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Abstract
This study aimed to assess the performance of hydroponics vegetated with Duranta erecta in removing nutrients from 
domestic wastewater in a pilot-scale study. Domestic wastewater was fed to four lines of hydroponic-constructed filter 
systems (HCFS). The lines 1 and 3 were filled with gravel, but the lines 2 and 4 were filled with polyester sponges. The 
experimental biofilters (lines 1 and 2) were planted with Duranta erecta, and the control biofilters (lines 3 and 4) were 
unplanted. This experiment was operated at hydraulic retention times (HRT) of 1, 3, 5, and 7 days which were conducted 
sequentially. Results indicated that the planted biofilters in gravel media removed nutrients better than the other planted 
biofilters in sponge media. Better removal efficiencies of 55 and 47% for total nitrogen (TN) and of 32 and 26% for total 
phosphorus (TP) removal by planted and control lines, respectively, were obtained at 7 days HRT. At the end of the 
experiment, TN and TP accumulation in the plant biomass sample increased from 132 to 216 g TN/Kg of dry weight, and 
from 53to 86 g TP/Kg of dry weight, respectively at 7 days HRT. Hence, it can be concluded that nature-based hydroponic 
filters planted with Duranta erecta might have a promising potential, mainly with gravel media. HCFS represents a very 
welcome technology to treat domestic wastewater at a decentralized level in developing countries, including Ethiopia.

Highlights

• HCFS planted with Duranta erecta in gravel or polyester sponge media removed nutrients from domestic wastewater.
• HCFS significantly (p<0.05) removed total nitrogen and total phosphorus from wastewater.
• HCFS are sustainable and eco-friendly wastewater treatment solutions.
• Gravel media is a better medium than polyester sponge to reduce nutrients in hydroponics.
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1 Introduction

Untreated wastewater discharge into receiving water bodies poses threats to the public’s health, the economy, and 
ecological integrity. In developing countries, including Ethiopia, only a small proportion of the wastewater is being 
treated. Poorly treated institutional effluents that leak into surface and groundwater sources are the main cause 
of poor water quality [1]. Domestic wastewater mainly composed of grey and black waters can be generated from 
homes, businesses, and institutions such as hospitals, schools, prisons, etc [2–4]. In Ethiopia, many institutions dis-
charge untreated wastewater into lakes, wetlands, rivers, and streams, endangering the environment and posing a 
risk to downstream riverine communities [1, 5]. Kilinto prison camp discharges its wastewater into the adjoining little 
river called Akaki River, where animals drink and irrigation is carried out along its downstream and vicinity using this 
dirty river. Untreated domestic wastewater is also a cause of eutrophication problems (excess algal growth), which 
is caused by the presence of nutrients (nitrogen and phosphorus) in wastewater [6, 7].

Ammonia is the main form of nitrogen in wastewater, which increases BOD, decreases DO, and kills aquatic ani-
mals including fish [8]. Nutrients stimulate the growth of toxic phytoplankton species in water bodies [9, 10]. The 
consumption of fish and algae, which are contaminated by toxic phytoplankton, can cause serious health problems 
for both humans and animals. Skin irritation, nervous system impairment, liver damage, and gastrointestinal diseases 
are caused by toxic phytoplankton [11]. The other impact of the discharged wastewater is bad odor which is caused 
by the formation of hydrogen sulfide  (H2S) due to the depletion of dissolved oxygen (DO). This in turn will cause 
toxicity and decrease the aesthetic value of the environment [12, 13].

Similar to other developing nations, there are experiences of wastewater treatment in Ethiopia though not satisfac-
tory. There are promising practices in industrial parks for effective wastewater management, but studies in 14 towns 
revealed that there are no wastewater treatment facilities. Lack of investment cost, proper design and skilled labor, 
and lack of integration among relevant stakeholders might be major factors [1]. Wastewater treatment technologies 
should be properly applied and policies and strategies should support proper domestic and industrial wastewater 
disposal and utilization techniques [14]. Wastewater discharged from Addis Ababa municipality and the existing 
wastewater treatment plant does not meet environmental requirements [15].

There are technologies available for treating domestic wastewater to levels sufficient for reclaimed use of water, 
but they are expensive to construct and operate [16]. Therefore, the use of low-cost technology including constructed 
wetlands has increased [17]. Furthermore, an up-flow anaerobic sludge blanket followed by constructed wetlands 
is a promising technology to increase the suitability of reclaimed wastewater use [18]. Hydroponics is also similar 
to constructed wetlands technology in use for domestic wastewater treatment with its advantages as has been 
presented hereunder.

Hydroponics is a method of growing plants in a liquid nutrient solution without soil and with or without the use 
of artificial media [19–21]. The media can serve as structural support for the plant. It also serves as a filter media and 
environment for microbes [22]. Bioponics is using wastewater as a nutrient solution in hydroponic technology [23]. 
It has been reported that vertical hydroponics vegetated with Duranta erecta can remove heterotrophic bacteria, 
total coliform, and fecal coliform up to 98.7, 96.2, and 92.9%, respectively [4]. This indicates that it has the potential 
to be used as a decentralized wastewater treatment technology in developing countries [24]. Hydroponics has many 
advantages such as low operational and maintenance costs, high treatment capacity, low land requirement, and 
increased aesthetic value of the environment [21, 25].

There are many ornamental plants in Ethiopia such as Ephorbia Cotinifolia, Cordyline Terminalis, Nerium Olean-
der, Pinus Patula, and Duranta Erecta. However, none of these plants are specifically used to remove nutrients from 
wastewater. Duranta Erecta is one of the widely grown ornamental plants in Ethiopia. This plant is usually used to 
decorate homes and public parks [26]. Duranta Erecta is a multi-stemmed fast-growing plant that can tolerate differ-
ent environmental factors such as drought and infertile soil [27, 28]. These properties of the plant make it preferable 
for hydroponics wastewater treatment.

It is noted that a few researches have been conducted regarding the use of hydroponics for the treatment of waste-
water [4, 29]. However, no research has been carried out regarding nutrient removal using Duranta erecta planted 
HCFC. Moreover, no research has been conducted on using gravel and polyester sponges separately as media in a 
vertical filter arrangement to remove nutrients from wastewater. Therefore, this study aimed to assess the treatment 
performance of pilot-scale hydroponic systems with gravel or polyester sponge beds vegetated with Duranta Erecta 
for removing TN and TP from domestic wastewater.
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2  Materials and methods

2.1  Experimental site

The experiment was conducted in the Akaki Kality sub-city, Addis Ababa, Ethiopia which is located at an altitude, 
annual, average temperature, rainfall, and humidity of 2300 m, 15.9 °C, 1089 mm, and 60.7%, respectively.

2.2  Experimental setup

The pilot scale consisted of one reservoir tank (RT), two experimental and two control lines arranged outdoors in 
parallel rows, each containing three biofilters as shown in Fig. 1 [4]. Each treatment line holds 60 L of wastewater 
(20 L per biofilter). Thirty healthy plants were collected from the Afincho-ber area, Addis Ababa. The study followed a 
standard method during plant sample collection [30]. Then, they were planted in experimental line 1 (E1) filled with 
gravel media, and experimental line 2 (E2) filled with sponge media (five plants per biofilter) after carefully washing 
the plant’s roots and cutting them until the root length became 11 cm. Forestry tubes (Fig. 2), with 11 cm depth, 
8 cm diameter, and 345  cm3 volume, were used to support the plant and the media by suspending on the biofilter’s 
lids. Five forestry tubes were used for each biofilter. A small hole was drilled in the bottom and wells of the forestry 
tubes so that the root could grow deep into the nutrient solution (wastewater) by passing through the holes of the 
forestry tube (Fig. 2). In each forestry tube of lines E1 and C1, sharp gravel (20 mm diameter), which has a mass of 
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Fig. 1  Experimental setup
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387.28 g and porosity of 44%, was used as a medium. Similarly, in each forestry tube of lines E2 and C2, a polyester 
sponge, which has a mass of 29.28 g and a porosity of 68%, was used as a medium [4].

Acclimatization was conducted for ninety days. First, tap water was introduced, and then it was diluted gradually by 
5, 15, 20, 30, 50, 80%, and finally 100% wastewater to avoid possible shock or stress to the plants due to high concentra-
tions of pollutants in the wastewater [15].

Where: 1, 2 & 3 denote biofilters in experimental line 1 (E1), 4, 5 & 6 denote biofilters in experimental line 2 (E2), 7, 8 & 
9 denote biofilters in control line 1 (C1), 10, 11 & 12 denotes biofilters in control line 2 (C2), RT denotes the reservoir tank 
and, A, B, C, D, E are sampling ports.

The pilot scale of the treatment system during the experiment period, the biofilter, and the forestry tube are depicted 
in Fig. 2.

2.3  Experimental operation

The raw wastewater, which is collected from the direct discharge point of Kilinto prison camp, was fed into the reservoir 
tank (RT), which holds 240 L of wastewater. It was distributed to the 2 experimental lines and 2 control lines. Since the 

Fig. 2  Pilot scale A, forestry tubes on the biofilter lid B, side and top view of the biofilter and forestry tube C 

Table 1  Parameters and 
operating conditions of 
vertical hydroponics

No. Parameters Values

1 Number of experimental lines 2
2 Number of control lines 2
3 Number of biofilters per experimental line 3
4 Number of biofilters per control line 3
5 Number of plants per biofilter 5
6 Number of forestry tubes per biofilter 5
7 The volume of water per biofilter (L) 20
8 The volume of water per experimental line (L) 60
9 The volume of water per control line (L) 60
10 HRT (day) 1, 3, 5 and 7
11 Plant Duranta erecta
12 Media used in experimental line 1 (E1) and control line 1 (C1) Gravel
13 Media used in experimental line 2 (E2) and control line 2 (C2) Polyester sponge
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biofilters have a vertical arrangement, the flow of wastewater from the main tank down to the biofilters was driven by 
gravity. The flow was adjusted by tap valves, which have an opening of 6 mm. The wastewater treatment was operated at 
HRT for 1, 3, 5, and 7 days in a continuous mode sequentially [31, 32]. The operating conditions of the treatment system 
are summarized in Table 1.

2.4  Wastewater sampling and analysis

The effluent of the Kilinto prison camp effluent was characterized for 4 months (one sample per month) using a com-
posite sampling method (an equal amount of sample was taken in the morning, noon, and afternoon, then the samples 
were mixed). The samples were taken during 2 months of the Ethiopian wet season (August and September), followed 
by 2 months of the dry season (October and November). The temperature and pH were measured onsite while the total 
nitrogen (TN) and total phosphorus (TP) were analyzed in a laboratory using standard methods.

To assess the treatment potential of the hydroponics, per each HRT, a grab sampling method (one sample was taken 
from the treated effluent of experimental and control units) was used. A triplicate sample analysis was conducted and 
analyzed according to standard methods for the examination of water and wastewater [33]. The temperature and pH 
were measured by a portable pH/temperature meter (Model HANA 83141). The TN and TP were immediately analyzed 
by spectrophotometer (Model Hatch DR3900) using the 4500-TN persulfate digestion method, and 4500-TP Molybdo-
vanadate with Acid Persulfate Digestion Method respectively.

2.5  Plant sampling and analysis

The taxonomy of Duranta erecta indicates that it is in the kingdom (Plantae), subkingdom (Viridiplantae), infrakingdom 
(Streptophyta), superdivision (Embryophyta), division (Tracheophyta), subdivision (Spermatophytina), class (Magnoliop-
sida), superorder (Asteranae), order (Lamiales), family (Verbenaceae), genus (Duranta), and species (Duranta erecta) [34].

The dry weight of the plant (DW), fresh weight of the plant (FW), expected dry weight of the plants per given biofilter 
(EDW), expected fresh weight of the plants per a given biofilter (EFW), and nutrient accumulation (nitrogen and phos-
phorus) of the plants were analyzed both at the start and the end of the experiment. At the start of the experiment, all 30 
plant biomasses had relatively similar morphology, therefore one plant biomass was selected as representative of plant 
biomass to analyze the DW, FW, EDW, EFW, and nutrient concentration. However, at the end of the experiment, the plant 
morphology is affected by the availability of the nutrient. Therefore, one plant sample per biofilter of the experimental 
units was analyzed for DW, FW, EDW, EFW, and nutrient concentration. The dry mass and fresh mass of the plant were 
analyzed according to standard methods for plant sampling, measurement, and observation [35]. A random method was 
employed to select sample plants per biofilter and Eqs. 1–4 were used to calculate DW, FW, EDW, and EFW [36]:

where: DW denotes the dry weight of the plant, DWS denotes the dry weight of the sample plant, FW denotes the fresh 
weight of the plant, FWS denotes the fresh weight of the sample plant, A denotes the area under consideration, EDW 
denotes expected dry weight of the plant in a biofilter and EFW denotes the expected fresh weight of the plant in a 
biofilter.

(1)DW =
DWS(g)

A
(

m2
)

(2)FW =
FWS(g)

A
(

m2
)

(3)EDW(per biofilter) = DW ∗ Number of plants in a biofilter

(4)EFW(per biofilter) = FW ∗ Number of plants in a biofilter
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The survival rate of the plant was calculated using Eq. 5:

where: SR denotes the survival rate of the plants per biofilter, I denotes the number of plants at the start of the experi-
ment and F denotes the number of plants at the end of the experiment.

The TN and TP in the plants were analyzed using the Kjeldahl method and spectrophotometric vanadium phosphomo-
lybdate method respectively [37]. Then the TN and TP in each biofilter were calculated using Eqs. 6 and 7 respectively [38].

2.6  Data analysis

The data were analyzed by Microsoft Excel 2019. One-way analysis of variance (ANOVA) was used with a 95% confidence 
interval to assess the treatment potential of the hydroponics. Regression analysis was used to determine the correlation 
between HRTs and the removal efficiency of the treatment system. The removal efficiency was calculated using Eq. 8 [39]:

where: η (%) denotes the removal efficiency, C1 (mg/l) denotes influent concentration and C2 (mg/l) denotes effluent 
concentration of the nutrients.

3  Result and discussion

3.1  Characteristics of the wastewater

The mean prison camp effluent temperature varied from 20.70 ± 2.43 to 23.60 ± 2.73 °C and the effluent pH varied 
from 5.57 ± 0.21 to 7.98 ± 0.59. The mean prison camp effluent concentration of TN and TP varied from 31.60 ± 11.51 to 
84.30 mg/L and from 15.42 ± 6.36 to 19.80 ± 6.62 mg/L respectively, as shown in Table 2.

From Table 2, it can be noted that TN and TP concentrations of the prison camp effluent increased from August to 
November. This might be due to the decrement of rainfall intensity, which in turn decreased the dilution of the effluent 
by the rainfall [40]. The TN and TP concentration of the effluent is above the maximum allowable discharge standard, 
therefore treating this effluent before discharging into the environment is mandatory. The temperature and pH levels 
of the prison camp effluent are within allowable discharge standards.

(5)SR =

(

I − F

I

)

∗ 100

(6)TN in the plants per each biofilter =

(

TN accumulation of plants in a single plant ∗ EDW

DW

)

∗ 100

(7)TP in the plants per each biofilter =

(

TP accumulation of plants in a single plant ∗ EDW

DW

)

∗ 100

(8)η =

(

C1 − C2

C1

)

∗ 100

Table 2  Characteristics 
of Kilinto Prison Camp 
wasterwater effluent

a Standard deviation

Parameter August September October November Ethiopian standard
Avg ±  SDa Avg ± SD Avg ± SD Avg ± SD

Temperature (oC) 20.70 ± 2.43 23.60 ± 2.73 21.23 ± 2.89 22.53 ± 2.90 25
pH 6.70 ± 0.70 7.98 ± 0.59 6.04 ± 0.36 5.57 ± 0.21 6.5–8.5
TN (mg/L) 31.60 ± 11.51 72.20 ± 11.78 84.30 ± 11.87 81.21 ± 12.19 30
TP (mg/L) 15.42 ± 6.36 15.40 ± 6.55 17.06 ± 6.47 19.80 ± 6.62 2
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3.2  Performance of the hydroponics

3.2.1  Temperature and pH

During the experiment, the mean influent temperature varied from 19.80 ± 0.61 to 23.00 ± 0.73 °C at HRT of 1, 3, 5, and 
7 days. The mean effluent temperature of experimental and control lines (E-1, E-2, C-1 and C-2) varied from 17.50 ± 0.74 to 
19.20 ± 0.56 °C, 18.20 ± 0.76 to 19.00 ± 0.62 °C, 18.80 ± 0.57 to 20.00 ± 0.83 °C and 19.30 ± 0.64 to 21.00 ± 0.61 °C, respectively 
at HRT of 1, 3, 5 and 7 days (Fig. 3A). A reduction of temperature in effluents was observed than that of influents in all 
experimental and control lines. E-2 showed a better performance in decreasing the temperature of the effluent followed 
by E-1, C-1, and C-2, respectively at HRTs of 1 and 3 days. However, E-1 showed a better performance in decreasing the 
temperature of the effluent followed by E-2, C-1, and C-2, respectively at HRTs of 5 and 7 days. During the experiment, 
the mean influent pH varied from 5.97 ± 0.32 to 7.93 ± 0.30 at HRT of 1, 3, 5, and 7 days. The mean effluent pH of E-1 
(planted biofilters with gravel), E-2 (planted biofilters with polyester sponge), C-1 (unplanted biofilters with gravel), and 
C-2 (unplanted biofilters with polyester sponge) varied from 6.70 ± 0.43 to 7.80 ± 0.37, 7.50 ± 0.43 to 8.00 ± 0.32, 7.90 ± 0.31 
to 8.20 ± 0.35, and 7.70 ± 0.64 to 8.20 ± 0.39 respectively at HRTs of 1, 3, 5 and 7 days (Fig. 3B).

A slight increment of pH in effluents was observed than that of influents in all experimental and control lines (Fig. 3B). 
This might be due to the consumption of organic acid by microorganisms in the remediation process [24].

Fig. 3  Variation of wastewater 
parameters during the treat-
ment process (A: Temperature, 
B: pH)
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Table 3  Performance of the 
treatment system in removing 
TN and TP

Parameter Source (mg/L) HRT (day)

1 3 5 7

TN Influent 110.38 ± 7.34 86.74 ± 10.38 99.65 ± 5.26 122.74 ± 9.07
E1 88.36 ± 7.71 65.26 ± 9.34 59.07 ± 5.24 55.72 ± 9.87
E2 94.52 ± 7.02 69.30 ± 7.34 72.89 ± 5.23 69.11 ± 7.88
C1 101.90 ± 8.70 77.64 ± 5.34 77.24 ± 7.88 88.58 ± 6.35
C2 104.62 ± 2.45 85.28 ± 7.34 98.23 ± 6.34 122.56 ± 7.56

TP Influent 9.04 ± 3.23 7.64 ± 2.91 20.23 ± 3.22 33.46 ± 1.32
E1 7.90 ± 3.24 6.26 ± 3.54 15.89 ± 2.34 22.71 ± 3.67
E2 8.07 ± 2.46 6.53 ± 3.41 16.95 ± 1.99 24.86 ± 2.61
C1 8.45 ± 3.95 7.03 ± 1.26 17.65 ± 2.35 27.68 ± 2.42
C2 8.75 ± 2.68 7.12 ± 3.64 18.23 ± 2.15 29.97 ± 2.15
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3.2.2  Nutrient removal

The mean influent TN and TP concentration during the experiment varied from 122.74 ± 9.07 to 86.743 ± 10.38 mg/L and 
33.46 ± 1.32 to 7.64 ± 2.91 mg/L at HRTs of 1, 3, 5, and 7 days respectively. The mean effluent TN and TP concentration dur-
ing the experiment varied from 88.36 ± 7.71 to 55.72 ± 9.87 mg/L and 22.71 ± 3.67 to 6.26 ± 3.54 mg/L in E-1, 94.52 ± 7.02 
to 69.11 ± 7.88 mg/L and 24.86 ± 2.61 to 6.53 ± 3.41 mg/L in E-2, 101.90 ± 8.70 to 77.24 ± 7.88 mg/L and 27.68 ± 2.42 to 
7.03 ± 1.26 mg/ in C-1, and 122.56 ± 8.12 to 85.28 ± 8.18 mg/L and 29.97 ± 2.15 to 7.12 ± 3.64 mg/L in C-2 respectively 
(Table 3).

A reduction in the concentration of TN in effluents was observed than that of influents in all experimental and con-
trol lines. The removal of TN in E1 and E2 might be caused by ammonification, nitrification, assimilation by plants and 
microbes, denitrification, and adsorption [40, 41]. The removal of TN in C1 might be caused by adsorption, ammonifica-
tion, nitrification, and denitrification. The removal of TN in C2 might be caused by ammonification, nitrification, denitri-
fication, and adsorption. It is believed that volatilization and nitrate ammonification might not play a significant role in 
nitrogen removal since volatilization requires an environment whose pH > 11 and nitrate ammonification requires anoxic 
conditions [42, 43]. In this study, the mean pH of influents from the reservoir tank (RT) ranged from 5.97 to 7.93. The pH 
of Kilinto prison camp effluent is not in the range of pH that causes ammonia volatilization. Moreover, the diffusion of 
dissolved oxygen (DO) from the atmosphere to the vertical arrangement of the biofilters, and the diffusion of oxygen 
from the rhizosphere increase DO concentration and reduce the probability of anoxic conditions in the biofilters. This in 
turn prohibits nitrate ammonification.

A reduction in the concentration of TP in effluents was observed than that of influents in all experimental and control 
lines. The removal of TP in E1 and E2 might be caused by the adsorption of phosphate by the plant, sedimentation, and 
adsorption on the surface of the plant and media [44]. Microorganisms, specifically chemoautotrophs, play a vital role in 
decomposing organic phosphorus into phosphate so that the plants can absorb it. Chemohetrotrophs use organic matter 
as a source of carbon and energy. The removal of TP in C1 might be caused by sedimentation, microbial decomposition of 
organic phosphorus, and adsorption. The removal of TP in C2 might be caused by sedimentation, adsorption, and micro-
bial decomposition of organic phosphorus. The plant root and the media might also play a significant role in removing 
TN and TP from the wastewater by providing surface area for the adsorption of nutrients, and habitat for microorganisms.
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The removal efficiency of the treatment system in removing TN ranged from 19.95–54.60% for E1, 14.37–47.45% for 
E2, 7.68–27.82% for C1, and 2.65–5.21% for C2 (Fig. 4). The removal efficiency of C2 in removing TN decreased as HRT 
increased from 1 to 7 days. This might be because of the fact that even though polyester sponge is more porous than 
gravel, its voids are not connected (it has low water permeable properties). Therefore, it takes time for the effluent to 
pass through the voids of this media during the treatment process. This affects the treatment potential of C2. In addi-
tion, there are no plants in this experimental line, which enhances the pollutant removal potential. Moreover, at lower 
HRT, there are relatively higher organic loadings [45]. The organic loading decreases as HRT increases. This affects the 
capacity of microbes to remove nitrogen. Except for nitrifying bacteria, which are autotrophic, heterotrophic bacteria are 
responsible for most nitrogen cycles such as ammonification-ammonifying bacteria, nitrogen fixation-nitrogen fixing 
bacteria, denitrification-denitrifying bacteria, etc. [46]. Hence, the decrease in HRT will affect the removal of nitrogen.

The removal efficiency of the treatment system in removing TP ranged between 12.6–32.1% for E1, 10.73- 25.70% for 
E2, 6.52–17.09% for C1, and 3.20–10.43% for C2 (Fig. 5).

E1 showed a better TN and TP removal efficiency than E2 in all applied HRTs. This might be due to better provision of 
adsorption sites by gravel media than that by polyester sponge media, due to the close porosity of the last one [47]. In 
addition, gravel could provide a better environment for the attached microorganisms. Then E1 and E2 showed better 
TN and TP removal efficiency than their corresponding control lines did.

Regression analysis showed that there is a strong linear correlation between the applied HRTs and the removal effi-
ciency of the treatment system in removing TN and TP. In the removal of TN, regression analysis showed  R2 values of 
0.96, 0.89, 0.94, and 0.24 for E1, E2, C1, and C2 respectively. In the removal of TP, regression analysis showed  R2 values of 
0.94, 0.89, 0.91, and 0.88 for E1, E2, C1, and C2 respectively. This indicates that the removal of nutrients depends on HRT, 
which in turn depends on the hydraulic loading rate (HLR). The ANOVA indicates that there is a significant difference 
(p < 0.05) between E1 and C1, between E2 and C2, in TN and TP removal. However, no significant difference (p > 0.05) was 
observed between E1 and E2, C1 and C2.

As shown in Table 4, the TN and TP removal efficiency of this study is compared with previous studies using other 
kinds of media and plant species.

From Table 4, it can be noted that the Duranta erecta planted hydroponics have relatively good performance in 
removing TN and TP from wastewater.
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3.2.3  Plant nutrient accumulation

Changes in the plant survival rate (PSR) and the plant nutrient accumulation were observed in both experimental lines. 
The PSR in E-1 biofilter 1 (E1BF1) was 80%, in E-1 biofilter 2 (E1BF2) was 100% and in E-1 biofilter 3 (E1BF3) was 100%. 
The PSR in E-2 biofilter 1 (E2BF1) was 80%, in E-2 biofilter 2 (E2BF2) was 80% and in E-2 biofilter 3 (E2BF3) was 100%.

Then a reduction in the number of plants at the end of the experiment was observed in E1BF1, E2BF1, and E2BF2. It’s 
due to the reduction of PSR, which is caused by individual plant health conditions. In addition, the ability of the plants 
to adapt to high organic loading might also be the reason for the reduction of PSR [42]. Table 5 shows the EDW, EFW, TN, 
and TP accumulation by the plants in biofilters 1, 2, and 3 at the start and the end of the experiment.

An increase in EDW, EFW, and nutrient accumulation (TN and TP) was observed in both experimental units at the end of 
the experiment (Table 5). Plants in line E1 showed better biomass growth than plants in line E2. The maximum TN and TP 
accumulation of the plants was recorded in E1BF3 followed by E2BF3. At the end of the experiment, TN and TP accumula-
tion in E1BF3 increased from 132.34 to 216 gN/Kg DW and 52.9 to 86 gP/Kg DW, respectively. TN and TP accumulation of 
plants in E2BF3 increased from 132.34 to 189 gN/Kg DW and 52.9 to 75.6 gP/Kg DW, respectively.

In both experimental lines (E1 and E2), the values of EDW, EFW, TN and TP accumulation in units of rank 1 at the end 
of the experiment (E1BF1 and E2BF1) were less than the values at the beginning of the experiment. This might be due 
to the reduction of the number of plants in biofilters of rank 1 to that of the number of plants in biofilters of rank 2 and 
3. This might be due to the number of plants not decreasing in biofilters of rank 2 and 3 (except E2BF2). In addition, the 
plants in biofilters of rank 2 and 3 were less stressed due to the presence of relatively low nutrient content. This allowed 
the plants to develop better biomass, which in turn allowed them to accumulate more nutrients (Gebeyehu et al. [42]).

Table 4  Comparison of TN 
and TP removal efficiency of 
this study with other studies

No. Treatment system Plant Removal effi-
ciency (%)

References

TN TP

1 Barrel Gravel bed hydroponics Winter squash 18.64 44.40 [48]
2 Barrel Gravel bed hydroponics Olives 61.00 65.00 [48]
3 Gravel bed hydroponics Water spinach 57.90 23.81 [19]
4 Gravel bed hydroponics Alfalfa 62.50 [29]
5 Gravel bed hydroponics Vetiver grass 54.00 63.00 [49]
6 Gravel bed hydroponics Typha latifolia 58.00 58.00 [42]
7 Wick hydroponics Vetiver grass 65.40 [31]
8 Wick hydroponics Eleocharis plantagineiformis 20.30 21.20 [50]
9 Nutrient film hydroponics Lettuce 50.56 33.33 [32]
10 Subsurface flow constructed wetland Vetiver grass 86.00 88.00 [36]
11 Subsurface flow constructed wetland Phragmites australis 69.00 [51]
12 Subsurface flow constructed wetland Typha latifolia 27.00 39.00 [18]
13 Free water surface constructed wetland Typha latifolia 41.00 32.00 [18]
14 Gravel bed hydroponics Duranta erecta 54.60 32.11 This study
15 Gravel bed hydroponics Duranta erecta 47.45 25.70 This study

Table 5  EDW, EFW, TN, and TP 
accumulation by plants in E1 
and E2

No. Parameter Start of 
experi-
ment

End of experiment

E1 E2

BF1 BF2 BF3 BF1 BF2 BF3

1 EDW (Kg/m2) 0.55 0.46 0.70 0.89 0.45 0.53 0.78
2 EFW (Kg/m2) 7.27 6.00 8.78 10.92 5.81 8.36 9.52
3 TN accumulation (gN/Kg DW) 132.34 113.00 165.00 216.00 110.00 128.00 189.00
4 TP accumulation (gP/Kg DW) 52.90 52.00 67.50 86.00 44.20 51.50 75.60
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4  Conclusion

Our study has proved that the hydroponics planted with Duranta erecta removed nutrients (nitrogen and phosphorus) 
significantly (p < 0.05). In all applied HRT, the experimental line E1 (using gravel media) showed higher performance in 
removing both TN and TP followed by the experimental line E2 (using sponge media), and the control lines C1 and C2. 
At optimum HRT (7 days), a TN removal of 55 and 47% was achieved in the experimental lines E1 and E2, respectively. 
Similarly, at optimum HRT, a TP removal efficiency of 32 and 26% was achieved in the experimental lines E1 and E2, 
respectively. Regression analysis showed that there is a strong linear correlation between the applied HRTs and the 
removal efficiency of the treatment system. The maximum TN and TP accumulation by the plants was recorded in the 
experimental line E1 (biofilter 3) followed by the experimental line E2 (biofilter 3). During the experiment, TN and TP 
accumulation by plants in the experimental line E1 (biofilter 3) increased from 132 to 216 gN/KgDW, and from 53 to 
86 gP/KgDW, respectively. TN and TP accumulation by plants in the experimental line E2 (biofilter 3) increased from 132 
to 189 gN/KgDW, and from 53 to 76 gP/KgDW, respectively. Hence, hydroponics significantly (p < 0.05) removed TN and 
TP from domestic wastewater, mainly using gravel as media for plants. Then it has a promising potential to be used as 
an alternative decentralized wastewater treatment technology for developing countries such as Ethiopia.
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