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Abstract: River water pollution is increasingly widespread in and around Addis Ababa and can lead to problems 

with users if not properly treated. Constructed wetlands are a promising solution and are being used by several 

countries. In this study three Cyperus species (Cyperus alternifolius, Cyperus papyrus and Cyperus usitatus) and 

substrate only were investigated for their removal efficiencies of TSS, BOD, NH4-N, NO3-N, TP and total coliforms 

(TC) from polluted river water in a free vertical surface flow (VSSF) wetland system.  The maximum NO3-N, BOD, 

TSS, NH4-N and TP removal efficiency by C. cyperus were 95.5%, 78.5%, 76.1%, 68.2% and 66%, respectively. C. 

alternifolius was superior in removal efficiency compared with other treatments but C. papyrus was the highest in 

TC removal (92.2%). Treatment with substrate only has the lowest removal efficiency. No significant differences 

were observed in the removal efficiency of Cyperus species and substrate only among 3, 5 and 7 days of hydraulic 

retention time. Apart from nutrient removal, constructed wetland cells purified and improved the colour of the 

wastewater which is an added advantage to change the appearance of polluted rivers. C. alternifolius and C. 

papyrus have a higher nutrients, TSS and BOD removal efficiencies and can be considered from a treatment 

perspective in constructed wetland. Further research is required to select multipurpose wetland plants with high 

wastewater removal efficiency, and potential as livestock feed which was not determined in this experiment.  
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1. Introduction 

The centrality of water in our lives such as social, 

economic, political and spiritual cannot be 

overestimated (Töpfer, 2003). According to UNEP‘s 

(United Nations Environment Programme) Global 

Environment Outlook Reports, global freshwater 

consumption rose six-fold between 1900 and 1995  

more than twice the rate of population growth 

(UNEP, 1999). However, only less than 1 percent of 

the world’s freshwater is accessible for direct human 

uses and water resources are being used faster than 

they are being replenished. The depletion and 

pollution of the planet‘s limited supply of freshwater 

are becoming life-threatening crises. David et al. 

(2022) also noted that freshwater scarcity resulting 

from rapid population rise and economic growth is 

now a global crisis. Hence, wastewater remediation 

and recycling have proven crucial for adequate water 

supply and to address the increased demand for clean 

freshwater. 

Infrastructure development, land conversion, 

intensive land use and massive deposition of 
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pollutants in water threaten all ecosystem functions 

that produce our freshwater resources (Verhoeven et 

al., 2006). Because of the slow development of 

ecosystems, most of these rapid and dramatic 

changes are irreversible (Anker, 2002). Managing 

water to optimize available resources and their use is 

a growing concern in developing countries. In 

Ethiopia, for example, growing population with 

increasing development needs coupled with 

inadequate waste disposal system is the major cause 

of aquatic ecosystem degradation. Most industrial 

effluents and domestic wastes are simply discharged 

into rivers and wetlands without pre-treatment. 

Although it is known that the use of wastewater 

treatment plants and the implementation of a proper 

waste disposal system can reduce freshwater 

pollution, their application is unlikely in less 

developed countries. 

However, constructed wetlands can be used and are a 

cost-effective wastewater treatment technology 

suitable for developing countries (Denny, 1997). 

Constructed Wetlands (CWs) appear as one of the 

most promising eco-tech treatment methods, which 

have been attracting increasing worldwide interest 

(Alexandros, 2016). Xiuwen et al. (2022) reported 

the ecological restoration and decontamination 

performance of constructed wetlands. Constructed 

wetlands also have significantly lower total lifetime 

costs and often lower capital costs than conventional 

treatment systems (ITRC, 2003). Compared to 

conventional systems, natural systems can be 

operated with less electricity and less labor (USEPA, 

2000). There is growing evidence that constructed 

wetlands is particularly important for treating 

wastewater and protecting water quality in 

catchments, rivers, and lakes (Denny, 1997; 

Verhoeven et al., 2006; Cui et al., 2010). Many 

industries in developing countries use conventional 

wastewater treatment systems to treat their 

wastewater before release into the environment 

(Zhang et al., 2014). In sub-Saharan Africa, for 

instance, some constructed wetlands have been 

operational in South Africa (Wood, 1990), Kenya 

(Nyakang'o, 1997; Raymer, 2006), Uganda (Okurut 

et al., 1999; Kyambadde et al., 2004) and Tanzania 

(Mashauri et al., 2000). 

There are different types of constructed wetland  like 

surface flow (SF), horizontal subsurface flow  

(HSSF) and vertical flow (VF) which differ from one 

another in system layout, the removal efficiency of 

certain pollutants, area requirements, technical 

complexity, applications, and costs (Gauss, 2008). 

Surface flow or free water surface constructed 

wetland- is strongly related to natural wetlands 

consisting of large, shallow lagoons that contain 

submerged, emergent, or floating plant species. Most 

commonly used as tertiary treatment that is, to 

remove nutrients to prevent eutrophication (algae 

growth) in the receiving water body. SF consists of 

shallow basins filled with coarse sand or gravel as 

filter material. VF constructed wetland consists of 

shallow sand filter beds that provides an intermittent 

hydraulic loading which provides an effective 

aeration mechanism because pores of the filter bed 

refill with oxygen as a result, high nitrification rates1 

can be achieved in the filters (Gauss, 2008). 

Although HSSF constructed wetlands are the 

dominant types, mainly due to higher overall costs 

for VF constructed wetland construction and 

operation, VF has higher oxygen transfer capacity 

compared to the horizontal flow beds (Alexandros et 

al., 2014). Alexandros (2016) also reported that 

HSSF constructed wetland has low nitrification 

capacity due to limited oxygen transfer capacity but 

VF has good nitrification capacity because of high 

oxygen transfer capacity (Alexandros, 2016). 

According to Sandeep et al. (2021) the contaminant 

removal efficiency of the vertical subsurface flow 

constructed wetlands (VSSFCW) commonly used for 

the treatment of domestic and municipal wastewater 

ranges between 31% and 99%. Generally, HSSF 

requires high area demand but VF requires small 

area, has good oxygen supply means good 

nitrification and high purification performance but 

requires higher technical demands. 

It is not only the types of the constructed wetlands 

but also, vegetation plays a critical role in the 

performance of constructed wetlands and hence 

selection of the most efficient vegetation type is 

important. According to  (Yuan et al., 2016) the roots 

absorb pollutants from wastewater, prevent 

wastewater from taking preferential paths in the 

substrate that can result to hydraulic short circuiting 

which would consequently reduce the retention time 

in the wetlands and also provide a large surface area 

for attachment of micro-organisms that degrade the 
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organics in the wastewater but their roots. Wetland 

plants also had the ability to accumulate high 

biomass and remove nutrients and therefore have 

high potential in biological nutrient removal 

processes (Yezbie and Seyoum, 2014). The efficient 

treatment and recycling of wastewater will 

undoubtedly help in elevating the level of clean water 

and sanitation (Tortajada, 2020). 

The study site, Sebeta is located 24 km Southwest of 

Addis Ababa. In the recent times there is expansion 

of urbanization and industrial development in and 

around Addis Ababa where both domestic and 

industrial wastes are released and damped into the 

rivers without prior treatment. Our personal 

observation also revealed that downstream 

inhabitants are using the water from the rivers for 

irrigation and watering their animals but complained 

that they are seeing problems on their animals. So far 

constructed wetlands are not applied in the area to 

treat wastewater. Therefore, the objective of this 

study was to develop a pilot constructed wetland at 

the National Fishery and Aquatic Life Research 

Center (FALRC) and to investigate the nutrient 

removal efficiency of three wetland plants to treat 

wastewater collected from the nearby river. 

2. Materials and Methods 

2.1. Construction of constructed wetland site 

A suitable area was selected to construct the wetland 

based on the type and extent of wastewater effluent. 

Then a constructed wetland experimental site was 

established at NFALRC, consisting of 12 wetland 

cells (units), each with an area of 6 m
2
 (2m*3m) (Fig. 

1). The type of constructed wetland established was 

vertical flow type of constructed wetland, which was 

designed to take advantage of the chemical and 

biological processes of natural wetlands to remove 

contaminants/nutrients from wastewater (Chao et al., 

2022). The constructed wetland system included 12 

rectangular treatment cells (units), each measuring 3 

m long, 2 m wide and 0.5 m deep, with a surface area 

of 6 m
2
 and a total volume of 3 m

3
. A photo 

indicating the experimental layout including the 

storage and equalizer tanks is shown in Figure 1. The 

cells were built with concrete bottom and walls with 

fitted outlets filled with layers of gravel/crushed 

rocks 12.5 cm, sand 27.5 cm and soil 5 cm on top 

(Yan et al., 2018; Chao et al., 2022).  The gravels 

were between 5 -15 mm and the sand between 0.1 -

0.5 mm in sizes. The wastewater tanks, storage (5000 

liter) and equalizer (3000 liter) were connected to the 

inlet and outlet controlled by a valve. Each cell gets 

the wastewater from the equalizer through fitted pipe 

and the effluents were collected through the outlets 

fitted just above the bottom of each cell. 

 
Figure 1: Wastewater treatment system (field view) at 

NFALRC 

2.2. Nature and source of wastewater 

Wastewater was collected from Sebeta River 

(08° 45′ 964″ N, 38° 38′136″ E) that is flowing near 

the constructed wetland site that receives domestic 

and industrial wastes from the local residents and 

alcohol factory located about 0.5 km above the site. 

The raw wastewater has dark colour with low 

dissolved oxygen (< 2 mg/L) and high conductivity 

of 1110 µScm
-1

. The wastewater was pumped from 

the river into a storage tank near the constructed 

wetland, settled for 4 hours and then allowed to flow 

into the equalizer tank through a PVC pipe. Then the 

wastewater from the equalizer tank was distributed 

into each constructed cell for 20 minutes at a 

discharge rate of 10 L/minute.  

The physicochemical characteristics of the 

wastewater from the source river are given in Table 

1. 

Table 1: Characteristics of wastewater from the source 

Parameters Mean values 

Wastewater temperature (
°
C) 14.3 

Dissolved oxygen (mg l
-1

) 1.73 

Conductivity (µS cm
-1

) 1616.7 

pH 6.2 

Storage tanker

Equalizer tanker
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Total suspended solids (mg l
-1

) 910 

Total dissolved solids (mg l
-1

) 508 

Nitrite (mg l
-1

) 5.04 

Nitrate (mg l
-1

) 30.71 

Ammonium (mg l
-1

) 3.67 

Soluble reactive phosphorus (mg 

l
-1

) 

9.43 

Total phosphorus (mg l
-1

) 13.38 

BOD5 (mg l
-1

) 175 

Total coliforms (CFUml
-1

) 1.04*10
4
 

 

2.3. Treatments and design 

The treatments were three Cyperus species (Cyperus 

alternifolius, Cyperus papyrus and Cyperus usitatus) 

collected from Lake Ziway and substrate only (a 

wetland cell without wetland plant). The treatments 

were randomly assigned to the constructed cells each 

with replicates. The Cyperus plants were planted 

equidistantly at 20 cm in all the treatment cells. Dead 

shoots were replaced with new ones randomly until 

the growth stabilized in the gravel bed. The plants 

were allowed to grow and multiply to form a dense 

stand in the cells for three months with periodic 

application of pond water to all treatments before 

wastewater was introduced into the treatment cells. 

To evaluate nutrient removal efficiency of wetland 

plants, three treatment plants and substrate only in 

triplicate received wastewater with different retention 

times (HRT) 3, 5 and 7 days.  

2.4. Sampling and wastewater analysis 

The inflow rate of wastewater from the equalizer into 

the treatment cells was calculated by taking the 

minute taken to fill 20 liter of waste. In situ 

measurements were conducted for influent 

temperature, DO, pH, and conductivity using a digital 

probe at the source, equalizer and in the treatment 

cells. The influent and effluent water samples were 

collected with 2 liter plastic bottles from each 

treatment cells and immediately transferred from the 

site to the laboratory for further analysis. Parameters 

were measured in-situ from the source and equalizer, 

water samples collected from the source and 

equalizer and analyzed in the laboratory. From the 

effluents some parameters were measured in-situ and 

water samples were collected from of each treatment 

and replicates in triplicate, parameters were analyzed 

in the laboratory after 3 days, 5 day and 7 days of 

retention time. Parameters analyzed in the laboratory 

were total suspended solids (TSS), total dissolved 

solids (TDS), Nitrite, Nitrate, Ammonium-N (NH4-

N), soluble reactive phosphorus (SRP), total 

phosphorus (TP), biological oxygen demand (BOD) 

and total coliforms. 

Wastewater samples were taken to measure five-day 

biochemical oxygen demand (BOD), ammonia 

nitrogen (NH4-N), nitrite (NO2), nitrate (NO3) and 

total phosphorous (TP), soluble reactive phosphorous 

(SRP), total suspended solids (TSS), total dissolved 

solids (TDS) and total coliforms. The analytical 

methods used for the water quality analyses were in 

accordance with Standard Methods for the 

Examination of Water and Wastewater (APHA, 

2005). Some parameters were measured in the field, 

including wastewater temperature, electrical 

conductivity (EC), pH and dissolved oxygen (DO) in 

the source and in the constructed wetland using a 

Hach HQ40d multi-parameter probe. Treatment 

efficiency was calculated as the percentage of 

removal for TSS, TDS, nutrients and total coliforms 

as follows: 

     (
 

 
)                                [1] 

                              [2] 

Removal Efficiency (%) = [(Ci – Ce)/Ci)] *100     [3] 

Where, M2 is the mass of the dish with dried material in 

gram, M1 is the mass of the dish in gram and V is the 

volume in mL of sample taken. Ci is the concentration of 

the wastewater in the influent Ce is the concentration of the 

wastewater in the effluent. 

To determine total coliform bacteria water samples 

were taken from the source, equalizer and three 

constructed wetland with plants and from one 

constructed wetland structure without plant. Samples 

were taken from the equalizer, at day 3, day 5 and 

day 7. The samples were collected in 20 ml sterile 

test tubes covered with aluminum foil and 

immediately transported into microbiology laboratory 

for further analysis following the methods by Tekpor 

et al. (2017).  To count the total coliforms samples 

from each site violet red bile agar medium was 

prepared and 1 ml of sample was transferred into 9 

ml of peptone water and serially diluted by 10
-1

, 10
-2

, 
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10
-3

 and 10
-4

. From the dilution, 0.1 ml sample was 

transferred into sterile petri dishes using spread plate 

technique and incubated for 24 h at 37
 °
C. Finally, the 

numbers of colonies were counted using most 

probable methods (Rachma et al., 2020).and were 

expressed as colony forming unit per ml sample 

analyzed (CFU/ml). 

2.5. Data analysis 

A statistical was used to determinate how pollutant 

concentration varied among treatments (constructed 

wetland cells and hydraulic retention time). Data was 

assessed with one way ANOVA with a mean 

separation test was done to validate which Cyperus 

species and also which hydraulic retention time had 

significant removal efficiency than others. The results 

were considered significant when 𝑃 < 0.05. All 

calculations were performed using SPSS version 20 

for windows. 

3. Results and Discussion 

The effluents of the wastewater were collected from 

each treatment in triplicate after 3, 5
 
and 7 days of 

hydraulic retention time. The result showed that the 

three Cyperus species have highest removal 

efficiencies of total suspended solids (TSS), 

biological oxygen demand (BOD), Ammonium 

(NH4
+
), Nitrate (NO3

-
), Total phosphorous (TP) and 

total coliforms (TC) (Table 2). The ANOVA test for 

the removal efficiency of the treatments (three 

Cyperus species and substrate only) for three 

different hydraulic retention time was not 

significantly different (p<0.05) and hence mean of 

the three hydraulic retention time was considered as 

percent removal efficiency of the treatments as 

indicated in Table 2. 

Table 2: Average + SD of parameters in the influent and effluents with percentage removal efficiency in brackets 

Parameters* Influent Effluent concentration in the treatments 

C. alternifolis C. papyrus C. usitatus Substrate only 

TSS  870 232+0.02 (73.3)     263+0.03 (69.8)            311+0.07 (64.3) 636+0.12 (26.9) 

BOD5  137 36.9+8.27 (73)   56+8.19 (59.1)          63.7 + 6.66 (53.5) 85+11.14 (38) 

NH4-N   3.18 1.19+0.17 (62.6) 1.37+0.17 (57) 1.5 + 0.16 (52.9) 2.29+0.24 (28.1) 

NO3-N   30.67 2.1+0.79  (93.1) 3.14+0.17 (89.8) 3.34 + 0.17 (89.1) 25.6+0.98 (16.5) 

TP 12.71 5.5+1.18 (56.7) 7.11+1.43 (44) 6.87+1.08 (45.9) 11.4+0.72 (10.3) 

TC 8.6x10
3
 1.3x10

3
+2.6x10

2 

(85)  

1.1x10
3
+3.4x10

2 

(88) 

2.3x10
3
+1.9x10

2 

(74) 

3x10
3
+5.4x10

2 

(65) 

*All units are in mg L
-1

 except for TC which is in CFU mL
-1

; TSS = total suspended solids, BOD = Biological 

Oxygen Demand; NH4-N = Ammonium-N; NO3 = Nitrate; TP = Total phosphorous; TC = Total coliform

High nutrient removal efficiencies of Cyperus species 

(for example 86-95% NO3; 70-90% TP removal) 

could be as organic or inorganic form as dissolved or 

particulate matter. According to Maynard et al. 

(2011) the removal and retention of TP in CWs 

occurs as a result of several physical, chemical and 

biological processes such as sedimentation of 

particulate phosphorous (organic and inorganic), 

sorption and precipitation of phosphorous associated 

with mineral particles within the water column, 

phosphorous sorption in wetland soils and biological 

uptake by plants (Liu et al., 2022) and 

microorganisms (Reddy and DeLaune, 2008). The 

decomposition of biological material is one 

phosphorous source in wetland effluent, indicating 

that wetlands are ineffective for permanent 

phosphorous removal unless proper management of 

the plants is in place. This indicates that phosphorus 

is available in different forms either in the influent or 

in the substrate structures (soil, sand and gravel) that 

can be broken down into inorganic forms and 

subsequently removed through plant uptake. This 

study also showed higher nutrient (NO3 and TP) 

removal on the 7
th

 days of retention time than on the 

3
rd

 and 5
th
 days, suggesting that additional residence 

time resulted in enhanced nutrient removal from the 

influent, dead plants and substrate structures. 

On the other hand the main mechanism for N 

removal in constructed wetlands is respiratory 

denitrification, microbially mediated transformation 

of nitrate to N2O and N2 gasses in the absence of 

oxygen (Kadlec and Knight, 1996; Reilly et al., 

2000). N removal is also possible through 
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sedimentation, ammonia volatilization, plant uptake 

and algal assimilation (Reinhardt et al., 2006). 

Nitrate leaching is another mechanism for nitrogen 

removal in a combined sand and gravel substrate as 

in this study. On the other hand, N can be released 

during death and decay of aquatic plants, which 

would promote the release of organic N back into the 

wetland (Smith et al., 2006). However, in this study, 

N-release due to plant death was minimized by 

removing the dead branches, which is also a means to 

remove some quantity of N from the system.  Our 

study results are consistent with reports that confirm 

CWs cultivated with aquatic plants were most 

effective at removing Nitrogen in the form of NO3 

instead of NH4 (Phipps and Crumpton, 1994). 

Moreover, we observed consistently high NO3 

removal efficiency (>85%) in three, five and seven-

day residence time in all types of aquatic plants used 

in this study. This could be due to similar hydrology 

with slow flow in each cell that can lead to 

accumulation of organic matter in the substrate 

column (sand and gravel) uniformly. 

Apart from the nutrients, constructed wetlands are 

also highly effective in reducing TSS and several 

studies reported up to 97% TSS removal in CWs 

receiving influent from irrigation runoff (e.g., Kadlec 

et al., 2010). In the present study a lower removal 

efficiency 76% reduction in TSS was obtained in C. 

alternifolius after 7 days of hydraulic retention time. 

The other three treatments also showed quite 

reasonable reduction in TSS ragging between 56-

74%. Our result on total coliform removal efficiency 

of C. papyrus from-88% and 85 by C. alternifolis are 

comparable with the reports by Fernando et al. 

(2019) who found 98.08% removal using C. papyrus. 

In the present study, high loads of total coliforms 

were found in the source samples (Table 1). This is 

because untreated solid and liquid wastes from 

households and different processing industries could 

be released. The presence of total coliforms in the 

sample indicates a high probability of pathogenic 

microorganisms since coliforms are the most 

important indicator bacteria for most disease-causing 

microorganisms (Aghalari et al., 2020). In 

constructed wetland system, aquatic plants can 

remove total coliforms (57-90%) (Dhir, 2020).  

During the 3
rd

, 5
th

, and 7
th

 days, our results indicated 

that all treatment plants have the potential for total 

coliforms reduction (57.9 -92.2%) and hence, the 

aforementioned plants could be ideal for wastewater 

treatment. On the other hand, substrate only 

(constructed wetland without vegetation) has lowest 

nutrient removal efficiency but as high as 70% TC 

removal signifying the role of plants. Similar result is 

also report by Mahder (2017), Yezbie and Seyoum 

(2014). The reduction in coliforms could also be due 

to filtration, sedimentation, and adsorption ability of 

the selected aquatic plants. Among the three aquatic 

plants highest TC removal efficiency was by C. 

alternifolius up to 90% followed by C. papyrus 

87.5% and C. usitatus 81%. Up to 70% total 

coliforms reduction efficiency of C. alternifolius was 

reported by Shahi et al. (2013) which is lower than 

the present study. But high TC reduction with C. 

papyrus up to 98% was also reported by Garcia-Avila 

et al. (2019) indicating the significance of wetland 

plants in wastewater treatment. 

Although the trend in nutrient removal efficiency of 

Cyperus species with longer hydraulic retention time 

(HRT) is higher, the ANOVA test showed no 

significant difference (p>0.05) between the hydraulic 

retention time except for TC where there was 

significant difference (p=0.019) between 3 and 7 

days of HRT. On the other hand there was significant 

difference between the plant species and the substrate 

only for different parameters. For example the 

removal efficiency of the three plants species C. 

alternifolius, C. papyrus and C. usitatus were 

significantly different (p<0.001) with the substrate 

only for NO3 and TP.  C. alternifolius was also 

significantly different with the substrate only for 

NH4-N (p = 0.005) and TC (p = 0.006).  C. papyrus 

was significantly different (p=0.028) with the 

substrate only for TC. 

Apart from the removal of nutrients, wetland cells 

have also played a key role in changing the 

appearance of the wastewaters’ colour where the 

change before and after the waste passed through the 

wetland cells was clear (Figure 2) indicating the 

importance of constructed wetlands for river 

restoration programs as most and all rivers in and 

around cities in Ethiopia are ugly looking. 
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Figure 2: Colour change in the wastewater after (left) 

and before (right) treated with the constructed wetland  

Generally constructed wetlands are effective systems 

for the removal of water pollutants and are widely 

used for the treatment of wastewater. Aquatic plants 

are an important component of constructed wetlands 

and contribute to the purification of nutrients, such as 

nitrogen and phosphorus. The contribution of aquatic 

plants to nitrogen and phosphorus removal in CWs 

varies depending on the design, hydraulic conditions, 

substrate structure, plant species, and effluent load 

(Allen et al., 2013; Nivala et al., 2013). In this study, 

a substantial reduction in  NH4- N, NO3 –N, SRP and 

TP were observed in all three aquatic plants (C. 

papyrus, C. alternifolius and C. usitatus) compared to 

approximately 10– 15% of plant uptake of nutrients 

(N and P) reported by Chan et al. (2008).  The 

removal of NO3-N in all treatment plants showed 87-

95.5% reduction during the three, five and seven-day 

residence time. This could be due to the high plant 

root surface area in a sand substrate that might have 

created environment conducive for bacterial growth 

responsible for nitrification process. This finding is 

consistent with Bastviken et al. (2005), who reported 

that bacteria are much more abundant when they 

grow on surfaces than when they are suspended in 

water. Plant roots not only provide the necessary 

surfaces for bacterial growth but also release organic 

carbon as a carbon and energy source for 

heterotrophic bacteria, such as the denitrifying 

bacteria (Bastviken et al., 2005). The role of plant in 

nutrient removal is also reported by Hassan et al. 

(2021) who stated that plant roots transfer some 

oxygen to the subsurface, and dryness periods allow 

oxygen diffusion to subsurface. Thus, the oxygen 

level in wetland cell is high, which promotes the 

growth of aerobic bacteria enhancing aerobic 

degradation suitable for nitrification. 

4. Conclusion and Recommendations 

In this study, three Cyperus species (C. papyrus, C. 

alternifolius and C. usitatus) showed high removal 

efficiencies for TSS, BOD, TC (and nutrients (NO3, 

NH4, TP). The maximum NO3-N, BOD, TSS, NH4-N 

and TP removal efficiency by C. cyperus were 

95.5%, 78.5%, 76.1%, 68.2% and 66%, respectively. 

C. papyrus on the other hand was the highest in TC 

removal (92.2%). The removal efficiency of the 

constructed wetland without vegetation (substrate 

only) was the lowest for all parameters compared 

with those with vegetation and was significantly 

different from the three Cyperus species. No 

significant differences were observed in the removal 

efficiency of Cyperus species and substrate only 

among 3, 5 and 7 days of hydraulic retention time. 

All the Cyperus species showed good removal 

efficiency but C. alternifolius and C. papyrus have a 

higher nutrients, TSS and BOD removal efficiencies 

and can be considered from a treatment perspective 

in constructed wetland. Apart from nutrient removal, 

constructed wetland cells purified and improved the 

colour of the wastewater which is an added 

advantage to change the appearance of wastewaters. 

Further research is required to select multipurpose 

wetland plants with high wastewater removal 

efficiency, and potential as livestock feed which was 

not determined in this experiment. 

Acknowledgements 

The authors wish to thank Ethiopian Institute of 

Agricultural Research and NFALRC for financing 

and facilitating this research as part of a project on 

Aquatic ecosystem health assessment and 

management of major Ethiopian water bodies (31-

18). We extend our special thanks to all our field 

assistants who were always willing and helpful 

during wastewater sampling from the river with 

stinky odor. 

Data availability statement 

Data will be made available on request. 

Conflicts of interest 

The authors declare that there is no conflict of 

interest in publishing the manuscript in this journal. 

 

 



Dagne et al.   J. Agri. Environ. Sci. 9(2), 2024 

Journal of the College of Agriculture and Environmental Sciences, Bahir Dar University                                         80 
 

References 

Aghalari, Z., Dahms, H.-U., Sillanpaa, M., Sosa-

Hernandez, J. E. and Parra-Saldívar, R. (2020). 

Effectiveness of wastewater treatment systems in 

removing microbial agents: a systematic review. 

Globalization and Health, 16. 

Alexandros, S. (2016).Constructed Wetlands: 

Description and Benefits of an Eco-Tech Water 

Treatment System.  In: Impact of Water 

Pollution on Human Health and Environmental 

Sustainability, 281-303. DOI: 10.4018/978-1-

4666-9559-7.ch012 

Alexandros, S., Christos, A. and Vassilios, T.  

(2014). Vertical Flow Constructed Wetlands: 

Ecoengineering Systems for Wastewater and 

Sludge Treatment (1st Ed.). Amsterdam, The 

Netherlands: Elsevier Publishing, 392p.  

Allen, C. R., Stein, O. R., Hook, P. B., Burr, M. D., 

Parker, A. E. and Hafla, E. C. (2013). 

Temperature, plant species and residence time 

effects on nitrogen removal in model treatment 

wetlands. Water Science and Technology, 68 

(11): 2337–2343. 

Almuktar, S. A.N., Abed, S. N., and Scholz, M. 

(2018). Wetlands for wastewater treatment and 

subsequent recycling of treated effluent: a 

review. Environmental Science and Pollution 

Research, 25, 23595-23623. 

Anker, P. (2002). The Context of Ecosystem Theory. 

Ecosystems Journal, 5:  611–613. 

APHA (2005). Standard Methods for the 

Examination of Water and Wastewater. 21st 

Edition, American Public Health 

Association/American Water Works 

Association/Water Environment Federation, 

Washington DC. 

Bastviken, S. K., Eriksson, P. G., Premrov, A. and 

Tonderski, K. (2005). Potential denitrification in 

wetland sediments with different plant species 

detritus. Ecological Engineering 25: 183–190. 

Chan, S. Y., Tsang, Y. F. and Chua, H. (2008). 

Domestic wastewater treatment using tidal-flow 

cinder bed with Cyperus alternifolius. Aquatic 

Ecosystem Health and Management 11: 206–

211. 

Chao, Y., Xiangling, Z., Yuqi, T., Yu, J., Shuqin, X. 

Yueling, Z. and Yaojun, Q. (2022). Selection and 

optimization of the substrate in constructed 

wetland: A review. Journal of Water Process 

Engineering, 49: 103140, 

https://doi.org/10.1016/j.jwpe.2022.103140. 

Cui, L. H., Ouyang, Y., Lou, Q., Yang, F. L., Chen, 

Y., Zhu, W. L. and Luo, S. M. (2010).  Removal 

of nutrients from wastewater with Canna indica 

L. under different vertical- flow constructed 

wetland conditions. Ecological Engineering, 36: 

1083–1088. 

 David, G., Rana, M. S., Saxena, S., Sharma, S., Pant, 

D. and ·Prajapati, S. K. (2022). A review 

on design, operation, and maintenance 

of constructed wetlands for removal of nutrients 

and emerging contaminants. International 

Journal of Environmental Science and 

Technology, https://doi.org/10.1007/s13762-022-

04442-y. 

Denny, P. (1997). Implementation of constructed 

wetlands in developing countries. Wat. Sci. Tech. 

35 (5): 27- 3. 

Dhir, B. (2020). Effective control of waterborne 

pathogens by aquatic plants. Waterborne 

Pathogens. Elsevier. 

Fernando, G.Á., Jhanina, P.C., Fanny, Z.C., Silvana, 

D.M., Lisveth, F.P. and Alex, A.A. (2019). 

Performance of Phragmites Australis and 

Cyperus Papyrus in the treatment of municipal 

wastewater by vertical flow subsurface 

constructed wetlands. International Soil and 

Water Conservation Research, 7(3):286-296. 

Garcia-Ávila, F., Patino-Chavez, J., Zhinin-Chimbo, 

F., Donoso-Moscoso, S., Del-pino, L. F. and 

Aviles-Anazco, A. (2019). Performance of 

Phragmites Australis and Cyperus Papyrus in the 

treatment of municipal wastewater by vertical 

flow subsurface constructed wetlands. 

International Soil and Water Conservation 

Research, 7: 286-296. 

Gauss, M. (2008). Constructed Wetlands: A 

Promising Wastewater Treatment System for 

Small Localities: Experiences from Latin 

America; Water and Sanitation Program (World 

Bank): Lima, Peru, 55p. 

Hassan, I., Chowdhury, S.R., Prihartato, P.K. and 

Razzak, S.A. (2021). Wastewater Treatment 

Using Constructed Wetland: Current Trends and 

Future Potential. Processes, 9, 1917. 

ITRC (Interstate Technology and Regulatory 

Council), (2003). Technical and Regulatory 

https://www.sciencedirect.com/journal/journal-of-water-process-engineering
https://www.sciencedirect.com/journal/journal-of-water-process-engineering
https://doi.org/10.1016/j.jwpe.2022.103140
https://www.sciencedirect.com/journal/international-soil-and-water-conservation-research
https://www.sciencedirect.com/journal/international-soil-and-water-conservation-research
https://www.sciencedirect.com/journal/international-soil-and-water-conservation-research/vol/7/issue/3


Dagne et al.   J. Agri. Environ. Sci. 9(2), 2024 

Journal of the College of Agriculture and Environmental Sciences, Bahir Dar University                                         81 
 

Guidance Document for Constructed Treatment 

Wetlands. Pp. 199. 

Kadlec, R.H. and Knight, R.L. (1996). Treatment 

Wetland. Lewis Publishers, Boca Raton, FL. 

Kadlec, R.H., Roy, S.B., Munson, R.K., Charlton, S. 

and Brownlie, W. (2010). Water quality 

performance of treatment wetlands in the 

Imperial Valley, California. Ecological 

Engineering, 36: 1093–1107. 

Kyambadde, J., Kansiime, F. and Gumaelius, L. 

(2004). A comparative study of Cyperus papyrus 

and Miscanthidium violaceum-based constructed 

wetlands for wastewater treatment in a tropical 

climate. Water Research, 38: 475-485. 

Liu, X.., Luying, C., Liang, Y., Zulin, H., Yuan, 

Z., Yixin, M., Ying, L.,
 
 Yueyang, D., Yifan, 

W.,, Zihao, Z. and Hongqin, X. (2022). 

Removing nutrients from wastewater by 

constructed wetlands under perfluoroalkyl acids 

stress. Environ Res., Doi: 

10.1016/j.envres.2022.113334. 

Mahder, M. (2017). Evaluation of Macrophytes for 

Efficient Hospital Effluent Treatment in 

Horizontal Subsurface-Flow Constructed 

Wetland System. MSc. Thesis, Addis Ababa 

University and Bahir Dar University, in 

collaboration with EIAR. 74pp. 

Mashauri, D. A., Mulungu, D. M. M. and 

Abdulhussein, B. S. (2000). Constructed wetland 

at the University of Dar es Salaam. J. Water 

Research, 34 (4): 1135-1144.  

Maynard, J.J., O’Geen A.T. and Dahlgren, R.A. 

(2011). Investigating sulfide induced 

mobilization of phosphorus in a constructed 

wetland soil. Soil Science Society of America 

Journal, 75: 1986–1999. 

Nivala, J., Wallace, S., Headley, T., Kassa, K., Brix, 

H., Van Afferde, M. and Muller, R. (2013) 

Oxygen transfer and consumption in subsurface 

flow treatment wetlands. Ecological 

Engineering, 61: 544–554. 

Nyakango, J. B. (1997). Performance evaluation of a 

constructed wetland and removal optimization in 

maturation ponds. M.Sc. Thesis, DEW 008, IHE 

Delft. 

Okurut, T.O., Rijs, G.B.J. and van Bruggen, J.J.A. 

(1999). Design and performance of experimental 

constructed wetlands in Uganda, planted with 

Cyperus papyrus and Phragmites mauritianus. 

Water Science and Technology, 40 (3): 265 – 

271. 

Phipps, R.G. and Crumpton, W.G. (1994). Factors 

affecting nitrogen loss in experimental wetlands 

with different hydrologic loads. Ecological 

Engineering, 3: 399–408. 

Rachma, K. N., Soedjoto, L. and Baterun, K. (2020). 

Calculation Of Coliform Number Using Most 

Probable Number (MPN) Methods On Soy Milk 

Sold in Pogot Area Of Surabaya. Journal of 

SCRTE, 4 (1): 26-33. 

Raymer, D. (2006). Constructed Wetlands in Kenya. 

Http: // www.worl dlake s.org/uploads 

/Kenya%20wetland.htm. 

Reddy, K.R. and DeLaune, R.D. (2008). 

Biogeochemistry of Wetlands: Science and 

Applications. CRC Press, Boca Raton, F. 

Reilly, J.F., Horne, A.J. and Miller, C.D. (2000). 

Nitrate removal from a drinking water supply 

with large free-surface constructed wetlands 

prior to groundwater recharge. Ecological 

Engineering, 14: 33–47. 

Reinhardt, M., Muller, B., Gachter, R. and Wehrli, B. 

(2006). Nitrogen removal in a small constructed 

wetland: an isotope mass balance approach. 

Environmental Science and Technology, 40: 

3313–3319. 

Sandeep, M., Shweta, Y., Vikas, S., Goyal, V. 

C., Omkar, S. and, Rajesh, S. (2021). 

Mechanistic understanding of the pollutant 

removal and transformation processes in the 

constructed wetland system. 

Shahi, D. H., Eslami, H., Ehrampoosh, M. H., 

Ebrahimi, A., Ghaneian, M. T., Ayatollah, S. and 

Mozayan, M. R. (2013). Comparing the 

efficiency of Cyperus alternifolius and 

Phragmites australis in municipal wastewater 

treatment by subsurface constructed wetland. 

Pakistan journal of biological sciences, 16: 379-

384. 

Smith, E., Gordon, R., Madani, A. and Stratton, G. 

(2006). Year-round treatment of dairy 

wastewater by constructed wetlands in Atlantic 

Canada. Wetlands, 26: 349–357. 

Tekpor, M., Akrong, M.O., Asmah, M.H., Banu, 

R.A. and Ansa, E.D.O. (2017). Bacteriological 

quality of drinking water in the Atebubu-

Amantin District of the Brong-Ahafo Region of 

Ghana. Applied Water Science, 7:2571 - 2576. 

https://pubmed.ncbi.nlm.nih.gov/?term=Chen+L&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+L&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Hua+Z&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Lu+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Dong+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Z&cauthor_id=35452673
https://pubmed.ncbi.nlm.nih.gov/?term=Xue+H&cauthor_id=35452673
https://onlinelibrary.wiley.com/authored-by/Malyan/Sandeep+K.
https://onlinelibrary.wiley.com/authored-by/Yadav/Shweta
https://onlinelibrary.wiley.com/authored-by/Sonkar/Vikas
https://onlinelibrary.wiley.com/authored-by/Goyal/V.+C.
https://onlinelibrary.wiley.com/authored-by/Singh/Omkar
https://onlinelibrary.wiley.com/authored-by/Singh/Rajesh


Dagne et al.   J. Agri. Environ. Sci. 9(2), 2024 

Journal of the College of Agriculture and Environmental Sciences, Bahir Dar University                                         82 
 

Topfer, K. (2003). Balancing competing water uses- 

a necessity for sustainable development. Wat. 

Sci. Tech., 47(6): 11-16. 

Tortajada, C. (2020). Contributions of Recycled 

Wastewater to Clean Water and Sanitation 

Sustainable Development Goals. NPJ Clean 

Water 3 (1) 4-30; 

https://doi.org/10.1038/s41545-020-0069-3 

UNEP (1999). Annual evaluation report. 73pp. 

USEPA (2000). Manual Constructed Wetlands 

Treatment of Municipal. Wastewaters Office of 

Research and Development Cincinnati, Ohio. 

United States Environmental Protection Agency 

(USEPA).  

Verhoeven, J.T.A., Beltman, B., Robbink, R. and 

Whigham, D.F. (2006). Wetland Functioning in 

a Changing World: Implications of Natural 

Resources management. In Ecological Studies, 

Vol.190. Verhoeven, J.T.A., Beltman, B., 

Robbink, R., and Whigham, D.F. (Eds) Wetlands 

and Natural Resource management. Springer-

Verlag, Berlin, Heidelberg. 

Wood, A. (1990). The application of artificial 

wetlands in South Africa. In: Cooper, P.F.; 

Findlater, B.C., comps. Constructed wetlands in 

water pollution control. Oxford: Pergamon Press: 

235–244. 

Xiuwen, Q., Juan, H., Chunni, Y.
 
and Jun, X. 

(2022).Ecological restoration performance 

enhanced by nano zero valent iron treatment in 

constructed wetlands under perfluorooctanoic 

acid stress. Sci Total Environ. 

DOI: 10.1016/j.scitotenv.2022.157413. 

Yan, Y., Yaqian, Z., Ranbin, L. 

and David, M.  (2018). Global development of 

various emerged substrates utilized in 

constructed wetlands. Bioresource Technology, 

261: 441-452.  

Yezbie, K., Seyoum, M. (2014) Nutrient Uptake 

Efficiency and Growth of Two Aquatic 

Macrophyte Species under Constructed 

Wetlands, Ethiopia. SINET: Ethiop. J. Sci., 3, 37 

(2):95-104. 

Yuan, J., Dong, W., Sun, F., Zhao, K., Du, C. and 

Shao, Y. (2016). Bacterial communities and 

enzymatic activities in the vegetation-activated 

sludge process (V-ASP) and related advantages 

by comparison with conventional constructed 

wetland. Bioresource Technology. 

https://doi.org/10.1016/j.biortech.2016.08.095. 

Zhang, D. Q., Jinadasa, K. B. S. N., Gersberg, R. M., 

Liu, Y., Ng, W. J. and Tan, S. K. (2014). 

Application of constructed wetlands for 

wastewater treatment in developing countries–a 

review of recent developments (2000–2013). 

Journal of environmental management, 141:116-

131.  

https://pubmed.ncbi.nlm.nih.gov/?term=Qian+X&cauthor_id=35870581
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+J&cauthor_id=35870581
https://pubmed.ncbi.nlm.nih.gov/?term=Yan+C&cauthor_id=35870581
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+J&cauthor_id=35870581
https://doi.org/10.1016/j.scitotenv.2022.157413

