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Abstract  

Constructed wetlands (CW) are engineered systems designed to mimic natural 

wetlands with some degree of control. They have successfully been used to treat 

anthropogenic discharges such as municipal or industrial wastewater. A pilot study was 

undertaken to assess the effect of media gravel size on the efficacy of domestic wastewater 

treatment in a horizontal subsurface-flow constructed wetland (HSSF-CW). Six reinforced 

concrete cells, 1.25m x 0.5m x 0.8m (L x W x D) were constructed at the Jomo Kenyatta 

University of Agriculture and Technology (JKUAT). There were three unplanted cells, with 

three different gravel sizes and three cells planted with Cyperus papyrus, also with the same 

variation of gravel sizes. These gravel sizes used were; small (9-19 mm), medium (25-37 

mm) and large (37-50 mm) sizes, respectively. The gravel depth in each cell was 0.6 m.  

During the initial nine months, dissolved oxygen increased 5 and 4 times in the planted and 

unplanted cells. The study investigated the removal efficiency of Biochemical Oxygen 

Demand (BOD5), total suspended solids (TSS), faecal coliforms (FC), total nitrogen and total 

phosphorus (TN & TP), alongside Dissolved Oxygen (DO). The planted constructed wetland 

cells reduced BOD5, TSS, FC, TN and TP by about 96%, 94%, 99%, 68% and 61%, 

respectively, while the unplanted cells reduced the same by about 82%, 86%, 96%, 48% and 

38%, respectively. System performance was affected by variation in the gravel media sizes  

and vegetated cells of gravel size ranging 9 – 37 mm, gave an effluent load reduction of 94% 

and 99.6% with respect to BOD5 and coliforms removal. The system was capable of handling 

a BOD organic loading of up to 19.88 g/m2/d.  These results suggest that Cyperus papyrus 

has capacity to enhance the treatment process and that use of wetlands in sewage treatment 

should be promoted in Kenya.  
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Introduction 

Available water and wastewater treatment methods are often chemically, 

energetically, and operationally intensive, and they may not be feasible in Africa (Wang, et 

al. 2014) and generally in many developing countries like Kenya. Thus, in an attempt to 

innovate applicable and sustainable technologies, constructed wetlands (CWs) have been 

used as promising wastewater treatment alternative (Mekonnen, et. al 2015,  Odinga, et al 

2013, These constructed wetlands are considered to be a sustainable solution to wastewater 

treatment issues in small communities (Araújo et al., 2008 and Chen et al., 2008).  

Studies on constructed wetland systems vegetated with macrophytes have shown that the 

percentage reductions of physicochemical parameters are generally high especially in the 

tropics, where climatic conditions are able to sustain vegetation all the year round. Song et 

al., (2006) reported that use of constructed wetlands in China resulted in 99.7% reduction in 

faecal coliforms load. Working in Europe, Paluszak et al. (2003) and Reinoso et al. (2008) , 

showed that it was possible to reduce Escherichia coli and faecal streptococci by 99 and 96%, 

respectively. In Africa, Keffala and Ghrabi (2005); and Mburu et al. (2008) have reported 90 

and 99.9% faecal coliform removal, respectively. Horizontal sub-surface flow constructed 

wetlands (HSSF-CW) include bed media which provide paths, through which wastewater can 

move, and surfaces on which microorganisms can live. As wastewater passes through the 

pores between the media particles, the microorganisms living there feed on the waste 

materials, removing them from the water. The bed media also help to support the plants 

growing in the wetlands (Xing, 2012). Bed media such as gravel, zeolite and coarse sand 

have been widely used in constructed wetlands. 

Constructed wetland bed media selection depends on the requirements for adequate hydraulic 

conductivity to reduce the risk of clogging and experience shows that soil and sand are very 

susceptible to clogging (U.S. EPA, 2000).  Gravel is widely used in the construction industry 

in Kenya  and consideration of the most effective grain size of the gravel media packing is a 

major contribution in the engineering design of the constructed wetland as a sustainable 

wastewater treatment alternative. In countries, where constructed wetlands are widely 

applied, there is a difference in the choice of filling material for the horizontal wetlands even 

within the same country (Vymazal and Kröpfelová 2008). This difference depends on the 

availability of the construction material nearby because the cost and handling of gravel range 

between 40% to 55% of the total construction cost (U.S.EPA 2000).  
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The macrophyte Cyperus Papyrus, which has been used in this study, is a sedge 

which has a natural distribution, confined to a belt across the equatorial central Africa within 

the 17o N and 29o S latitudes, from the sea level to 2000 m above sea level. Cyperus 

Papyrusis, a C4 sedge with standing biomass value in excess of 3,000 g m-2. The stems or 

“culms” can grow up to 5 m in height. The annual aerial production rate is estimated to be 

more than 5,000 g m-2year-1 (Muthuri et al., 1989), which exceeds that of most other 

macrophytes.   

The plant is used for roofing, fencing, basket and mats weaving and can also be a source of 

fuel (after drying and briquetting). This commercial harvest value combined with the very 

high productivity make Cyperus Papyrus a potential candidate for sewage purification.  The 

plant has also been used alongside other flowers for interior decorations. 

Papyrus dominated wetlands like all other natural wetlands, are characterized by low 

dissolved oxygen concentration. This is because surface aeration and photosynthetic oxygen 

transfer mechanisms are reduced or nonexistent due to dense plant canopy. Any oxygen 

transferred from the shoots to the roots is utilized for root respiration and decomposition of 

the abundant organic matter by heterotrophic bacteria (Okia, 2000). This plant has a 

relatively high potential of producing biomass from solar energy, which is one of the criteria 

for the selection of macrophytes to be used in constructed wetlands (Perbangkhem and 

Polprassert, 2010). For this reason, Cyperus papyrus was macrophyte of choice in this study 

where goal of was to  to assess the potential of the macrophyte in domestic wastewater 

treatment using a pilot scale HSSF-CW and  evaluate the effect of different gravel media 

sizes on the removal of organic pollution and nutrients.  

The goal of this study was to assess the potential of C. papyrus in a pilot scale HSSF-CW in 

the treatment of domestic wastewater under varying gravel media size conditions on the basis 

of selected wastewater quality parameters of the wetland influent and effluent. 

 

MATERIAL AND METHODS  

The pilot scale horizontal sub surface flow constructed wetland (HSSF-CW) was sited 

within the JKUAT Juja Campus, 40 km north east of Nairobi city. The area is at an altitude of 

1463 m above sea level at coordinates 1o05'45'' S and 37o1'25'' E. Six reinforced concrete 

experimental microcosms of dimensions, 1.25 m x 0.5 m x 0.9 m (L x W x D) each, and a 

bottom slope of 1%, were constructed. Sewage from the Jomo Kenyatta University of 

Agriculture and Technology (JKUAT) staff houses, after collecting in a cesspool, was 
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pumped to a 1 m3 raw wastewater storage tank. The water was then directed to a 220 litres 

constant head regulation tank before flowing to the experimental cells. Valves on the inflow 

pipe controlled the hydraulic loading. Pairs of the cells were filled with granite and laterite 

gravel of sizes, 9-19 mm, 25-37 mm and 37-50 mm, respectively, up to depth of 0.6 m.  For 

each set of gravel size, one cell was planted with Cyperus papyrus while the other was the 

unplanted control. Gravel of size 50 –100 mm was arranged at the inlet and outlet over a 0.25 

m length. An illustration of the system setup and cell layout is shown in Figures 1 and 2; 

Tests for the available void space and hydraulic conductivity of the gravel were also done. 
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Figure 1: Plan of the layout of the pilot cells 
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m. The hydraulic loading into the cells was varied periodically to give different hydraulic 

times. Loading was initiated at 8.06 cm/d and was gradually increased until effluent 

concentration exceeded 15 mg/l of BOD5.  

 

Macrophyte Establishment 

A Cyperus papyrus nursery was established to generate a sufficient number of young 

ones required for planting in the cells.  The plants were allowed to grow up to an approximate 

height of 50 cm before transplanting them. The propagules were initially placed at two points 

for every cell, that is, at 37.5 cm from both inlet and outlet, giving them a spacing of 50 cm 

centre to centre. Two clumps each with two shoots were planted at each of the points. Weekly 

batch feeding continued over the whole month. The establishment of the Papyrus was highly 

successful and in four months their densities and heights were greater than at the natural 

wetland from which they had been transplanted as can be seen in Figure 3 
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Figure 2: Longitudinal sections through the vegetated and unvegetated (control) subsurface 

flow constructed wetland, respectively. 

System Calibration 

Upon installation of the pilot wetland systems, the water volumes were calibrated 

against water levels at a depth of 0.55 m midsection for all the cells. This was essential for 

the determination of effluent volumes and the increasing volume of the rooting biomass. 

Once every two months for eight months, each unit was completely drained and reloaded via 

a water meter, each time recording the water volume corresponding to the 0.55 m mark.  It 

was therefore possible to monitor changes in the system’s void space over the investigation 

period. 

 

 

 

 

 

 

 
 
Figure 3: Aspects of the vegetation in the constructed wetland at various stages of growth. 

Hydraulic residence time t is a function of available void space (Vv) and average flow 

rate through the system (Reeds et al, 1988): 

Where  Vv = LWd 

L = length of system (parallel to flow path), m 

W = width of system, m 

d = design depth of system, m 

 = porosity of the system (as a decimal fraction) 

   = volume of voids / total volume  

Q = average hydraulic loading on the system,  m3./ day 
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To compensate for evapotranspiration and precipitation, concentration values were corrected 

using influent and effluent flows and pollutant removal efficiencies were calculated as 

follows: 

%  removal  = 
ii

eeii

FC

FCFC 
      

where  Ci, Ce– influent and effluent concentration respectively, mg/l 

Fi, Fe – influent and effluent flow rate, respectively in l/d 

 

Sampling 

The samples were collected at least once a week for the laboratory analysis.  At a 

given hydraulic loading, grab samples of influent and effluent from each cell were taken and 

laboratory analysis conducted on them to determine their characteristics. Additionally, quality 

control sample typically included duplicates and container blanks for each sample period.  

Samples were tested immediately after collection since the shorter the time that elapsed 

between collection and analysis of sample the more accurate the results. Glass containers 

were used for the collection of the wastewater influent and effluent. For the purpose of 

coliform determination the glass containers were sterilized before collection of the samples.   

 

Laboratory Investigations 

The parameters measured at the site were pH, dissolved oxygen, temperature, the 

influent and effluent volumetric flows.  Biochemical Oxygen Demand (BOD5), Total 

Suspended Solids (TSS), Total Phosphorus (TP), Total Coliform (TC) and Feacal Coliform 

(FC) were measured in the laboratory using the standard methods (APHA, 1995) approved 

for analytical procedures, while rainfall data was collected using a rain gauge installed at the 

site. 

Dissolved oxygen (DO), pH and temperature were determined both on site as well as in the 

laboratory. Portable pH and DO meters fitted with temperature sensors were used. The Azide 

modification method was used in calibrating the DO meters and occasionally in determining 

the dissolved oxygen in collected samples.  

 

Data Analysis 

 Statistical data analyses and generation of graphs was performed using Microsoft 

Excel. Differences between groups were evaluated on the basis of Student's t-test or one-way 

analysis of variance (ANOVA) where appropriate. When significant F values were obtained, 
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individual group means were tested for differences according to Bonferroni's a posteriori 

correction for multiple comparisons. The criterion for significance was P<0.05 for all 

comparisons. 

RESULTS AND DISCUSSION 

Details of the gravel media in terms of hydraulic conductivity and void space at 

different stages of macrophyte growth are shown in Table 1. Data on the available void 

space,  measured over the investigation period for the three vegetated gravel beds continued 

to decrease with time up to the sixth month ( about 90% reduction), after which it showed a 

slight increase in two of  the cells.  

Table.1: Hydraulic conductivity and available void space details of the gravel media at 

different stages of macrophyte  growth in the vegetated cells. 

Gravel media   (mm) 9 – 19 25 – 37 37 – 50 

Hydraulic Conductivity   (cm/s) 94.7 140.3 174.2 

Available Void Space (%) 

Initial 

At 2 months 

   4 months 

   6 months 

  8 months 

 

39.5 

39.0 

38.2 

35.3 

35.4 

 

45.0 

44.2 

43.1 

41.3 

41.0 

 

50.2 

49. 3 

48.1 

45.5 

45.9 

 

As observed for plants grown in wetland microcosm elsewhere (Tanner, 1994), the rhizomes 

and roots instead of merely occupying space in the gravel pores may have forced open spaces 

as they grew amongst the gravel. However, though such localized rising of the gravel surface 

around clumps of the plants was observed in the present study, its extent and impact was not 

specifically measured though as mentioned earlier it is reflected in the void space changes. It 

is expected that this would have the effect of raising the gravel surface thus providing a 

greater bed depth. Moreover, based on other studies, this has been seen to have a negative 

effect on hydraulic conductivity (George et al., 2000, Young et al., 2000, DeShonet al., 1995, 

Sanford et al., 1995a, 1995b, Breen et al., 1995). 

The influent to the pilot cells would be classified as of weak strength (Mara; 1976) as it had 

low levels of BOD5 and TSS in the ranges 39.0 – 104.8 and 33.3 – 101.3 mg/l, respectively. 

TP and TN averaged 12.3 and 27.0 mg/l, respectively. The average pH was 6.8 while the 
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dissolved oxygen was 0.8 mg/l. as shown in Table 2 below alongside the effluent values for 

the different constructed wetland cells. 

The performance of the bed was assessed on the basis of the concentration of the various 

water quality parameters. The monthly mean of influent and effluent concentrations of the 

various parameters for different gravel bed sizes are reported in Figure 4 while Figure 5 show 

the percentage loading removal of  BOD5, COD, TSS, TC, FC, TP and TN for the different 

gravel bed sizes over the eight months 

 
Table 2: Average values of the influent and effluent measured from the different constructed 

wetland cells.  (N = 31) 

 
Parameter 

 
Influent 
Values 

Effluent Values 
Gravel Beds planted with 
Cyperus papyrus

Unplanted gravel beds 

S P M P L P S Up M Up LUp 

BOD (mg/l) 77.7 4.3a 4.3a 6.7 
 
13.0b 

 
13.4b 

 
15.1b 

COD (mg/l) 122.1 6.8a 6.7a 10.6 
 
15.8b 

 
17.9b 

 
19.4b 

TSS (mg/l) 65.1 4.3 6.6 8.5a 
 
8.9a 

 
9.2a 

 
11.1 

TN 
 (mg/l) 27.0 13.3a 12.2a 11.5a 

 
13.8ab 

 
14.3b 

 
15.3b 

TP 
(mg/l) 12.3 6.3a 7.1b 9.4c 

 
6.5a 

 
7.8b 

 
9.4c 

TC (CFU 
/100ML) 146906 638a 764a 1038 

 
5493b 

 
6688b 

 
7579b 

FC (CFU 
/100ML) 107774 456a 612ab 817b 

 
4157c 

 
5165c 

 
6091c 

DO 
(mg/l) 0.8 4.5a 4.6a 4.4a 

 
3.9 

 
4.2a 

 
4.2a 

Temperature 
Deg C 21.1 21.0a 20.7a 21.0a 

 
21.1a 

 
20.8a 

 
21.0a 

pH 
 6.8 7.3a 7.2a 7.3a 

 
8.1b 

 
8.1b 

 
8.0b 

FLOW  
(L/d) 121.5 90.5a 71.2ab 66.5b 

 
115.0c 

 
113.0c 

 
108.8c 

 

The means, followed by the same letter in a row are not statistically different at (P0.05) 

using one way ANOVA with Boniferroni correction on post-hoc t-tests  

Analysis of variance (ANOVA) was done on data pooled from all the samples from 

the three vegetated gravel beds with the different gravel sizes There was no significant 

difference noted in the temperature values of the effluent in all the gravel beds, either 
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between the vegetated and the unvegetated beds or over the three gravel bed sizes.  However, 

the vegetated beds gave a significantly lower pH value for the effluent as compared to the 

unvegetated gravel beds. The dissolved oxygen from the vegetated bed with the 9-19 mm 

gravel size was lowest. These values support the facts that macrophytes release oxygen from 

roots into the rhizosphere and that this release influences the biogeochemical cycles in the 

sediments through the effects on the redox status of the sediments (Barko et al., 1991; Sorrell 

and Boon, 1992). In this study, this is easily visualized by the light reddish/brown colour 

formed in the effluent open channel drain associated with oxidized forms of iron. 

 

BOD5 and COD 

Analysis of variance (ANOVA) on data pooled from all the sampling dates for the 

three vegetated gravel sizes showed a very significant variation for BOD5 (P< 0.05) giving 

the impression that the size of the gravel media was an important contributing factor on the 

performance of the constructed wetland with respect to removal of organic matter. This is 

true from the fact that for small grain substrate, clogging may occur, causing the influent to 

bypass the treatment zone and exiting the system untreated (Reed et al., 1988; Hammer, 

1989), while for large size gravel, their small surface area / volume ratio does not favour the 

complex reactions involved despite the possibility of a turbulent flow condition.  

Consequently, the 25-37 mm gravel size in this study showed the highest efficiency 

compared to the rest. This implies that it has a number of advantages in that there is a large 

surface area available on the media for treatment, the smaller void spaces are more 

compatible with development of the roots and rhizomes of the vegetation, and there is no 

clogging. 

 

However, for all the four hydraulic loads subjected to the systems, none registered 

zero BOD5  or COD effluent concentration. This is because compared to other forms of 

wastewater treatment, the SF wetland systems, are unique in that BOD5 is actually produced 

within the system due to the decomposition of plant litter and other naturally occurring 

organic materials. As a result, the systems cannot achieve complete BOD5 removal and a 

residual BOD5 is typically present in the effluent (USEPA, 1993). 
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LEGENDS 

 

Figure 4.  Monthly mean effluent concentration of BOD5, COD, TC, FC, TP, TN and TSS for the 
different gravel media sizes for the planted and unplanted cells over the eight months compared with 
the respective monthly mean influent over the same period. 
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Total Suspended Solids (TSS) 
TSS effluent concentration from all the vegetated gravel beds was consistently lower 

than the unvegetated control beds while an analysis of variance (ANOVA) on data pooled 

from all the sampling dates for the three  vegetated gravel sizes showed a very significant 

variation for TSS (P < 0.05). While this shows that the presences of a macrophyte improve 

TSS removal, it also indicates that the size of the gravel media was an important contributing 

factor on the performance of the constructed wetland with respect TSS removal. 

The vegetated 9-19 mm gravel media bed was consistently more efficient than the other 

vegetated two beds which had a bigger diameter gravel size. These TSS were either derived 

from outside the wetland (e.g., inflows and atmospheric inputs), and from within the wetland 

from plankton (zooplankton and phytoplankton), and plant and animal detritus. The physical 

processes responsible for removing suspended solids include sedimentation, filtration, 

adsorption onto biofilm and flocculation/precipitation. The macrophytes root system 

therefore increased the area of substrate available for development of the biofilm while the 

surface area of the plant stems also trapped fine materials within its structure. The large 

surface area/volume ratio of the 9-19 mm gravel media as compared to the other two gravel 

sizes also enhanced TSS removal. 

 

Total Nitrogen (TN) 

Removal efficiency for the vegetated systems was significantly higher than the 

unvegetated. This shows clear evidence of the contribution of the macrophyte in the removal 

of nitrogen. Analysis of variance on data pooled from all the sampling dates for the three 

vegetated gravel sizes showed no statistically significant variation (P = 0.25) between the TN 

effluent concentrations of the three gravel sizes. Nevertheless, the largest gravel size (37 – 50 

mm) gave a higher efficiency for all the hydraulic loads under investigation.  

It would appear from the above results that TN removal was not significantly affected by the 

size of the media in the bed though the bigger size of the gravel which effectively had a 

higher void space enhanced a better performance. However, a better performance was 

recorded during the warm season when active plant growth was observed. 

Total nitrogen is referred to as the sum of organic nitrogen, ammonia, nitrate and nitrous gas 

(organic-N + NH+
4+ NO-3+ N2O). Nitrogen cycling within, and removal from, the wetlands 

generally involves both the translocation and transformation of nitrogen in the wetlands, 

including sedimentation (resuspension), diffusion of the dissolved form, litter fall,  
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LEGENDS 

 

 

Figure 5. Monthly mean percentage loading removal of  BOD5, COD, TSS, TC, FC, TP and 
TN for the different gravel bed sizes over the eight months 
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adsorption/desorption of soluble nitrogen to soil particles, organism migration, assimilation 

by wetland biota, ammonification (mineralisation) (organic-N to NH+
4), ammonia 

volatilization (NH+
4to NH3(gas)), bacterially-mediated nitrification/denitrification reactions, 

nitrogen fixation (N2, N2O (gases to organic-N)), and nitrogen assimilation by wetland biota 

(NH+
4, NOx, organic-N, with NOx usually as NO-

3).  Precipitation is not a significant process 

due to the high solubility of nitrogen, even in inorganic form. Organic nitrogen comprises a 

significant fraction of wetland biota, detritus, soils, sediments and dissolved solids (Kadlec 

and Knight, 1996). 

Phosphorus Removal (TP). 

Vegetated cells for all the three gravel sizes showed higher removal efficiency than 

their unvegetated control. This is evident of the contribution of the macrophyte in the 

removal of phosphorus. Analysis of variance (ANOVA) on data pooled from all the sampling 

dates for the three  vegetated gravel sizes showed a very significant variation for TP (P< 

0.05) giving the impression that the size of the gravel media was an important contributing 

factor on the performance of the constructed wetland with respect to TP. Additionally, a look 

at the three vegetated cells showed the second category of grain size (25 – 37 mm) as having 

higher removal efficiency as compared to the other two sizes over a range of hydraulic loads. 

These results agree with the generally accepted theory that the mechanisms for phosphorus 

removal   in wetlands are more related to gravel surfaces processes (such as physical 

adsorption and chemical precipitation by Ca and Fe (Faulkner et al., 1989) than to biological 

processes such as plant and microorganisms uptake. A better performance was recorded 

during the warm season which had a very aggressive plant growth than during the cold 

season.    

 

FC and TC 

Analysis of variances (ANOVA) on data pooled from all the sampling dates for the 

three vegetated gravel sizes showed a significant variation for both FC and TC, giving the 

impression that the size of the gravel media was an important factor on the performance of 

the constructed wetland with respect to coliforms removal... Nevertheless, all the vegetated 

cells had very high microbial removal efficiency, up to 99%, with the smallest grain size 

vegetated system showing the best performance, where average values of 185, 195, 332, 372 

and 586 cfu/100ml were recorded. The macrophytes root system increased the area of 

substrate available for development of the biofilm while the large surface area/volume ratio 
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of the 9-19 mm gravel media as compared to the other two gravel sizes also enhanced 

coliform removal.  

 

CONCLUSION 

All the results from the study support the importance of Cyperus papyrus for the 

removal of organic matter, nutrients, total and faecal bacteria in the sewage. Comparison of 

the three experimental conditions involving the three different gravel sizes (9 – 19 mm, 25 – 

37 mm and 37- 50 mm) shows significant differences between the vegetated and the 

unvegetated cells while analysis of variance (ANOVA) on data pooled from all the sampling 

dates for the three  vegetated gravel sizes showed a very significant variation for BOD5 , TSS, 

TP,TC and FC giving the impression that the size of the gravel media was an important 

contributing factor on the performance of the constructed wetland with respect to their 

removal. USEPA 1999, recommend an average size as between 20 – 30 mm in diameter as a 

compromise between potential for clogging and ease of handling against a constructed 

wetland system performance. 

Based on the above it was therefore recommended that for a subsurface flow 

constructed wetland installation, rock gravel substrates of sizes ranging  9 –37 mm could be 

used to give an acceptable effluent with respect to organics and coliforms removal. Although 

the data set is limited, the results give some information about the early performance over a 

range of different bed gravel sizes of a newly created vegetated constructed wetland. 

 

REFERENCES 

1. APHA, AWWA, WEF. (1995). Standard Methods for Examination of Water and Wastewater. 
American Public Health Association. Washington DC.  

2. Araújo, A., Sousa, E., Albuquerque A.,(2008). Longitudinal dispersion in a horizontal subsurface flow 
constructed wetland a numerical solution. Anziam J., 50 (2008), pp. 339–353 

3. Ayaz SC, Akca L (2001). Treatment of wastewater by natural systems: Environ. Int. 26:189-195 
4. Brix, H., 1997. Do Macrophytes Play a Role in Constructed Wetlands? Water Science and Technology, 

35, pp. 11 – 17. 
5. Chen, Z.M, Chen, B., Zhou J.B, Li Z.,. Zhou Y,. Xi X.R, Lin C., Chen G.Q, (2008),A vertical 

subsurface flow constructed wetland in Beijing. Commun. Nonlinear Sci. Numer. Simul., 13 pp. 1986–
1997 

6. Denny, P., 1997. Implementation of Constructed Wetlands in Developing Countries. Water Science 
and Technology 35 (5), 27-34. 

7. Faulkner, S. P., Richardson, C. J., 1989. Physical and Chemical Characteristic of Freshwater Wetland 
Soils. In. Hammer. D. (Ed), Constructed Wetlands for Wastewater Treatment (Ed). Lewis Publishers, 
Inc. Michigan, pp.41- 64. 

8. Hammer, D., 1989. Constructed Wetlands for Wastewater Treatment (Ed). Lewis Publishers, Inc. 
Michigan, pp.3- 831.  

9. Hayes, T. D., Reddy, K. R., Chynoweth, D. P and Biljetina, R. 1987.Water Hyacinth systems for water 
treatment. In: Reddy, K. R. and Smith, W. H. (Eds), Aquatic Plants for Water Treatment and Resource 
Recovery. Magnolia Publishing, Inc Orlando, Florida, pp.121 - 139. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 3.114, ISSN: 2320-5083, Volume 4, Issue 9, October 2016 

 

106 
www.jiarm.com 

10. Hodgson C. J., Perkins J., ,Labadz J. C. (2004), The use of microbial tracers to monitor seasonal 
variations in effluent retention in a constructed wetland. J. Water Res., 38 pp. 3833–3844 

11. Islam A.M., Tudor T., Bates M. Evaluation of the pollutant removal mechanisms of a reed bed system, 
Biochemical parameters. 2nd International Workshop Advances in Cleaner Production, São Paulo, 
Brazil (2009) 

12. Japanese International Standard (JIS) Handbook, Environmental Technology, 1995. Japanese 
Standards Association. 

13. Kadlec, R H., (1995): Overview of surface flow constructed wetlands, Water Sc. Technol.,32:1-2. 
14. Kadlec, R. H., Knight, R. L., 1996. Treatment Wetlands. Lewis Publishers / CRC Press,  New York. 
15. Keffala C, Ghrabi A (2005). Nitrogen and Bacterial removal in constructed wetlands treating domestic 

wastewater. Desalination 185:383-389.  
16. Kengne I M, Dodane P H, Amougou A, Kone D (2009a). Vertical-flow constructed wetlands as 

sustainable sanitation approach for faecal sludge dewatering in developing countries. Desalination 
248:291-297.  

17. Kivaisi AK (2001). The potential for constructed wetlands for wastewater treatment and reuse in 
developing countries: a review. Ecol. Eng. 16:545-560.  

18. Knight, R.L.,, Ruble, R.W., Kadlec, R.H. and Reed, S. 1993. Wetland Treatment: Performance 
Database. In: Moshiri, G. A. (Ed), Constructed Wetlands for Water Quality Improvement. Lewis 
Publishers, London, pp.35 – 58. 

19. Mara, D., 1976. Sewage Treatment in Hot Climate. ELBS, John Wiley and Sons Ltd. 
20. Mburu N, Thumbi GM, Mayabi AO (2008). Removal of Bacteria Pathogens from Domestic 

Wastewater in a Tropical Subsurface Horizontal Flow Constructed Wetland. In: Senupta M, Dalwani R 
(eds), Proceedings of Taal2007: The 12th World Lake Conference pp.1010-1015. 

21. Mekonnen, A; Leta, S; Njau, K. N.(2015). Wastewater treatment performance efficiency of constructed 
wetlands in African countries: a review. Water Science & Technology. 71, 1, 1-8,  ISSN: 02731223 

22. Muthuri, F. M., Jones, M. B., Imbamba, S. K., 1989. Primary productivity of papyrus (Cyperus 
papyrus) in a tropical swamp; Lake Naivasha, Kenya. Biomass, 18, pp. 1-14. 

23. Nilsson, E., Sha, L., Qian, W., Leedo M. (2012). Constructed Wetlands “Wastewater Treatment”. VVA 
No. 1 Decentralized Water and Wastewater Treatment  

24. Nyakango, J. B., 1997. Performance Evaluation of a Constructed Wetland and Removal Optimisation 
in Maturation Ponds.  Msc. Thesis, DEW 008 IHE Delft. 

25. Odinga, C.A. Swalaha, F.M. Otieno, F.A.O.  Kumar R. Ranjith & F. Bux (2013). Investigating the 
efficiency of constructed wetlands in the removal of heavy metals and enteric pathogens from 
wastewater, Environmental Technology Reviews, 2:1, 1-16,  

26. Okia, O. T., 2000. A Pilot Study on Municipal Wastewater Treatment Using a Constructed Wetland in 
Uganda. PhD Thesis. IHE Delft 

27. Paluszak Z, Ligocka A, Breza-Boruta B (2003). Effectiveness of Sewage Treatment Based on Selected 
Bacteria Elimination in Municipal Wastewater Treatment Plant in Toruń. Pol. J. Environ. Stud. 
12(3):345-349. 

28. Perbangkhem, T. and Polprassert, C. (2010): Biomass production of papyrus (Cyperus papyrus) in 
constructed wetland treating lowstrength domestic wastewater. Bioresource Technology, 101(2):833-
835. 

29. Powell J., Homer J.,Glassmeyer C., Sauer C. (2009). Alternative wastewater treatment: on-site 
biotreatment wetlands at the Fernald Preserve Visitors Center. WM Conference, Phoenix, Arizona  

30. Reed, S. C., Middlebrooks, E. J., Crites, R. W., 1988. Natural Systems for Wastewater Management 
and Treatment. McGraw-Hill, NY 

31. Reinoso R, Torres LA, Bécares E (2008) Efficiency of natural systems for removal of bacteria and 
pathogenic parasites from wastewater: Sci. Total Environ. 395:80-86.  

32. Song ZW, Zheng ZP, Li J (2006). Seasonal and annual performance of a full-scale constructed 
wetlands system for sewage treatment in China. Ecol Eng 26:272–282.  

33. Tanner C.C., Sukias J.P.S. (2002). Status of Wastewater Treatment Wetlands in New Zealand. National 
Institute of Water and Atmospheric Research (NIWA), Hamilton, New Zealand  

34. Tanner, C. C., 1994. Growth and nutrition of schoerioplectus validus in agricultural wastewater. 
Aquatic Botany, 47, 131 – 153. 

35. Tanner, C. C., Clayton, J. S., Upsell, M. P., 1995. Effect of Loading Rate and Planting on Treatment of 
Dairy Farm Wastewater in Constructed Wetland – Removal of Oxygen Demand, Suspended Solids and 
Faecal Coliforms. Water Res., 29, 17 – 26. 

36. United States Environmental Protection Agency (USEPA), 1993. Subsurface Flow Constructed 
Wetlands for WasteWater Treatment. A Technology Assessment. EPA 832-R-93-008. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 3.114, ISSN: 2320-5083, Volume 4, Issue 9, October 2016 

 

107 
www.jiarm.com 

37. United States Environmental Protection Agency (USEPA), 1999. Manual: Constructed Wetland 
Treatment of Municipal Wastewaters. EPA/625/R- 99/010.National Risk Management Research 
Laboratory. Office of Research and Development. Cincinnati, Ohio.  

38. USEPA 1988. Design Manual. Constructed Wetlands and Aquatic Plant Systems for Municipal 
Wastewater Treatment. US Environmental Protection Agency, Cincinnati. 

39. Vymazal, J., Brix, H., Cooper, P. F., Haberl, R. And Laber, J. 1998. Removal Mechanisms and Types 
of Constructed Wetlands. In Vymazal, J., Brix, H., Cooper, P. F., Green, M. B., and Haberl, R. (Eds), 
Constructed Wetlands for Wastewater Treatment in Europe, Backhuys, Publishers, Leiden, pp.1-17. 

40. Wang, H., Wang, T., Zhang, B., Li, F., Toure, B., Omosa, I. B., Chiramba, T., Abdel-Monem, M. and 
Pradhan, M. (2014), Water and Wastewater Treatment in Africa – Current Practices and Challenges. 
Clean Soil Air Water, 42: 1029–1035. doi: 10.1002/clen.201300208 

41. Water Pollution Control Federation, (WPCF) 1990. Manual of Practice. Natural Systems for 
Wastewater Treatment. Alexandria, Virginia. 

42. Wood, A., 1990. Constructed Wetlands for Wastewater Treatment - Engineering and Design 
Considerations. In: Cooper, P. F. And Findlater, B. F. (Eds), Constructed Wetlands in Water Pollution 
Control. Pergamon Press (UK), pp.481 – 49. 

43. Xing A. (2012). Recent Developments in Wetland Technology for Wastewater Treatment. (M.Sc. 
thesis) Applied Environmental Science, School of Business and Engineering, Halmstad University  

44. Zidan A.A., El-Gamal M.A., Rashed A.A., Abd El-Hady M.A. (2013). BOD treatment in HSSF 
constructed wetlands using different media (set-up stage). Mansoura Eng. J., 38 (3.).  


