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ABSTRACT 

Healthcare waste management in Ethiopia has been a neglected activity by health service 

providers and lacked the attention it deserves. This study aimed to evaluate treatment efficiency 

of a constructed wetland system for the treatment of wastewater from Tikur Anbessa Specialized 

Referral Hospital. The raw wastewater was characterized by extremely high organic matter, 

nutrient load and high concentration of pathogenic microorganisms and low concentration of 

heavy metals. Four parallel aligned horizontal subsurface flow constructed wetland cells planted 

with Typha latifoila, Phragmites karka, mix of Typha latifoila with Phragmites karka, and un-

vegetated control were used and the experiment was conducted within 12 weeks of operation. 

The treatment efficiency for each cells were assessed using the following water quality 

parameters: BOD, COD, TSS, NO3
-, NH4

+, PO4
3-, TP, S2-, SO42- , Heavy metals, total and fecal 

coliform and antibiotic resistant E. coli. The constructed wetland cell planted with mix of T. 

latifoila and P. karka showed highest removal efficiency for NH4
+ (87.68%), PO4

3 (87.9 %), TP 

(87.7%), S2- (85.3%), SO4
2- (76.4%) and BOD (89.9%). Removal efficiency for COD ranged 

between 88.4 and 89.6% in all the vegetated cells. Highest removal efficiency for Cu was 

observed in the cell planted with mix of T. latifoila and P. karka.  The constructed wetland 

planted with P. karka showed highest removal efficiency for Pb (86.6%) and Fe (81.1%), while 

the removal for Zn was higher in cells planted with T. latifoila and mix of T. latifoila and P. 

karka (98.9%). Equivalent removal efficiency for TSS (96.3%), TC (99 %) and FC (99%) was 

observed in both vegetated and un-vegetated constructed wetland cells. Resistant E. coli isolates 

were prevalent in all the influent and the effluent wastewater. In the influent wastewater, 100% 

resistance was observed against Gentamicin and Neomycin. Overall, the cell with a mix of T. 

latifoila and P. karka was found to be the most efficient cell exhibiting the highest removal of 

most of the pollutants in the influent hospital wastewater. This implies that the use of a 

combination of macrophytes can be potential candidate for large scale hospital wastewater 

treatment. The constructed wetland showed better removal for organic matter, nutrients and 

heavy metals. Further investigation was recommended for removal efficiency evaluation of 

constructed wetland for coliforms and antibiotic resistant bacteria. 

Keywords/ phrases: Antibiotic resistant E .coli, Constructed wetland, Hospital wastewater, 

Macrophytes, Tikur Anbessa Hospital, Wastewater treatment 
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1. INTRODUCTION 

1.1. Background and Justification 

Wastewater is any water that has been adversely affected in quality by anthropogenic and natural 

influences. Generally speaking, wastewaters can be grouped into two broad categories: urban and 

industrial. Industrial wastewaters are very important because of their complexity in quality and 

quantity features. The hospital wastewater is a kind of industrial wastewater created due to the 

release of a variety of toxic and hazardous substances in the process of handling treatments of 

humans in hospitals such as chlorinated organic compounds, heavy metals, cytotoxic 

compounds, radioactive elements, chemical solvents, detergents, pharmaceuticals and pathogenic 

microorganism etc. (Amooyiet al., 2010). 

 

Wastewater that is discharged from different sources has impacts on environmental conditions in 

streams, rivers, lakes and any other liquid wastes receiving water bodies. This is mainly because 

untreated wastewater usually contains among other contaminants, nutrients mainly nitrogen and 

phosphorus that can stimulate the growth of aquatic plants, which in turn results in 

eutrophication problem (Njau and Mlay, 2000 and Muhammad et al., 2004). 

 

Healthcare institutions are service-oriented establishments that provide medical care facilities 

comprising of observational, diagnostic, research, therapeutic and rehabilitative services and 

serves a vital role in helping to improve the well-being of all members of society. Health care 

facilities encompass a wide range of types, from small and relatively simple medical clinics to 

large complex and costly teaching and research hospitals.  

 

Hospitals discharge considerable amounts of chemicals and pathogenic microorganisms in their 

wastewaters in which 10-25 % is regarded as hazardous and may create a variety of health risk. 

Pollutants of concern present in hospital wastewater belong to different groups, such as 

antibiotics residue and antibiotic resistant microorganisms, viruses, bacteria, fungi, protozoan, 

helminthes, X-ray contrast agents, heavy metals, disinfectants, detergents, solvents, 

pharmaceuticals, and some radionuclide (Dana et al., 2005). 
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According to study by Hunachew Beyene and Getachew Redaie, (2011) in Hawassa University 

Referral Hospital the hospital raw wastewater  BOD, COD, ammonium, total nitrogen, total 

phosphorous and phosphate concentration of  230 ± 8.1, 545.7 ± 13.4, 91.4 ± 9.6 l, 126.1 ± 6.1, 

78.5 ± 6.6 and 52 ± 6.2 mg/L, respectively, with the average bacteriological count for total and 

fecal coliforms of 5.12 x 10
7 

+ 7.3 x 10
5 

cfu/100ml and 1.8 x10
7 

+ 5.8 x 10
5 

cfu/100ml, 

respectively. Heavy metal concentration reported in this study were 0.038 ± 0.014, 0.065 ±0.02 

and 2.51 ± 0.51 mg/L, for copper, nickel and zinc,  respectively,  while cadmium, lead and silver 

was below 0.0001 mg/L. 

 

The multi-drug resistance pattern seen in the bacterial isolates from hospital effluent samples 

included most of the antibiotics presently used for treating human infections. The worst fear 

would be the transfer of such resistance to bacterial pathogens causing infections in the 

community. In that case most of the presently available antibiotics will be futile against the 

infectious organisms (Pauwels and Verstraete, 2006). 

Hospital wastewater if left untreated, could also lead to outbreaks of communicable diseases, 

diarrhea epidemics, water contamination, and radioactive pollution. These chemicals may also 

contaminate the city’s water system and bring about skin diseases or enteric illness (Nunez and 

Moretton, 2007). 

The impacts of untreated wastewater on the environment such local rivers, lakes and streams and 

on human health is understandable. Therefore, treatment is necessary to correct wastewater 

characteristics in such a way that the use or final disposal of the treated effluents can take place 

in accordance with the rules set by the recent legislative bodies without causing adverse impacts 

on the receiving waster bodies and also human and living entities (Njau and Mlay, 2000). 

 

Most conventional wastewater treatment technologies such as waste stabilization ponds, trickling 

filter, sequential batch reactors, and activation sludge, which are used in developing countries, 

are not cost effective; they need trained manpower for operation and maintenance, and they are 

not energy efficient (USEPA, 1993; Simi and Mitchell, 1999; Tanner and Sukias, 2003). 
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Thus, technology that is manageable with the local people, cost effective, requiring low 

technology inputs, environmentally sound and low cost wastewater treatment system is the best 

solution in overcoming the wastewater problems which are causing health and environmental 

risks in developing countries (Kaseva, 2003). Therefore, the natural method of treatment by 

means of constructed wetlands is a suitable treatment method that meets the above listed 

requirement in developing country like Ethiopia. 

 

Study conducted in Ireland showed that the cost of a typical constructed wetland with a size of 

4650 m2 is about $122000 which was cheaper by 30% than conventional treatment methods of 

the same size considering the lifespan (which is 30 - 50 years) and replacement value of the 

wetland. This study also confirmed that maintenance cost for constructed wetland was eight 

times lower than the conventional treatment system (Reddy, 2004). 

 

The presence of macrophyte has been hypothesized to play a key role in wastewater remediation 

by supplying oxygen to the microorganisms in the rhizosphere, reduce the amount of nutrients in 

the system by uptake and provide more surface area in the rhizosphere for the microorganisms 

(Brix, 1987). The most frequently used emergent wetland plants are cattails (Typha latifoila), 

bulrush (Scripus lacustris) and reed (Phragmites karka and Phragmites australis) (Brix, 1993), 

but other species may also be more efficient under site specific condition. 

The common practice of co-treating hospitals and urban wastewaters jointly at a municipal 

WWTP is considered as an inadequate solution for the removal of compounds such as high 

nutrient load low biodegradable organic substances and pharmaceutical active compounds 

(PhACs) (Verlicchi et al., 2015 and Pauwels and Verstraete, 2006). Therefore, the use of 

alternative wastewater treatments at the source point for this kind of effluents has been highly 

recommended by many authors (Joss et al., 2006).  

Healthcare waste management in Ethiopia has been a neglected activity by health service 

providers and lacked the attention it deserves. Some studies have been carried out on solid waste 

management of hospitals but little previous data is available on hospital wastewater treatment.  

From the standpoint of wastewater treatment, plant species appear to be varying in treatment 

capacity. Therefore this study was proposed to evaluate the removal efficiency of mixed planted 
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constructed wetland system while establishing information on the sustainable treatment 

technology at large for hospitals in the country Ethiopia. 

1.2. Statement of the Problem 

The management of healthcare waste requires special attention due to the risk posed by the 

presence of hazardous wastes. Most of the hospitals in Ethiopia don’t have well established 

treatment plant for the management their effluents or the existing infrastructures are not repaired, 

and outdated by the volume of wastewater released. As a result most of these wastes are released 

into the city sewer systems (domestic wastes pipes) and eventually almost all end up in nearby 

streams, rivers or standing waters such as lakes and ponds.  

Despite the potential of constructed wetlands in removing pollutants of various types and its 

limited application in treating domestic and a few industrial effluents in Ethiopia, to the author’s 

knowledge, there is no data and information available on hospitals treating their wastewater 

using constructed wetland systems and its application is not yet practiced.  

The centralized treatment of hospital effluent mixed with domestic wastewater is not effective 

due to the complexity of hospital wastewater in terms of chemical contaminants such as 

antibiotics, antibiotic resistant pathogens. Proper on-site treatment of hospital effluents prevents 

antibiotic resistant pathogens from mixing with the resident microorganisms in domestic 

wastewater treatment plants thus minimize severe long term problems such as development of 

antibiotic resistance of pathogens, which are currently worldwide concerns and also importantly 

to prevent water bodies’ from eutrophication due to high nutrient and organic substance  load 

from hospitals effluents. 

The purpose of this study was therefore to evaluate the effectiveness of the mixed-plant uses of 

different macrophyte species in horizontal subsurface flow constructed wetland for efficient 

hospital wastewater treatment processes. Moreover, this study was proposed to provide 

preliminary information which can be used as an important input for developing a sustainable 

wastewater treatment plant for the hospitals. 
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1.3. Research questions 
 

I. How effective is mixed-planted macrophytes constructed wetland system in removing 

chemical and biological pollutants over single species macrophyte planted based?  

II. What is the fate of antibiotic resistance bacteria in hospital wastewater during treatment 

using horizontal subsurface flow constructed wetland? 

1.4. Objectives of the study 
General objective 

The general objective of this research was to investigate the effectiveness of mixed-plant use of 

Typha latifoila and Phragmites karka in horizontal subsurface flow constructed wetlands 

receiving hospital wastewater and their role of each macrophyte in the treatment processes. 

Specific objectives 

1. To compare removal efficiency of mixed-plant macrophyte species with single planted-based 

the macrophyte in constructed for parameters mentioned below 2 & 3 

2. To assess the removal efficiency of macrophytes in terms of physico-chemical parameters 

such as  BOD5, COD, NO-
3, NH+

4, PO-
4, TP, SO4, S-2 , TDS, TSS  and Heavy metals 

3. To evaluate the effectiveness of the macrophytes in removing biological contaminants such 

as, total and fecal coliform bacteria and antibiotic resistant bacteria 

4. To understand the fate of antibiotic resistant bacteria during the treatment process 

1.5. Hypothesis 
Mixed-plant macrophytes species-based constructed wetland system is more effective in 

removing priority pollutants and biological contaminants from hospital wastewater at highest 

hydraulic retention time 

This study was limited by: 

 Absences of replication for the constructed wetland cells used  

 Luck of the sewer map of the hospital to produce basic information such as amount of 

wastewater generated per day or per bed. 
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2. LITERATURE REVIEW 

Wastewater from health care facilities are discharged from different sources such as medical 

wards and operating theaters (e.g. body fluids and excreta, anatomical waste), laboratories (e.g. 

microbiological cultures, stocks of infectious agents), pharmaceutical and chemical stores; 

cleaning activities (e.g. waste storage rooms), and x-ray development facilities and also result 

from treatment and disposal technologies and techniques, including autoclaving, microwave 

irradiation, chemical disinfection and laundries (Rezaee et al., 2005). 

2.1. Hospital wastewater characteristics 

The characteristics of the wastewater vary considerably from hospital to hospitals depending 

upon the size of the hospitals and the level of services it provides. The treatment performance of 

hospital wastewater can be evaluated using water quality parameters such as COD, BOD, TSS,  TP, 

PO4,  NO2, NO3, NH+
4, TN, TDS, Cl2,  total and fecal coliforms etc,. 

2.1.1. Organic matter 

Hospital wastewater had high organic substance composition with low biodegradability ratios of 

Biochemical Oxygen Demand (BOD5) to Chemical Oxygen Demand (COD) 0.3, which show a 

resistance toward conventional activated sludge biological treatment process (Kajitvichyanukul 

and Suntronvipart, 2006).  

Wastewater as obtained from the hospital had a variable COD ranging from 250 to 2300 mg/L 

(Pauwels et al., 2006).  A study conducted in Hawassa referral hospital reported that the hospital 

raw wastewater BOD, COD, concentration was 230 mg/L, 545.7mg/L respectively (Hunachew 

Beyene and Getachew Radie, 2011). Gautama et al. (2004) also pointed out that the 

concentration of COD was found to be 1067 mg/L. In similar study of hospital wastewater 

Rezaee et al. (2005) also indicated that the concentration of BOD and COD in the raw 

wastewater was 450 mg/L and 270 mg/L, respectively. 

Another  study done by Sarafraz et al. (2007) in 7 hospitals of Hormozgan province in North Iran 

reported that the mean value of BOD5 and COD in raw wastewater were 242.25 mg/L and 628.1 

mg/L, respectively. In a similar study the concentration of BOD5 and COD of hospital raw 

wastewater were 603 mg/L and 855 mg/L, respectively (Emmanuel et al., 2001).  



 

7 
 

2.1.2. Nutrients 

A study by Hunachew  Beyene and Getachew  Redaie, (2011) showed that hospital raw wastewater have  

91.4 mg/L, 126.1 mg/L, 78.5 mg/L and 52 + 6.2 mg/L concentration for ammonium, total nitrogen, total 

phosphorous and phosphate respectively. 

The study done by Kajitvichyanukul and Suntronvipart (2006) showed that the concentration of 

NH
4

+
-N, NO

2

-
N and NO

3

-
N from raw hospital wastewater was 80 mg/L, <0.0005 and 0.5 mg/L, 

respectively. However, a study by Rezaee et al. (2005) indicated that the concentration of 

ammonium nitrogen from raw wastewater was 18 mg/L, while the concentration of total 

phosphorous from hospital wastewater was 8.8 mg/L (Emmanuel et al., 2001). 

2.1.3. Heavy Metals 

The major heavy metals expected in hospitals wastewater are Cadmium, Chromium, Copper, 

Lead, Mercury, Nickel, Selenium, Silver, and Zinc (Torke, 1994), which are especially 

problematic for water quality control program due to the need of new, extremely stringent 

discharge limits for water bodies. 

 

A recent report from Hawassa referral hospital indicated that the average concentration of 

copper, nickel and zinc was 0.038 mg/L, 0.065 mg/L and 2.51 mg/L, respectively. While the 

concentration of cadmium, lead and silver was below 0.0001 mg/L (Hunachew Beyene & 

Getachew Redaie, 2011). 

It was reported that hospitals in European countries emit heavy metals in mg./L ranged 0.026-

9.2, 0.014-0.62, 2.4-116 and 0.29-12 for cadmium, mercury, zinc and copper, respectively. The 

zinc content in the discharges of the project hospitals was clearly exceeds the contents of the 

other heavy metals investigated and  the average annual load of heavy metals per regular bed 

[mg/L/bed] also showed that Zn was in the range of 7.5-45, Cu in between 1.7-12 and Cr from 

0.29 to 1.58 (Hubner et al., 2001). 
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2.1.4. Coliforms and multidrug resistant bacteria 

The study by Hawassa University Referral Hospital reported the average bacteriological count of 

raw hospital wastewater for total coliforms and fecal coliforms was 5.12 x 10
7 

and 1.8 x10
7 

cfu/100ml, respectively.  

A study by Lateef (2004) showed that bacterial count in hospital effluent was 2.15 × 10
5 

cfu/ml 

and of fecal contamination evidence with MPN of > 1800. The organisms encountered included 

Staphylococcus aureus, Escherichia coli, Proteus vulgaris, Serratiamarcescens and 

Pseudomonas aeruginosa. 

In a study by Tsai et al. (1998), it was found that 1.4 x 10
6
, 3.6 x 10

5
, 1.6 x 10

5
, 2.2 x 10

5 
and 5.5 

x 10
4 

cfu/g dry weight of sludge for total coliforms, faecal coliforms, faecal streptococci, 

pseudomonas aeruginosa and salmonella spp, respectively. This study concluded that sludge 

from hospital waste treatment facilities is also a potential source of infectious organisms. 

Another study in hospital wastewater reported that bacterial counts ranged between 1 x 10
2 

cfu to 

1 x 10
8 

cfu/100mL for coliforms; 1 to 4.8 x 10
5 

cfu/ 100mL for E. coli and 44 to 1.5 x 10
6 

cfu/100mL for enterococci while, the count of Pseudomonas varied from 2 to 800 cfu/mL, 

Staphylococcus sp. ranged from 2 to 300 cfu/mL (Nunez and Moretton, 2007). 

Apart from chemical pollution caused by antibiotics themselves, the use of antibiotics may 

induce the development of antibiotic resistant bacteria (ARB) and antibiotic resistant genes 

(ARGs), which comprise health risks to humans and animals (Theile- Bruhn and Bech, 2005) 

Waste effluents from hospitals contain high numbers of resistant bacteria and antibiotic residues 

at concentrations able to inhibit the growth of susceptible bacteria. Accordingly, hospital waste 

effluent could increase the numbers of resistant bacteria in the recipient sewers both by 

mechanisms of introduction and selection for resistant bacteria (Guardabassi and Dalsgaard, 

2002). For instance, Escherichia coli, Klebsiella pneumoniae, and Pseudomonas spp are 

becoming common in healthcare institutions (Karlowsky et al., 2003). Moreover, due to bacterial 

resistance, treatment often fails, which can induce consequences within the community.  
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Three strains that representative of three different bacterial species: Acinetobacterjohnsonii, 

Escherichia coli and Citrobacter freundii. Two of the three multiple-resistant strains 

(Escherichia coli and Citrobacter freundii) survived for at least one month in the seawater 

microcosms and the freshwater ponds, whereas, the Acinetobacter johnsoniistrain survived for 

shorter times in both settings (Guardabassi and Dalsgaard, 2002). 

Another study by Lateef (2004) also showed that the resistances of the 25 bacterial strains 

isolated from the effluent to the commonly used antibiotics were studied. Among the eight 

antibiotics tested, seven patterns of drug resistance were obtained and all of them were multiple-

drug resistance with the number of antibiotics ranging from 2–8. 

The large quantities of disinfectants used in hospitals on human skin or to eliminate 

microorganisms from inanimate objects reach the wastewater and exposing the bacteria that 

survive in hospital wastewaters to a wide range of biocides that could act as a selective pressure 

for the development of resistance including Enterobacteriaceae, Staphylococcus spp, and 

Bacillus spp. were identified (Nunez and Moretton, 2007). 

2.1.5. Pharmaceuticals 

Antibiotics are one of the pharmaceutically active compounds (PhACs) classes with higher and 

increasing usage and consumption worldwide (Gelband et al., 2015). The most concerning effect 

of the antibiotics in the environment is favoring the spread of antibiotic resistance genes (ARGs) 

and antibiotic resistance bacteria (ARB) and thus hospital effluents have been reported to present 

a high antibiotics (Rodriguez et al., 2015). 

Antibiotics are any class of organic molecule that causes microbial cell death or inhibits growth 

due to specific interactions with bacterial targets. For antimicrobials, resistance is usually 

quantified as the minimum concentration required asserting a definable effect (e.g. growth 

inhibition) on a population of cells. Thus an organism is referred to as resistant when a change in 

susceptibility renders the antibiotic ineffective against this organism (Kummerer, 2004). 

Antibiotics were studied specifically in three studies in on-site hospital wastewater (HWW) 

treatment (Zhang et al., 2016; Lien et al, 2016 and Martins et al., 2008) and reported no apparent 

removal of ciprofloxacin (CIP) was observed after the treatment of hospital wastewater (HWW) 
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with a septic tank followed by an anaerobic filter in Brazil, with an average concentration in the 

treated effluent of 65 μg /L. 

Another study on hospital wastewater treatment plant (HWWTPs) based using convectional 

activated sludge (CAS) treatment in Vietnam resulted in better removal values (21–91%) and 

thus lower concentrations of the studied antibiotics (metronidazole, sulfamethoxazole, 

trimethoprim, ceftazidime, ciprofloxacin, ofloxacin, and spiramycin) achieved (Lien et al., 

2016). Ciprofloxacin was found at high concentrations in various studies in hospital effluents 

(Santos et al 2013; Rodriguez et al, 2015 and Kovalova et al, 2012). These high levels might be 

related to its medical consumption and low biodegradability. 

2.2. Wastewater treatment technologies in hospitals 

The specific directive or guideline for the management of hospital wastewater effluents in the 

world is not yet fully established. In some countries (e.g., Spain and France), hospital facilities 

are considered industrial and therefore hospital wastewater (HWW) should comply with certain 

characteristics before being discharged in the municipal wastewater treatment plant (WWTP), 

and very often a pretreatment is required (Verlicchi et al, 2010). In some other countries (e.g. 

Italy), HWW can be directly discharged in the public sewer and conveyed to the municipal 

WWTP if it complies with specific characteristics established by the WWTP authority. 

Otherwise, it has to be pretreated. In contrast in Germany hospital wastewater is considered to be 

domestic or communal and neither authorization nor specific characteristics are required 

(Carraro et al, 2016). 

Hospital wastewater treatment can be categorized as preliminary treatment, secondary treatment, 

tertiary treatment and the application of other biological treatment plants such uses of 

constructed wetland systems. 

Preliminary treatments are generally adopted with the aim of removing rough and coarse 

material, suspended solids and colloids from raw wastewater. The most common examples of 

these are a septic tank and chemical flocculation that are applied in Brazil, Nepal, Ethiopia, 

Korea (Simet al, 2011; Shrestha et al, 2011; Hunachew Beyene and Getachew Redaie, 2011 and 

Almeida et al, 2013). 
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Secondary treatment involves Conventional Activated Sludge (CAS) and Membrane Biological 

Reactor (MBR) systems. Using convectional activated sludge (CAS), organic removal showed 

resistant with low biodegradability ratio of (BOD/COD=0.3) of hospital effluent 

(Kajitvichyanukul and Suntronvipart, 2006).  Membrane bioreactor (MBR) may play a key role 

in hospital wastewater treatment because of the high removal of bacteria. Indicator organisms 

such as fecal coliforms were decreased for 1.4 log units in the CAS system compared to a 3.6 log 

removal in the MBR (Pauwels et al., 2006). 

In a submerged hollow fiber membrane bioreactor for treatment of hospital wastewater was 

investigated and achieved removal efficiency for Escherichia coli 98%, COD 80% and NH
4

+
–N 

was 93% (Xianghua, 2004). 

Despite the fact of high treatment efficiency in MBR, unfortunately, operating expenditures are 

still the main drawback that prevents its implementation, mainly due to aeration costs, membrane 

permeability loss and need of regular membrane replacement (Brepols et al, 2010). 

The tertiary treatment is the final cleaning process applied after secondary treatment to remove 

remaining residual organic matter, inorganic molecules, and remaining microorganisms. This 

includes treatment systems such as filtration through activated carbon both as powdered 

activated carbon (PAC) and granulated activated carbon (GAC) (Grundfosbiobooster, 2016) as 

well as non-specified activated carbon (Sim et al, 2013). 

 

Other biological systems applied for hospital wastewater (HWW) treatment include oxidation 

ponds and constructed wetlands etc,. Investigation was carried out at Hawassa University 

Referral Hospital to examine the suitability of a series of waste stabilization ponds (2 facultative 

ponds, 2 maturation ponds and 1 fish pond covering an area of about 3,000 m2 with a total 

retention time of 43 days) for the treatment of hospital effluents (Hunachew Beyene and 

Getachew Redaie, 2011). The treatment was considered efficient in the removal of most of the 

general contaminant indicators, including total and fecal coliform (higher than 99.4%). However, 

final concentrations do not fulfill WHO recommendations for restricted and unrestricted 

irrigation, and the application of constructed wetlands was foreseen as a feasible option to 

comply with it. 
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In fact, constructed wetlands (CW) are a feasible technology to be applied in developing 

countries for the treatment of wastewater various sources. A two-stage CW consists in a 

horizontal subsurface flow bed and a vertical subsurface flow bed planted with local reeds 

(Phragmites karka) after a septic tank was applied in Nepal to treat hospital effluent. Very good 

removal efficiencies were observed for TSS, BOD5, COD, N-NH4, as well as for total coliform 

(99.87–99.99%), E. coli (99.98–99.99%), and Streptococcus (99.3–99.99%) (Shrestha et al, 

2001). 

2.3. Constructed Wetlands treatment system 

Natural wetlands have been used for wastewater treatment for many years. In many cases, 

however, the reasoning behind this use was disposal, rather than treatment and the wetlands 

simply served as convenient recipient that was closer than the nearest river or other waterways 

(Vymazal, 1998). 

Studies of the feasibility of using constructed wetlands for wastewater treatment were initiated 

during the early 1950s in Germany, with the first application of horizontal subsurface flow 

constructed wetland appearing in 1974 (Kyambadde, 2005). This new approach was designed 

based on natural processes involving complex and concerted interactions between the plants, the 

substrate/media/ and the inherent microbial community to accomplish wastewater treatment in a 

more controlled and predictable manner through physical, chemical and biological processes 

(Simi and Mitchell, 1999 and Kyambadde, 2005). 

A “constructed wetland” is defined as human made, engineered systems specifically designed for 

the purpose of treating wastewater or storm water by establishing optimal physical, chemical and 

biological conditions akin to processes that occur in natural wetland ecosystems (Hammer, 1989 

and USEPA, 1993). 

Because, constructed wetlands (CWs) emulate natural systems and have high removal efficiency, 

relatively inexpensive to install and maintain, simple operation and environmental friendly, they 

become an increasingly popular option for wastewater treatment of various types such as 

municipal and industrial wastewater (USEPA, 1988; Okurut et al., 1999; Nzengya and 

Witshitemi, 2001 and  Kyambadde et al., 2004), and agricultural wastewater (Kenneth, 2001) as 

well as surface runoff water (William, 1997). 
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In Uganda, the economic viability of using constructed wetland was deduced from the total 

annual cost of the wetland and waste stabilization ponds designed for a population equivalent of 

4000. The result of this study indicated that the total annual cost for waste stabilization pond was 

21% more than that of the constructed wetlands ($11,400) (TomOkin, 2000). The other study 

done in Ireland by Reddy (2004) showed that the cost of a typical constructed wetland with a 

size 4650m2 is about $122,000, which was cheaper by 30% than conventional treatment methods 

considering the lifespan (which is 30–50 years) and replacement values of the wetland. 

In the last ten years, CWs. have been successfully applied in treatment of municipal wastewater 

e.g. in Uganda, for (Okurut et al., 1999), in Tanzania, for treating wastewater from the waste 

stabilization ponds at the University of Dares Salaam (Mashauri et al., 2000; Kaseva, 2003), in 

Kenya, for domestic wastewater treatment (Oketch, 2003; Nyakango and VanBruggen, 1999), in 

Ethiopia for tannery and domestic wastewater treatment ( Asaye Ketema, 2010: Tadesse Alemu, 

2011, Berhanu Genet,2007 and  Yezibe Kassa and Seyoum Mengistou, 2014). 

2.3.1. Types constructed wetlands and pollutant removal mechanisms  

Constructed wetlands can be classified based on dominated types of macrophyte as free-floating, 

submerged and rooted emergent macrophyte-based system (Thiyagarajan et al., 2006).  

According to size they can be grouped as microcosms, mesocosms and pilot-scale and full-size 

constructed wetlands (Brisson and  Chazarenc, 2009) and also based on flow types constructed 

wetland (CW) treatment systems fall into three categories: free water surface (FWS) CWs, 

subsurface flow (SSF) CWs, and hybrid CWs. SSF CWs may be further classified according to 

flow direction into vertical subsurface flow (VSSF) and horizontal subsurface flow (HSSF) 

systems (Cooper et al., 1996 and  Kadlec and Knight, 1996). 

2.3.1.1. Surface Flow (Free water surface, FWS) Wetland 

Free water surface (FWS) most resemble natural wetlands both in the way they look and the way 

they provide treatment. In FWS systems, the treatment process is performed by some complex 

interactions between the vegetation and the existing bio-film in the water phase located in 

shallow ponds in which water is flown on the surface with water depth is usually lower than 0.4 

meter (Kadlec and Wallace, 2008 and Vymazal, 2005). 
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In this constructed wetland system the roots, stems, leaves, and litter of wetland plants also 

provide a multitude of small surfaces where wastes can become trapped and waste-consuming 

bacterial can attach themselves to plants (USEPA, 1993; Sinclair, 2000). These bacteria provide 

the majority of wastewater treatment while wind, rain, wastewater and anything else that agitates 

the water surface can add oxygen to the system. This helps the aerobic bacteria thrive in 

wetlands near the surface wherever oxygen is present, in addition to this, anaerobic bacteria 

thrive in the wetland where there is little or no oxygen (USEPA, 1998). 

When bacteria consume waste particles in the water they convert them into other substances such 

as methane, ammonium, sulfate, orthophosphate, carbon dioxide and new cellular material. Some 

of these substances are used as food by plants and other by bacteria (Christina, 2005). For any of 

the processes in wetlands to work, the wastewater must remain in the system long enough for 

treatment to occur naturally. Therefore, the hydraulic residence time for wastewater in SF 

systems is based on wastewater strength, the level of desired treatment and climatic factors 

(William and James, 1993; Sinclair, 2000). 

Free water surface exhibited the poorest performance for some water quality parameters such as 

COD (44.9%) and also the removal of TSS (66.1%) and BOD (65.34%), whereas efficient in 

removal observed for nitrate (NO3-N) (51.63%), ammonium (NH4-N) (60.87%), and total 

nitrogen (TN) (43%) and also provide sustainable removal of phosphorus but at relatively slow 

rates ranging from 40 to 90% (Vymazal, 2007).  

2.3.1.2. Subsurface Flow constructed Wetland 

The Subsurface flow (SSF) wetland was originated in Europe over 40 years ago (Kyambadde, 

2005). It consists of a sealed basin or channel with a porous substrate of rock or gravel media 

and a barrier to prevent seepage. The design of this system assumes that the water level in the 

bed will remain below the top of the rock or gravel media (USEPA, 1993; Luise et al., 1999; 

Martha, 2003). Bed depth for SSF CWs is generally less than 0.6 m with typical hydraulic 

loading rate (HLR) ranges from 2 to 20 cmd_1 (Kadlec and Knight, 1996). 

SSF systems can be designed with horizontal or vertical subsurface flow through a permeable 

medium typically sand, gravel, or crushed rock (Vymazal, 2005). The most common designed is 
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with a horizontal subsurface flow constructed wetlands (HSSFCW). In this configuration the 

wastewater flows horizontally through the granular media (Vymazal, 2011). 

The treatment processes in SSF wetland system is more efficient than in the SF wetland system; 

because the media provides a greater number of small surfaces, pores and crevices where 

treatment can occur. Waste consuming bacterial attach themselves to the various surfaces, and 

waste materials in the water become trapped in the pores and crevices on the media and in the 

spaces between media. Chemical treatments also takes place as certain waste particles contact 

and react with the media (USEPA, 1993).  

A comparative study between HSSF and VSSF constructed wetlands indicate that HSSFCW 

showed BOD 75.10% and COD 66.02% whereas the VSSFCW removed 89.29% BOD and 

64.41% COD (Rodriguez, 2017; Konnerup et al., 2011) In similar study by Puigagut et al., 

(2007) demonstrated that SSF CWs for municipal sewage treatment usually exhibit high 

treatment efficiency of BOD and COD and it was varied from 75 to 93% (BOD), and 64 to 82% 

(COD).  Based on this studies VSSF CWs found to perform better than the HFCW CWs. 

In general, HSSF CWs can provide good conditions for denitrification, but the ability to nitrify 

ammonia is typically limited in these systems. In contrast, VSSF CWs can successfully remove 

NH+
4- N, but denitrification hardly occurs in these systems (Vymazal, 2005, 2007).  Singh et al., 

(2009) investigated the performance of a model for decentralized wastewater treatment using a 

hybrid system consisting of HSSF and VSSF CWs to treat high strength wastewater from 80 

households (400 population equivalent) in Nepal. The VSSF bed exhibited higher removal 

efficiencies of NH4-N (70.9%) as compared to the HSSF CW (23.8%). 

Although Vymazal (2007), pointed that the potential to remove NO3-N is expected to be low in 

VSSF wetlands, but Rodriguez, (2017) found that VSSF CWs showed enhanced NO3-N removal 

(67.76%) as compared to HSSF CWs (44.08%) and this difference were not statistically 

significant. In comparison, removal of TN in the various types of CWs investigated varied 

between 40and 55%, (Vymazal, 2007). With respect to total phosphorus (TP) removal, HSSF 

CWs exhibited enhanced removal (65.96%) compared to VSSF CWs (59.61%), but the 

difference was not statistically significant (Richardson and Marshall, 1986; Richardson, 1985 
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3. MATERIALS AND METHODS 

3.1. Study area description  

Tikur Anbessa Referral Specialized Hospital (Black Lion Referral Specialized Hospital) is found 

at center of city, Addis Ababa, Ethiopia was opened in 1953 E.C., during the reign of Emperor 

H/ Selassie under the name of Prince Mekonnen Memorial Hospital. The hospital provides 

curative services to the community and also as a teaching hospital for undergraduate and 

postgraduate medical and public health students, who provide service to the health problems of 

the community and the country at large. The Hospital has several wards such as Surgical, 

Pediatrics, Gynecology and Obstetrics, Ophthalmology, Dermatology, Medical, and Labor 

wards, etc. with more than 700 bed capacity. Based on the information gathered from the 

hospital human resources department the hospitals  has 1120 permanent employees under 

administration, 770 academic and 1120 health professional staffs.  

The hospital is providing services for an average of 700 out patients per day. The wastewater 

sources generated from the hospital includes students’ dormitory, toilets, laboratories (Clinical 

Chemistry, Parasitological, Molecular, Microbial and Serological Laboratories etc.) and from 

cafeterias flow directly to the treatment plant which is not currently functional. Based on our 

personal communication with the hospital communities such as medical staffs and the human 

resource management departments because, it is clear that the healthcare wastewater has 

hazardous components they recommend the existence of onsite treatment plants. The hospital is 

currently endeavoring to address cancer diagnosis, treatment and care. Tikur Anbessa specialized 

Referral Hospital was where the raw wastewater samples for this study was collected. 

3.2. Research design and experimental startup 

It was an experimental study conducted at the laboratory scale-level horizontal subsurface flow 

constructed wetlands systems on the campus of Natural and Computational Sciences, which was 

initially built by the Department of Environmental Science, Addis Ababa University. 

Four parallel horizontal subsurface flow constructed wetlands (CW) cell named as CW-1, CW-2, 

CW-3 and CW-4 with 2m length, 0.65m width and 0.5 height dimensions was reestablished. The 

wetland total volume was 0.65m3 with surface area of 1.3m2. Aslope of 1 % was respected at the 
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bottom of each bed to ease the circulation of water from the inlet to the outlet. The inlet and out 

late components of the wetlands are established using polyvinyl chloride (PVC) pipes of one 

inch. The design and the actual constructed wetland are presented in Figure1. 

 

Figure 1Design of the constructed wetland (CW), (Left)& the actual CW during re-
establishment (Right) 

NOTE: HSSFCWs. stands for horizontal subsurface flow constructed wetland and S (0, 1, 2, 3 

&4) represent sampling sites at equalization tank and at the outlet of each constructed wetland 

cells, respectively 

To avoid percolation (seepage) of wastewater from the constructed wetland to the groundwater, 

the floor as well as the sides of the wetlands were plastered using cement, clay soils and water 

proof chemicals. Coarse sized gravel was placed at the inlet and outlet of the constructed wetland 

to avoid clogging and to have smooth collection of treated wastewater at the out let. 

Horizontal sub-surface flow (HSSF) is the wetland design that was used in this study. The 

components dimension and values of operational parameters of the horizontal sub-surface flow 

constructed wetland systems used are summarized in table in the next page (Table 1). 
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Table 1Components dimension and values of operational parameters of the constructed wetland 

Dimension  Values  Operational 
parameters  

Flow  rates  
(L/ day)  

LLeennggtthh  ooff  wweettllaanndd   2m  Hydraulic retention 
time(HRTs)  
 
Of 3 days  
 
HLR= 2.8 cm /d 

Inflow= 40  

WWiiddtthh  ooff  wweettllaanndd   0.65m  Outflow= 32  

DDeepptthh  ooff  wweettllaanndd   0.5m  Average flow =  
36  

AAssppeecctt  rraattiioo  ((LL//WW))   3:1  Hydraulic retention 
time(HRTs)  
 
Of 5 days  
 
HLR= 1.7 cm /d 

Inflow= 26  

DDeepptthh  ooff  mmeeddiiaa   0.375m  Outflow= 18  

SSuurrffaaccee  aarreeaa  ooff  
wweettllaanndd   

1.3m
2 
 Average flow = 

22  

BBoottttoomm  ssllooppee   1%  Hydraulic retention 
time(HRTs)  
 
Of 7  days  
 
HLR= 1.2 cm /d 

Inflow= 20  

GGrraavveell  ssiizzee   20-30mm & 
40mm  

Outflow= 12  

  Average flow = 
16  

 

The substrate or plant growth media used in this horizontal subsurface flow constructed wetland, 

(HSSFCW) system was 20mm - 30mm and 40mm (the coarse size) diameter sized gravel only 

used on the inlet and outlet sites. The substrate was filled up to a height of 0.375m. Gravel size 

was selected based on the recommended gravel size range of 20mm-80mm for HSSFCWs by 

USEPA, (2000). 



 

19 
 

The empty-bed volume of each HSSFCW up to the level of gravel was approximately 0.488m3 

(488L).This was done by filling an empty bed with known volume of water up to the level of 

gravel. According to USEPA (1993) gravel size having 20mm-80mm range have a porosity of 

35% and the void volume or the free volume after filling the system with gravel was calculated 

by multiplying total volume (488L) with media porosity (0.35), which was around 170.8L. 

The operating parameters during the experimental study were flow rate (Q), hydraulic retention 

time (HRT, average residence time during which the wastewater remains within the wetland 

system) and hydraulic loading rate (HLR, the loading on a wastewater volume per unit area over 

a specified time interval). These HRT and HLR were controlled by controlling the flow rate of 

wastewater entering the CWs by using control valves. The system was operated at different 

hydraulic retention time to identify the better residence time required for effective removal of the 

pollutants of specific wastewater( in this case the hospital wastewater). The flow rates at 

respective HRT was calculated using stopwatch and measuring cylinder practically while 

average flow rate was calculate using formula below. 

Qav = 
2

oi QQ 
 (m3/day)……Equation 1 

Where,   Qav = the average of the inflow and outflow Qi= inflow at the inlets  

Qo= outflow at the outlets of constructed wetlands (USEPA, 1993) 

The hydraulic loading rate (HLR) is the volumetric averaged flow rate divided by the wetland 

surface area. Typically, hydraulic loading rates are specified in [cm/d] or [mm/d]. 

                                HLR = 
As

Q
va  ……..Equation 2 

Where, Qav = average flow rate (m3/d) 
             As = surface area of wetland (m2) 

Therefore the average flow rate of the system at HRT of three, five and seven days was 36L/day 

with (inflow= 40L/day, out flow = 32L/ day), 22L/day with (inflow= 26L/day, out flow = 18L/ 

day), and 16L/day with (inflow= 20L/day, out flow = 12L/ day), respectively. With Hydraulic 

loading rate of 2.8 cm /d, 1.7 cm /d and 1.2 cm /d  at 3, 5 and 7 days of hydraulic retention 

time. 
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For adequate nitrification processes hydraulic retention time of at least 5 to 8 days is 

recommended (Brovelli, 2010). But this may not be affordable in terms of the quantity of 

wastewater generated and the large space requirement. Conducting analysis would be important 

to know the appropriate retention time required for specific types of wastewater used in the 

treatment. Taking in to consideration this, the present experiment was conducted at three 

different hydraulic retention time of three, five, and seven days.  

The wastewater used in this study was collected from Tikur Anbessa Specialized Referral 

Hospital and added to a 700-liter tank placed at slightly elevated position than an equalization 

tank and the constructed wetland cells. Then samples of the wastewater were distributed to the 

experimental constructed wetlands by gravity thorough PVC pipes (Figure2). 

The hospital raw wastewater was collected using plastic jars and placed in the sedimentation 

tank. The sedimentation tank served as a primary treatment to stay a minimum of 24 HRs.to 

settle and then flow to the equalization tank to passes out to HSSFCWs cells. About 36 liters of 

pre-settled wastewater was then passed from the sedimentation tank to an equalization tank 

before getting into the HSSFCW system with gravitational force.  

 

Figure 2Sedimentation tank, (Left) and equalization tank, (Right) 

The piping system used for the supply, distribution and collection of wastewater comprised of 

one inch (2.55 4 cm) diameter PVC (polyvinylchloride) plastic pipes and shown in Figure 3(a, b 

and c). The sedimentation and equalization tanks were connected through a single pipe. The two 

major components of the piping system in the HSSFCWs were the inlet and outlet pipes. 



 

21 
 

 

Figure 3Inlet pipe (a) Wastewater distributing pipes (b) &Outlet pipes(c) 

3.3. Macrophyte selection, plantation and acclimatization 

The two macrophytes species selected for this research purpose were Phragmites karka and 

Typha latifoila. Typha latifoila was collected from Man-made pond around Lideta Church, Addis 

Ababa, while Phragmites karka was from Lake Ziway, 160 km south of Addis Ababa, Ethiopia. 

Planting was done during October, 04, 2016, (Typha latifoila) and October, 25, 2016, 

(Phragmites karka). The difference in date of plantation was mainly because of the species 

supposed to be either Phragmite austiralis/ karka/ collected from Addis Ababa did not 

succeedand that had to be replaced by the species collected from Lake Ziway, namely, 

Phragmites karka.  

The selection criteria for these plants were based on previous research reports on their potential 

in efficient treatment reported for tannery and municipal wastewater (Assaye Ketema, 2009, 

Tadesse Alemu, 2010; Berhanu Genet, 2007; Yezbie Kassa and Seyoum Mengistou, 2014 and 

Ruan et al., 2006) whereas, Shrestha et al, (2001) for hospital wastewater treatment and their 

accessibility and adaptation to local condition.  

Fragments of stems carrying young shoots of T. latifoila and P. karka were collected and 

immediately transplanted in the HSSFCW cells. The first cell (CW1- Typha latifoila), second 

cell (CW2- mix of Typha latifoila and Phragmites karka) the third (CW3- un-vegetated/ control 

cell/) fourth cell (CW4- Phragmites karka) with nine (9) stems fragment per bed.  
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After the transplantation the plants in the constructed wetland cells were fully-grown with tap 

water irrigation for about 2 months (October – November end), to ensure the stabilization of 

plants and to initiate shoots of selected macrophytes prior to the treatments. According to 

USEPA, (1993) planting should be allowed to become well established before the wastewater is 

introduced into the system since the plants need an opportunity to overcome the stress of 

planting before other stressors are introduced. Water level in the wetland was adjusted to 5 cm 

below the substrate the so called subsurface flow constructed wetland system. 

 

Figure 4 Macrophytes used P. karka, mixed-planted and T. latifoila, respectively 

The macrophytes were acclimated with the wastewater for about 45 days (December – mid 

January) before initiating efficiency assessments. The wastewater was diluted with tap water at 

different percentages of 25% wastewater, 50% wastewater, 75% wastewater and 100% 

wastewater, this was to reduces shock  and provide adaptation period for the plants (Davis, 

1995).  
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The acclimatization was subsurface flow and continuous system irrigation method same as 

during the treatment processes. i.e., with assumption that the continuous input wastewater have 

full circulation up to the residence time and will get losses at the base of sample collection. 

The raw wastewater released from Tikur Anbessa specialized referral hospital was collected at 

the out-late of sewerage pipes and it was transported to the college of Natural and Computational 

Sciences where, the experiment was conducted using plastic jar containing 20-25 litters. Before 

leading to the experimental constructed wetland cells, it was kept in a 700-liter tank for one day, 

and then it was led to the beds through a drain valve with a flow rate of respective hydraulic 

retention time.  At the end of each HRT day, all the treated wastewater was removed from the 

CWs systems and replaced by new wastewater to simulate the intended hydraulic retention time.  

3.4. Wastewater sampling techniques 

As indicated in Figure 1, samples were collected at five sites (S0, S1, S2, S3, and S4). S0 was in 

the equalization tank, while S1, S2 and S4 were from vegetated bed and finally S3 was from 

unplanted cell serving as a control without vegetation. In all these sites, samples were collected 

for three months (mid-January to mid-April, 2017).  To evaluate the performance efficiency of 

CW, inlet samples were collected on days of treatment initiated before the outlet ones, according 

to the estimated hydraulic retention time of the wetland.  

For physicochemical parameters analysis, samples for nutrients, organic matter were collected 

using 1000 ml plastic bottles washed with distilled water. For bacteriological parameters sample 

collection was carried out using glass bottles previously sterilized by autoclaved at 1210C for 15 

minutes and analyzed immediately after sampling.  For the determination of heavy metals and 

sulfate, sulfide analysis 1000 ml of the wastewater samples were collected and acidified with 1.5 

ml of 65% nitric acid in the cases of heavy metals. After acidifying, it was stored in refrigerator 

at 40C to prevent change in value due to evaporation. Samples for sulfate and sulfide were 

analyzed within 24 Hrs after collection. 
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3.5. Wastewater analysis 

Influent and effluent wastewater characterization was carried out in terms of physico-chemical 

and biological water quality parameters. The physico-chemical parameter are pH, wastewater 

temperature, TDS , electrical conductivity (EC), turbidity,  BOD5, COD, TSS,  NH+
4,  NO2, NO-

3, PO-
4, TP, , S2, SO4, and Heavy metals ( Lead, Copper, Zinc, Cadmium and Iron). The 

biological parameters are total and fecal coliform and antibiotic sensitivity test for E. coli.  

3.5.1. Physico-chemical analysis 
Physical parameters such as DO, EC., pH and temperature were measured on-site using multi-

meter probe (HQ40d) and turbidity was measured using turbidity meter (OAKLOL 1T-100). 

Biological oxygen demand was analysis following the Azide modification winkler titration 

method,  the method was used for the 5 day BOD test by determining initial DO and final DO 

after 5 days of incubation period at 20
O
C in the dark , thus the initial and final DO were 

measured titrating the sample sodium azide solution (APHA, 1998). Similarly COD analysis was 

carried following closed reflux method in APHA, (2005) by digesting the samples with silver 

sulfate using the COD digester and finally measuring the absorbance using UV-Spectro 

photometer (HACH, DRB200). Both of these analyses were conducted in the Department of 

Environmental Science research laboratory, AAU. 

Nutrients were analyzed: NO-
3 (Sodium-salicylate method), NH+

4 (Indo-phenol blue method), 

PO-3
4 (Ascorbic acid method) and Total phosphorus (TP) (Ammonium per-sulfate method). The 

absorbance reading was converted to the actual concentration using standard curves for each 

parameter in above listed. The gravimetric method was used to analyze TSS and TDS. TSS was 

analyzed by evaporating the sample at 105°C and measuring the residue on GF/F using 

analytical balance (SCALTEC, SBA32) while TDS was analyzed by filtering wastewater sample 

and evaporating filtrates and residue on flask was measured as final weight using analytical 

balance (APHA, 1998). All the parameters listed with this paragraph were examined in 

Limnology laboratory at the Department of Zoological Sciences, AAU. 

Sulfate, sulfide and heavy metals analyses were carried out in JIJE Analytical Testing Services 

Laboratory, Addis Ababa which was certified by ISO17205/2005 for standard analytical 
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laboratory testing services. Sulfide (Iodo-metric) sulfate (Turbidi-metric) analyzed following 

procedure in APHA, method- 4500. Heavy metal analyses were carried out using direct air 

acetylene flame method (APHA -3111 B & C). 

3.5.2. Biological contaminant analysis 

3.5.2.1. Enumeration of total and fecal coliform bacteria 
All samples for bacteriological analysis were transported to the laboratory of Biomedical at 

Department of Molecular, Cellular and Microbial Biology, AAU.  

To analyze total coliform, heterotrophic plate count (HPC) was conducted using spread plate 

techniques based on Standard Methods 9215C of (APHA, 1998). 1 mL of well homogenized 

collected influent and effluent samples were serially diluted with Phosphate Buffer Saline 

(0.85% NaCl) in order to reduce the bacterial density subsequently, 0.1 mL of the appropriate 

dilutions was spread directly onto the R2A agar plates. HPC colonies were counted after 24 HRs. 

of incubation at 35°C. 

Fecal Coliforms were analyzed by Membrane Filtration technique using membrane lauryl sulfate 

broth (MLS). The wastewater samples were collected in a sterile glass bottle. After sterile 

absorbent pads were transferred into sterile Petri dishes, 2 ml of sterile membrane lauryl sulfate 

broth was added to each Petri dish.  

The membrane filter forceps were dipped in ethanol, and burn off in the flame of the Bunsen 

burner. Then a sterile membrane filter of 0.45 μm pore size, 44 mm diameter was placed on the 

membrane filtration unit and a diluted sample was poured and filtered using a manual vacuum 

pump. The Petri dishes were place upside down in an incubator maintained at 44 
O
C ± 0.5 

O
C. 

Finally the number of yellow colonies was counted after 48HRs. incubation period (APHA, 

1998). 

3.5.2.2. Antibiotic sensitivity testing of Escherichia coli 

Wastewater samples were directly inoculated on Eosin Methylene Blue (EMB) agar medium and 

incubated at 37° C for 24 hours. Colonies showing characteristic greenish metallic sheen 

appearance on EMB agar were picked up and considered as presumptive E. coli.  



 

26 
 

Further identification was carried out following standard biochemical method in Quinn et al. 

(2002) using biochemical IMViC tests, (Indole, Methyl red, Voges-Proskauer and Citrate 

utilization test (Appendix). The isolates which exhibited IMViC pattern of (+ + - -) respectively 

were confirmed as E. coli isolates. After confirmation of the isolates by biochemical tests, the 

positive samples were subjected to antibiotic sensitivity test. 

The antimicrobial susceptibility test was performed following the standard Kirby-Bauer disk 

diffusion method based on standard testing protocol (Clinical laboratory institute standard, CLIS, 

2013) using commercial antimicrobial disks. Each isolated bacterial from nutrient broth was 

transferred in to nutrient agar (Oxoid, England) and incubated overnight at 370C using 

incinerated loop.  Between 3 and 5 colonies of each isolate were suspended in sterile 0.85% 

saline solution to achieve turbidity equivalent to the 0.5 McFarland standards that was prepared 

from barium chloride and sulfuric acid.  

A 0.1ml of the suspension was transferred to Muller Hinton agar medium and then swabbed in 

three directions uniformly on the surface of Mueller-Hinton agar plates. After the plates dried, 

antibiotic disks were placed on the inoculated plates using sterile forceps. The antibiotic disks 

were gently pressed onto the agar to ensure firm contact with the agar surface, and incubated at 

370C for 24 hours. Following this the diameter of inhibition zone formed around each disk was 

measured using transparent ruler by passing it over the plates. The results were classified as 

sensitive, intermediate, and resistant according to the standardized table supplied by CLIS, 

(2013).  

3.5.2.3 Parasitological examination  

Protozoan contaminants were detected and identified using microscopic examination as 

described in standard methods in APHA (1998). Helminthes ova were characterized and 

quantified following by egg sedimentation techniques following the procedure in WHO, (1996). 

The egg sedimentation techniques was done first settling sample for 24Hrs. and centrifuge the 

sediments using after mixed with acetoacetic and ethyl acetate solution and finally ether solution 

was used for separation of supernatant and the pellet and eggs were counted under microscopy 

using McMaster slide. Egg identification was supported by laboratory identification keys. 
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3.6. Statistical data analyses 

Statistical analysis was performed using SPSS program (SPSS; Version 20, IBM, 2011). The 

data was analyzed through one-way analysis of variance (ANOVA) at 95% confidence level to 

compare the performance efficiency of each constructed wetland cells concerning the removal 

nutrients, organic matter and indicator microorganisms. The statistical analysis done using SPSS 

included mean, standard deviation, the Analysis of variance (ANOVA) with LSD as a Post Hoc 

Analysis, to compare influent, effluents and the removal of each cells of the constructed wetland 

system. The removal efficiency of the system for all parameters was calculated based on the 

formula:  

 

% Removal Efficiency= 100*
inf

inf

C

CC eff

…….
Equation 3 

              Where, Cinf = Initial concentration, 

               Ceff = Final parameter concentration 
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4. RESULTS 

4.1. Raw wastewater characterization of Tikur Anbessa Specialized Referral 

Hospital 

4.1.1. Physico-chemical analysis 

Physicochemical analysis indicated that the hospital wastewater was slightly acidic with pH 

ranging from 6.37-6.58 and an average temperature of 18.3
o
C. Dissolved oxygen in the raw 

wastewater ranged from 0.12-0.25 mg/L with an average concentration of 0.17 mg/L. The 

average turbidity of the wastewater was 197.9 NTU, with minimum of 147.7 NTU and a 

maximum of 274.0 NTU.  

Table 2Characteristics of raw wastewater collected from the sewer of Tikur Anbessa 

Specialized Referral Hospital from January – April 2017 

 

Parameters (unit) Mean + SD 

pH 6.4 + 0.1 

Temperature (0C) 18.3 +  0.3 

Dissolved Oxygen (mg/L) 0.17  +  0.1 

Turbidity (NTU) 197.9  +  38.7 

Electric Conductivity (µS/cm) 185.3  +  3.3 

TDS (mg/L) 436.8  + 16.7 

BOD (mg/L) 788.8 +  64.4 

COD (mg/L) 1764.6 +  167.5 

TSS (mg/L) 490  +  30.2 

NO2(mg/L) 1.6  +  0.2 

NO3(mg/L) 2.5  +  0.5 

NH4
+(mg/L) 80.7  + 6.9 

PO4
3-(mg/L) 71.3  +  9.5 

Total Phosphorus (mg/L) 84.8  +  6.1 

S2(mg/L) 10.2  +  1.6 

S04
-2 (mg/L) 20.1  + 3.7 
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The analysis of organic matter showed that the hospital wastewater had COD and BOD average 

concentration of 1764.6 and 788.8 mg/L, respectively. The average concentration of total 

suspended and total dissolved solids were 490 and 436.8 mg/L respectively. Table 2 presents the 

summary of overall physico-chemical characteristics of the raw wastewater during the study 

time.  

Chemical analysis for Nitrogenous pollutants (nitrite, nitrate and ammonium) were 1.6, 2.5, 80.7 

mg/L, respectively whereas the soluble reactive phosphorus and total phosphorus were 71.3 and 

84.8mg/L, respectively. The average concentration of sulfide and sulfate in the raw wastewater 

were found to be 10.2 and 20.1mg/L, respectively (Table 2).  

4.1.2. Heavy metals in the raw wastewater 

Heavy metals from the discharges of the hospital were analyzed and found to contain 11.11 mg/L 

Iron, while the concentration of cadmium in the raw wastewater was below 0.0001 mg/L 

(Table3). 

Table 3: Heavy metal concentrations (mg/L) of raw wastewater collected from the sewer of 
Tikur Anbessa Specialized Referral Hospital from January – April 2017 

 

 

 

 

 

 

 

 

 

 

 

Parameters Mean + SD,  (n=3) Range 

Copper 0.47+ 0.02 0.02- 0.09 

Iron 11.11+ 8.2 1.46- 27.48 

Zinc 0.21+ 0.14 0.06- 0.49 

Lead 0.31+ 0.15 0.1- 0.6 

Cadmium < 0.0001 < 0.0001 
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4.1.3. Biological contaminants analysis 

Bacteriological analysis of wastewater samples from Tikur Anbessa Specialized Referral 

Hospital showed detection of an average of 3.03 x109cfu/ml total coliforms and 1.83 

x108cfu/100ml fecal coliforms throughout the investigation period.  

Parasitological examination revealed that the raw wastewater of the hospital contained 

considerable amounts of helminthes and protozoan ova.  The average count of Ascaris and 

Hookworm ova was 176 and 117 eggs per liter of wastewater, respectively. Entamoeba was 

counted with an average value of 169 cysts per liter of wastewater (Table 4). 

Table 4Bacteriological and parasitological characteristics of raw wastewater collected from the 

sewer of Tikur Anbessa Specialized Referral Hospital from January – April 2017 

 

 

 

 

 

 

4.2. Influent wastewater characteristics 

The physico-chemical characteristics of the wastewater flowing into the wetlands varied in 

different samples taken at different times. The mean pH of the influent was 7.13.  The effluents 

from each cells had pH values varying from 7.98 to 8.25.  Highest (8.25) pH was recorded from 

the control cell. The mean temperature of the influent was 24.75°C and the effluent ranged from 

16.25 to 18.38°C. During the study period, the average conductivity (EC) and TDS in the 

influent wastewater was 274.88 μs/cm and 573.5 mg/L respectively (Table5).  

 

 

Parameter (unit) Mean+ SD,  (n=3) 

Total coliform (cfu/ml) 3.03 x109+ 3.2x 107 

Fecal coliform (cfu/ 100ml) 1.83 x108+ 3.5 x 106 

Ascaris (eggs/ L) 176 + 18.3 

Hook worm (eggs/ L) 117 + 11.5 

Entamoeba coli( cysts / L) 169 + 16.8 
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The COD and BOD of the influent were 1052.23 and 586.92 mg/L, respectively.  The average 

TSS and turbidity of the influent were 418.99 mg/L and 194.78 NTU, respectively (Table 5).The 

average concentration of ammonium, nitrate, and nitrite in the influent was 69.80, 2.98 and 

1.11mg/L, respectively. The mean influent concentration of orthophosphate and total phosphorus 

was 68.09 and 79.59 mg/L respectively. Sulfate and sulfide levels of the influent were 16.48 and 

7.51 mg/L, respectively (Table 5).   

 

The concentration of heavy metals in the influent were 0.477 mg/L for Zn, 0.11 mg/L for Pb, 

13.48 mg/L for Fe and 0.17 mg/L for Cu. The mean concentration of Cadmium in influent 

wastewater was below the detection level of the instrument (< 0.0001mg/L) throughout the study 

period (Table 5). 

The average bacterial colony count of total and fecal coliform of the influent wastewater were 

found to be 2.13 x109cfu/ml and 1.82 x 108cfu/100ml, respectively (Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

32 
 

Table 5Characteristics (Mean + SD) of the influent wastewater from the equalization tank 

 

Parameters Units  MEAN + SD, (n=9) 

pH ------------------ 7.13  +  0.35 

Temp. 0C 24.75  + 1.04 

DO mg/L 0.154 +  0.024 

EC µS/cm 274.88 + 321.87 

TDS mg/L 573.5  + 503.2 

Turbidity NTU 194.78 + 55.53 

TSS mg/L 418.99  + 275.03 

BOD mg/L 586.92 +  144.44 

COD mg/L 1052.23 +  381.72 

NO-
2 mg/L 1.11 +  0.43 

NO-
3 mg/L 2.98 + 0.28 

NH4
+
 mg/L 69.80+ 27.02 

PO3-
4 mg/L 68.09 +  12.95 

TP mg/L 79.59 + 12.05 

S-2 mg/L 7.51 +  5.66 

SO4 mg/L 16.48  +  7.85 

Cu mg/L 0.17 + 0.13 

Zn mg/L 0.477 + 0.49 

Fe mg/L 13.48  + 13.12 

Pb mg/L 0.11 + 0.036 

Cd mg/L < 0.0001 

TC cfu/ml 2.13 x109+  3.8x108 

FC cfu/100ml 1.82 x 108+ 2.99 x 107 
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4.3. Removal efficiency at different Hydraulic retention times 

The removal efficiency of the constructed wetland system at three, five and seven days of 

hydraulic retention time (HRT) was evaluated using water quality parameters including  

biological oxygen demand (BOD), chemical oxygen demand (COD), Nitrate (NO3
-), Ammonium 

(NH4
+),  Orthophosphate (PO4

3-), Total phosphorus (TP), total coliforms(TC) and fecal coliforms 

(FC).  

 

Figure 5Removal efficiency of the constructed wetland at different HRT 
The ANOVA test showed that, the lowest effluent mean values for BOD, nitrate, ammonium, 

orthophosphate, total phosphate, FC and TC were observed at seven days of hydraulic retention 

time while the mean concentration of COD showed slight lower at five days of HRT than the 

mean concentration at seven days.  The ANOVA test showed that at P< 0.05 , the mean effluent 

values obtained at three days of HRT were significantly different from mean values obtained at 

five and seven days for all parameters (Table 6). On the other hand the mean concentration for 

nitrate obtained at five days HRT showed significant difference from mean concentration at 

seven days of HRT (Table 6). 
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Table 6Comparison of mean values of the different parameters in three different hydraulic 
retention times 

HRT 

(days) 

Concentrations (mg/L) and cfu  of  the effluents (mean ± SD) 

NO3 NH4 PO4 TP BOD COD TC FC 

3 2.7 

± 0.2a 

47.02 

±11.9a 

41.96

±95 a 

46.62

±9.5a 

374.7

±66.6a 

554.23

±66.1a 

5.6x108 

±3.4x108a 

5.6x107 

±3.4x107 a 

5 2.34 

± 0.9b 

28.1 

±11.7b 

19.4 

±13.9b 

23.9 

±15b 

129.2

±112b 

142.52

±175b 

2.7x106 

± 3.1x106 b 

1.56x106 

±2.5x106 b 

7 1.14 

± 0.6c 

16.26 

±17 b 

13.84

±10b 

17.53

±13b 

85.21

± 69b 

149.26

±130b 

2.88X106 

± 3.4x106 b 

7.45x105 

±4.2x105 b 
a, b, cwithin a variable column, means with different superscripts are different at p<0.05 

4.4. Overall removal efficiency of the macrophytes 

The percentage removal efficiency obtained at five and seven days of HRT were found to be 

comparable (Appendices 3,4 and 5) and the ANOVA test (Table 6)also indicates that the mean 

effluent concentration at HRT of five and seven days were not statistically different at 95% 

confidence interval (P> 0.05). Therefore, the subsequent result and discussion for overall 

removal efficiency evaluation of the constructed wetland cells was made based on the combined 

raw data from HRT five and seven days. 

To evaluate the treatment performance of the macrophytes in the constructed wetland, the 

parameters used were,  NO2
-, NO-

3, NH
4

+
, PO4 3-, TP, Sulfide, Sulfate, BOD, COD, TSS, Heavy 

metals, TC and FC and the antibiotic resistant E. coli. Table 6presents the mean effluent 

concentrations with their respective percentage removal for NO2
-, NO-

3, NH
4

+
, PO4 3-, TP, 

Sulfide, Sulfate, BOD, COD and TSS in the constructed wetland system. 
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Table 7Effluent means concentrations and percentage removal efficiency of the CW cells 

* All parameters are in mg/L except for FC and TC, which are in cfu/ml 

Parameters*  Mean and removal efficiency (% RE) values of each cell of the CW 

T. latifoila P. karka  Mix of  T. 

latifoila &  

P. karka 

Control 

NO-
2 0.59 +  0.041  

(62.59 ) 

0.52  +  0.041 

(57.74) 

0.46  + 0.04 

(65.35) 

0.76  + 0.05 

(39.26) 

NO-
3 1.81 +0.96 

(68.24) 

1.49 + 0.25 

(51.81) 

1.42 + 0.19 

(54.23) 

2.23 + 0.75 

(26.77) 

NH+
4 18.85 + 8.77 

(74.43) 

14.09 + 8.09 

(79.35) 

8.52 + 3.89 

(87.68) 

43.89 + 21.57 

(33.87) 

PO3-
4 15.55 +  7.03 

(77.87) 

8.55 +  4.09 

(87.02) 

6.33 +  2.91 

(87.99) 

32.59 +  8.41 

(51.59) 

TP 19.73 + 3.99 

(76.83) 

16.68 +  7.09 

(80.27) 

8.27 + 2.9 

(87.72) 

38.67  +  14.01 

(53.86 ) 

BOD 72.56 + 24.43 

(87.74) 

66.83 + 18.34 

(87.97 ) 

54.13  + 23.75 

 (89.85) 

235.29  +119.02  

(57.17) 

COD 101.49  + 13.23 

(89.07) 

106.09 +  13.13 

(88.36) 

63.42 +  25.31 

 (89.56) 

313.62  +151.29  

(70.94) 

S-2 2.71  +  0.42 

(64.58 ) 

1.67 +  0.17 

(77.49 ) 

1.13  +  0.013 

(85.27) 

4.75  +  0.43 

(42.91 ) 

SO-
4 5.98 +  0.49 

(62.82) 

5.35 +  0.43 

(67.26) 

4.93  +  0.57 

(76.36) 

7.82  +  0.56 

 (52.6) 

TSS 11. + 4.22 

 (96.17) 

9.9  + 4.3  

(96.23) 

8.67  +  4.27 

(96.33) 

16.17  +  4.79  

(94.36) 

TC 2.3x 106+ 1 x106 

(99.9) 

3.9 x106 +1x106 

(99.9) 

2.2 x 106+1x106 

(99.9) 

4.3x 106 +2 x106 

 (99.8) 

FC 4.6 x 105+ 7.x104 

(99.7) 

1.9x 105 ±9x104 

(99.0) 

4.7 x 105+ 6X104 

(99.7) 

1.7x 106 + 8x 104 

(99.1) 
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4.4.1. BOD, COD and TSS removals 

The maximum BOD percentage removal was observed in cell planted with the mix of T. latifoila 

and P. karka (89.85%) followed by the CW cells planted with T. latifoila (87.74%) and P. karka 

(87.97 %,). The lowest removal was observed in the un-vegetated CW cell (57.17 %) (Figure6). 

The maximum COD removal was observed in the cell planted with mix of T. latifoila and P. 

karka (89.56%) whereas the CW cell planted with T. latifoila showed (89.07%) removal 

efficiency followed by CW cell planted with P. karka (80.81%). The un- vegetated CW cells 

showed (70.94 %) of removal efficiency (Figure 6). 

The removal efficiency for TSS was found to be similar in the all CW cells with mean 

percentage removal of 96.17% (T. latifoila), 96.22% (P. karka), 96.33% in (mix of T. latifoila 

and P. karka) and 94.36% in the un- vegetated CW cell (Figure 6). 

 

Figure 6BOD, COD and TSS % removal efficiency in each of the constructed wetland cells 
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The result of ANOVA test showed that at P< 0.05 of the level of significant the mean 

concentration of all the vegetated CW cells were significantly higher than the mean 

concentration of the un-vegetated CW cell for BOD and COD (Table 8). 

4.4.2. Nutrients Removal 

The highest percentage removal for nitrite, nitrate and ammonium were observed in CW cell 

planted with the mix of T. latifoila and P. karka (65.35%, 54.23% and 87.68%), respectively. 

The percentage for these parameters in CW cell planted with T. latifoila was (62.59%, 52.61% 

and 74.43%), while the CW cell planted with P. karka showed (57.74%, 51.81% and 79.35 %), 

with the respective to nitrite, nitrate and ammonium percentage removal. The lowest removal for 

all above listed parameters was observed in the un- vegetated CW cell (39.26, 26.78 and 

33.87%), respectively (Figure 7).  

 

Figure 7Nutrients % removal efficiency in each of the constructed wetland cells 
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The highest removal for orthophosphate was observed in CW cell planted with mix of T. latifoila 

and P. karka (87.99%) and P. karka (87.02%); while the CW cell planted with T. latifoila 

showed 77.87% removal. Likewise, the highest total phosphorus removal was observed in the 

CW cell planted with mix of T. latifoila and P. karka (87.72%), followed by cell planted with P. 

karka (80.27%) and T. latifoila (76.33%). The lowest removal for both orthophosphate and total 

phosphorus was observed in the un-vegetated CW cell (51.57% and 53.86%), (Figure 8). 

 The result from analysis of ANOVA, LSD test showed the mean concentration obtained from 

each of the vegetated CW cell were significantly different from the mean concentration of the 

un-vegetated CW cell for ammonium orthophosphate and total phosphorus at (P < 0.05), but, 

significant difference wasn’t observed between the vegetated CW cell,  ( Table 8).   

Table 8Summary of ANOVA result for each of the constructed wetland cells 

CW cells BOD COD TSS NO2 NO3 NH4 PO4 TP S2- SO4 

T. latifoila 72.6±   

24.4 a 

101.5± 

13.3 a 

11 ± 

4.9 a 

0.59 ± 

0.04 a 

1.81 ± 

0.96 a 

18.8± 

1.4 a 

15.6± 

1.2 a 

19.7± 

1.3 a 

2.7 ± 

0.2a 

5.9± 

4.9 a 

P. karka 66.8± 

18.3 a 

106.1± 

13.1 a 

9.9 ± 

4.3 a 

0.52 ± 

0.05 a 

1.49 ±  

1.0 a 

14.0± 

 1.2 a 

8.6 ± 

1.3 a 

16.7± 

1.2 a 

1.7± 

0.7 a 

5.4± 

4.4 a 

T.latifoila& 

P. karka 

54.1± 

23.8a 

63.4 ± 

25.3 a 

8.7± 

4.3 a 

0.46 ± 

0.04 a 

1.42 ± 

1.1 a 

8.5± 

1.1 a 

6.3± 

1.4 a 

8.3± 

1.4 a 

1.1± 

1.0 a 

4.9± 

1.6 a 

Control 235.3± 

119.1b 

313.6± 

151.3b 

16.2± 

4.8 a 

0.76 ± 

0.05 a 

2.2 ±  

0.8 a 

43.9± 

18.5b 

32.6± 

10.1b 

38.7± 

14.3 b 

4.8± 

0.4a 

7.8 ± 

4.9 a 
a,&  b, within a variable column, means with different superscripts are different at p<0.05 

The table above (Table 8) summarizes mean concentration in different cells of the constructed 

wetland. Based on the result from the ANOVA test all parameters used in table(8) except TSS, 

nitrate, sulfide and sulfate, all were showed a significantly different  mean concentration from 

the un-vegetated CW cell at P<0.05 significant level. 
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4.4.3. Sulfide and sulfate removal 

The highest removal efficiency for sulfide and sulfate was observed in CW cell planted with mix 

of T. latifoila and P. karka (85.27% and 76.36%),respectively, followed by CW cell planted with 

P. karka (77.49% and 67.26%)and then CW cell planted with T. latifoila showed  (64.59% and 

62.82%) respectively with sulfide and sulfate removal efficiency. The lowest percentage removal 

was recorded in the un-vegetated CW cell (42.91% and 52.6%), (Figure 8). 

 

Figure 9 Sulfide and sulfate % removal efficiency in each of the constructed wetland cells 
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4.4.4. Heavy metals removal 

The highest percentage removal efficiency for Cu and Zn was observed in all the three vegetated 

cells of the constructed wetlands. The cell of CW planted with P. karka showed highest removal 

for Pb and Fe whereas; relatively lower removal was for Pb and Fe was observed in the rest two 

vegetated CW cells. The removals in the vegetated wetlands were higher than the un-vegetated 

in all the heavy metal analyses. The concentration of cadmium was below the determination 

level throughout the system (Table 9). 

Table 9Mean concentration (mg/L) of heavy metals removal efficiency from the different cells 
of the constructed wetland 

 

 

 

 

 

 

 

 

 

 

Parameters  Mean concentration (mg/l) and removal efficiency (% RE) values of each cell 
of the CW 

T. latifoila   T. latifoila & 
P. karka 

Control P. karka 

Cu 0.033+0.04(86.06) 0.004+0.001(98.88) 0.15 + 0.14 (21.13 
) 

0.01 
+0.02(80.91) 

Pb 0.037+0.06(63.27) 0.054 + 0.05 (57.74  
) 

0.09 + 0.07(25.0) 0.02 + 0.03 
(86.59) 

Zn 0.004+0.01(98.96) 0.034 + 0.04 (98.96) 0.337+0.33(50.04) 0.0367+ 
0.05(77.76 ) 

Fe 1.05 + 0.2 (75.68) 9.33 + 14.91(53.87) 2.97 + 3.91(60.80) 1.01+ 0.96 
(81.07) 
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4.4.5. Removal of indicator bacteria 

The removal of total and fecal coliforms was almost similar in all the CW cells for TC 99.8% 

and for FC 99.7% with average effluent bacterial count ranged from 2.2x 106to 4.3 x 106cfu /ml 

of (TC), and 1.72 x 105 to 4.6 x 106cfu/100ml for (Figure 9). 

 

 

Figure 10: Total and fecal coliform % removal efficiency in each of the constructed CW cell 

 

4.4.6. Removal of antibiotic resistant E. coli 

A total of 227 isolates showing (++- -) for Indol, Methyl red, Voges - Proskauer and Citrate 

utilization test pattern were subjected to antibiotic sensitivity test against Sulphonamides (S3-

300), Neomycine (NEO-10), Trimethoprim (W5), Streptomycine(S-25), Chloralphenicol (C-30), 

Gentamicine(GEN-10), Norfloxacin( NOR-1O), Tetracycline(TE-30) and Ciprofloxacin( CPR-5) 

antibiotics (Table 10). The proportion of Escherichia coli resistant to the tested antibiotics was 

higher than the isolates that exhibited intermediate and susceptible responses.  
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The highest proportion of the resistant isolates was observed in all the influent and the effluent 

cells. In the influent wastewater, the 100 percent resistance was found in the test for Gentamicin 

in the influent and Ciprofloxacin in the effluent cell planted with T. latifoila. However, the 

observed resistance was also prevalent in the effluent water after being treated by the different 

plants.   

Table 10Summary antibiotic sensitivity tests of E. coli isolated from the influent and effluents 
from each cells of the CW 

Antibiotic Discs 
(Conc. -μg) 

 

 

Total Influent T. latifoila T. latifoila& 

P. karka 
Control P. karka 

R I S R I S R I S R I S R I S 
Chloramphenic
ol (C-5) 

3 
 

1 
 

1 
 

1 
 

0 4 
 

3 
 

2 
 

0 2  2 
 

1 2 2 1 25 

Ciprofloxacin 
(CPR-10) 

3 
 

1 
 

1 
 

5 0 0 3 
 

0 2 
 

3 1 
 

1 3 2 0 25 

Gentamicin 
(GEN-30) 

5 
 

0 0 3 
 

1 
 

1 
 

3 
 

1 
 

1 
 

2 2 
 

1 2 0 3 25 

Neomycin  
(NEO-5) 

4 
 

1 
 

0 4 
 

1 
 

0 3 
 

1 
 

1 
 

3 2 
 

0 3 2 0 25 

Norfloxacin 
(NOR-10) 

2 
 

1 
 

2 
 

4 
 

0 1 
 

3 
 

0 2 
 

2 2 
 

1 3 2 0 25 

Streptomycin 
 (S-10) 

2 
 

2 
 

2 
 

2 
 

1 
 

2 
 

4 
 

1 
 

0 4 1 
 

0 2 2 1 26 

Sulfonamides    
Cpds (S3-10) 

3 
 

1 
 

1 
 

3 
 

0 2 
 

2 
 

1 
 

2 
 

3 2 
 

0 3 1 1 25 

Tetracycline 
(TE-30) 

2  2 
 

1 
 

2 
 

0 3 
 

2 
 

0 3 
 

3 1 
 

1 3 2 1 26 

Trimetoprim 
(W-300) 

4 
 

1 
 

0 3 
 

2 
 

0 4 
 

1 0 3 
 

2 
 

0 3 2 0 25 

Total 28 10 8 27 5 13 27 7 11 25 15 5 24 15 7 227 

R = resistant, I=intermediate and S= susceptible 
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5. DISCUSSION 

5.1. Raw wastewater characterization 

The present study explored the characteristics of wastewater from Tikur Anbessa Specialized 

Referral Hospital, the oldest and one of the prominent Referral Hospitals in Ethiopia. Extremely 

high organic matter content was found in the wastewater which was characterized by BOD(788.8 

mg/L).  A study conducted in Hawassa Referral Hospital showed an average of 230mg/L BOD, 

which is much lower than that of the present study (Hunachew Beyene and  Getachew Redaie, 

2011).  Another study in seven hospitals of Hormozgan province located in North Iran reported 

that the mean value of BOD in the raw wastewater was 242.25 mg/L (Sarafraz et al. 2007). 

Rezaee et al., (2005) reported BOD concentration in the effluent of a Shevom Shaban Hospital 

wastewater in Iran was 270 mg/l.   

The average COD of the raw wastewater from Tikur Anbessa Specialized Referral Hospital 

(1764.6 mg/L) is more than three times higher than that of Hawassa Referral Hospital (545 

mg/L) (Hunachew Beyene and  Getachew Redaie, 2011).  In contrast to our study, Rezaee et al. 

(2005) reported that organic matter concentration in Shevom Shaban Hospital wastewater 

effluent was around 450 mg/L of COD. Organic matter measured in the form of COD can have a 

wide range of variation as indicated by Pauwels et al. (2006), where the raw wastewater of the 

four hospitals in North Iran had COD values ranging from 250 - 2300 mg/L. 

The highest BOD and COD concentration in Tikur Anbessa Specialized Referral Hospital might 

be due to the fact the raw wastewater contained both healthcare wastewater that generated from 

different wards of the hospital and domestic wastewater that released from students’ residential 

and dining facilities, which makes the organic matter to level up.  This can be related with the 

broad services for large population that in turn generated large amounts of wastewater having 

high organic matter. 

Nitrogen in raw wastewater is normally present as organic nitrogen and ammonium forms, with 

small quantities of nitrite and nitrate (Verlicchi et al., 2010). The main sources of nitrogenous 

pollutant in the present hospital are excreta from large number of inpatients and outpatients 

(more than 1000 patient per day), students residential, garbage disposal and nitrogen containing 
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reagents used in the different laboratories of the hospital. In the present study, the average 

concentration of ammonium (80.7 mg/L) was comparable to the reports of other hospital 

wastewaters.   

A study performed in Hawassa Referral Hospital reported that the average ammonium 

concentration was 91.4 mg/L (Hunachew Beyene and  Getachew Redaie, 2011), which is slightly 

higher than the present study. A study of a hospital wastewater in Thailand reported 80 mg/L of 

ammonium (Kajitvichyanukul and Suntronvipart, 2006).  The average nitrate concentration in 

the present hospital wastewater (2.5mg/L) was found to be higher than the report by Hunachew 

Beyen and Getachew Radie, (2011) and Kajitvichyanukul and Suntronvipart, (2006) which were 

1.12 and 0.5 mg/L of NO-
3, respectively. 

The high phosphorus levels (84.8 mg/L) obtained in this study could be recognized to the use of 

phosphorous containing chemicals like phosphates in detergents from laundries for washing 

clothes both by inpatients and students in the hospital, and dishwashers from cafeterias as well as 

discharges from different wards such as the hospital laboratories. Patterson, (2004) indicated that 

dishwasher detergent contains 0.8 grams of phosphate per tablespoon and the concentrated 

dishwasher detergent tablets contain 1.75 grams of phosphate, which shows the high content of 

phosphate in the wastewater released from washing rooms of the hospital might be responsible 

for the high concentration of phosphate in the present study. 

 The average concentration of total phosphorous (84.8 mg/L) and orthophosphate (71.3 mg/L) in 

the present study was slightly higher than that of Hawassa Referral Hospital, in which the 

average concentration of total phosphorous was reported as 78.5 mg/L and orthophosphate in 

was reported as 52 mg/L (Hunachew Beyene and  Getachew Redaie, 2011). In contrast, 

Emmanuel et al. (2001) reported total phosphorous in an emergency class 3 hospital raw 

wastewater collected from the hospital’s sewer network was 8.8 mg/L. This difference in 

concentration of phosphorus among the hospitals might be as a result of the size of the hospitals 

and presence/ absence of teaching and students’ facilities in the hospital.  

The mean concentration of sulfate  in the present study (20.1 mg/L) was much lower than that a 

concentration of sulfate (153.3 mg/L) reported from a domestic wastewater at Jehovah’s 

Witnesses Branch Office (JWBO) located in Kotebe area, Addis Ababa (Berhanu Genet, 2007).  



 

45 
 

The sulfide concentration (10.2 mg/L) in the present study was higher than that of the domestic 

wastewater (4.6mg/L) reported by Berhanu Genet, (2007).   

The heavy metals concentration in the present hospital raw wastewater (Cu-0.47, Fe- 11.11, Zn-

0.21 and Pb-0.31 mg/L) was higher than the study reported by Hunachew Beyen and Getachew 

Radie, (2011) which was Cu-0.04, Zn- 2.51, Pb< 0.0001 mg/L. The higher concentration of heavy 

metals might be related with the difference in the flow of patients into hospitals in which Tikur 

Anbessa Specialized Referral Hospital gives services to more than thousand patients per day 

which is by half more than the patient flow to Hawassa referral hospital.  

The raw wastewater from Tikur Anbessa Specialized Referral Hospital contains much lower 

concentration of heavy metals compared with the level of heavy metals in wastewater of 

European Hospitals. Wastewater from European hospitals in Germany (Freiburg), Austria (Graz), 

Italy (Bologna), Netherland (Utrecht) and Belgium (Brussels) was reported to have a range of 

0.026-9.2 mg/L of Cadmium, 2.4-116 mg/L of Zinc and 0.29-12 mg/L of Copper (Hubner et al., 

2001). Such difference might be due to the utilization of advanced diagnostic and treatment 

materials in European hospitals. 

Colony counts of total and fecal coliforms from the raw wastewater of Tikur Anbessa 

Specialized Referral hospital indicated that the wastewater contains pathogens belonging to fecal 

micro-biota. Coliforms detected in wastewater from Hawassa Referral Hospital were much lower 

than that of the present study (3.03 x109cfu/ml TC and 1.83 x108cfu/100ml FC) in which the 

average total coliforms and fecal coliforms of the former study was (5.12 x 10
7 

cfu/ml and (1.8 

x10
7 

cfu/100ml, respectively (Hunachew Beyene and Geatchew Redaie, 2011). 

Another study by Nunez and Moretton, (2007) reported lower coliform counts from a hospital 

wastewater Buenos Aires city hospital wastewater, which ranged between 10
2 

to 10
8 

cfu/100 ml 

for total coliforms.  The higher count of coliforms in the present study might be because of 

broadness of the services in Tikur Anbessa Referral hospital for large community than that of 

Hawassa referral and Buenos Aires city hospitals. In both cases, the coliform counts are 

important indicators of the level of infectious agents in the hospital wastewater.   
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5.2. Removal efficiency of the constructed wetland system 

5.2.1. BOD, COD and   TSS removal 

The findings from this study showed that the vegetated constructed wetlands lead to higher 

organic matter removal (89% for COD & BOD) when compared to the un-vegetated CW cell 

(70.94% COD &57.17% BOD).  It is generally accepted that planted wetlands improve organic 

matter removal due to combination of mechanisms favored by the plants (Soto et al, 1999), this 

can be by providing surface area for microorganisms, increasing uptake of nutrients and oxygen 

transfer by the aerenchymatic tissue, to their roots (Kadlack, et al., 2000; Renee, 2001and 

Cristina, et al., 2006).  

 In this study the highest BOD and COD (89.85 and 89.56%) removal in the mixed macrophyte 

species planted CW cell might duethe cumulative effects of mixed planted species in which they 

vary in treatment capacity, uptake and the different rooting structures which increases oxygen 

availability for biodegradation of organic matter (Brix, 1994; Oketch, 2003); releasing chelating 

substances and enzymes by their roots which enhance adsorption and degradation of organic 

compounds Reddy et al., 1987). 

A study of an Indian hospital wastewater treatment using constructed wetland reported BOD 

percentage removal of 88.54 % and 82.52% for vetiver and reed respectively (Abolfazl, 2014), 

which was comparable with the present finding.  In Nepal, a two staged CW system, which 

consisted of a three chamber septic tank, an HSSF bed and a VSSF bed was designed and 

constructed as a full-scale hybrid system to treat hospital. After one year of intensive monitoring 

97-99% BOD, 94-97% COD removal efficiency was reported (Shrestha et al., 2001). In 

comparison the lower removal in the present study might be due to the difference in the design of 

constructed wetland and the time difference in which the system was monitored. 

Another study in subsurface flow constructed wetland for treating domestic wastewater reported 

89% COD and 99.3% BOD removals (Berhanu Genet, 2007).  In comparing the present result 

with that of, the lower removal might be due to the high organic matter content of influent 

(1052mg/L COD &586 mg/L BOD) in the present study in addition to the lower hydraulic 

retention time(2.16 days) used by Berhanu Genet.  
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The mean effluent concentration of COD (63.4 - 106 mg/L) and BOD (54 – 73 mg/L) in the 

vegetated cells were below the provisional discharge limit values set by National Environmental 

Quality Standard for domestic wastewater effluent (250 mg/L for COD and 80 mg/L for BOD) 

(EEPA, 2003).This indicates effectiveness of the constructed wetland in fulfilling the regulatory 

limit values to discharge the effluent into surface and inland water bodies. 

According to the finding of this study, highest removal of TSS was recorded in both the 

vegetated (96%) and un-vegetated (94%) constructed wetland cells. The similarity in removal by 

all the cells might be because plants contribute little to suspended solids removal in subsurface 

constructed wetland since the primary mechanisms in both vegetated and uv-vegetated cell 

involved are filtration and sedimentation (IWA, 2000, as cited in Asaye Ketema, 2009).  

Similar result was reported by Shrestha et al., (2001) in which 97-99 % TSS removal was 

observed in hospital wastewater treatment using constructed wetland system. Suspended solids 

removal is proved to be very effective in subsurface constructed wetlands (USEPA, 2000), which 

is observed in the present study. The TSS values of the effluents from each cells of CW (9-16 

mg/L) much lower than the permissible level set by EPA for domestic wastewater discharge (30 

mg/L) (EPA, 2003). 

5.2.2. Nutrient removal 

The higher removal ranges of nitrate and ammonium in the vegetated cells compared to the un-

vegetated cell might be due to the uptake of nitrogen in the form of nitrate and ammonium by 

plants during the growing season and their conversion to biomass (Renee, 2001). Despite this, no 

statistical difference was observed between the mean concentrations of the vegetated and un-

vegetated cells, which might be due to the occurrences of other processes such as denitrification 

of nitrate in the un-vegetated cells (Matheson et al., 2002). 

The highest removal efficiency obtained in the cell planted with mix of T. latifoila and P. karka 

for nitrogenous pollutants might be due to the presence different species of macrophytes with 

different nutrient uptake capacity and root biomass (which maximizes oxygen transfer in the 

wetland substrate) for efficient nitrification processes to occur (Brix, 1994 and Oketch, 2003). 
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A study for the treatment of domestic wastewater in the same experimental constructed wetland 

to the present study reported that, 56.37% (NO3
-) removal efficiency by papyrus planted CW cell 

and 58.37% (NO3
-) removal efficiency by Phragmites karka planted CW cell which was slightly 

lower than the percentage removal efficiency of the present study (68%) using T. latifoila 

(Yezbie Kassa and Seyoum Mengistou, 2014) 

Ammonium had the highest percentage removal of all the nitrogen species. This might be due to 

nitrification by aerobic nitrifying bacteria in the root zone which is being incorporated to the 

biomass of the macrophytes (Mitsch and Gooselike, 1993).  Unlike most terrestrial plants, many 

aquatic plants use ammonium as a nitrogen source (Kadlec and Knight, 1996 and Brix et al., 

2003).  A similar study in hospital waste water treatment using constructed wetland was reported 

80-99% NH4
+ removal (Shrestha et al., 2001). 

The constructed wetland in the present study showed higher removal efficiency of ammonium 

(87.68%) than results reported by Berhanu Genet, (2007) where removal efficiency of 

ammonium in a domestic wastewater was 28.1%. Very low (30%) removal efficiency was 

reported by Pucci et al., (2000) in a CW for the treatment of diary and agricultural wastewater. 

The possible explanation for such difference in the removal efficiency might be the short 

hydraulic retention time used in the previous studies, 2.16 and 1.93 HRT days for the former and 

later authors respectively. 

In the present study, the mean effluent concentration range for nitrate (1.42- 1.81mg/L) and 

ammonium (8.52-18.85mg/L) was compared with the provisional discharge limits values (5 

mg/L NH+
4, and  20 mg/LNO3) set by National Environmental Quality Standard for domestic 

wastewater effluent (EEPA, 2003).   

The obtained results for nitrate was below the permissible level while the mean effluent 

concentration for ammonium was above the permissible limit. The possible reason for 

ammonium not meeting the national permissible limit might be because the constructed wetland 

cells in this study have only operated for short period of time (12 weeks), which is not enough 

for good root mat development of the plants. This indirectly decreases the aerobic region in the 

constructed wetland. Wood, (1990) suggested six to twelve months required for vegetation to 

adequately develop active rhizosphere.  
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Another reason might be the high organic contents of the hospital influent particularly BOD, 

which reduces the availability of oxygen for nitrification.  Vailant et al., (2004) reported that the 

nitrification process is affected by the BOD level of the wastewater because of the competition 

for available oxygen between the nitrifying bacteria and the microorganisms removing 

biodegradable organic matter.  

All of the vegetated constructed wetland (CW) cells showed better removal of orthophosphate 

and total phosphorus compared with that of the un-vegetated cell. This might be due to the 

uptake mechanisms by the plants in addition to the processes commonly occurred in both 

vegetated and un-vegetated CW cells such as substrate adsorption and precipitation with metals 

such as iron (Faithful, 1996 and Kadlec and Knight, 1996). A similar study in hospital waste 

water treatment using constructed wetland was reported 5-69% TP removal (Shrestha et al., 

2001).  

A study by Yezbie Kassa and Seyoum Mengistou, (2014) reported that 84.04% (PO4
3-) removal 

efficiency by   papyrusplanted CW cell and 65.18% (PO4
3-) removal efficiency by Phragmites 

karka planted CW cell which was found to be lower than percentage removal (87.99%) obtained 

from CW cell planted with mixed planted cell of T. latifoila and Phragmites karka. 

The removal efficiency of orthophosphate (87.99%) in the present CW was found to be 

comparable with a study reported by Nyakango and VanBruggen, (1999) with 88% removal for 

orthophosphate using a combination of surface flow and subsurface flow wetland for treating 

domestic wastewater in Kenya. In contrary to the present result,   Berhanu Genet, (2007) and 

Puccietal. (2000) reported lower removal of TP 22.7 and 20% respectively.  The short hydraulic 

retention time of the wetlands in both studies might attribute to the observed difference.  

 

The effluent concentrations of PO4
3- and total phosphorus (TP) in the present study (Table 8) 

were above the permissible level set by the set by National Environmental Quality Standard for 

domestic wastewater effluent (EEPA, 2003) which is 5.0 mg/L for PO4
3-& 10.0 mg/L for TP. 

However, the CW cells planted with the mix of T. latifoila and P. karka was below the 

permissible limit for TP (8.27 mg/L) while slight deviation from the standard limit were 

observed for PO4
3-(6.33mg/L). 
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The possible explanation for PO4
3- and TP in the effluent not meet the discharge limit might be 

related to the absences of effective primary treatment and also the high phosphorus content of the 

influent which might be difficult to achieve lowest concentration in the effluent within the short 

operation period of the experiments.  

5.2.3. Sulfide and sulfate removal 
 
The better removal efficiency observed in the vegetated cells of the constructed wetland (CW) 

than the un-vegetated cells might be due to the high accumulation of metals in the vegetated cell 

evidenced by the result of heavy metal concentration in the effluents (Table 9). Sulfide and 

sulfate that enters to the CW reacts with metals such as Fe to precipitate as Iron sulfide (USEPA, 

1997). 

The highest removal efficiency of sulfate and sulfide in the mixed planted cells might be related 

with the increased root biomass, which in turn increases the uptake of sulfate and sulfide by the 

plants. In constructed wetland system, sulfide, sulfate can be removed through plant uptake, 

(Mitsch and Gosselink, 1993).  In the present study, higher removal efficiency was recorded for 

sulfide than sulfate, this could be because sulfide readily reacts with metals to form metal sulfide 

such as Zinc Sulfide (ZnS), Lead Sulfide (PbS), and Iron Sulfide (FeS), in addition to the 

permanent loss of sulfide in the form of hydrogen sulfide. 

In a constructed wetland system, sulfide and sulfate can be removed as efficient as 99% and 

82.2% respectively.  Such removal was achieved by Berhanu Genet (2007) for domestic 

wastewater.  The mean sulfide effluent concentration in the present study was above the 

permissible limits set by the National Environmental Quality Standard for domestic wastewater 

effluent (EEPA, 2003) which was 1.0mg/L. Whereas for sulfate (4.93 mg/L) was below the 

permissible limit which was 1000.0 mg/L. 

5.2.4. Heavy metals removal 

In constructed wetlands, heavy metals are removed using different processes, such as 

precipitation, cation exchange, adsorption to roots and gravel, bioaccumulation by 

microorganisms and chemisorptions to form strong chemical complexes with the organic 

material present in the wastewater and plant uptake (USEPA, 1999).  
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In the present study the mean effluent concentration for all selected heavy metal except iron were 

detected in lower concentration. According to USEPA report, (2001) concentration of the copper 

and zinc in the final effluents of most hospitals was below the standard limits of 0.1 mg/L and 2 

mg/L, respectively. The concentration of Zn and Cu in the effluents of the present study falls 

within the limit of USEPA.  

5.2.5. Indicator bacteria removal  

The removal of coliform bacteria in wetlands can be particle removal, this occurs via the same 

process in suspended solids: sedimentation, surface adhesion and aggregation (Kyambadde, 

2005). A serious of other processes that may occur both before and after coliform bacteria 

particles have been removed from the water column are important in influencing the viability of 

coliform bacteria. The major processes in this category are: the hostility of the environmental 

conditions (temperature, salinity, and turbidity, reduction of organic matter content), predation 

and antibiosis (Faithful, 1996).  

 

Despite the highest removal efficiency of fecal (99.7%) coliform bacteria in the present study, it 

doesn’t indicate the effectiveness of the constructed wetland in reducing potential pathogens.  A 

comparable result by Pucci et al., (2000) reported 99% TC and 99.7% FC removal in domestic 

wastewater treatment in Italy. A similar study  using constructed wetlands report TC (94%) and 

FC (91%) (Berhanu Genet, 2007).  Kaseva (2003) obtained 43% TC and 72% FC for treating 

domestic wastewater.  

Despite the percentages, all these studies (including the present study), had unsafe effluents 

which is above the permissible discharge limit (400 cfu/100ml) set by Environmental Protection 

Authority of Ethiopia (EEPA, 2003).The reason for the present coliform removal in CWs not 

meeting the standard level might be due to short operation period of the experiment with the high 

bacterial load discharge from hospital that needs adequate establishment of system for effective 

removals. 
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5.2.6. Antibiotic resistant bacteria removal 

The presence of resistant E. coli to the various groups of antibiotics in the influent wastewater is 

indicative of the wastewater serving as a reservoir for antibiotic resistant bacteria.  Although the 

current data was generated only using E. coli isolates, the constructed wetland system does not 

seem to be efficient in holding resistant bacteria from being released into the effluent water.  

Maria et al., (2016)obtained, after three weeks of acclimatization of the constructed wetland for 

the treatment of saline aquaculture 95% removal was obtained for antibiotic resistant bacteria 

colony count. 

The effect of vegetation in holding the resistant bacteria was not different from the un-vegetated 

CW cell.   The possible reason for the observed inefficiency of the wetland is the low maturity of 

the wetland which was run for twelve weeks, this is because antibiotic resistant bacteria can be 

remove either the same processes to coliform bacteria removal or genome transfer in the 

treatment processes which require the adequate establishment of root system to hold such 

bacteria and facilitates the processes. Moreover further research is recommended to know the 

fate of antibiotic resistant bacteria in the treatment plant and also to conclude whether 

wastewater treatment can be favorable for the proliferation of antibiotic resistant bacteria. 
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6. CONCLUSION 
Conclusion 

This is the first study conducted on wastewater from Tikur Anbessa Specialized Referral 

Hospital. The raw wastewater was characterized by its extremely high organic matter, pathogens 

and antibiotic resistant E. coli; whereas lower concentration of heavy metals was recorded. 

Based on the result from this study with different hydraulic retention time (HRT), the result at 

five and seven days of HRTs was found to be higher in percentage removal with lower mean 

effluents concentration. 

The constructed wetland system showed efficient removal for organic matter, nutrient, sulfide 

and sulfate and heavy metals. However, the effluent mean concentration for some parameters 

(NH4
+, PO4

3-, S2-) were above the permissible discharge limit set by the National Environmental 

Quality Standard for domestic wastewater discharges (EEPA, 2003).  

Comparison of the removal efficiency between the vegetated CW cells and un-vegetated CW 

cells showed statistical significant difference, which indicates the importance of macrophytes in 

wetlands for the treatments of hospitals wastewater.  The removal efficiency between vegetated 

cells was not statistically different and this may be explained by short period of time to run the 

experiment before the constructed wetland reaches its maturity. This factor can also account for 

the inefficient removal of biological contaminants such as fecal coliforms and antibiotic resistant 

Escherichia .coli. 

According to the finding from this study the mixed planted cell showed better removal efficiency 

in most of the parameters followed by P. karka and T. latifoila in single planted cells of the 

constructed wetland.  This indicated the mixed use of different macrophytes species might lead 

to better removal of the pollutants for treatment of hospitals wastewater. 

The presence of coliform bacteria in the effluents of the present study indicates the presence of 

pathogenic microorganisms and further study is recommended on the pathogen and antibiotic 

resistant bacteria removal of constructed wetland and other treatment option which are affordable 

in developing countries like Ethiopia. 
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7. RECOMMENDATION AND RESEARCH GAPS 

Recommendation 

 There should be on-site treatment for Tikur Anbessa Specialized Referral Hospital 

wastewater since it contains resistant bacteria and high organic matter and nutrient loads 

that cause cumulative effects on the centralized treatment processes. 

 The responsible legislatives bodies should consider hospital wastewater as one category 

of industrial wastewater and establish regulation for wastewater generated from hospitals 

indifferent parts of the country, Ethiopia. 

 Further hospital wastewater characterization is recommended for the hospitals found in 

the country, Ethiopia. 

 

Research Gaps 

 Further research is recommended for the better removal of the pollutants after the system 

reaches maturity 

 Further study is needed on the removal efficiency of the constructed wetland for 

antibiotic resistant bacteria and antibiotics 

 Further investigation is recommended on the removal efficiency evaluation of 

constructed wetlands and other affordable treatment system for coliforms  

 Further study is recommended for the large scale treatments of wastewater generated 

from  Tikur Anbessa Specialized Referral  Hospital  
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Appendix 1: ANOVA multiple comparison at hydraulic retention time of 3,5 and 7 days 

 

 

 

Multiple Comparisons 
LSD 
Dependent Variable (I) 

HRT 
(J) 
HRT 

Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

Nitrite 

3.00 
5.00 -.03083 .11938 .798 -.2737 .2120 
7.00 .44167* .11938 .001 .1988 .6845 

5.00 
3.00 .03083 .11938 .798 -.2120 .2737 
7.00 .47250* .11938 .000 .2296 .7154 

7.00 
3.00 -.44167* .11938 .001 -.6845 -.1988 
5.00 -.47250* .11938 .000 -.7154 -.2296 

Nitrate 

3.00 5.00 .36333 .25912 .170 -.1639 .8905 
7.00 1.56750* .25912 .000 1.0403 2.0947 

5.00 3.00 -.36333 .25912 .170 -.8905 .1639 
7.00 1.20417* .25912 .000 .6770 1.7314 

7.00 3.00 -1.56750* .25912 .000 -2.0947 -1.0403 
5.00 -1.20417* .25912 .000 -1.7314 -.6770 

Ammonia 

3.00 5.00 18.89583* 6.72686 .008 5.2099 32.5817 
7.00 30.81250* 6.72686 .000 17.1266 44.4984 

5.00 3.00 -18.89583* 6.72686 .008 -32.5817 -5.2099 
7.00 11.91667 6.72686 .086 -1.7692 25.6026 

7.00 3.00 -30.81250* 6.72686 .000 -44.4984 -17.1266 
5.00 -11.91667 6.72686 .086 -25.6026 1.7692 

SRP 

3.00 5.00 22.55333* 4.70721 .000 12.9765 32.1302 
7.00 28.61500* 4.70721 .000 19.0381 38.1919 

5.00 3.00 -22.55333* 4.70721 .000 -32.1302 -12.9765 
7.00 6.06167 4.70721 .207 -3.5152 15.6385 

7.00 3.00 -28.61500* 4.70721 .000 -38.1919 -19.0381 
5.00 -6.06167 4.70721 .207 -15.6385 3.5152 

TP 

3.00 5.00 22.66750* 5.45830 .000 11.5625 33.7725 
7.00 28.88250* 5.45830 .000 17.7775 39.9875 

5.00 3.00 -22.66750* 5.45830 .000 -33.7725 -11.5625 
7.00 6.21500 5.45830 .263 -4.8900 17.3200 

7.00 3.00 -28.88250* 5.45830 .000 -39.9875 -17.7775 
5.00 -6.21500 5.45830 .263 -17.3200 4.8900 

BOD 

3.00 5.00 245.57417* 35.38756 .000 173.5776 317.5707 
7.00 289.55417* 35.38756 .000 217.5576 361.5507 

5.00 3.00 -245.57417* 35.38756 .000 -317.5707 -173.5776 
7.00 43.98000 35.38756 .223 -28.0165 115.9765 

7.00 3.00 -289.55417* 35.38756 .000 -361.5507 -217.5576 
5.00 -43.98000 35.38756 .223 -115.9765 28.0165 

COD 

3.00 5.00 411.67750* 44.84630 .000 320.4370 502.9180 
7.00 404.46417* 44.84630 .000 313.2237 495.7047 

5.00 3.00 -411.67750* 44.84630 .000 -502.9180 -320.4370 
7.00 -7.21333 44.84630 .873 -98.4538 84.0272 

7.00 3.00 -404.46417* 44.84630 .000 -495.7047 -313.2237 
5.00 7.21333 44.84630 .873 -84.0272 98.4538 

TC 

3.00 5.00 561310000.00000* 79261433.77886 .000 400051400.4792 722568599.5208 
7.00 561118333.33333* 79261433.77886 .000 399859733.8125 722376932.8542 

5.00 3.00 -561310000.00000* 79261433.77886 .000 -722568599.5208 -400051400.4792 
7.00 -191666.66667 79261433.77886 .998 -161450266.1875 161066932.8542 

7.00 3.00 -561118333.33333* 79261433.77886 .000 -722376932.8542 -399859733.8125 
5.00 191666.66667 79261433.77886 .998 -161066932.8542 161450266.1875 

FC 

3.00 
5.00 54052500.00000* 7992235.60240 .000 37792174.4061 70312825.5939 
7.00 54867500.00000* 7992235.60240 .000 38607174.4061 71127825.5939 

5.00 
3.00 -54052500.00000* 7992235.60240 .000 -70312825.5939 -37792174.4061 
7.00 815000.00000 7992235.60240 .919 -15445325.5939 17075325.5939 

7.00 
3.00 -54867500.00000* 7992235.60240 .000 -71127825.5939 -38607174.4061 
5.00 -815000.00000 7992235.60240 .919 -17075325.5939 15445325.5939 

*. The mean difference is significant at the 0.05 level. 
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Appendix 2: ANOVA multiple comparison for different cells of the constructed wetland 

 
Multiple Comparisons 

LSD 
Dependent Variable (I) sitecode (J) sitecode Mean 

Difference (I-J) 
Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Nitrite 

1.00 
2.00 .07333 .24299 .766 -.4335 .5802 
3.00 .13000 .24299 .599 -.3769 .6369 
4.00 -.17167 .24299 .488 -.6785 .3352 

2.00 
1.00 -.07333 .24299 .766 -.5802 .4335 
3.00 .05667 .24299 .818 -.4502 .5635 
4.00 -.24500 .24299 .325 -.7519 .2619 

3.00 
1.00 -.13000 .24299 .599 -.6369 .3769 
2.00 -.05667 .24299 .818 -.5635 .4502 
4.00 -.30167 .24299 .229 -.8085 .2052 

4.00 
1.00 .17167 .24299 .488 -.3352 .6785 
2.00 .24500 .24299 .325 -.2619 .7519 
3.00 .30167 .24299 .229 -.2052 .8085 

Nitrate 

1.00 
2.00 .31500 .56156 .581 -.8564 1.4864 
3.00 .39167 .56156 .494 -.7797 1.5631 
4.00 -.42500 .56156 .458 -1.5964 .7464 

2.00 
1.00 -.31500 .56156 .581 -1.4864 .8564 
3.00 .07667 .56156 .893 -1.0947 1.2481 
4.00 -.74000 .56156 .202 -1.9114 .4314 

3.00 
1.00 -.39167 .56156 .494 -1.5631 .7797 
2.00 -.07667 .56156 .893 -1.2481 1.0947 
4.00 -.81667 .56156 .161 -1.9881 .3547 

4.00 
1.00 .42500 .56156 .458 -.7464 1.5964 
2.00 .74000 .56156 .202 -.4314 1.9114 
3.00 .81667 .56156 .161 -.3547 1.9881 

Ammonia 

1.00 
2.00 1.42667 8.25100 .864 -15.7846 18.6380 
3.00 10.33167 8.25100 .225 -6.8796 27.5430 
4.00 -25.04500* 8.25100 .007 -42.2563 -7.8337 

2.00 
1.00 -1.42667 8.25100 .864 -18.6380 15.7846 
3.00 8.90500 8.25100 .293 -8.3063 26.1163 
4.00 -26.47167* 8.25100 .004 -43.6830 -9.2604 

3.00 
1.00 -10.33167 8.25100 .225 -27.5430 6.8796 
2.00 -8.90500 8.25100 .293 -26.1163 8.3063 
4.00 -35.37667* 8.25100 .000 -52.5880 -18.1654 

4.00 
1.00 25.04500* 8.25100 .007 7.8337 42.2563 
2.00 26.47167* 8.25100 .004 9.2604 43.6830 
3.00 35.37667* 8.25100 .000 18.1654 52.5880 

SRP 

1.00 
2.00 4.49667 4.62722 .343 -5.1555 14.1489 
3.00 8.18667 4.62722 .092 -1.4655 17.8389 
4.00 -17.03500* 4.62722 .001 -26.6872 -7.3828 

2.00 
1.00 -4.49667 4.62722 .343 -14.1489 5.1555 
3.00 3.69000 4.62722 .435 -5.9622 13.3422 
4.00 -21.53167* 4.62722 .000 -31.1839 -11.8795 

3.00 
1.00 -8.18667 4.62722 .092 -17.8389 1.4655 
2.00 -3.69000 4.62722 .435 -13.3422 5.9622 
4.00 -25.22167* 4.62722 .000 -34.8739 -15.5695 

4.00 
1.00 17.03500* 4.62722 .001 7.3828 26.6872 
2.00 21.53167* 4.62722 .000 11.8795 31.1839 
3.00 25.22167* 4.62722 .000 15.5695 34.8739 

TP 

1.00 
2.00 3.05000 5.70342 .599 -8.8471 14.9471 
3.00 11.86000 5.70342 .051 -.0371 23.7571 
4.00 -18.93833* 5.70342 .003 -30.8355 -7.0412 

2.00 
1.00 -3.05000 5.70342 .599 -14.9471 8.8471 
3.00 8.81000 5.70342 .138 -3.0871 20.7071 
4.00 -21.98833* 5.70342 .001 -33.8855 -10.0912 

3.00 
1.00 -11.86000 5.70342 .051 -23.7571 .0371 
2.00 -8.81000 5.70342 .138 -20.7071 3.0871 
4.00 -30.79833* 5.70342 .000 -42.6955 -18.9012 

4.00 1.00 18.93833* 5.70342 .003 7.0412 30.8355 
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2.00 21.98833* 5.70342 .001 10.0912 33.8855 
3.00 30.79833* 5.70342 .000 18.9012 42.6955 

BOD 

1.00 
2.00 5.74167 36.14208 .875 -69.6494 81.1327 
3.00 18.44333 36.14208 .615 -56.9477 93.8344 
4.00 -162.72833* 36.14208 .000 -238.1194 -87.3373 

2.00 
1.00 -5.74167 36.14208 .875 -81.1327 69.6494 
3.00 12.70167 36.14208 .729 -62.6894 88.0927 
4.00 -168.47000* 36.14208 .000 -243.8611 -93.0789 

3.00 
1.00 -18.44333 36.14208 .615 -93.8344 56.9477 
2.00 -12.70167 36.14208 .729 -88.0927 62.6894 
4.00 -181.17167* 36.14208 .000 -256.5627 -105.7806 

4.00 
1.00 162.72833* 36.14208 .000 87.3373 238.1194 
2.00 168.47000* 36.14208 .000 93.0789 243.8611 
3.00 181.17167* 36.14208 .000 105.7806 256.5627 

COD 

1.00 
2.00 -4.61167 47.02320 .923 -102.7003 93.4770 
3.00 38.07000 47.02320 .428 -60.0187 136.1587 
4.00 -207.13833* 47.02320 .000 -305.2270 -109.0497 

2.00 
1.00 4.61167 47.02320 .923 -93.4770 102.7003 
3.00 42.68167 47.02320 .375 -55.4070 140.7703 
4.00 -202.52667* 47.02320 .000 -300.6153 -104.4380 

3.00 
1.00 -38.07000 47.02320 .428 -136.1587 60.0187 
2.00 -42.68167 47.02320 .375 -140.7703 55.4070 
4.00 -245.20833* 47.02320 .000 -343.2970 -147.1197 

4.00 
1.00 207.13833* 47.02320 .000 109.0497 305.2270 
2.00 202.52667* 47.02320 .000 104.4380 300.6153 
3.00 245.20833* 47.02320 .000 147.1197 343.2970 

TSS 

1.00 
2.00 1.10000 2.64092 .681 -4.4089 6.6089 
3.00 2.33333 2.64092 .387 -3.1755 7.8422 
4.00 -5.16667 2.64092 .065 -10.6755 .3422 

2.00 
1.00 -1.10000 2.64092 .681 -6.6089 4.4089 
3.00 1.23333 2.64092 .646 -4.2755 6.7422 
4.00 -6.26667* 2.64092 .028 -11.7755 -.7578 

3.00 
1.00 -2.33333 2.64092 .387 -7.8422 3.1755 
2.00 -1.23333 2.64092 .646 -6.7422 4.2755 
4.00 -7.50000* 2.64092 .010 -13.0089 -1.9911 

4.00 
1.00 5.16667 2.64092 .065 -.3422 10.6755 
2.00 6.26667* 2.64092 .028 .7578 11.7755 
3.00 7.50000* 2.64092 .010 1.9911 13.0089 

Turbidity 

1.00 
2.00 .45000 1.20057 .712 -2.0544 2.9544 
3.00 -.24000 1.20057 .844 -2.7444 2.2644 
4.00 -3.10667* 1.20057 .018 -5.6110 -.6023 

2.00 
1.00 -.45000 1.20057 .712 -2.9544 2.0544 
3.00 -.69000 1.20057 .572 -3.1944 1.8144 
4.00 -3.55667* 1.20057 .008 -6.0610 -1.0523 

3.00 
1.00 .24000 1.20057 .844 -2.2644 2.7444 
2.00 .69000 1.20057 .572 -1.8144 3.1944 
4.00 -2.86667* 1.20057 .027 -5.3710 -.3623 

4.00 
1.00 3.10667* 1.20057 .018 .6023 5.6110 
2.00 3.55667* 1.20057 .008 1.0523 6.0610 
3.00 2.86667* 1.20057 .027 .3623 5.3710 

Sulfide 

1.00 
2.00 1.04000 1.83061 .576 -2.7786 4.8586 
3.00 1.58333 1.83061 .397 -2.2352 5.4019 
4.00 -2.03833 1.83061 .279 -5.8569 1.7802 

2.00 
1.00 -1.04000 1.83061 .576 -4.8586 2.7786 
3.00 .54333 1.83061 .770 -3.2752 4.3619 
4.00 -3.07833 1.83061 .108 -6.8969 .7402 

3.00 
1.00 -1.58333 1.83061 .397 -5.4019 2.2352 
2.00 -.54333 1.83061 .770 -4.3619 3.2752 
4.00 -3.62167 1.83061 .062 -7.4402 .1969 

4.00 
1.00 2.03833 1.83061 .279 -1.7802 5.8569 
2.00 3.07833 1.83061 .108 -.7402 6.8969 
3.00 3.62167 1.83061 .062 -.1969 7.4402 

Sulfate 

1.00 
2.00 .63667 3.01254 .835 -5.6474 6.9207 
3.00 1.05000 3.01254 .731 -5.2340 7.3340 
4.00 -1.84000 3.01254 .548 -8.1240 4.4440 

2.00 
1.00 -.63667 3.01254 .835 -6.9207 5.6474 
3.00 .41333 3.01254 .892 -5.8707 6.6974 
4.00 -2.47667 3.01254 .421 -8.7607 3.8074 

3.00 1.00 -1.05000 3.01254 .731 -7.3340 5.2340 
2.00 -.41333 3.01254 .892 -6.6974 5.8707 
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4.00 -2.89000 3.01254 .349 -9.1740 3.3940 

4.00 
1.00 1.84000 3.01254 .548 -4.4440 8.1240 
2.00 2.47667 3.01254 .421 -3.8074 8.7607 
3.00 2.89000 3.01254 .349 -3.3940 9.1740 

TC 

1.00 
2.00 -400000.00000 1914277.64154 .837 -4393113.1882 3593113.1882 
3.00 130000.00000 1914277.64154 .947 -3863113.1882 4123113.1882 
4.00 -1700000.00000 1914277.64154 .385 -5693113.1882 2293113.1882 

2.00 
1.00 400000.00000 1914277.64154 .837 -3593113.1882 4393113.1882 
3.00 530000.00000 1914277.64154 .785 -3463113.1882 4523113.1882 
4.00 -1300000.00000 1914277.64154 .505 -5293113.1882 2693113.1882 

3.00 
1.00 -130000.00000 1914277.64154 .947 -4123113.1882 3863113.1882 
2.00 -530000.00000 1914277.64154 .785 -4523113.1882 3463113.1882 
4.00 -1830000.00000 1914277.64154 .350 -5823113.1882 2163113.1882 

4.00 
1.00 1700000.00000 1914277.64154 .385 -2293113.1882 5693113.1882 
2.00 1300000.00000 1914277.64154 .505 -2693113.1882 5293113.1882 
3.00 1830000.00000 1914277.64154 .350 -2163113.1882 5823113.1882 

FC 

1.00 
2.00 -1493333.33333 1029173.88661 .162 -3640152.4417 653485.7750 
3.00 -10000.00000 1029173.88661 .992 -2156819.1084 2136819.1084 
4.00 -1253333.33333 1029173.88661 .237 -3400152.4417 893485.7750 

2.00 
1.00 1493333.33333 1029173.88661 .162 -653485.7750 3640152.4417 
3.00 1483333.33333 1029173.88661 .165 -663485.7750 3630152.4417 
4.00 240000.00000 1029173.88661 .818 -1906819.1084 2386819.1084 

3.00 
1.00 10000.00000 1029173.88661 .992 -2136819.1084 2156819.1084 
2.00 -1483333.33333 1029173.88661 .165 -3630152.4417 663485.7750 
4.00 -1243333.33333 1029173.88661 .241 -3390152.4417 903485.7750 

4.00 
1.00 1253333.33333 1029173.88661 .237 -893485.7750 3400152.4417 
2.00 -240000.00000 1029173.88661 .818 -2386819.1084 1906819.1084 
3.00 1243333.33333 1029173.88661 .241 -903485.7750 3390152.4417 

*. The mean difference is significant at the 0.05 level. 
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Appendix 3 Effluents concentrations and percentage removal for each wetland cells 

operated at three (3) days of hydraulic retention time (HRT). 

Parameters  T.LATIFOILA 
(Mean +SD) 

T. LATIFOILA 

& 

P. KARKA 
(Mean +SD) 

CONTROL 
CELL 

(Mean +SD) 

P. KARKA 
(Mean +SD) 

Nitrite 0.71 + .10 0.66  + .14 0.93 + .15 0.85  +  0.19 
%  NO3 
Removal 

 
22.99 + 6.36 

 
28.95 + 11.27 

 
-0.08 + 9.73 

 
8.40 + 15.63 

Nitrate 2.73 +.23 2.51 +.26 2.8733 + .14 2.70 + .246 
%  NO3 
removal 

 
6.08 + 2.73 

 
13.44 + 6.02 

 
0.89 + .66 

 
7.01 + 4.01 

Ammonia 44.92 +  14.14 44.05  + 13.71 52.38 + 13.60 46.74 + 12.32 

%  NH
4

+ 

removal 

 
33.48 + 7.33 

 
34.68 + 8.57 

 
21.74 + 3.68 

 
30.20 + 4.59 

PO4 44.27 + 11.79 42.51 + 12.25 43.95 + 6.22 37.13 + 10.95 
%  PO4 
removal 

 
31.66 + 9.41 

 
34.51 + 10.52 

 
30.48 + 12.68 

 
40.56 + 20.62 

TP 48.089 + 8.72 44.16 + 11.93 51.51 + 16.52 42.68 + 6.39 
%  TP 
removal 

 
33.61 + 3.32 

 
39.59 + 8.02 

 
29.87 + 13.22 

 
40.58 + 7.17 

BOD 355.07 + 69.40 362.84 + 65.48 422.96 +  86.08 358.21 + 56.76 
%  BOD 
removal 

 
39.28 + 6.38 

 
37.89 + 5.22 

 
27.62 +  9.39 

 
38.53 + 4.85 

COD 531.15 + 59.81  554.41 + 62.57 602.58 + 78.12 528.77 + 72.28 
%  COD 
removal 

 
46.48 +12.06 

 
44.21 + 11.98 

 
38.81 + 17.42 

 
47.29  +  7.64 
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Appendix 4Effluents concentrations and percentage removal for each wetland cells 

operated at five (5) days of hydraulic retention time (HRT). 

 

Parameters   T.LATIFOILA 
(Mean +SD) 

T. LATIFOILA 

& 

P. KARKA 
(Mean +SD) 

CONTROL 
CELL 

(Mean +SD) 

P. KARKA 
(Mean +SD) 

NO-
2 0.86 + 0.41 0.66 + 0.51 0.96 + 0.56 0.79 + 0.43 

% NO-
2 

removal 

 

31.84 + 29.26 

 

53.27 + 17.65 

 

28.27 + 13.30 

 

40.85 + 10.47 

NO-
3 2.64  +  0.33 2.05 + 1.33 2.65  +  0.75 2.02  +  1.30 

% NO-
3 

removal 

 

11.26  +  17.86 

 

34.52 + 41.40 

 

12.95 + 19.28 

 

35.27 + 40.54 

NH
4

+
 26.77 +  14.283 22.95  +  10.52 44.46  +  13.45 22.98 + 14.67 

% NH
4

+ 

removal 

68.07 + 15.02 72.53  +  10.10 45.99  +   11.18 72.81 + 16.17 

PO-
4 21.46  + 14.95 24.04 + 16.25 34.09   + 13.46 23.72 +  16.12 

%  PO-
4 

removal 

70.93 + 18.58 67.17 + 20.97 53.64 + 19.199 67.28 + 21.70 

TP 26.14 + 13.52 28.21 +  14.74 40.68  +  19.98 27.74 + 14.45 

% TP 

removal 

70.37 +  13.99 67.93  + 15.74 54.24  + 18.87 68.26  +  16.33 

BOD 205.05 +  148.20 109.52 +  32.70 293.09  +  123.20 112.45 +  36.15 

% BOD 

removal 

70.37 + 14.07 78.16  + 2.38 41.84 + 15.53 77.69  +  2.92 

COD 406.22 +  237.89 243.39 +  197.62 313.83 +  145.52 213.41 +  140.32 

%  COD 

removal 

88.92 + 18.60 79.56 +  6.63 69.61 + 7.44 80.74 + 3.80 
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Appendix 5 Effluent mean concentrations and percentage removal efficiency of the CW 
cells at HRT of 7 days 

Parameters*  Mean and removal efficiency (% RE) values of each cell of the CW 

T. latifoila  Mixed planted 

cell) 

Control ( P. karka) 

NO-
2 0.32 +  0.18  

(71.23 ) 

0.26  + 0.15 

(77.42) 

0.56  + 0.31 

(50.25) 

0.25  +  0.07 

(74.63) 

NO-
3 0.97 + 0.34 

(68.24) 

0.79 + 0.19 

(73.93) 

1.82 + 0.65 

(40.59) 

0.97 + 0.31 

(68.35) 

NH+
4 10.92 + 8.77 

(80.78) 

7.41+ 5.29 

(87.12) 

34.65+ 27.64 

(32.84) 

11.86 + 8.09 

(78.11) 

PO3-
4 9.64+2.0 (84.81) 4.29+1.53 

(87.42) 

31.08+3.05 (50.30) 8.39 +3.84 

(87.20) 

TP 13.32 + 3.99 

(83.28) 

6.99+ 2.84 

(86.44) 

36.65  +  10.01 

(53.48 ) 

13.95 +  7.29 

(82.88) 

BOD 60.09+ 30.99 

(91.4) 

35.39+ 9.22 

(94.75) 

177.50  +  101.22 

(73.73) 

67.87 + 27.16 

(90.29 ) 

COD 96.75+ 19.14 

(89.76) 

76.77+  22.68 

(92.19) 

313.41  +189.86 

(72.26) 

112.11+13.76 (87.73) 

S-2 1.29  +  0.13 

(74.94 ) 

1.45  +  1.18 

(82.64) 

5.49  +  3.77 

(36.29 ) 

1.45 +  1.18 

(82.64 ) 

SO-
4 4.66 +  2.51 

(76.31) 

7.37  +  7.80 

(68.18) 

10.50  +  6.74 

(45.59) 

6.58 +  6.08 

(68.16) 

TSS 11.2+5.22 

(96.09) 

10.78  + 5.40 

(95.87) 

19.78  +6.78 

(93.44) 

12.38  + 5.26 

(95.84) 

TC 2.1x 106+ 2.3 x 106 

(99.9) 

2.7 x 106 + 2.8x106 

99.9 

4.3x 106 +5.13 x 106  

(99.8) 

3.9 x106 + 4.44 x106 

(99.9) 

FC 5.5 x 105+ 7. x 104 

(99.7) 

4.8 x 105+ 6. X 104 

(99.7) 

1.4 x 106 + 8.1x 104 

(99.1) 

5.2 x 105 + 9.2x 104 

(99.7) 
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Appendix 5 Performance Standards for Antimicrobial Susceptibility Testing; Twenty-

Third Informational Supplement. M100-S23. According to clinical laboratotry institutes 

standard, 2013 

 

 
 
 
 

 

Antibiotic Discs 
 
 
 

Code 
 
 
 

Concentration 
(μg) 
 
 

Diameter  of  Zone  of  inhibition  in 
mili meter (mm) 
Resistant 
≤ 

Intermediate Susceptible 
≥ 

Chloramphenicol C 30 12 13-17 18 

Ciprofloxacin CPR 5 15 16-20 21 

Gentamicin Gen 10 12 13-14 15 

Norfloxacin NOR 10 12 13-16 17 

Tetracycline OT 30 11 12-14 15 

Streptomycin S 10 11 12-14 15 

Sulfonamides 
Cpds 

S3 300 12 13-16 17 

Neomycin 
N 

30 12 13-16 17 
Trimetoprim W 5 10 11-15 16 


