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Treatment performance of a free water surface constructed 

wetland system receiving sugar factory effluents in the Lake 

Victoria region 
 

 

Introduction 
The demand for efficient wastewater treatment in the Lake Victoria region is evident. 

The East African Community (EAC) has developed a preliminary cooperative 

environmental framework which includes the “polluter pay” - and “pollution prevention” 

principles (Lunogelo, 2001). This has put pressure on the industries to improve their 

wastewater treatment. However, with the present poor economic situation of the 

industries in the region it is unlikely that conventional wastewater treatment systems will 

be affordable. Thus, there is a great need for low-cost and reliable wastewater treatment 

methods. To cope with the new demands set by the EAC, and to meet the requirements of 

the Environmental Act introduced in 1999, an interest in using constructed wetlands for 

wastewater treatment has developed in the Lake Victoria region. In the last years, a 

number of 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 

constructed wetlands can be very suitable for treatment of wastewater in tropical 

climates. 

 
A SIDA/SAREC-financed project started in 2001 at the Kenyan sugar mill factory, 

Chemelil Sugar Ltd. The aim of the project was to investigate strategies for improving 

the wastewater treatment of the factory with constructed wetlands (Sundblad Tonderski, 

2000). As part of that project, 8 pilot scale free-water surface wetlands were constructed 

to facilitate experiments with such systems. Those pilot scale wetlands will be used in the 

proposed study.  

 

Aim of proposed research 
One important factor that influences the treatment performance of a constructed wetland, 

is the inlet hydraulic loading rate (HLR), q  (m/day; Kadlec and Knight, 1996; Persson 

and Wittgren, 2004). Therefore, the first experiments in the Chemelil wetlands aim at 

investigating the effect of different hydraulic loading rates on the wetland cells so that the 

maximum capacity of the wetland system to remove different pollutants can be estimated. 

Also, it has been observed that the choice of plant species can affect the treatment 

efficiency of a constructed wetland (Okurut, et al., 1999; Kyambadde, et al., 2004). 

 

The objectives of the presented study are to: 

1. Investigate the effect of different hydraulic loading rates on the treatment 

performance of the wetlands cells. Parameters that are of interest are 

COD, total P, dissolved P, TSS and ammonia.  

2. Evaluate the effect of the two plant species, Cyperus papyrus and 

Echinocloa pyramidalis on the pollutant removal efficiency. 
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3. Investigate the impact of precipitation and evapotranspiration on the water 

mass balance of the wetland system. 

  
Time plan 
The proposed study will be carried out during November and December of 2004 

continued in March and April 2005. 

 

Material and methods 
The Chemelil constructed wetland system 
According to Calamari et al., (1995) the Chemelil factory produces a BOD5 load of 

approximately 2000 kg per day placing it among the top polluting industries near the 

Winam Gulf. The wastewater is first transported through a ditch to a sedimentation trap. 

From here it flows to stabilisation ponds, made up of 12 ponds, each 100x35 m in size. 

After treatment in the pond system, about 15% of the wastewater is collected in a storage 

dam and used for irrigation on the company´s sugar crops. The rest of the treated effluent 

is discharged into a small river that mouths in the Nyando River. In December of 2002 a 

constructed wetland system was built near the pond system. The aim of the pilot wetland 

system was to enhance the wastewater treatment from the sugar factory as the existing 

pond system was not functioning in a satisfactory way. The wetland system consists of 8 

wetland cells, each having a width:length ration of approximately 3x20 m. 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. The wastewater enters the wetland system from 

pond number 9 through an inlet channel (Fig. 1) which distributes the wastewater to the 8 

constructed wetland cells.  

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 1. Schematic drawing of the Chemelil constructed wetland system.  
 

 

Experimental design  
Wetland cells 1, 2, 3 and 4 will be loaded with a hydraulic loading rate of 75 mm/day 

(mean 4.6 m
3
/day) and wetland cell 5, 6, 7 and 8 with a hydraulic loading rate of 225 

mm/day (mean 13.2 m
3
/day) (Table 1).  
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Table 1. Areas, loading rates and inflow rates for the 8 constructed wetland cells  

 WC*1 WC2 WC3 WC4 WC5 WC6 WC7 WC8 

Area (m
2
) 62,0 57,1 60,0 64,5 67,0 55,4 55,1 56,8 

Load (mm/day) 75 75 75 75 225 225 225 225 

Inflow (m
3
/day) 4,7 4,3 4,5 4,8 15,1 12,5 12,4 12,8 

      *WC = wetland cell 

 

The hydraulic loading rates will be applied at least during a period of 6 weeks. 

 

Water flow measurements 
The inlet and outlet water flows will be measured with a bucket (25 l), a stop watch and a 

measuring cylinder each day and the time of day and date noted. Each inlet and outlet 

will be read three times and a mean will be calculated. After measuring the flow rates the 

water flow shall be adjusted (if so needed) to the desired flow. If the measured value is 

less than 10 % from the desired value, no adjustment has to be done.  

 

Pan evaporation and precipitation measurements 
A pan evaporation experiment will be set up to estimate the evaporation. A circular pan 

with a wooden cover 1.5 m above the pan will be placed near the wetland system. The 

pan will be filled with the same effluent as in the wetlands. The water level will be 

measured every morning with a folding ruler. A metallic circular pan will be used to 

estimate the soft rains. A rectangular plastic bucket will be used to estimate the heavier 

precipitation. The pan and bucket will be placed near the constructed wetland system on 

an open space free from any type of cover. The water level in the pan and the bucket will 

be measured with a folding ruler if possible every day. The volume of the rain will be 

determined by measuring the volume of the water in a graduated measuring cylinder. 

 

Air temperature and humidity 
The minimum and maximum air temperature and air humidity will be measured using 

Gemini Data logger.  

 

Water sampling and analyses  
Water sample will be taken at least once a week. If possible composite water samples will 

be taken, i.e. one water sample will be made up of three sub samples taken at three 

occasions during the day (morning, noon and afternoon). Water sample for pH, 

temperature, conductivity and turbidity will be collected in 250 ml plastic bottles. 

Samples for COD, total PO4-P, ammonium and TSS will be collected in 500 ml bottles. 

Samples for dissolved reactive PO4-P and dissolved tot-PO4-P will be collected in 50 ml 

bottles. The water samples will be taken at the inlet and outlet point of each wetland cell 

by putting a clean plastic bottle below the inlet pipe respectively outlet pipe. Water 

sample will also be taken from pond number 9 and 12. If possible all the water samples 

will be analyzed the same day and within 3 hours. Otherwise they will be preserved with 

hydrochloric acid 1 ml/100 ml and kept cool. If possible water temperature will be taken 

in the field.  pH will be measured with a pH meter, which will be calibrated each morning 

at pH 4, 7 and 9. Conductivity will be measured with a conductivity instrument and 
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turbidity will be measured with a turbidimeter. Analysis for COD (LCK114), total P, 

dissolved reactive PO4-P and dissolved PO4-P (LCK348) will be done with Lange cuvette 

test. Ammonium will be analysed with the phenate method and TSS will be analysed 

with the total suspended solids dried at 103-105°C method (APHA, 1998). 

Spectrophotometric readings of the cuvettes and the ammonium samples will be done 

with a XION 500 spectrophotometer.  

 

Other studies and expected results 
Okurut et al. (1999) observed a progressive decline in phosphate removal by FWS 

wetland cells planted with Phragmites mauritianus respecitvely Cyperus papyrus. The 

authors associated the decline in phosphate removal to the blockage of most of the P 

sorption sites by a slime layer that developed and conserved the sorption surfaces of the 

plant rhizomes and wetlands gravel. On the other hand, the authors observed an increase 

in COD removal with time that could be linked to an increased plant density. Possible 

reasons are an increase in the amount of oxygen availabe for carbonaceous breakdown, or 

an increased amount of surfaces for microbial growth on the wetlands. However, the 

authors did not comment if a correlation between COD resp. phopshate removal and HLR 

was found (Table 2).  
 

Table 2. Treatment efficiencies in relative (%) of some constructed wetlands located in tropical
1
 and 

subtropical regions concerning a selected number of water quality parameters (HLR =hydraulic loading 

rate; HRT = hydraulic retention time). 

CW 

type 

Area 

(m
2
) 

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 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 

 

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 

10 

0.135 1.7 

PO4-P 

5.19 35 

Lin et al., (2002) 

C.P 83 VSSF 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 

 

Lin et al., (2002) also observed an average decrease of a constructed wetlands system in 

removing PO4-P as the HLR increased from 0.018 to 0.135 m/day (Table 2). The removal 

of COD was in the range of 25% to 50%  for the whole system, but the authors did not 

comment if a correlation with the different HLR was found. Masharuri et al. (2000) 

observed a higher removal rate of SS and COD at a lower HLR (6.8 m/day) than at a 

                                                
1 According to Köppen´s climate classification system a tropical climate is a non-arid climate in which all the 12 months of the year 

have a mean temperature of over 18 °C (Internet reference 2). 
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higher HLR (55.2 m/day) in a HSSF wetland (Table 2). Thuresson (2001) found a 

positive correlation between mass load of TSS resp. COD and area-specific removal in 

FWS pilot-scale wetlands. The applied HLR was approximately 45 mm/day. Okurut et al. 

(1999) found that C. papyrus had a higher removal efficiency (63%) than P. maurutianus 

(43%) for COD. However, for phosphate P. maurutianus had a higher removal efficiency 

(37%) than C. papyrus (16%). Thuresson (2001) found no significant difference in the 

mass removal of COD, TSS and PO4-P between pilot-scale wetlands planted with C. 

papyrus repectively E. pyramidalis. Results from a study by Kyambadde et al. (2004) 

indicated that C. papyrus had a higher removal of total reactive phosphorus (TRP) (83%) 

than M. violaceum (48%; Table 2). From these studies it can be expected that the 

Chemelil wetland cells 1 to 4 should have a higher removal efficiency for both PO4-P, 

TSS and COD than wetland cells 5 to 8. Also, the mass load of the water quality 

parameter in question can affect the area-specific removal of each wetland cell. Some 

effect of the different plant species on the removal rate is expected.  

 

Discussion 
This study will hopefully give some insight in the most appropriate HLR for the Chemelil 

wetland system so that a maximum pollutant removal capacity can be achieved. Further, 

this knowledge may have a positive impact on down stream communities, water bodies 

and on Lake Victoria. However, it is essential to follow up the effect of other HLRs and 

also to take into consideration the effects of different seasons on the removal efficiency 

of the wetland system. Therefore, it is important to conduct a similar study with the 

Chemelil wetland system in another season with the same and other HLRs. Also, in order 

to establish if there is a significant difference between the different HLRs and plant 

species and their associated removal efficiencies the data should be statistically tested. 

Further, the obtained data will be tested in a simple model used to predict removal 

behaviour of constructed wetlands in temperate climates. The aim is to estimate some 

model parameters for tropical constructed wetlands to be used in later modeling studies. 

The proposed study will probably be a part of a doctoral thesis which aims at improving 

the design of constructed wetlands in tropical regions using models. 
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