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Abstract 
Constructed wetlands are man-made ecosystems, which 
are specially designed for treatment of wastewater and 
non-point source pollution. Constructed wetland 
technology is gaining popularity due to its economically 
and environmentally sound attributes as a wastewater 
management option. Freshwater lakes in Kenya are under 
threat from degradation as human populations in the 
catchment areas increase, demands for natural resource 
extraction grow and urbanization and industrialization 
intensify. Consequently, there is increased surface runoff, 
causing sedimentation and eutrophication and ultimately 
deterioration of water quality, habitats and biodiversity. 
This trend requires integrated and sustainable water 
resource management strategies. Strategies for integrated 
and sustainable lake catchment management should 
target alternatives that are attractive to communities and 
other stakeholders in a lake basin. However, in developing 
countries like Kenya, innovative technologies like 
constructed wetlands have not been widely adopted for 
wastewater improvement. Although substantial progress 
has been made in the provision of services including 
collection, treatment and disposal of wastewater, much 
still remains to be done to ensure sustainable wastewater 
management within lake catchments. This paper presents 
a synthesis of the potential and challenges with respect to 
two case studies in Lake catchments: The Splash and 
Chemelil constructed wetlands. An attempt is made to 
explore their design, performance and limitations to their 
use in sustainable management of lake catchments. A 
number of challenges are threatening sustainable lake 
catchments management goals achievable through 
wastewater management and pollution control using 
constructed wetlands. Such challenges, which include lack 
of awareness, legislation, financial, technical and 
institutional resources as well as the poor understanding 
of constructed wetland potential, may limit the potential 
use of constructed wetlands for sustainable lake 
catchment management. There is also lack of crucial data 
and information about the state of constructed wetlands in 
Kenya. The paper presents recommendations for wider 
adoption of constructed wetlands use in Kenya. 
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Introduction 

Globally, aquatic ecosystems and their associated 
catchments have played an important role for 
humankind on all continents. For instance, the 
African lakes have great significance to their riparian 
populations and the nations within which they lay for 
providing protein from fisheries, water for 
agricultural, domestic and drinking purposes, 
transportation and recreational use (Hecky et al., 

2005). In addition, these lakes have also evolved 
remarkable endemic biodiversity with almost 10% of 
the earth’s freshwater fish species occurring within 
them, making them globally significant gene banks 
(Ibid). On the other hand, such ecosystems have 
been regarded since time immemorial as cleansing 
media and sink for pollutants. During the past few 
decades, rapid population growth along the 
catchments areas of aquatic ecosystems in the 
tropics have resulted in an intensification of human 
activities such as industrialization, agriculture and 
urbanization. Consequently, there is increased 
deforestation, surface runoff leading to 
sedimentation and increased nutrient input, causing 
eutrophication, and ultimate deterioration of water 
quality, habitats and biodiversity. 

Freshwater lakes in Kenya namely Lake Victoria, 
Nakuru and Baringo basins are threatened due to 
increased encroachment of human population on the 
catchment areas and the associated socio-economic 
activities. This threat is worsened by the fact that 
almost all the mushrooming townships, urban 
centers, institutions and industries in the catchments 
have inadequate or non-functioning waste treatment 
facilities. As a result, there is increased discharge of 
untreated or partially treated wastes into these 
ecosystems. In order for lake catchments to sustain 
their function in support of environmental integrity, 
riparian populations and production of ecosystems in 
which they lie, there is need for reduction of non-
point source pollution and treatment of wastewater 
that drain into them. This effort will also sustain the 
evolving endemic biodiversity that these lake 
catchments host. 

The multiple functions and values of wetlands in 
achieving these goals have been recognized 
worldwide (Hammer, 1989; Kadlec & Brix, 1995). 
The use of technologies that are economical and 
environmental friendly such as wastewater treatment 
constructed wetlands (CWs) is becoming popular 
and effective around the world for removal of various 
pollutants (Coleman et al., 2001; Dewardar & 
Bahgat, 1995; Gersberg et al., 1984; Rogers et al., 
1991; Vymazal, 1996; 2002; Zuidervaart et al, 1999). 
Constructed wetland treatment systems are 
engineered systems that have been designed and 
constructed to utilise the natural processes involving 
wetland vegetation, soil and their associated 
microbial assemblages to help in wastewater 
treatment. Compared with technology-based 
wastewater treatment systems, they require no 
machinery, chemicals, anthropogenic energy inputs 
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and result in modest operation and maintenance 
requirements. 

In the last years, several wetlands for treatment of 
wastewater have been constructed in East Africa, 
e.g. in Uganda for treating municipal wastewater 
(Okurut et al., 1999; Kyambadde et al., 2004) and in 
Tanzania for treating wastewater from the waste 
stabilization pond at the University of Dar es Salaam 
(Mashauri et al., 2000). These studies have 
indicated that CWs can be very suitable for 
treatment of wastewater in tropical climates (Table 
1). In Kenya, the efficacy of CWs in purification of 
domestic wastewater (Nyakango & Van Bruggen, 
2001; Nzengya & Witshitemi, 2001), industrial 
wastewater from pulp and paper effluents (Abira et 
al, 2003), sugar milling effluents (e.g. Opaa & 
Raburu, 2003, unpublished data) has been 
investigated. There are currently about seven 
operational CWs in Kenya. Their use for wastewater 
treatment is relatively new approach to waste 
disposal, which is not well exploited in Kenya.  

The principal aim of this paper is to discuss the 
potential application and the challenges facing the 
use of constructed wetlands in the protection and 
sustainable management of Lake catchments in 
Kenya. The paper begins with a presentation of 
theoretical principles and concepts of wetlands and 
waste management by use of constructed wetlands. 
The performance in their application are highlighted. 
Based on lessons learnt from the case studies, the 
paper further presents challenges and constraints as 
well as recommendations for wider adoption of CW 
use in Kenya. 

Theoretical background 
Wetlands have been referred to as “kidneys of our 
environment by Wallace (1998), “living machines” 
MacDonald (1994), and “… one of nature's most 
effective ways of cleansing polluted water” by Rocky 
Mountain Institute (1998). They have been termed 
"kidneys of the planet" because of the natural 
filtration processes that occur as water passes 
through. As defined broadly by Ramsar Convention, 
they incorporate a wide variety of habitats including 
“areas of marsh, fen, peatland or water whether 
artificial or natural, permanent or temporary with 
water that is static or flowing, fresh or brackish or 
salty including areas of marine water the depth of 
which at low level does not exceed six metres”.  

Hammer (1989) defines a constructed wetland as a 
designed and manmade complex of saturated 
substrates, emergent and submergent vegetation, 
animal life and water for human use and benefits. 
Constructed wetlands are human made, engineered 
areas specifically designed for the purpose of 
treating wastewater by establishing optimal physical, 
chemical and biological conditions that occur in 
natural wetland ecosystems. The main wastewater 
treatment mechanisms in treatment wetlands are 
sedimentation, filtration, chemical precipitation, and 

adsorption, microbial interaction and nutrient uptake 
by plants with plant harvest (Watson et al., 1989).   

CWs are classified into three main groups; Free 
Water Surface (FWS), Subsurface Flow (SSF) and 
composite CWs, which are briefly discussed here 
below.  

Free Water Surface (FWS) systems: These 
systems typically consist of basins or channels, 
within a natural or constructed subsurface barrier of 
clay or impervious geotechnical material to prevent 
seepage and water at relatively shallow depth flows 
over the soil saturated system (Figure 1).  

 
Figure 1. Free Water Surface Constructed Wetland 
(Source: EPA, 1988). 

Subsurface Flow (SSF) systems: These typically 
consist of a trench or shallow basins underlain by 
impermeable material to prevent seepage and 
contains substrate medium (gravel 10-15 mm 
diameter) which supports the growth of emergent 
macrophytes such as bulrushes, cattails and reeds 
and permit long-term subsurface flow without 
clogging (Figure 2). The subsurface zone is 
continuously saturated and therefore generally 
anoxic or/and anaerobic.  

Hybrid wetlands: Various types of constructed 
wetlands may be combined in order to achieve 
higher treatment effect, especially for nitrogen.  In 
these systems, the advantages of the HSF and VF 
systems can be combined to complement each 
other.  

 
 
Figure 2: A subsurface Flow Constructed Wetland 
(Source: EPA, 1988). 
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Table 1: Treatment efficiencies in relative (%) of some constructed wetlands located in tropical and 
subtropical regions concerning a selected number of water quality parameters (HLR =hydraulic loading rate; 
HRT = hydraulic retention time). 

CW type Country Area 
(m2) 

HLR 
(m/d) 

HRT 
(d) 

Mean influent 
concentration 

(mg/L) 

% reduction in 
concentration 

Reference 

C.P 63 COD 155.2 
P.M 43 
C.P 16 

FWS Uganda 300 - 7-12 

PO4 3.71 
P.M 37 

Okurut et al., 
(1999) 

 
 

SS 104.8 80 6.48 n.i 
COD 100.8 66 
SS 101.8 50 

HSSF 
 

Tanzania n.i 
 

55.2 n.i 
COD 125.8 50 

Mashauri et al., 
(2000) 

 

0.018 12.8 2.39 69 
0.034 6.8 10.45 45 

FWS   & 
HSSF 

Tanzania 10 

0.135 1.7 

PO4-P 

5.19 35 

Lin et al., (2002) 

C.P 83 VSSF Uganda 9.36  5 TRP 15,5 
M.V 48 

Kyambadde et 
al., (2004) 

n.i = no information; C.P = Cyperus papyrus; P.M = Phragmites mauritianus; M.V =Miscanthidium violaceum  

Constructed wetlands for wastewater 
treatment in Kenya 
The Chemelil constructed wetland system for 
industrial waste treatment 

A case in point is the management and purification 
of industrial wastewater using constructed wetlands 
in Chemelil sugar factory. The sugar factory is 
located in the vicinity of a small tributary to the 
Nyando River, in North-west Kenya. It produces a 
BOD5 load of approximately 2000 kg per day placing 
it among the top polluting industries near the Winam 
Gulf  (Calamari et al., 1995). In order to enhance 
wastewater quality, 12 oxidation ponds each 
measuring 100 x 35 m have been used. However, 
these systems were not functioning satisfactorily. As 
a result, a horizontal subsurface flow constructed 
wetland system was built downstream of the 
oxidation ponds in 2002.  
 

Design 

The wetland system consists of 8 wetland cells of 
rectangular shape (10 X 3 X1 m). The cells are of 
rectangular shape (10 X 3 X1 m). The beds were 
packed with a wetland medium (sand). Wetland cells 
1, 3, 5 and 7 were planted with Cyperus papyrus 
whereas wetland cells 2, 4, 6 and 8 were planted 
with Echinocloa pyramidalis that are used for fodder 
and fibre in the region. The wastewater is first 
transported through a ditch to a sedimentation trap. 
From there it flows to stabilisation ponds. The 
wastewater enters the wetland system from pond 
number 9 through an inlet channel, which distributes 
the wastewater to the 8 constructed wetland cells. 

Performance of the Chemelil constructed 
wetland 
The effectiveness of the CWs in treating industrial 
effluent, at Company during a three-month period 
(March, 2003–May, 2003) is given in Table 2. 

Table 2. Treatment efficiencies in relative (%) of Chemelil constructed wetland from March 2003 to May 2003 

Wastewater 
parameter 

Mean influent concentration 
(mg/L) 

Mean effluent concentration 
(mg/L) 

% Reduction in 
concentration 

BOD5(mg-l) - - n.i 
COD(mg-l) 166.38 ± 33.50 105.93± 32.63 36.7 % 
TSS (mg-l) 1.10 ± 0.04 0.04 ± 0.01 96.4% 

Organic nitrogen 0.997 ± 0.17 0.945± 0.22 28.6% 
Phosphates 1.21 ± 0.23 0.27 ± 0.17 74% 

(Source: After Opaa, B. O and Raburu, P. O, 2003) n.i = no information 

Lessons learnt  
This case study demonstrates that the constructed 
wetland decreased the loads of SS, COD and 
nutrients from industrial wastewater. Reductions of 
upto 36.7% (COD), 96.4% (TSS), 28.6% (organic 
nitrogen), 74% (Phosphates) were obtained from the 
treatment cells, which were lower than the splash 
wetland. The system entailed monocultures of the 
plant species and not polycultures. However, data 

collection begun two months after planting which did 
not give vegetation (macrophytes) and bio-film 
sufficient time to establish itself as well as time for 
development of litter and standing dead 
compartments. 

The splash constructed wetland for 
domestic wastewater treatment  
The Splash constructed wetland is located in 
Langata area, south of Nairobi, Kenya. The site lies 
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at an average elevation of 1680m a.s. l and on 
latitude 1º 19’south and longitude 36º 59’ East. 
Precipitation is bimodal, with an annual mean of 
1680mm. The wetland occurs on black cotton soil, 
which is rich in montmorillonites and clays, thereby 
promoting extensive cracking during dry period and 
water logging during wet season. The Splash 
wetland was constructed in 1994 in order to purify 
the wastewater from the carnivore restaurant and 
the swimming pool resort. 

Design  

The constructed wetland has a surface area of 0.5ha 
and was designed for a 1200 Population equivalent 

(P.E). The wetland was constructed on a small 
naturally waterlogged depression. It consists of a 
combination of a subsurface horizontal flow system 
followed by three surface flow wetland cells in a 
series adjacent to it. It is vegetated with Typha sp., 
Papyrus sp, Phragmites and a variety of ornamental 
plants such as Hydrocotyle, Hydrocleis and 
Pontederia. Pretreatment consist of septic tanks 
before discharging into the gravel bed hydroponics 
and ultimately into the wetland cells.  

Performance  

The efficiency of the CW in improving wastewater 
quality is given in Table 3.  

Table 3. Treatment efficiencies in relative (%) of splash constructed wetland from Dec 1995 to March 1996. 

Wastewater parameter Mean influent concentration 
(mg/L) 

Mean effluent concentration 
(mg/L) 

% Reduction in 
concentration 

BOD5(mg-l) 1603.0 ± 397.6 15.1 ± 2.5 99.1% 
COD(mg-l) 3449±206.8  95.5 ± 7.2 96.9% 
TSS (mg-l) 195.4±58.7 4.7 ± 1.9 97.6 
TDS (mg-l) 816.5 ± 84.2 857.4 ± 62.6 - 
NH4+ (mg-l) 14.6 ±4.1 Undetected  - 

(Source: After, Nzengya & Witshitemi, 2001). 

Lessons learnt 
The wetland system significantly improved the 
wastewater quality. This is attributed to the diverse 
physical and chemical process occurring in the 
different components as well as to the diversity of 
wetland plants in the respective wetland cells. 
Nyakango and Van Bruggen (1999) also reported 
high treatment efficiencies in terms of BOD5 (98%), 
SS (85%), COD (96%), TKN (90%), NH4 (92%) and 
0-P04 (88%) in the same wetland. Due to its large 
size, the system also provided a large surface area 
for the microbial decomposition to occur. The high 
treatment efficiencies can also be attributed the 
presence of multiple plant species in the system. 
Multiple species within the system maximized root 
biomass in the wetland substrate resulting in more 
efficient treatment. 

Challenges and constraints to be overcome 
for adoption of constructed wetlands for 
waste management 
A number of challenges have to be overcome in 
order to achieve sustainable lake catchments 
management goals through wastewater 
management and pollution control using constructed 
wetlands: 

1. Lack of awareness. Awareness on the multiple 
functions and values of wetlands are a major 
hindrance to the management and 
sustainable use of wetlands. In much of the 
country, wetland awareness is still very low.  

2. Institutional, financial and technical 
constraints: The lack of positive measures 
such as subsidies for pollution control 
equipment and funding for introducing low-
cost waste technologies continue to hinder 

the effective implementation of pollution 
control measures.  

3. Environmental legislation: With regard to the 
present legislation on water pollution is 
absence of concrete regulatory measures and 
enforcement mechanisms. A situation that 
does not motivate polluters to search for 
cheap ways of controlling pollution.  

4. Poor understanding of constructed wetland 
potential: Little effort has been made to 
investigate the effectiveness of CWs in 
treating various types of effluents despite 
suitable climatic conditions in Kenya. This is 
due to lack of financial resources to undertake 
extensive and comprehensive surveys and 
research.  

5. Lack of clear policies on public participation 
in waste management:  An important 
challenge is the existence of few policies that 
promote public participation and sustainable 
wetland management and conservation in 
Kenya 

6. Lack of training of wetland experts: As a result 
any innovative approaches that would 
encourage the increased use of such 
technologies have been hampered. There is 
presently no central government agency 
promoting constructed wetlands as a 
sustainable means of managing wastes in 
Kenya.  
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Recommendations for a wider promotion 
and acceptability of Constructed Wetlands 
in Kenya  
The following recommendations are suggested 
based on the case studies and for wider promotion 
and acceptability of constructed wetlands in Kenya: 

1. These case studies recommend the use of 
polycultures (mixed plant species) of the plant 
species in constructed wetlands in order to 
yield greater removal efficiencies than 
monoculture systems.  

2. There should be an advocacy of methods of 
waste disposal that are not only cheap and 
highly effective like CWs but also which 
promote resource conservation and 
environmental protection.  

3. Education and heightened awareness promotion 
programmes concerning both natural and 
constructed wetlands should be implemented 
at all levels. 

4. Increased financial support for research and 
training of wetland specialists aimed at 
understanding the complex processes 
occurring in existing CW in Kenya.  

5. Government and planners have to develop 
motivating mechanisms that include 
environmental concerns - it is better to use 
treated wastewater for economic purposes 
rather, than directly discharging it to 
waterways and decreasing the waste 
assimilative capacity of the water courses, 
economic concerns - reuse of wastewater for 
aquaculture and irrigation can help reduce the 
pressure for public investment in large (and 
costly) water resources development projects; 
and legal concerns - regulatory and economic 
instruments can provide direct incentives to 
polluters to use treated wastewater for 
aquaculture and farm purposes.  

6. Government regulations and legislation need to 
be enforced in order to ensure that polluters 

meet environmental standards of waste 
discharge into water systems.  

7. Constructed wetlands may and should be 
integrated into management plans for 
conservation of both soil and water resources 
of a watershed, or integrated as parts of 
major restoration projects.  

Conclusions 
Constructed wetlands have a potential to play in 
wastewater management and non-point source 
pollution control in Lake catchments in Kenya. 
However their design, performance and potential for 
wastewater reuse is critical to the overall realization 
of this potential. The case of splash wetland reveals 
a thrilling prospect in use of polyculture systems in 
wastewater treatment. Larger and well-established 
systems have higher treatment abilities than new 
systems. In both case studies, effluent at the final 
discharge (outlets) met admissible standards set by 
various bodies such as WHO and European 
community, for discharge into surface water 
masses. As a result, the water can be re-used for 
various purposes. Their use can thus help alleviate 
the problem of discharging untreated or partially 
treated wastewater into aquatic systems. This 
makes them part of the sustainable development 
approach to waste management.  

The great interest displayed by government 
organizations and other polluting agencies should 
be encouraged as they have been proven to 
improve significantly the quality of water effluents for 
some industries. If Kenya is to meet wastewater 
treatment requirements of the future and achieve 
the Millennium Development Goal of halving the 
number of people with out clean safe water and 
basic sanitation by 2025, then integrated and 
sustainable water resource management through 
treatment systems that are not only effective and 
reliable, but also simple and inexpensive to 
construct, operate and maintain should be 
promoted. The management and conservation of 
wetlands for their long-term sustainable use should 
be a priority in Kenya’s conservation efforts.  
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