and nitrifiers prefer pH = 7.2 and 

higher. The same principles apply to other wetland biota. In addition to controlling various 

biological processes, pH is also a determinant of several important chemical reactions.  

TDS Total dissolved solids (TDS) is a measure of the concentration of dissolved constituents in 

water, which commonly include carbonate, bicarbonate, chloride, sulphate, phosphate, 

nitrate, calcium, magnesium, sodium, organic ions, and other ions. In general, the total 

dissolved solids concentration is the sum of the cations (positively charged ions) and anions 

(negatively charged ions) in the water.  Therefore, the total dissolved solids test provides a 

quantitative measure of the amount of dissolved ions, but does not tell us the specific types 

of ions in the water or the relationships between ions.  In addition, the test does not provide 

insight into specific water quality issues, such as hardness, saltiness or corrosiveness.   

Therefore, the total dissolved solids test is used as an indicator to determine the general 

quality of the water.   

A certain concentration of ions in water is necessary to provide nutrients essential to 

support aquatic life. Changes in TDS concentrations can be harmful to aquatic organisms 

because they affect the density of water. Excessive TDS can reduce water clarity, hinder 

photosynthesis, and lead to increased water temperatures. 

TSS Total suspended solids (TSS) include all particles suspended in water that will not pass 

through a filter. Abundant suspended solids such as clay and silt, fine particles of organic 

matter, inorganic particulates (such as iron), soluble coloured compounds and phytoplankton 

can result in: (a) decreased light penetration in water, reducing photosynthesis of aquatic 

plants, (b) decreased water depth due to sediment build up, (c) smothering of aquatic 

vegetation, habitat and food, (d) smothering of macro and micro-organisms, larva, eggs and 

the clogging of fish gills, (e) reduced efficiency of predation by visual hunters, and (f) 

increased absorption of heat by the water which results in lowering dissolved oxygen, 

facilitating parasite and disease growth and increasing the toxicity of ammonia. 

Elevated TSS levels can be the leading cause of blockages occurring throughout distribu tion 

and drainage systems in subsurface flow (SSF) wetlands because of the tendency of porous 

media to clog.  

Conductivity Electrical conductivity (EC) estimates the total amount of dissolved ions in the water. Indirect 

effects of excess dissolved ions are primarily the elimination of desirable food plants and 

habitat-forming plant species. Agricultural uses of water for livestock watering are limited 

by excessive dissolved ions and high dissolved ion concentration can be problematic for 

water used for irrigation. 
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BOD5 Biochemical oxygen demand (BOD) is a procedure for determining the uptake rate of 

dissolved oxygen by the biological organisms in a body of water. It is used as a measure of 

the amount of organic material in wastewater. It is not a precise quantitative test, although it 

is widely used as an indication of the quality of water. The test usually runs for 5 days and 

the result is therefore commonly referred to as BOD5. 

COD Chemical oxygen demand (COD) is a measure of the amount of oxygen required to chemically 

oxidize reduced minerals and organic matter. In general, the greater the COD value in water, 

the more oxygen the influent demands from the water body, thus resulting in depleted 

dissolved oxygen, which is essential to the metabolism of all aerobic aquatic organisms.  

Application of the COD test determines the amount of organic pollutants found in surface 

water, making it a useful measure of water quality. 

DO Dissolved oxygen (DO) is a relative measure of the amount of oxygen that is dissolved or 

carried in water. It is one of the most fundamental parameters as it is essential to the 

metabolism of all aerobic aquatic organisms. It is added to the water column via 

photosynthesizing plants and stream flow aeration, and is consumed from the water body by 

bacterial, plant and animal respiration; the decaying of plants and other organisms and 

chemical oxidation. 

Chromium Chromium (Cr), a transition metal, is one of the major sources of environmental pollution. 

The reason for its toxicity appears to be its rapid permeability through biological membranes 

and subsequent interaction with intercellular proteins and nucleic acids in plant systems.  

Chromium has been reported to significantly reduce the dry matter yields of soybean 

varieties among others. It is also dangerous to human health. 

As chromium compounds were used in dyes and paints and the tanning of leather, these 

compounds are often found in soil and groundwater at abandoned industrial sites, now 

needing environmental cleanup and remediation per the treatment of brown field land. 

Primer paint containing hexavalent chromium is still widely used for aerospace and 

automobile refinishing applications. 

Cadmium Cadmium (Cd) is toxic to beans, beets and turnips at concentrations as low as 0.1 mg/l in 

nutrient solutions. Conservative limits are recommended due to its potential for 

accumulation in plants and soils to concentrations that may be harmful to humans. Cadmium 

and several cadmium-containing compounds are known carcinogens and can induce many 

types of cancer.  

In the decades leading up to World War II, Japanese mining operations contaminated the 

Jinzu River with cadmium and traces of other toxic metals. As a consequence, cadmium 

accumulated in the rice crops growing along the riverbanks downstream of the mines. The 

local agricultural communities consuming the contaminated rice developed Itai-itai disease 

and renal abnormalities, including proteinuria and glucosuria.  

Lead Lead (Pb) is a poisonous metal that can damage nerve connections (especially in young 

children) and cause blood and brain disorders. Lead poisoning typically results from 

ingestion of food or water contaminated with lead. Lead can affect almost every organ and 

system in the body. 
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Chloride Chloride (Cl) is a chemical needed by the human body for metabolism. Chloride causes 

environmental harm at low levels, especially to organisms living in water and in soil. The 

concentration suitability of this ion depends on the type of crop, state of growth, 

concentration of the toxic ion, climate and soil conditions.  

Phosphates Phosphorus (P) is an essential macronutrient that is a limiting factor to plant growth. It is 

essential to all life as a component of nucleic acids and a universal energy molecule. In 

excess, phosphorus triggers eutrophic conditions which involve the prolific growth of algal 

and other aquatic plants.  

Algal growths can have lethal impacts on aquatic life and, at high concentrations, can be 

toxic. Algal blooms can contain toxic strains of blue-green algae which may kill birds, 

domestic animals, aquatic macro-invertebrates and even humans if consumed. 

Dissolved in water, phosphorus‘ common ionic form is orthophosphate, PO4-P. 

Sulphate In inorganic chemistry, sulphate is a salt of sulphuric acid. People not used to drinking water 

with high levels of sulphate can experience dehydration and diarrhoea. 

PCBs Polychlorinated biphenyls (PCB‘s) are a class of organic compounds. PCBs belong to a broad 

family of man-made organic chemicals known as chlorinated hydrocarbons. PCBs were 

domestically manufactured from 1929 until their manufacture was banned in 1979. They have 

a range of toxicity and vary in consistency from thin, light-colored liquids to yellow or black 

waxy solids.  

Due to their non-flammability, chemical stability, high boiling point, and electrical insulating 

properties, PCBs were used in hundreds of industrial and commercial applications including 

electrical, heat transfer, and hydraulic equipment; as plasticizers in paints, plastics, and 

rubber products; in pigments, dyes, and carbonless copy paper; and many other industrial 

applications.  

It is possible that these chemicals can be transferred to the edible surfaces of crops 

irrigated with wastewater. On the other hand, the exact effects of PCBs are unknown and 

because of that more research is needed to determine what chemicals are likely to persist in 

the environment, which of these may be harmful at the concentrations present in 

wastewater and what treatment techniques are most effective at removing them. 

Oil and grease Oil and grease are contaminants typically found in industrial areas. They have negative 

impacts on the rate of plant growth. 

Pesticides Pesticides may continue to poison non-target organisms in the environment and increase 

risk to humans by disruption of the endocrine, reproductive, and immune systems; cancer; 

neurobehavioral disorders  and infertility and mutagenic effects, although very little is 

currently known about these chronic effects.  
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E. coli bacteria E. coli bacteria are used as indicator bacteria. Indicator bacteria include certain species of 

bacteria used by health authorities to detect contaminated water. When testing drinking 

water for contamination, the variety and often low concentrations of pathogens (which may 

cause diseases) makes them difficult to test for individually. Health authorities therefore use 

the presence of other more abundant and more easily detected faecal bacteria as indicators 

of the presence of faecal contamination.  

Indicator bacteria are not themselves dangerous to health but are used to indicate the 

presence of a health risk. It is generally assumed that the higher the number of coliform 

organisms found in a 100 ml sample, the higher the risk for waterborne disease. Typically, E. 
coli constitutes about 20 to 30 percent of the total coliforms found in raw and treated 

domestic wastewater. 

Source: Various sources including websites; Wikipedia.com; Lenntech.com; fao.org; the WHO (2006) 
report and the Kaldec & Knight (1996) book. 

Table 1:  description of physical, chemical and biological water components  

 

This project  aims to clean the water of Ngong River up to a level at which no restriction in use 

for irrigation is called for, and specifically, a level that would allow for the creation and  

maintenance of a recreational park.   
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 Table 2: Physical, chemical and biological characteristics of Ngong river water

Ngong River- water quality by physical, chemical and biological characteristics 

Parameter Unit During  

wet 

season1 

During 

dry 

season1 

Usual 

range in 

irrigation 

water2 

WHO drinking 

water standards 

1993 

Reported in review 

of data collected 

over 40 years3 

Temperature °C 27 22    

pH (scaled
) 

6.7 6.0 6.5 – 8.4 6.5 – 8.5 6.6 – 8.0 

TDS mg/L 585 690 <450  600 

TSS mg/L 60 20 <50   

Conductivity dS/m 1.13 1.39 0 – 3.0 0.025 0.2 – 0.8 

BOD5 mg/L 2050 2450   2000 

COD mg/L 325 320   700 

DO mg/L 4.7 0.5  < 75% of sat. 

concentration 

 

Chromium mg/L 33 1.5 0 – 0.1 0.05 0.06 – 0.22 

Cadmium mg/L Below detection 
limit 

0 – 0.01 0.003  

Lead mg/L 4.2 10 0 – 5 0.01  

Chloride mg/L 119 140 0 – 1000 250  

Orthophosphat

e 

mg/L 1.0 7.5 0 – 2   

Sulphate mg/L 535 540 0 – 1000 500  

PCB µg/L 0 – 0.1 0 – 0.1    

Oil and grease mg/L 0.1 0.8    

Organocholorin

e Pesticides 

µg/L 0 – 20 0 – 25    

E. coli bacteria n/ 
100mL 

>1800 >500   170*106 

 
Source: Department of Chemistry, University of Nairobi (2009).  Ayers (1985), WHO (2006). Wandiga 
(2005) 
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The sub- goal of this project is to research whether a wetland is suitable for cleaning the 

water of the Ngong River. The capability to clean the water can be assessed by discussing 

the individual pollution parameters of the water and wetland effect and performance on 

them. In each case, the current state of the water relative to its suitability for irrigation 

will be discussed, followed by the effect of wetlands on that parameter. On the right of the 

parameter, the title is the value detected in Ngong River water in July and August 2009. 

 22 - 27 °C 

The temperature of the water is suitable for a wetland. Many wetlands have been 

observed to treat water of this temperature efficiently (Kaseva, 2004); (Katsenovich, 

2009). The effluent temperature is suitable for irrigation as it will not negatively influence 

the rate of plant growth.  

The pH level of the water falls almost in the desired range for the effluent. With a pH of 6 

in the dry season, the water is slightly acidic. The hydrogen ion concentration has to be 

raised to be fit for irrigation purposes. Fortunately, many treatment wetlands exhibit a 

strong buffer capacity with respect to pH (Kadlec & Knight, 1996).  

Constructed wetlands are regularly used to treat Acid Mine Drainage (AMD):  the outflow 

of acidic water from (usually abandoned) metal mines or coal mines. This water has a 

notoriously low pH, sometimes as low as 2. While there is evidence of diminished 

vegetation productivity at extreme pH (5 > pH > 12) compared to circum-neutral pH 

reference conditions, vegetation such as Phragmites australis and Typha latifolia in 

particular have been documented to retain vigour at both extremes of the pH spectrum. 

Wetland vegetation plays a crucial role in settlement and filtration of solid phase 

contaminants, uptake of contaminants in root and shoots material, oxidation of the 

rhizosphere and provision of a large specific surface area for precipitation of solids from 

 6.0 – 6.7 



 

 37 
 

solution. In addition to this, successful propagation of vegetation in extreme pH conditions 

is essential for maintaining readily-available sources of carbon for microbial 

decomposers (Mayes, 2008). 

Constructed wetlands have been successfully applied to treat AMD at pH levels around 5. 

Therefore, the pH level of Ngong River-water should not pose a substantial threat to the 

performance of the proposed wetland. However, it is difficult to control the exact effluent 

pH and thus careful design of the wetland has to take place to ensure that a suitable pH is 

maintained. This should be possible: wetlands have been observed raising the pH by a few 

digits (Kaseva, 2004).  

  585 – 690 mg/L 

The TDS does not fall within the suitable range for irrigation (<450 mg/L) and thus 

treatment for this parameter would be necessary.  As for wetland effects, TDS often 

includes relatively high concentrations of "conservative," or relatively unreactive, 

dissolved compounds, which are not removed in wetlands. For example, wetlands have 

very little effect on the concentration of sodium and chloride ions, or more generally, on 

salinity levels. Therefore, reduction of TDS concentrations in wetlands is often 

insignificant despite high removal rates of target contaminants (DeBusk, 1999). Because 

TDS concentrations and therefore the individual components greatly exceed the biological 

requirements for growth, wetlands have a negligible effect on this parameter (Kadlec & 

Knight, 1996). A sedimentation pond is used to reduce TDS levels.  This technique will be 

explained further on.  

 20 – 60 mg/L 

International guidelines by WHO recommend a maximum of 50 mg/L for TSS and thus the 

water is almost suitable for irrigation in terms of TSS levels. 

Regardless of the guideline for irrigation water, wetlands are consistently effective at 

reducing elevated concentrations of suspended solids. For the types of solids normally 

encountered in polishing wetlands, the results may be summarized by a rough rule of 
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thumb: a treatment wetland removes about three quarters of the incoming TSS, provided 

incoming TSS > 20 mg/L (Kadlec & Knight, 1996). This has been more than confirmed for 

wetlands in tropical regions (Katsenovich, 2009). Thus, with respect to TSS levels, a 

wetland is suitable for treatment of the water. 

 1.13 – 1.39 dS/m 

The conductivity of the water is within range for healthy use for irrigation so no 

treatment is needed. Conductivity is proportional to the total dissolved solids which also 

measure the total ionic salts, like chloride and sulphate. As mentioned previously, 

wetlands have little effect on these parameters, so no significant alteration of the 

conductivity is to be expected. 

  2050 – 2450 mg/L 

No official guideline has been set by the FAO on the BOD level. However, in cases where 

BOD levels are extremely high combined with high total dissolved oxygen, soil clogging 

can occur. This happens when BOD5 levels exceed 500 mg/L (WHO, 2006), which is the 

case with Ngong River water. Therefore, BOD5 has to be reduced significantly. 

Wetlands are effective in the reduction of BOD5 as long as incoming BOD5 exceeds the 

natural level at which the wetland operates. A wealth of carbon conversion processes 

operate in wetlands, some of which consume BOD5 and others which produce it. Most 

operating wetlands are overdesigned for BOD5 removal, and hence, effluent 

concentrations are at or near background levels (Kadlec & Knight, 1996).  

However, the BOD5 level of Ngong River-water is relatively high for direct treatment by a 

wetland. A paper summarizing the results from more than 400 horizontal subsurface flow 

constructed wetlands from 36 countries around the world revealed that these wetlands 

are successfully used for both secondary and tertiary treatment. The highest average 

inflow concentrations of BOD5 (652 mg/L) and COD (1,865 mg/L) were recorded for 

industrial wastewaters followed by wastewaters from agriculture for BOD5 (464 mg/L) 

and landfill leachate for COD (933 mg/L) (Vymazala & Kröpfelováa, 2009). The effect of a 
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level of more than 2,000 mg/L of BOD5 on wetland performance is thus unknown. It 

makes the river water possibly unsuitable for wetland treatment. It is possible though, to 

pre-treat the water to reduce organic matter to a suitable level. More research on the 

appropriate solution is needed. 

 320 – 325 mg/L 

The analysis of the COD level is similar to the analysis of the BOD5 level. Again, the FAO 

has no guideline on this parameter. Because it is related to BOD5 (both are indicators of 

organic matter in the water) which was too high for irrigation and possibly for wetland 

treatment, the same is concluded for the COD: direct feed to a wetland may not be 

possible and pre-treatment may be necessary. More research is needed for a definite 

conclusion.  

The authors are sceptical of the reliability of these data, however.  The report shows that 

the COD level is lower than the BOD level. This means that there is organic matter that 

bacteria can decompose and chemicals cannot, which is unusual. This indicates a possible 

measurement error.  

Dissolved oxygen in the water is not particularly necessary in water for irrigation. 

Instead, the oxygen contained in the influent is used to meet wetland oxygen requirements 

which are dependent on aquatic plant and animal life. Because these life forms are 

essential to the efficacy of the wetland, sufficient oxygen must be available. To balance 

oxygen removal from and addition to the water is a question of precise design and 

therefore beyond the scope of this report. Water of the Ngong River is therefore 

considered suitable for wetland treatment with respect to dissolved oxygen. 

 1.5 – 33 mg/L 

The level of chromium in the water dramatically exceeds the irrigation water standard. 

This means treatment is absolutely necessary for productive use of Ngong River water.  

  0.5 – 4.7 mg/L 
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Chromium is effectively removed in the SSF environment (Kadlec & Knight, 1996). 

Reduction of metals to non-mobile forms by microbial activity in wetlands has been 

reported. Metals like chromium and uranium become immobilized when reduced through 

processes biologically catalyzed by microorganisms (Sheoran & Sheoran, 2006). The 

question is, will this hold with the extreme levels found in Ngong River water? 

No practical examples have been found of regular constructed wetlands treating 

wastewater with a concentration of chromium this high.  However, there has been 

experimental research on three different plants to determine their potential for the 

phyto-remediation of solutions containing 10 and 20 mg/L Cr.  All the systems achieved 

removal efficiencies of 97–99.6% within 24 hours.  Two plant species removed 78.1% and 

68.5% within the first hour. All three were tolerant of the concentrations of chromium 

applied, but the Pennisetum purpureum plant showed the greatest potential because its 

faster growth and larger biomass achieved a much greater chromium removal over the 

whole length of time of the experiment (Mant, 2006).  

Concluding, with careful design and plant selection, it should be feasible to remove high 

levels of chromium from the water with a constructed wetland and thus the proposed 

solution is feasible in this respect. 

  below detection limit 

The level of cadmium was below detection limit which means its concentration is below 

0.01 mg/L. This level of cadmium in water is suitable for irrigation and removal of this 

metal is unnecessary. 

Although not necessary in this case, wetlands influence cadmium levels. They have 

cadmium mass reduction efficiencies usually above 75 percent (Kadlec & Knight, 1996). 

The level of lead pollution in dry season is double the recommended amount and therefore 

treatment is advised.  

 4.2 – 10 mg/L 
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SSF wetlands effectively remove lead. Most studied constructed wetlands treat water 

with small amounts of lead (< 0.1 mg/L). As with most other metals, lead concentration 

removal efficiency increases with increasing inflow concentration (Kadlec & Knight, 1996). 

This is confirmed by two studies on wetlands dealing with lead-polluted water in high 

concentrations.  

The first study concerned a constructed wetland system in Guangdong Province in 

Southern China, which was constructed to treat mine discharge. From 1991 to 2000, lead 

in the wastewater was reduced from 11.49 mg/L to 0.11 mg/L. This represents a decrease 

of 99.04%. These results are consistent with other literature reporting a preliminary 

study, which documented that the average heavy metal removals were 90% for cattail 

ponds and 85% for bulrush ponds (Yang, 2006). 

Another report studied two constructed wetlands that were used to remove three heavy 

metals: zinc, copper and lead. Two wetlands were filled with two different substrates, 

coke and gravel, with a packed bed size of 1930 mm×400 mm× 600 mm (L×W×H). Both 

the lead removal efficiencies of the coke system and the gravel system were within 95-

99% suggesting that lead retention had little relation to hydraulic residence times (Chen, 

2009). 

Therefore, high removal efficiencies are achievable even in small wetland cells. The 

reduction of the lead-levels of Ngong River-water to an acceptable level seems feasible 

for a constructed wetland. 

 

 119 – 140 mg/L 

There is no need to reduce the chloride level of the water as it is in the acceptable range 

for irrigation water.  

Wetlands have little effect on the chloride levels because of low biological demand, its 

abundance in surface water and its high solubility. The total mass of chloride is relatively 

constant between the inflows and outflows and storages of a wetland (Kadlec & Knight, 

1996). Wetlands do not remove chloride, but they do exhibit an ability to dampen chloride 

peaks. 
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  1.0 –7.5 mg/L 

The orthophosphate level is too high in dry season and therefore treatment is needed.  

Phosphorus removal is a difficult task in any water treatment technology and wetland 

technology is no exception. On a per unit basis, wetlands are not efficient in phosphorus 

reduction. Treatment wetlands in general are area intensive compared to ‗conventional‘ 

technologies and the land requirement for wetland phosphorus reduction is typically the 

largest of all wetland requirements (Kadlec & Knight, 1996). 

A wetland treating orthophosphate described in 1996 uses a 156 m2 Horizontal Flow 

Constructed Wetland to treat highly loaded wastewater from a food processing plant in 

Gradišče, Slovenia. The concentration of orthophosphate in the inflow reached a 

maximum value of 4.6 mg/L and the removal efficiency varied between 92% and 99% 

(Vrhovšek, 1996).  Although the treated concentration is not as high as in this case, the 

report does indicate in which range treatment wetlands can operate, hence the 

assumption that a level of 7.5 mg/L of orthophosphate can be treated with wetlands. 

 

  535  –540 mg/L 

The concentration of sulphate is acceptable and therefore the water may be used safely 

for irrigation. No treatment is necessary.  

Sulphates are often reduced as a result of anaerobic wetland processes. The resultant 

sulphides are precipitated by divalent metals or released as hydrogen sulphide. 

Comparable levels of sulphate concentrations are often found in acid mine drainage (500 

– 1000 mg/L), which is often treated by constructed wetlands. One publication, for 

example, reports on low sulphate removal rates of around 18% for this technology 

(Woulds, 2004). Another reports rates close to 0% removal (Nyquist, 2009). The overall 

conclusion is that sulphate removal is ineffective in constructed wetlands. But is possible 

to achieve acceptable treatment: either additional organic material must be added or the 

total metal and acid load to the system would need to be reduced substantially. In several 

wetland systems a supplemental carbon source was introduced to increase the rate of 

sulphate reduction (Sheoran & Sheoran, 2006). 
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  0.0 – 0.1 µg/L 

The exact effects of PCBs are unknown and thus it is impossible to draw conclusions upon 

the health implications of using irrigation water polluted with PCBs. 

Constructed wetland technology for the treatment of organic chemicals such as PCBs is 

an emerging field. Though this technology has the potential to become an important 

remediation strategy, its successful application remains challenged. In this context, a 

better understanding of the processes governing the removal of organic chemicals is 

crucial for further system optimization. A positive indicator, however, is that reed and 

rice plants have been shown to take up PCBs (Imfeld, 2009). Kadlec & Knight (1996) 

report that there is some removal of nearly every organic compound tested in wetland 

treatment systems. 

 

The levels of oil and grease found in Ngong River-water are extremely low and considered 

insignificant. These substances in these amounts should not pose any threat to a wetland 

or for health of irrigation water.  

 

 

0 – 25 µg/L 

Several pesticides were found in the water of which heptachlor was predominantly 

present with a concentration of around 20 µg/L. The effect of pesticides on irrigation 

water is unknown just as is the case for PCBs. 

Treating pesticide-polluted water with constructed wetlands is not a common practice. 

Constructed wetlands used for municipal wastewater treatment have a certain capacity 

for removing specific organic pollutants. Nevertheless, to date few studies have assessed 

the feasibility of using horizontal subsurface flow constructed wetlands to remove them. 

 0.1 – 0.8 mg/L 
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In one 2007 publication, the authors showed that pesticides could be removed by a 

constructed wetland with a surface area of 55 m2. Organo-chlorine pesticides were 

classified as highly efficiently removed pollutants (>90%) for amounts around 10 µg/L 

(Matamoros, 2007). Although the pesticides removed were not the exact pesticides as 

found in Ngong River water, they belong to the same family of chemicals. Furthermore, 

the research was very convincing, leading the authors to conclude that wetland 

treatment is feasible for the pesticides found in Ngong River-water. 

 

 >500 – >1800 n/100ml 

Wastewater may contain a variety of pathogens, such as bacteria, helminths, protozoa 

and viruses, for example, of which E. coli bacteria serve as indicators. These substances 

can contaminate crops, soil, surface water and ground water. From a health perspective, 

pathogens in the wastewater are generally considered to be the primary hazard, 

especially when inadequately treated or untreated wastewater is used in irrigation. The 

water of Ngong River is reported as faecal contaminated and non-potable (Department of 

Chemistry University of Nairobi, 2009). Coliform levels should be as low as possible, 

despite the lack of an official guideline. 

The removal of microbiological pollution is seldom a primary target for constructed 

treatment wetlands. However, wetlands are known to act as excellent biofilters, acting 

through a complex of physical, chemical and biological factors which all participate in the 

reduction of the number of bacteria. One research paper showed that the average 

removal rates achieved by four pilot-scale systems (96.6– 98.9%) were at the upper end 

of the range of removal rates mentioned in the literature (79– 98%) for subsurface 

horizontal flow systems used for secondary treatment (Decamp, 2000). The cells had a 

surface area around 17 m2 and the influent concentration was 1 – 2*105 E. coli per ml, 

which is several orders of magnitude higher than levels found in Ngong River. A literature 

survey of 60 constructed wetlands with emergent vegetation around the world revealed 

that removal of total and faecal coliforms in constructed wetlands with emergent 

macrophytes is high, usually 95 to >99%, while removal of another indicator, faecal 

Streptococci, is lower, usually 80-95% (Vymazal, 2005).  
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However, in spite of high removal efficiencies, careful thought has to be given to the 

results mentioned above. Because natural sources of coliforms and faecal streptococcus 

bacteria are found in all wetlands open to wildlife, outflow indicator bacteria populations 

in treatment wetlands can never be consistently reduced to near zero unless disinfection 

is used. It is technically not feasible for wetland treatment systems to consistently attain 

outflow with total coliform populations less than 10,000 col/100 ml, faecal coliforms less 

than 500 col/100 ml and faecal streptococcus less than 500 col/100 ml (Kadlec & Knight, 

1996). 

 

The above analysis shows promising results for the technical feasibility of a constructed 

SSF wetland for treating Ngong River water. However, it must be emphasized that not all 

the relevant pollution parameters have been researched. Heavy metals and chemicals in 

particular could pose problems for the wetland in high concentrations, although even in 

this field the technology has shown good results. More primary research on the pollution 

of the water is needed. 

Second of all, the above analysis treats every parameter as if it were the only 

parameter in the water. The cited reports are mostly studies on one specific parameter 

of which the concentration was most often efficiently removed. This does not mean that 

these removal efficiencies are also achieved when the constructed wetland is subjected 

to a combination of pollutants, resulting in synergistic effects, which would be the case 

with a wetland on the Ngong River. 

Also, the efficiencies found are achieved in various setups (most of them SSF in 

tropical conditions) of wetlands with different vegetation (mostly reed). In actual design 

of the wetland there considerable time must be spent on the exact setup to ensure every 

pollutant is addressed and removed. 

There are also some data which seem unreliable. As mentioned before, the BOD 

level being higher than the COD is strange and indicates that we are dealing with a very 
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special case or a measurement error. However, upon second checking with the authors 

of the report (Department of Chemistry, University of Nairobi) there was confirmation 

that no mistake has been made in writing the report, although measurement error could 

still be responsible for the apparent discrepancy. Furthermore the level of bacteria 

pollution is very vaguely represented, as a reported concentration of ―...more than 500 

per ml say‖ could refer to an actual concentration of 600 or a million. However, more 

research is needed to determine the precise concentration of bacteria in Ngong River 

water at the site of the proposed project. 

Given the size limitations of the selected site, a portion of the water from the 

Ngong River would need to be diverted from the main channel into the wetland system in 

order for any of the water to receive effective treatment. More sampling and analysis of 

the water will be necessary to accurately estimate the maximum quantity of water that 

could be treated to WHO irrigation standards at the site. However, the authors‘ 

conclusion is that, on basis of the data available at this point, some of the water can be 

treated up to the WHO irrigation standard. Thus, based on conclusions drawn in the sub 

questions, the water of Ngong River is suitable for treatment by a constructed wetland.  
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Figure 9: 

 

 Project site 
map 

 

 

The size of the site around Savannah is approximately 100 m in length and 50 m in width 

(see picture 12). This corresponds to 5000m2, 0.5 ha or 1.24 acres. Whether this site is 

big enough depends on the desired quality of the treated water and amount of the water 

that the wetland needs to yield in order to be considered economically feasible.  

 

 

 

 

Since pre-treatment in the form of coarse screening or sedimentation basin is 

recommended when treating industrial wastewater with SSF constructed wetlands 

(Kadlec & Knight, 1996), some form of pre-treatment should be incorporated into the 

design of the proposed project. By removing coarse particles from the water diverted 

from the main river channel for treatment before that water enters the constructed 

wetland, the maintenance burden of this system will be significantly reduced (US 

Environmental Protection Agency, 2000).  
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Sedimentation ponds primarily remove suspended solids. Although these are not 

present in high levels in Ngong River-water, there is a benefit associated with removing 

them as suspended solids bind insoluble, heavy metals. Even soluble heavy metals can be 

removed when transformed into the insoluble state by several mechanisms found in 

sedimentation ponds. These mechanisms are direct precipitation and adsorption by the 

suspended solids or precipitation followed by or concomitant with the association of the 

precipitate with the bulk solids fraction (Kempton, 1987). So, by removing solids the heavy 

metal level is also reduced, with high removal efficiencies possible (Yingxia Li, 2008), 

(Lim, Seng, & Lim, 2006).  

There is some hazard involved with sedimentation ponds: the free water surface of 

the pond is likely to attract mosquitoes that spread malaria.  The pond should be planted 

with water hyacinth or other surface-covering vegetation to prevent excessive breeding 

of insects so that no danger is posed to the community. 

 

Because a settling pond is primarily utilized to trap sediments, the design of the pond 

should facilitate dredging. The ideal design is to provide the total settling pond volume by 

more than one pond: this allows at least one pond to remain on line while the other is 

being dredged for maintenance. The settling ponds should be provided with accessible 

drains capable of dewatering the ponds in a reasonable period of time. The drain system 

should have cleanouts to provide maintenance access in case of clogging. The sides of the 

pond should be sloped to accommodate a front-end loader or other sediment-removal 

equipment, and the ponds should be easily accessible for maintenance. Large mesh 

screens should be installed upstream of any flow control weir to retain trash and debris 

(Frossard, 1996). The normal detention time of water in a detention pond is about 4 to 8 

hours. With this specification the size of the pond can be calculated. 

 

In order to calculate the required size of the wetland, several models can be applied.  The 

increasing application of treatment wetlands coupled with increasingly strict water 

quality standards has provided an incentive for the development of better design tools. 

Rousseau et al (2003) have reviewed some simple as well as some more elaborate design 
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models and described their merits as well as disadvantages with regard to the design of 

horizontal SSF constructed treatment wetlands. The model review starts with simple 

design models like rules of thumb and regression equations. Secondly, the well-known 

first-order k- C* model and several of its extensions are treated. The review then 

continues with Monod-type equations and ends with a complex dynamic, compartmental 

model.  

Confronted with different models of horizontal SSF constructed treatment 

wetlands and the numerous different parameter values, the obvious question is: which 

ones should be used and which one is the most reliable? The case study clearly 

demonstrated that the predicted required surface areas are highly variable and that this 

variability does not only exist among the different models, but also due to parameter 

uncertainty within the same model category. At present, the state-of-the-art k- C* model 

seems to be the best available design tool if the designer ensures that all the 

assumptions are fulfilled and if s/he is aware of the pitfalls in the model. The pitfalls 

include the following (Rousseau, 2004):   

 A large variability can be observed in reported parameter values used in 

the model.  The so-called rate ‗constants‘ do not seem to be constant at all but dependent 

on the influent concentrations, the hydraulic loading rate and the water depth. 

 Equations are based on the assumptions of plug-flow and steady-state 

conditions. Large variations in influent concentrations cause non steady state conditions. 

Short-circuiting and dead zones are common phenomena in constructed treatment 

wetlands causing non-ideal plug-flow conditions (Rousseau, 2004). However, on a more 

positive note, the compartmentalization of the wetland appears to hold promise for 

driving the actual performance toward situations that are more efficient and describable 

by PFR models with minimal parametric variability. That compartmentalization can be 

accomplished by collecting (and therefore blending) the water from one cell and then 

redistributing it into the next (Kadlec R. , 2000). 

 This model does not take precipitation, time-dependent retardation and 

evapo-transpiration effects on wetland performance into account. Also, in this model 

removal rates continue to increase with increasing loading rates, this may not actually be 

the case. 
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Because, despite the pitfalls, the k-C* model is still the most appropriate tool, this 

one is applied, keeping in mind that the result is a rough estimation of wetland size. 

The goal of calculations with the k-C* model is to obtain a rough idea of the size of 

the wetland required and whether all the water quality goals can be met. Each regulated 

parameter gives rise to a wetland area necessary for the reduction of that pollutant to 

the required level. The design wetland area is the largest of the required areas for each 

individual pollutant.  For a particular pollutant, the required wetland area may be 

calculated by:   

                        

Where 

Q Design flow rate m3/d 

Ci Influent concentration mg/L 

Ce Target effluent concentration mg/L 

C* Wetland background limit mg/L 

k Areal rate constant m/yr 

A Required wetland area for parameter Ha 

Of special interest here are the Areal rate constant k and the Wetland background 

limit C*. These parameters indicate the rate of removal of a pollutant and the least 

amount of removal possible by wetland treatment, respectively. They are dependent on 

many factors and differ for every pollutant. Because they lump a large number of 

characteristics representing the complex web of interactions in a constructed treatment 

wetland as well as external influences such as weather conditions, a large variability is 

observed in reported values in publications. Neither fitted rate constants (k) nor fitted 

background concentrations (C*) are invariant with respect to hydraulic loading and inlet 

concentration (Kadlec R. , 2000). If possible, parameter values should be used from 

constructed treatment wetlands that operate under similar conditions as the one to be 

constructed: climatic conditions, wastewater composition, bed material and macrophyte 

species (Rousseau, 2004). 
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Some model enhancements have been proposed. For example, the influence of 

temperature on rate constant is commonly modelled via an Arrhenius equation: 

 

Where; 

 

Removal of BOD, TSS and TP in treatment wetlands is generally found to be 

independent of temperature (θ=1.00) whereas nitrogen removal is negatively influenced 

by lower temperatures (θ=1.05). A very limited number of studies report on rate 

constants and background limits of subsurface treatment wetlands in tropical conditions, 

providing evidence of a need for additional research.  

 

The wetland will be sized to treat the critical parameters as defined in earlier sections. 

Each parameter has different k and C* values which are summarized below. 

 

kT First order rate constant at temperature T m/year 

k20 First order rate constant at temperature 20 °C m/year 

θ Temperature constant Unit-less 

T Temperature °C 

Parameter Background limit C* Areal rate constant k 

TDS Wetland has no effect 

TSS 7.8 + 0.063 * Ci 3000 

BOD 3.5 + 0.053 * Ci 180 

COD No standard available 

Chromium 0 Unknown 

Lead 0 Unknown 

Orthophosphate 0.02 12 

E. coli bacteria 10 95 
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With the known values the size of the wetland can be calculated. All the assumptions and 

calculations are displayed in the following calculation sheet.  The removal of chromium 

and lead is not considered in the calculations because the values are not known. Post-

construction monitoring results should illustrate the removal efficiency for these 

parameters.  

According to the k-C* model the wetland at the size of 0.5 hectare can treat about 

100 m3 per day up to the WHO standard for irrigation . Removal requirements for 

phosphorus dictate the required size of the wetland. The wetland would require a 

sedimentation pond with an area of 16 m2. 

It is concluded that the project site is big enough and suited for a constructed 

wetland. The calculation result is based on only four pollution parameters so the 

representativeness is somewhat limited and should therefore be used only for estimating 

the size and possible design of the wetland. 

a. Design of the constructed wetland 

The wetland could have a layout such as in figure 11 below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10:  

Schematic design 
of a treatment 
plant 
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This is an example of a wetland design and only for illustrative purposes. Two 

sedimentation ponds have been incorporated into the design so that one can remain in 

operation while the other is being excavated. In this preliminary design, the wetland has 6 

cells, a water inlet with a pump and a storage tank.

Overall design       

 Land available for whole system A, tot ha 0.5    

 Percentage of land used for 

walkways, berms  and dikes 

% - 15    

 Available land for cell 

construction 

A,av ha 0.434783    

 Design water flow Q m3/d 100    

 Depth of cells h m  1,5    

Sedimentation pond       

 Settling time (4 to 8 hours) t,s hours 6    

 Required area sedimentation 

pond 

A ha 0.001667    

Plant section       

 Pollutant parameter   TSS BOD TP FC 

 Influent concentration Ci mg/L 60 2500 7.5 1,800 

 Target effluent concentration Ce mg/L 40 500 2 100 

 Wetland background limit C* mg/L 11.58 136 0.02 10 

 Reduction fraction to target Fe  0.333333 0.8 0.7333333 0.944444 

 Reduction fraction to background Fb  0.807 0.9456 0.9973333 0.994444 

 Areal rate constant k m/y 1,000 180 12 95 

 Required area for individual 

parameters 

A ha 0.001945 0.037939 0.4042789 0.114885 

 Required area plant section A ha 0.404279    

 Effluent concentration C0 mg/L 11.58 136 2 10.0482 

 Total required area A ha 0.405946    
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Landform consideration of topographical suitability includes shape, size, and orientation 

to the prevailing winds (US Environmental Protection Agency, 1995). While a constructed 

wetland can be built almost anywhere, selecting a site with gradual slopes that can be 

easily altered to collect and hold water simplifies design and construction and minimizes 

costs. While performing preliminary site screening for constructed wetlands, project 

initiators should select sites with relatively level ground (generally less than six percent 

slope) that is not in a conflicting land use.  

Piping and plumbing can be a significant part of project cost.  The site should be 

close to the wastewater source it will be constructed to treat. Also, because gravity flow 

can save significant capital and operation and maintenance costs, site suitability is 

enhanced by the presence of a natural, downhill grade between the source of the 

wastewater and the constructed wetland (Kadlec & Knight, 1996).  

The Ngong River drops about 520 metres in a horizontal distance of about 42.3 

kilometres. This gives an average river slope of 1.2 per cent. Nonetheless, the slopes are 

not uniform along the stretch as some sections are characterized by a nearly flat grade 

and others fairly steep grades up to 2 per cent. The ground slope enhances the creation 

of turbulent mixing conditions in the river, facilitating oxygen transfer from the 

atmosphere to the river.  

On a more detailed level, the project site lies between the Outer Ring Road Bridge 

and Kangundo Road Bridge. Their altitudes are 1,550 and 1,530 meters above sea level 

respectively and the two locations are 7.6 kilometres away from each other (UNEP/UoN, 

2003). The slope of the project site is thus, on average over the location, about 2.5%, 

which makes it suitable as relatively level ground. 

The river is a bit lower than the lava rock on which the bottom lining of the wetland 

cells would lie.. When the water is indeed lower than the lava rock, a pump or a trench 

designed to carry water from upstream of the site will be needed to supply the cells with 
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water. Reliance on advanced technologies such as pumps is inadvisable for projects 

located in developing countries. The history of efforts to spur development is littered with 

examples of projects that have failed because the local community was unable to maintain 

the technology. Often, the equipment is either stolen or breaks down and neither the 

knowledge nor spare parts to repair it are available. A trench has the benefits of not 

needing any external power source and not involving vulnerable technology.  It would, 

however, add to the labour costs of excavation. 

The selected site is unused, so there is no potential for conflicting land uses. An 

advantage of the site is that it is immediately adjacent to the Ngong River, the source of 

wastewater targeted for treatment by the proposed wetland. The proximity implies, 

however, that there is also a substantial risk of heavy flooding, which, if prolonged over a 

period of more than a week or two, could result in the die-off of vegetation within the 

wetland and set the project back several years while the wetland ecosystem recovers. 

Therefore, it is extremely important that the berks separating the wetland cells from the 

main channel of the river be of adequate size and strength to prevent frequent floods (up 

to the 100-year flood) from inundating the wetland. Information on the frequency and 

volumes of the floods unavailable at this time and must be assessed before a final design 

can be produced. 

The site is topographically suitable in terms of its size as can be concluded from 

the calculations with the k-C* model and with respect to its relatively flat slope. Additional 

information on the hydrology of the Ngong River at the selected site is critical to 

producing a design for the project. 
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At 1,795 metres (5,889 feet) above sea level, Nairobi enjoys a moderate climate. Under 

the Koppen climate classification, Nairobi has a subtropical highland climate. The altitude 

can cause the temperature to drop to 10 °C in the evenings of the June-July season. The 

sunniest and warmest part of the year is from December to March, when temperatures 

average in the mid-twenties during the day. The mean maximum temperature for this 

period is 24 °C.  

There are two rainy seasons each year. The cloudiest part of the year is just after 

the first rainy season, when, until September, conditions are usually overcast with drizzle. 

As Nairobi is situated close to the equator, the differences between the seasons are 

minimal. Therefore, the seasons are referred to as the wet and dry seasons.  This is 

illustrated in the bar chart below. 

More detailed weather information on the Ngong River Basin is available from local 

weather stations. The Ngong River basin falls under a wet climatic zone with a mean 

annual rainfall ranging from 1,000 mm to 1,200 mm. Long rains come in mid-March to 

mid-May, and short rains during November and December. The basin has daily maximum 

temperatures ranging from 21.4°C during the month of August to 25.6°C in March. 

 

Figure 
11: 

Nairobi 
weather 

bar 
chart 

 

Source:  

BBC 

Weather [b]. 
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Minimum daily temperatures range from 11.6 °C to 15.0 °C according to records at the 

Dagoretti Meteorological Station. Relative humidity ranges from a daily maximum of 88% 

in the month of May to a daily minimum of 36% in the month of April. Daily evaporation 

rates range from a minimum of 89 mm in the month of July to a maximum of 191 mm in 

the month of March. 

The efficacy of a wetland for improving water quality depends strongly on the plants 

that are growing in it. It is vital for the cleaning process to have healthy vegetation growing 

in the basin to remove contamination effectively. The speed of vegetation growth is 

influenced by weather conditions and it is therefore essential to take these into 

consideration. 

 
` Table 3: Average Weather conditions of Nairobi, Kenya 

Most developing countries have warm tropical and subtropical climates that are 

conducive to high levels of biological activity and productivity, hence consistently high 

rates of performance of wetland systems. Also, tropical and subtropical regions are 

known to sustain a rich diversity of biota that may be used in wetlands (Nzengy'a & 

Wishitemi, 2001). Another advantage of a hot climate is the continuous growing season, 
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which means that the wetland biomass can be harvested. For example, the annual 

production of papyrus in tropical conditions can be in excess of 100 tonnes per hectare 

per year. 

Constructed wetlands are not widely used in developing, tropical countries. 

However, this is the very environment in which such systems should perform best. 

Despite current usage patterns, it is tropical and subtropical climates which hold the 

greatest potential for the use of wetlands.  Both icing and thaw pose problems for 

wetland performance in cold climates. 

The year-round warm weather typical of tropical climates has been shown to 

significantly enhance constructed wetland performance relative to more temperate 

regions (Katsenovich, 2009). 

Over the past decade several wetlands have been constructed in and around 

Nairobi. These treatment systems have demonstrated climate suitability. For example, the 

Carnivore wetland, constructed south of the capital, has revealed successful 

performance of the wetland in treating wastewater. For all the parameters examined, the 

effluent at the final discharge point met admissible standards set by the World Health 

Organization and the European Community for discharge into surface waters.  

Consequently, the water from the Carnivore wetland could safely be re-used for 

purposes such as irrigation, wetland creation and restoration and release into the Athi 

River. Productivity of the wetland is continuous throughout the year and hence it supports 

a wide range of invertebrates and bird species. Generally, constructed wetlands have 

been found to provide a viable alternative to conventional wastewater treatment systems 

in Africa (Nzengy'a & Wishitemi, 2001). 

Another wetland at Jomo Kenyatta University of Agriculture and Technology (JKUAT), 

situated just outside Nairobi, is currently the subject of a PhD study by a UNESCO-IHE 

student. Although no official publication has been produced yet, the system seems to have 

good efficacy and removal rates in the subtropical climate.  
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Figure 12: 

 

Constructed 

wetland at 
JKUAT 

 

Somewhat further from Nairobi but with similar climatic conditions lies Dar es 

Salaam, Tanzania. A treatment wetland was constructed at the city‘s university. Mashauri 

(2000) evaluated treatment effectiveness, which indicated high mean removal 

efficiencies. Thus, he concluded, if properly designed, operated and maintained, wetlands 

can provide an efficient and economical means of upgrading the quality of secondary 

treated wastewater to an acceptable level in Tanzania.  

Considering the positive influence of tropical climates on vegetation growth rates 

and taking existing case studies into account, a constructed wetland in Nairobi seems to 

be a feasible option from the perspective of climate. 

 

Typically, wetlands support a variety of vegetation types including those that are 

emergent, floating leaves attached, free floating and submerged (Greenway in: Jenkins, 

2004). It should be noted that basic principles related to design, application, operation 

and maintenance have been established for constructed wetlands and comprehensive 

guidelines and recommendations are available for the temperate and subtropical climates 

found in the Northern Hemisphere.  
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However, these established guidelines may not be directly transferable to tropical 

environments (Nzengy'a & Wishitemi, 2001). For instance, aquatic plants optimal for use in 

European and North American constructed wetlands may not be well suited to tropical 

systems. Furthermore, there is little generalization to be made that could help guide 

specific species selection for SSF wetlands. For example, the same pair of species that 

was tested in different studies occasionally gave opposite results in terms of which one 

performs best (Brisson, 2008). 

Gopal (1999) identified the following limitations to widespread adoption of 

constructed wetland technology for wastewater treatment in developing countries: large 

land requirements; lack of knowledge of tropical wetland ecology and native wetland 

species;  prevalence of mixed domestic/industrial wastewaters and limited knowledge of 

and experience with constructed wetland design and management. Clearly, developing 

countries interested in implementing this technology must identify specific research 

needs and develop appropriate strategies based on local parameters.  

A clear understanding of the biological, hydraulic and chemical processes involved 

is essential (Woods and Hensman, 1989; Denny, 1997). For instance, information is limited 

concerning tropical plant species suitable for sustainable development of constructed 

wetlands. Further investigations are needed to identify and characterize tropical plant 

candidates in terms of their tolerance to high nutrient levels and suitability in regional 

climatic conditions and wastewater types. Most constructed wetlands use soft-stemmed 

plants because these require the shortest amount of time for full development and 

operational performance (Hammer, 1989) 

Most importantly, careful economic analysis must be conducted to determine 

whether constructed wetland treatment technology that is cost-effective, 

environmentally sensitive, and technically reliable for a given project location can be 

feasibly developed (Kadlec and Knight, 1996; Batchelor and Loots, 1997; Gopal, 1999). 

The presence of legally protected threatened or endangered plant species on the 

construction site can compromise project feasibility when a proposed project poses the 

potential for harm to these species. In the biodiversity study done on the site, 42 different 
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Figure 13: 

Cyperus 

papyrus 

 

plant species were identified. Most of these plants are small shrubs and weeds. None of 

these plants were on the list formed by the International Union for the Conservation of 

Nature and Natural Resources (IUCN), the world‘s most comprehensive list of endangered 

species. The IUCN list of endangered and threatened species is widely considered to be 

the most objective and authoritative system for classifying species in terms of the risk of 

extinction (BirdLife International, 2007). The current plant life does not pose a threat to 

the construction of a wetland. With this in mind, the suitability of the local flora is 

estimated. 

 

In order to reduce costs and effort, it is convenient to use plants that are already 

present along the river. Papyrus swamps (Cyperus papyrus L.) characterize most wetland 

areas of Eastern and central tropical Africa (Bemigisha, 2004)Bemigisha, 2004 

Bemigisha, J., 2004. Remote sensing and GIS 

based evaluation of 

management options for the 

restoration of a papyrus  

swamp at lake Naivasha, 

Kenya. In: Pro. The 5th 

AARSE conference: 

Geoinformation sciences in 

support of Africa‘s  

development, Nairobi, 18–21 

October 2004, pp. 4.. This 

plant also has economic 

value as it can be turned 

into paper, construction material and baskets. Papyrus can grow within pH ranges 2.8–

8.5 and in eutrophic and almost anoxic habitats (Kaggwa, 1999).   

Researchers (Denny, 1995) further reported that papyrus root structures provide 

microbial attachment sites; sufficient wastewater residence time; trapping and 

settlement of suspended particles; surface area for pollutant adsorption, uptake, 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VF4-4WFPPG1-1&_user=7351312&_coverDate=11%2F30%2F2009&_alid=1216721882&_rdoc=1&_fmt=high&_orig=search&_cdi=6000&_sort=r&_docanchor=&view=c&_ct=170&_acct=C000024500&_version=1&_urlVersion=0&_userid=7351312&md5=41fab34a753b12f333e8546f950249ab#bb7
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assimilation in plant tissues and oxygen for organic and inorganic matter oxidation in the 

rhizosphere, accounting for its high treatment efficiency (Kyambadde, 2003).  

As stated above there is not enough research done to conclude the efficacy of 

papyrus in this specific wetland project with these specific influent properties. The issue 

of whether papyrus can survive in water with the pollution levels of this project has not 

been investigated. However, lowering influent volume and transforming a papyrus-

vegetated wetland cell into an un vegetated treatment pond are effective measures that 

can be taken once the wetland is built to adjust the system to the needs of the plant, 

which makes it reasonably feasible to use papyrus.  

 

Treatment systems with water hyacinth are sufficiently developed to be 

successfully applied in the tropics and sub-tropics (Vymazal, 1998). Several studies have 

documented that hyacinths are good metal-accumulating plants (Jayaweera, 2006). 

Water hyacinth is not indigenous to Kenya but it is found locally in the water of Ngong 

River in the reservoir behind the Nairobi Dam, where the plant flourishes. The weed is 

seen as a pest because it is spreading fast, choking biota and creating good breeding 

conditions for mosquito vectors of malaria, encephalitis and filariasis due to low oxygen 

conditions beneath the mats of vegetation (Kivaisi, 2000). It is capable of absorbing a 

wide range of pollutants, including Cd, Cr, Cu, Ni, As, Pb, Cu, Zn, basic dyes, and the 

organic pollutants methylene blue, Congo red, p-nitrophenol and phenol (Malik, 2005).  

In India, water hyacinth-based wastewater treatment plants are performing well 

with regards to reduction in BOD, COD and total nitrogen reduction despite poor designing 

and vegetation management (Trivedy and Thomas, 2004). It is difficult to determine 

whether water hyacinth will be able to flourish at the site of the proposed wetland, which 

is downstream of the Nairobi Dam and the industrial area,, because the water picks up oil 

and grease and in some cases toxic industrial substances as it passes through the 

industrial area, causing the BOD and COD counts to vary greatly (Ndede, 2002). The 

writer of the same report also suggests water hyacinth purification ponds as a partial 

solution to the water pollution degrading the Ngong River. 
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Figure 14:  

Direction and 
distance of the 
project site to 
Jomo Kenyatta 
International 
Airport 

 

Like plant species, the presence of threatened or endangered species of fauna at the 

intended construction site could impede the wetland construction by increasing the 

difficulty of obtaining government approval for construction.  In the same biodiversity 

study referred to earlier, 73 different animal species were observed in the area.  Many of 

them are insects and birds; only a few reptiles and mammals were found. Just like the 

plant species, the animals were checked for appearance on the IUCN list. None of the 

species was listed as endangered making endangered animals no threat to the feasibility 

of the proposed project. 

 

Birds can form an obstacle for wetland construction when they have the potential to 

disturb airplane traffic. This has been the case in the proposed constructed wetland of 

the Kenya Wildlife Service because it was located in thelanding path of Nairobi Wilson 

Airport (UNEP, 2010).  

The Savannah project site lies at a distance of 3.5 kilometers perpendicular to the 

airstrip of Jomo Kenyatta International Airport and does not block the landing paths in 

any way. 
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Figure 15:  

Papyrus 
yellow 
Warbler 

source:  

Birdlife.org 

 

 

An undesirable side effect of constructed wetlands is that all wetlands attract 

mosquitoes. Open, stagnant water creates excellent mosquito breeding habitat, and 

stagnant, high nutrient water is ideal for larval development Mosquitoes deteriorate the 

external environment by creating a biting nuisance that precludes or inhibits outdoor 

activities and the internal environment by the transmission of pathogens that may 

produce disease (Knight, 2003). Because mosquitoes can carry malaria, dengue fever, 

yellow fever, and encephalitis, they are a threat to public health in the tropics (WHO, 

2005).  

The best approach to avoiding mosquito problems in constructed wetlands is to create 

conditions in the wetland that are not attractive to mosquitoes or are not conducive to 

larval development. As described earlier, SSF wetlands largely eliminate the potential for 

mosquito production (Knight, 2003). For SF wetlands and settling ponds, mosquito control 

methods include shading the water surface (females avoid shaded water for egg laying) 

and dispersing floating mats of floating plants. Literature on floating plants is ambiguous 

because water hyacinths also have a negative effect as they form a habitat for mosquito 

larvae and reduce the effectiveness of preying fish as the vegetation blocks access to 

their prey (Kivaisi, 2000). 

Providing habitat for mosquito-

preying birds like the endangered 

Papyrus yellow warbler could 

minimize mosquito populations. The 

biodiversity study demonstrated the 

current presence of birds like the 

African paradise flycatcher and the 

Dusky crested fly catcher that prey 

on flying insects. These birds are 

natural weapons against 

mosquitoes. Besides birds, dragonfly larvae or fish can be introduced to prey on mosquito 

larvae living in the wetland cells. 
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The mosquito fish (Gambusia affinis) is the most widely distributed larvivorous fish used 

for mosquito control (Meisch, 1985), having been used worldwide for more than 80 years. 

The use of mosquito fish has become controversial because it has been suggested that 

Gambusia affects the biodiversity and abundance of local fauna (Gamradt and Kats, 1996; 

Rupp, 1996). 

The mosquito fish is tolerant of a wide range of environmental conditions (Meisch, 1985), 

but is unable to survive in the COD concentrations of the influent water (Coykendall, 1980) 

(Meisch, 1985). The fish might be suitable to introduce to control mosquito population in 

succeeding cells but that depends on the water quality within these cells.  

Due to the current level of pollution it is highly unlikely that fish inhabit the Ngong River. 

No fish were observed in the biodiversity study. Therefore, it is unlikely that wild fish 

would enter the wetland cells and use them as their habitats, which might lower the 

treatment efficiency of the wetland. 

 

Informal conversations with farmers at the project site revealed that dangerous snakes 

are carried onto the river banks by floodwaters. According to the farmers, these include 

large cobras capable of eating a dog. This information has not been confirmed but should 

be taken into account as papyrus wetlands are known to provide habitat for the African 

python (Python sebae) (Owino, 2007). 

In conclusion, the fauna will not pose a threat to the construction of the wetland. Species 

can be introduced to improve efficiency of the wetland and reduce nuisances such as 

mosquitoes. The construction of a wetland at the site is feasible in terms of flora and 

fauna. 
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Although wetlands should be designed and constructed to require infrequent operational 

control, maintenance is inevitable in order for the system to keep functioning efficiently. 

Maintenance should address important factors that influence treatment performance (US 

Environmental Protection Agency, 1995): 

 Provision of ample opportunity for contact of the water with the microbial                   

community and with the litter and sediment, 

 Assurance that water flows reach all parts of the wetland, 

 Maintenance of a healthy environment for microbes, and 

 Maintenance of a vigorous growth of vegetation. 

Constructed wetlands are ‗natural‘ systems. As a result, operation is mostly 

passive and requires little operator intervention (US Environmental Protection Agency, 

2000). The only day-to-day activities required to achieve and maintain successful 

performance in treatment wetlands are monitoring and adjustment of flows, water levels, 

water quality and biological parameters. Other operations and maintenance activities in 

treatment wetlands, such as repair of pumps, berms, and control structures; vegetation 

management and removal of accumulated mineral solids must be attended to at much 

less frequent intervals.  

From this point onwards, maintenance activities will be divided into monitoring and 
intervention maintenance. 

 

Monitoring is the most important factor in successful operation of treatment wetlands. 

Information on chemical, physical, biological and hydrological characteristics of the 

wetland must be collected accurately and consistently and frequently reviewed by a 

knowledgeable operator to anticipate the need for operational changes. Typical minimum 

monitoring requirements for successful operation of a wetland treatment system are to 

be found in table 3.3. However, if water quality characteristics are highly variable for any 

of the inflow or outflow locations, sampling should be done more frequently than monthly 

or quarterly (Kadlec & Knight, 1996). Also, the amount of maintenance required for a 

constructed wetland is highly dependent on the requirements of local regulatory  
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agencies, particular health and vector control agencies (CASQA, 2003). Measurement 

methods of parameters mentioned can be found in Table 6. 

 

Recommended parameter Recommended sample location Minimum sample 

frequency 

Inflow and outflow water quality 

 Temperature, dissolved oxygen, pH, 

conductivity 

Inflow(s) and outflow(s) Weekly 

BOD5, TSS, Cl-, SO4
2-, COD Inflow(s) and outflow(s) Monthly 

Permit parameters as required 

 NO2+NO3-N, NH4-N, total Kjeldahl 

nitrogen (TKN), total phosphorus (TP) 

Inflow(s) and outflow(s) Monthly 

Metals, organics, toxicity Inflow(s) and outflow(s) Quarterly 

Flow Inflow(s) and outflow(s) Daily 

Rainfall Adjacent to wetland Daily 

Water level Within wetland Daily 

Plant cover for dominant species Near inflow, near wetland center, 

near outflow 

Annually 

Table 4: Minimum monitoring requirements for a municipal wetland 
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Table 5: Parameters and way of measuring 

 

 

 

Recommended parameter Measurement method 

Temperature Thermometer 

Dissolved oxygen Chemical analysis, DO-meter 

pH pH-meter, litmus paper 

Conductivity Conductivity-meter 

BOD5, COD, TSS, Cl-, SO4
2-, TKN,  TP, metals, organics Chemical analysis 

Toxicity Toxicity-meter 

Flow     Flow meters 

Rainfall Rain gauge 

Water level Gauges in wetland 

Plant cover Observation of vegetation 
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Monitoring takes place without actually intervening in the wetland. However, it may be 

necessary to intervene to ensure efficiency. The most critical items in which operator 

intervention is necessary are: 

 adjustment of water levels, 

 maintenance of flow uniformity at inlet and outlet structures, 

 management of vegetation, 

 control of nuisance pests and insects, and 

 maintenance of berms and dikes. 

 

Water level and flow control are usually the only operational variables that have a 

significant impact on a well designed constructed wetland‘s performance. Changes in 

water levels affect the hydraulic residence time, atmospheric oxygen diffusion into the 

water phase, and plant cover. Significant changes in water levels should be investigated 

immediately, as they may be due to leaks, clogged outlets, breached berms, storm water 

drainage, or other causes (US Environmental Protection Agency, 2000). As an overall 

guideline, the water should be kept at a constant level for constant performance. 

In normal wetland operation, depending on climatic conditions, water levels can be varied 

on a seasonal basis to prevent freezing in the winter and low sediment oxygen in the 

summer. However, this is not applicable in this case because there are no significant 

variations in temperature throughout the year (see chapter 3.4.1 on Nairobi‘s climate). 

Attention should be paid, however, to the strong variation in rainfall due to the alternating 

wet and dry seasons.  

 

Maintaining uniform flow across the wetland through inlet and outlet adjustments is 

extremely important to achieving the expected treatment performance. The inlet and 
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outlet manifolds should be inspected routinely and regularly adjusted and cleaned of 

debris that may clog the inlets and outlets. Debris removal and removal of bacterial 

slimes from weir and screen surfaces is necessary. Submerged inlet and outlet manifolds 

should be flushed periodically. Additional cleaning with a high-pressure water spray or by 

mechanical means also may become necessary. Influent suspended solids will accumulate 

near the inlets to the wetland. These accumulations can decrease hydraulic detention 

times. Over time, accumulation of these solids will require removal.  

 

 

The primary objective in vegetation management is to maintain the desired plant 

communities where they are intended to be located within the wetland. This is achieved 

through consistent pre-treatment process operations; small, infrequent changes in the 

water levels and harvesting plants when and where necessary. Where plant cover is 

deficient, management activities to improve cover may include water level adjustment, 

reduced loadings, pesticide application, and replanting (US Environmental Protection 

Agency, 2000).  

 

Harvesting and litter removal may be necessary depending on the design of the system. 

Plant removal from some surface flow wetlands may be required to meet the treatment 

goals, but a well-operated subsurface flow-system should not require routine harvesting. 

Routine harvesting of vegetation may increase nutrient removal and prevent the export of 

these constituents from dead and dying plants falling in the water. A previous study 

documented dramatic reductions in nutrient removal after the first several years of 

operation and related it to the vegetation achieving a maximum density (CASQA, 2003). 

 

Potential nuisances and vectors that may occur in wetlands include burrowing animals, 

dangerous reptiles, mosquitoes and odours. An infestation of burrowing animals such as 

rodents can seriously damage vegetation in a wetland system. The most common 
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nuicances are snakes, particularly the water moccasin and the African Python. It is 

difficult to control these animals directly. Warning signs, fencing, raised boardwalks and 

mowed hiking trails can be used to minimize human contact with the animals. Operators 

should be made aware of the dangers and preventive actions that can be taken to avoid 

dangerous situations.  

Mosquito control is a critical issue in surface flow wetlands. In warm climates, wetlands 

have been seeded with mosquito fish (Gambusia spp.) and dragonfly larvae to control 

mosquitoes. However, mosquito fish have difficulty reaching all parts of the wetland when 

the accumulation of litter is too dense, particularly if cattails are grown. This litter has to 

be removed by a maintenance crew. Other natural control methods have included 

erecting bat and bird houses. Desirable birds include purple martins and swallows.  

 

Berms and dikes require mowing, erosion control and prevention of animal burrows and 

tree growth. When the wetland is operated at a shallow depth, periodic removal of tree 

seedlings from the wetland bed may be necessary. If the trees are allowed to reach 

maturity, they may shade out the emergent vegetation and with it the necessary 

conditions to enhance flocculation, sedimentation and denitrification (US Environmental 

Protection Agency, 2000).   

Parties to the project are advised to establish a management committee to oversee the 

management, operation and maintenance of the wetland and park. Members of the 

management committee should include representatives of KWENCH, CES and the 

community of Savannah. 

There are two parties willing to work on the maintenance of the wetland. First, the 

community surrounding the project site has indicated their willingness to help maintain 

the wetland. Because they are not educated in scientific fields such as chemistry, biology 
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and hydrology, they are not qualified tor do the maintenance monitoring, with the 

exception of ensuring that the physical structures, such as the inlets, outlets and berms, 

remain intact. After receiving adequate training, they will be prepared to take 

responsibility for all aspects of intervention maintenance. 

Second, the universities around Nairobi possess the knowledge and equipment necessary 

for performing the maintenance monitoring. Universities could therefore adopt the 

wetland as a study site and have students take the measurements and analyze the 

results. Because the wetland project could become the subject of numerous Master‘s 

theses and PhD dissertations, the universities would have a motivation to continue 

involvement in the project over a long time period. 

However, the management committee will need to hire a wetland expert to oversee 

operations, assess data collected by the university students and act as a trouble shooter 

when problems arise. This expert will need to be kept on retainer, which will add to the 

costs of operating and maintaining the project. 

Currently the community does not have the required skills to carry out the intervention 

maintenance. An awareness and training program is needed to equip a limited number of 

selected people with the required knowledge and skills. The project initiators have 

identified KWENCH as the appropriate party to provide such a program. Selection for this 

training program would ideally be through an interview process conducted by the 

management committee and would result in part-time employment of the trainees at the 

project site. To ensure the continuing cooperation of the trainees, the financial benefits of 

the wetland will need to be in proportion to the amount of maintenance work required. The 

management committee will need to ensure that one or two individuals keep track of the 

numbers of hours worked and duties performed by the trainees to ensure that all 

employees of the project are carrying their fair share of the responsibilities for 

maintenance of the wetland.  

The universities have the required skills to perform the maintenance monitoring and can 

work with students to identify those whose academic goals mesh well with the objectives 

of the wetland project.  
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The management committee‘s supervisory role will be particularly important during the 

project‘s start-up phase when the various parties responsible for operation and 

maintenance of the project are settling into their respective roles. 

The project initiators anticipate that the trainees will continue to carry out their 

responsibilities as long as they are being paid. The proposed recreational park will be 

expected to offset the facility maintenance and management costs by collecting individual 

entry fees and group rental fees for occasions such as weddings and parties.  

Entrepreneurs can also earn income by selling food, drinks and possibly other items In 

addition, commodities produced in the wetland, fish and papyrus, for example, could be 

sold to generate additional income. The park will be the first community managed park in 

the city and the only recreation park in Eastlands; the most populated zone of the city.  

As for the universities and wetland expert, clear agreements will need to be made on the 

frequency and quality of their maintenance work. In addition, a contract with the wetland 

expert specifying his responsibilities and the frequency and amount of payment he will 

receive will be needed. Again, KWENCH would be responsible for ensuring continuity as the 

specific individuals carrying out maintenance responsibilities are likely to change over 

time, particularly the students.  

In conclusion, the wetland can be maintained and supervised because there are parties 

able and willing to do so.  In order to fully realize the efficacious operation and 

management of the wetland and recreational park, the management committee will need 

to draw up a detailed management plan. Time, energy and funding will be required to 

develop awareness of the benefits of the project for the environment and human health 

within the community and with important, potential allies such as the Nairobi City Council 

(NCC) and the National Environmental Management Agency (NEMA) as well as to market 

the wetland and recreational park to potential users. In short, with the proposed 

recreation park as an income-generating enterprise, the wetland can be maintained and 

supervised.  
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The relevant aspects of technical feasibility of building a wetland for treating Ngong River 

have been assessed in the previous sections. Soil, water, topography, environment and 

maintenance considerations have been subjects of the authors‘ research. On the basis of 

this research and its outcomes it is concluded that it is technically feasible to treat a 

portion of the water of the Ngong River to WHO standards for irrigation by means of a 

constructed wetland. The quantity of improved water produced will be estimated following 

primary research into the water quality and hydrology of the river at the selected site. 

The general conclusion of the authors is that the project is technically feasible. 
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 Is building a wetland to clean part of the water of the Ngong River to WHO standards 

for irrigation socially feasible? 

The involvement of the community in the project is critical to the project‘s success. 

People who are currently earning a living by irrigating crops with polluted Ngong River 

water and consuming and marketing their crops need to understand the implications of 

doing so for their own health and that of their customers. They need to also understand 

that a viable alternative for supporting their livelihoods exists. 
 

To inform the community of the hazards 

of consuming highly contaminated crops, 

samples from the project location have 

been taken and analysed for various 

pollutants. The three most common 

vegetables grown on the banks of the 

river are amaranthus, spinach and 

arrowroot. They were subjected to a 

chemical analysis on the uptake of 

certain heavy metals and coliforms.  

 

Some coliforms are faecal bacteria and 

are researched because they are an 

indicator of pollution from human 

excreta. When compared to international 

health standards, the levels of pollutants 

found in these crops are very high. This 

means consumers of the vegetables are 

exposed to the pollution through their 

food, increasing the risks to their health.

  

 

Pollutant Amaranthus Spinach Arrow root Standard Source 

Cadmium mg/kg 250 219 490 0.2 (FAO/WHO, 1995) 

Chromium mg/kg 336 415 421 Not found  

Lead mg/kg 245 286 467 0.3 (FAO/WHO, 1995) 

Manganese mg/kg 135 304 264 Not found  

Mercury mg/kg 199 197 380 0.05 (UK) 

Arsenic mg/kg Not Detected Not 
Detected 

Not 
Detected 
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The project initiators first introduced the 

target, beneficiary community to the 

project in a community meeting arranged 

by the area sub-chief, during which they 

informed the opinion leaders from 

different parts of Savannah location of 

the project and the proposed wetland 

technology. After the meeting, the 

attendees went on a field trip to show the 

project initiators two possible locations 

for the wetland. This field trip provided 

an opportunity for the project initiators 

to speak with the elders in an informal 

atmosphere and gain a sense of the likely 

degree of social support the project 

would receive.  

The project researchers surveyed the 

community to gauge the opinions of 

individuals living and working on and near 

the proposed project site. Questionnaires 

were presented to random subjects and, 

where necessary, translated into 

Kiswahili. Later, a meeting was organized 

with the local farming association, whose 

members cultivate crops on the banks of 

Ngong River.  

The community meeting with the opinion 

leaders made it clear they saw the 

pollution of the river as a problem. They 

believe that the river worsens their 

health generally and identified certain 

diseases for which they believed the 

pollution of the river was responsible. 

Although not all diseases that were 

mentioned are directly related to the 

river, for example malaria, diseases such 

as typhoid can be related to the use of 

river water for irrigation. During the field 

trip, the elders also demonstrated 

knowledge of the health hazards 

associated with using wastewater for 

crop irrigation. The opinion leaders are 

aware of certain, short-term health 

impacts, such as diarrhoea and skin 

rashes. Longer term concerns, such as 

cancer, were not mentioned as a 

consequence of eating polluted food. 

Overall, the opinion leaders are generally 

aware of the problem; they are 

concerned about the health of their 

community and blame many health 

problems on use of the contaminated 

river water. 

The opinion leaders are eager to solve 

the problem, but do not have the 

knowledge or money required to do so. 

As they said during the community 

meeting; ―We were wondering who was 

going to help us clean the river.‖ They 

want to benefit from the water of this 
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river but are unable to come up with a 

solution to the problem of water pollution 

or an alternative source of water so they 

are forced to continue their risky 

activities. 

The wetland technology was introduced 

during the community meeting. The fact 

that they understood the intended 

purpose of the wetland was indisputably 

clear.  The opinion leaders were 

concerned about their responsibility in 

maintaining the wetland but were very 

willing to help given access to adequate 

training. They affirmed both in the group 

meeting and in individual conversations 

that they were ready to support the 

project concept. 

According to the opinion leaders, the land 

for the construction of the wetland is 

available. Even if parts of the proposed 

wetland site were under cultivation, the 

elders said that they would ensure that 

the land would be available for 

constructing the wetland once the 

necessary permissions had been 

obtained and sufficient funding for the 

project had been raised.  It was clear 

that they are motivated to improve the 

livelihood of their community and that 

they viewed the proposed project as a 

means of doing so. Based on their 

positive reception of the project 

concepts, the authors conclude that the 

opinion leaders support the project 

concept. 

   

Inhabitants of Savannah were individually 

interviewed by questionnaire (Appendix 

B). The interview captured the views of 

both English- and Swahili-speaking 

people, both genders, respondents of 

different ages (youngest 16 years and 

oldest 60 years) and people with 

different occupations. The questions 

were designed to ascertain community 

perceptions of the Ngong River and were 

guided by earlier observations and 

interactions with the opinion leaders.  

The interviewees saw the river as a 

dumpsite for community solid and liquid 

waste; hence they could not see any 

probable use of the ‗dark‘ river. One 

respondent (a kiosk dealer), wrote that 

―[the] Ngong river is under all  

circumstances useless to me because  it 

is there only to cause havocs to living 

things and it is unimaginably polluted and 

dirty.‖ The community felt that the river 

posed lots of health risks, especially to 

children. They cited common diseases 

affecting their community such as 
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malaria, typhoid, cholera, diarrhea and 

amoeba among children.  They attributed 

these diseases to the polluted Ngong 

River. Those who fetch the river water 

for irrigating vegetables complained of 

skin infections such as rashes. The river 

was said to produce a very intense odor 

during the night, which was feared to 

cause lung and throat infections. 

Summarizing the interviews, the 

community blames the polluted river for 

heath problems. 

4.2 Kenyan Government  

The most important government bodies 

whose approval would be needed for the 

construction of the proposed wetland 

and recreational park project are the 

Ministry of Environment and Natural 

Resources (MENR), Nairobi City Council 

(NCC) and the Ministry Of State For 

Provincial Administration and Internal 

Security (local government). The MENR is 

represented by its official agent, the 

National Environmental Management 

Authority (NEMA). In this section, wetland 

legislation is discussed first, followed by 

the positions of relevant government 

bodies.  

The government of Kenya recognizes the 

value of wetlands and has created 

numerous laws and regulations to 

conserve them (Daily Nation, 2010). The 

one most focused on wetlands is the 

Environmental Management and 

Regulation Act of 2009 promulgated by 

NEMA, which defines all river banks in 

Kenya as wetlands. Under this regulation, 

because the Savannah project site is on 

a river bank the proposed project will 

need to meet a set of requirements, the 

most important being: ―A developer 

intending to undertake a project which 

may have significant impact on a ... river 

bank(...shall carry out an Environmental 

Impact Assessment ....‖ Furthermore, 

―the developer ... shall carry out an 

Environmental Audit ....‖ Under existing 

law, ―restoration or enhancement of [a] 

wetland‖ is permitted and permission is 

given to use the wetland for harvesting 

papyrus and fishing (NEMA, Special Issue 

51 Legal Notice no. 19, 2009). These 

regulations do not comprise a barrier to 

the realization of the project but the 

costs of complying with the 

requirements for environmental 

assessment and audit must be taken into 

account.  
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The riparian land, thirty meters from the 

furthest flooding mark of any river in 

Kenya, falls under the authority of the 

Ministry of Environmental and Natural 

Resources. As stated before, MENR 

governs its environmental 

responsibilities through the National 

Environment Management Authority 

(NEMA). NEMA has identified a number of 

'Key environmental issues' (NEMA, 

Nairobi Province Profile, 2010) for 

Nairobi, many of which the proposed 

wetland will help to address, such as 

pollution by domestic and chemical waste 

and the threat of water borne diseases. 

 

The Nairobi City Council (NCC) has the 

responsibility for improving the 

livelihoods of Nairobi residents. The 

entire Nairobi area is a water 

conservation area, therefore the NCC is 

responsible for ensuring that water 

within its jurisdiction is kept free from 

pollution and used sustainably. The NCC 

is required to provide the city‘s 

population with a clean and sanitary 

environment (Section 116 of the Public 

Health Act, Cap 242). Furthermore, the 

Water Act (Cap 372) and the Public 

Health Act (Cap 242) mandate that the 

NCC to provide technical assistance in 

the management of solid waste, 

wastewater and sewerage to 

communities within its jurisdiction.  

Besides water services, the NCC is also 

responsible for the wellbeing of the 

environment in the area. Regulations and 

standards for environmental quality have 

been enshrined in the Environmental 

Management and Co-ordination Act, 1999. 

According to this act, the special 

conservation status of the Nairobi area 

presents a strong case for  the natural 

watercourses to be preserved for 

biodiversity in general (Sections 50) and 

conservation of biodiversity in situ 

(Section 51), especially for endangered 

species. Section 11 of the Lakes and 

Rivers Act (Cap 409) also protects flora 

and fauna in lakes and rivers (Ndede, 

2002). 

 

The city of Nairobi is divided into wards, 

each represented in the City Council by a 

councilor.  The councilor is the bridge 

between the people living in the area and 

the city‘s political system.  In several 
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meetings, the councilor of Savannah 

ward showed his willingness to support 

the project.  

The NCC Environmental Committee 

acknowledges the health problems 

resulting from irrigating crops with 

polluted water and is trying to combat 

the practice with new policies and 

awareness programs.  Support from this 

committee and from the NCC 

Environment Department could help in 

enhancing project sustainability. 

Although the committee was positive, the 

project was too immature to be fully 

assessed.   

 

The Central government that has 

authority over the wetland project 

consists of the provincial administration 

as represented by the chief and sub-

chief. They demonstrated cooperation 

with the proposed project by helping in 

mobilizing the community for project 

meeting.  

It is premature to draw a conclusion 

about the likelihood of the relevant 

government bodies approving and 

supporting the construction and 

management of the proposed wetland 

and recreational park. More primary data 

is needed, particularly on the chemistry 

and hydrology of the river at the selected 

site, in order to design the project and to 

predict its likely social and economic 

impacts based on the quantity of water 

that the wetland will be able to clean up 

to WHO irrigation standards. Until the 

design is completed, the environmental 

impact of the project cannot be 

assessed. Furthermore, even if the 

project initiators can demonstrate that 

the wetland will have significant social, 

economic and environmental benefits, 

the political climate and relationships 

between the relevant agencies will have 

a strong effect on the degree to which 

the agencies support the project. 

Because the political climate and the 

managers within the agencies are 

certain to change over time, the degree 

of support that the project will receive 

from government bodies once the key 

steps of design, final feasibility 

assessment and environmental 

assessment have been completed is not 

possible to conjecture at this time. 
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 Is building a wetland to clean part of the water of the Ngong River to WHO 

standards for irrigation economically feasible? 

It has been estimated that at least 60 percent of Nairobi‘s residents live in very low-

income neighbourhoods, with poverty ranging between 60 to 78 percent in the various 

city suburbs. Therefore, any income-generating activities that the proposed wetland can 

provide would contribute to the socio-economic well-being of the Nairobi metropolitan 

area. However, to be economically feasible, the economic benefits of the wetland must 

exceed the economic costs, including opportunity costs, of constructing, operating and 

maintaining the wetland.  

Although the final design of the wetland has not yet been established, it is possible to 

roughly estimate the costs of design, construction, outfitting of the park and 

maintenance.  

The objective of the present report, which constitutes a desk study based almost entirely 

on secondary data, is to provide a preliminary assessment of project feasibility to serve 

as a basis for moving forward with the design, final feasibility study and Environmental 

Impact Assessment. Once further information on water quality and hydrology has been 

collected through analysis of primary data, the wetland will be designed. The design will 

form the basis of the full feasibility study and Environmental Impact Assessment. The 

cumulative costs will involve hiring the wetland designer, hiring a surveyor, taking and 

analysing about 12 water samples for heavy metals and other contaminants. 
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Government regulations require an Environmental Impact Assessment. NEMA is the 

institution with the authority to approve or disapprove these reports. The NEMA charges 

0.05% of the total project costs (with a minimum of Ksh 10,000) as a fee for this 

approval. In addition, the assessment must be conducted by an expert listed in NEMA‘s 

register.  

The unit prices (approximations) of labour and materials for construction are as follows: 

 

Product Approximate    Cost (Ksh) Units 

Gravel 2000 1 tonne 

Cement 800 1 bag 

Sand 2000 1 tonne 

Masonry stone 25 1 unit 

Excavation 350 1 cubic meter 

Mason  800 1 day 

Manual labour 300 1 day 

The cells and ponds will be excavated and then a wall will be constructed. Gravel will be 

placed in the cells only. Plants will be drawn from places around the site, at no cost. With 

these figures, the total amount for constructing the wetland is is about 30,000 Euros. 

However, it should be noted that these are estimates and not actual cost figures. 

 

 

Sedimentation 

ponds 

Size 

(M3) Cost (Kshs) Treatment cells 

Size 

(M3) 

Cost 

(Kshs) 

Excavation 

No. of 

sedimentation 

/storage ponds  3 

 

Number of cells 6 

 

 

Size of pond (3x6m) 18 

 

Chosen surface 

(19*36) 684 

 Depth 1.5 

 

Depth 1.5 

 Excavation size: 27 

 

Excavation size 1,026 

 Excavation cost: 

 

9,450 Excavation cost: 

 

359,100 
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Stones 

Surface needed for 

stones 27 

 

Surface needed for 

stones 165 

 

 

Surface of 1 stone 0.08 

 

Surface of 1 stone 0.08 

 Stones needed 337.5 

 

Stones needed 2,062.5 

 Cost of one stone 25 

    Cost per pond 

 

8,437.5 Cost per cell 

 

51,562.5 

Cement 

Bags of cement 

needed 2,025 

 

Bags of cement 

needed 12,375 

 

 

Cost per bag 

 

750 Cost per bag 750 

 Cost per pond 

 

1,518.75 Cost per cell 

 

9,281.25 

Sand 

Bags of sand 

needed 10,125 

 

Bags of sand needed 61,875 

 

 

Cost per bag 

 

50 Cost per bag 

 

50 

Costs for 1 pond 

 

506.25 Costs per cell 

 

3,093.75 

Masonry Mason cost per day 

 

800 Mason cost per day 800 

 

 

Number of masons 

per day 2 

 

Number of masons 

per day 4 

 Number of days per 

cell 5 

 

Number of days per 

cell 10 

 Cost per pond 

 

8,000 Costs 

 

32,000 

Gravel Not applicable 

  

Depth of gravel 0.4 

 

 

   

Volume needed 273.6 

 

   

Cost gravel per m3 

266.66

67 

 

   

Cost per cell 

 

72,960 

Cost per pond 

 

27,912.5 Total cost per cell 

 

527,997.

5 

Total costs for 

ponds 

 

83,737.5 Total costs for cells 

 

3,167,98

5 

Total costs 

 

3,251,722.5  

  
Table 6: Details of approximations of materials for establishment of the purification pond
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The layout of the recreational park will be decided in close coordination with the 

community around the site and, in particular, the management committee. It is assumed 

that the costs of amenities provided to users of the park (toilets, tables, tents, chairs, 

etc.) will be covered by user fees and that outfitting the park will not add to the total 

costs of the wetland. 

An advantage of constructed wetlands is that operation and maintenance costs are likely 

to be much less than a conventional treatment plant. Little or no energy and supplies are 

needed, and constructed wetland facilities can get by with periodic on-site labor, rather 

than continuous, full-time attention. For ponds, the annual cost of routine maintenance 

has typically been estimated at about 3 to 5 percent of the construction cost; however, 

the published literature is almost totally devoid of actual maintenance costs. Since ponds 

are long-lived facilities (typically longer than 20 years), major maintenance activities are 

unlikely to occur during a relatively short evaluation period. However, Kadlec (1995) 

states that, once established, the operation and maintenance costs for constructed 

wetlands can be lower than for alternative treatment options.  

 The costs for each of the parts are listed below. 

Onetime fee   

Design Ksh 829,000 or more  

Construction Ksh 3,260,000  

Permits Ksh 416,000  

Outfitting the park   

Total Ksh 4,176,000  

Yearly   

Maintenance Ksh 60,000 per year 
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The schedule of user fees will be decided in cooperation with the management committee 

and will be sufficient to ensure the outfitting of the park and payment of staff to manage 

the park. 

 

By choosing to cultivate wetland plants that have a market value, managers of the park 

can create additional sources of income. Because the plants will accumulate pollutants, it 

is not recommended to cultivate plants for consumption by people or animals. However, 

plants such as papyrus and decorative flowers could constitute appropriate by-products 

of the wetland. 

Papyrus is a very common plant in Africa (Huges, 1992). Papyrus stems average three 

meters in height and can reach up to five meters. Papyrus provides an economic value to 

surrounding communities in the form of building and craft-making materials such as 

mats, baskets, chairs, tables, beds, and wigs which can be marketed both within the park 

and externally (Mwanikah Ojoyi, 2006). Traditionally, women harvest the plants and make 

mats from them, and men make chairs and baskets from the harvested plants. Papyrus 

can also be dried and used for domestic fuel (Gichuki, 2001). According to Mwanikah‘s 

research in the Kenyan city, Kisumu, papyrus products range from low-cost mats to high-

end video racks at a price of respectively 150 and Kshs 2,800 each. Because harvested 

papyrus fields accumulate biomass faster than un- harvested fields, regular harvesting 

of papyrus is also good for the efficiency of pollutant removal of the wetland (Muthuri, 

1988). Muthuri recommends a yearly harvest; this can be done in stages throughout the 

year.  
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Figure 17:  

Papyrus 
products 

 Source: 

Mwanikah 

The quantity of papyrus that can be sustainably harvested per year is 400 bundles per 

hectare of wetland (Karanja, 2001).  A study of income derived from sales of raw, 

untreated papyrus in Uganda determined an annual income of US$118 per hectare in 2001.  

An IMF calculation method using historical consumer price indexes results in a value of 

Ksh 11,200 per hectare in 2010. Because of its low returns, harvesting of papyrus should 

be seen as a source of income that prevents people from sliding further into poverty 

rather than as a means of escaping poverty (Henniger, 2009). 

 

 

The community seemed eager to use the cleaned water from the wetland for fish farming; 

a number of respondents from the individual interviews noted this as a suitable use for 

the water. Water that has passed through the wetland can be introduced into a fishpond. 

In this final stage of water polishing, nitrates and phosphates remaining in the water 

stimulate the growth of phytoplankton - the favourite food of Tilapia (Oriochromis 

niloticus L.) and other herbivorous fish. Tilapia is, after carp, the second most important 

group of farm-raised fish in the world. They are the mainstay of many resource-poor fish 

farmers and are mostly grown in the tropics (Eknath, 1993). Tilapia has been successfully 
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farmed in water that has received secondary treatment. The yield is estimated at 1,527 

kg/ha/yr without feeding at stocking densities of 1,000 fish/ha (Sin, 1986). Bacteria and 

heavy metals in fish muscle were found to be within the safety limit for human 

consumption (Sin, 1986). Other fish, such as catfish, could also be raised in the wetland. 

Fish farming can generate high revenues but requires special ponds and maintenance. 

  

 

Income can be generated from direct uses of the park, such as sales of food, drinks and 

merchandise to visitors to the park as well as from indirect uses such as the cultivation 

of papyrus and commercial flowers. When investments are made to construct fish ponds, 

a considerable increase in income can be realized.   

The primary objective of the proposed project is to improve health of the local community 

by cleaning a portion of the of the contaminated water of the Ngong river and using the 

improved water to sustain the park that will provide alternative income streams for local 

residents and offer a recreational haven from the monotonous urban life for residents 

throughout the Nairobi area. The different aspects of the research corresponding with 

the research questions are set out in the following table, showing the different sub 

conclusions. In this table, one can clearly see where the bottlenecks of the project lie. 

 

 

 

 

 



 

 88 
 

Question Conclusion 

Technical analysis:  

Is building a wetland for to clean part of the water of the Ngong River 

to WHO standards for irrigation technically feasible? 

 

a.       Is the soil at the project site suitable for building a wetland?  Yes 

  

b.      Is the water of the Ngong River suitable for building a wetland? Yes 

           i) How much water and at what rate is flowing in the river? Rate suitable. More 

research on 

hydrology is 

required. 

          ii)  What is the level of pollution of the water? Treatment possible 

  

c.       Is the site topographically suitable for building a wetland and a 

recreational park? 

Needs adjustments 

           i) Is the site big enough? Yes 

          ii) Is the terrain profile suitable? Needs some 

adjustments 

  

d.      Is the site environmentally suitable for building a wetland and 

recreational park? 

Yes 

          i) Is the climate suitable? Yes 

          ii) Is the local flora suitable? Yes 

          iii) Is the local fauna suitable? Yes 

  

e.      Can the wetland and recreational park be maintained and 

supervised? 

Yes  

i) What parties are willing to maintain the wetland? Parties available 

ii) Do these parties have the required skills? Some capacity 

building is necessary 
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iii) How can the continuity of the maintenance be guaranteed? Revenue proceeds 

from the park 

  

Social analysis:  

Is building a wetland for to clean part of the water of the Ngong River 

to WHO standards for irrigation socially feasible? 

 

a.       Will the community support the wetland? Yes 

b.        Will the government support the wetland?  More detailed 

information on 

design, feasibility and 

environmental 

impact are needed 

prior to 

consideration by 

government 

agencies. 

c.       Will other parties that can compromise feasibility support 

the wetland? 

Yes, based on 

increased income-

generating activities 

  

Economic analysis:  

Is building a wetland to clean part of the water of the Ngong River to 

WHO standards for irrigation economically feasible? 

 

a. How much would the wetland cost?  (approximates) 

i) How much would design cost? Approx. Ksh 900,000 

ii) How much would construction cost? Approx. Ksh 3.5M 

iii) How much would the necessary permits cost? Approx. Ksh 500,000 

iv) How much would it cost to outfit the park? To be determined 

v) What would be the annual maintenance cost?  Approx. Ksh 60,000 
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The construction of a functional treatment wetland and recreational park at the selected 

site on the Ngong River is clearly feasible. A thorough literature review has demonstrated 

that it is possible to design a wetland with the capacity to produce enough clean water to 

support income-generating activities at the site The social feasibility of the proposed 

project is supported by the fact that the primary objective is to improve the livelihoods of 

the local community, while a secondary objective is to contribute to the improved 

environmental health the Ngong and Nairobi Rivers downstream of the project site. The 

priority of the local people, most of who live below poverty line, is generation of adequate 

and sustainable income. However, the cleaning of the river water is an important goal in 

itself, as the treatment wetland aspect of the proposed project can serve as a pilot that 

can be replicated throughout the Nairobi River basin, leading to a statistically significant 

improvement in the quality of the basin‘s water. The preceding chapter demonstrated that 

there are a variety of income-generating activities that the wetland park can support.  

This project therefore would result in tangible benefits of environmental improvement, 

demonstration of ―green technologies,‖ economic benefits for the local community and 

recreational benefits for residents of the Nairobi metropolitan area. The project could: 

1. Improve the water quality of the Nairobi river basin 

2. Provide jobs to urban poor, especially youth; 

3. Serve as a pilot for additional treatment wetlands throughout the Nairobi 

river basin; 

4. Create a local, regional and international demonstration site for green 

technologies; 

5. Create the first community owned and managed recreational park in 

Nairobi; 

6. Generate additional income for the local community through enterprises 

created within the park such as fish farming and production of flowers and 

papyrus. 
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The authors conclude that the proposed treatment wetland and recreational park project 

is feasible because it has the potential to achieve its objectives of improving the 

livelihoods of the local community and improving the environmental health of the Ngong 

River in the immediate vicinity of the project and downstream. 
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The following tables composed by the World Health Organization summarize the standards 

for the water quality for irrigation in detail. They are drawn from the 2006 report ‗WHO 

guidelines for safe use of wastewater, excreta and grey water; Volume 2, wastewater use 

in agriculture‘.     
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Appendix B – QUESTIONNAIRE INDIVIDUAL INHABITANTS SAVANNAH   

 

Needs Assessment Questionnaire 

1. Name(Optional)                                                   Age 

(Yrs) 

 

2. Occupation 

 

 

3. How many years have you lived in Savanna Sub-location? 

 

 

 

4. For what causes do you use the Ngong River-water? 

………………………………………………………………………….……………………………………………………………

…………………………………………………………………………………………………………………..…………… 

5. Who farms along Ngong River? 

.............................................................................................................................................................

..................................................................................................................... 

6. Do you benefit from the farming along the Ngong River?    

 If  YES, how?  

..................................................................................................................................... 

……………………………………………………………………………………………………………………………………Are 

there health problems in your community related to Ngong River?      

If YES, which? 

.................................................................................................................................... 

…………………………………………………………………………………………………………………………………… 

7. Have there been efforts by the community to clean Ngong River?   

 

 

More than 10 YRs Less than 5 yrs Less than 10yrs 

YES 

YES 

YES 

NO 

NO 

NO 
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If YES,  how?  

..................................................................................................................................... 

…………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

 

8. Who else is involved with the management the Ngong River? 

.............................................................................................................................................................

..................................................................................................................... 

9. Which are the common diseases in your community? 

.............................................................................................................................................................

.............................................................................................................................................................

................................................................................................. 

10. If the river was cleaned, which activities would you use it for? 

.............................................................................................................................................................

..................................................................................................................... 

......................................................................................................................................... 

11. What do you think can be done to clean this River?  

…………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………… 

12. Can you have time to clean and conserve the Ngong River?  

 

 

YES NO 


