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Abstract: This study compares the wastewater purification capabilities of common reed (Phragmites 

australis) and cattail (Typha latifolia) in horizontal (HF-CWs) and vertical (VF-CWs) flow constructed 

wetlands during four months, and three days of hydraulic retention time (HRT). The analysis fo-

cused on the removal of organic matter and nutrient pollutants. Results indicated that Typha latifolia 

excelled in removing total suspended solids (TSS) (92%), biochemical oxygen demand (BOD5) 

(88%), ammonium nitrogen (NH4-N) (69%), total Kjeldahl nitrogen (TKN) (67%), and phosphate 

(PO4-P) (98%) in HF-CWs. In contrast, Phragmites australis showed superior removal of chemical 

oxygen demand (COD) (93%) and total phosphorus (TP) (86%). In VF-CWs, Phragmites australis out-

performed Typha latifolia in TSS (23%), BOD5 (88%), COD (88%), TKN (94%), and TP (90%). Whereas, 

Typha latifolia was more efficient for only NH4-N (98%) and PO4-P (93%).  Both species exhibited 

negative nitrate removal efficiency. Overall, both macrophytes are suitable for large-scale con-

structed wetlands in arid climate. 

Keywords: Wastewater, Phragmites australis, Typha latifolia, HF-CWs, VF-CWs, Physicochemical 

parameters. 

 

1. Introduction 

Discharging untreated domestic wastewater into the environment results in the deg-

radation of water quality and the contamination of groundwater, posing risks to both the 

environment and human health [1]. Therefore, it is essential to systematically treat this 

water by implementing appropriate wastewater treatment methods before releasing it 

into the natural environment [2]. In this regard, various wastewater treatment techniques 

have been developed; however, many of them, such as the activated sludge process, trick-

ling filter, and membrane bioreactors, are not feasible for use in developing countries [3, 

4]. As a result, prioritizing the treatment of domestic wastewater with ecotechnology that 

requires low costs, minimal energy, and less maintenance is essential for many countries 

worldwide [5,6]. To this end, constructed wetlands (CWs) are viewed as a practical option 

for treating polluted effluents [7, 8]. This technology is one of the effective natural treat-

ment systems employed in numerous countries worldwide. CWs are engineered wetlands 

that incorporate macrophytes, intended to replicate the physical, chemical, and biological 

processes found in natural wetlands [9]. These processes include sedimentation, filtration, 

precipitation, sorption, plant uptake, microbial decomposition, and nitrogen transfor-

mations [10]. These systems enhance water quality by retaining or transforming various 
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constituents and have been effectively used to reduce environmental pollution by remov-

ing a range of wastewater pollutants, including organic compounds, suspended solids, 

pathogens, metals, colorants, pesticides, and nutrients [11,12]. The effective operation of 

CWs relies on the interaction between plants, substrate, and microorganisms, which is 

influenced by the type of structure and the wastewater treatment employed [13]. CWs are 

generally classified into the following categories: (1) Free Water Surface (FWS), (2) Vertical 

Subsurface Flow (VSF-CWs), (3) Horizontal Subsurface Flow (HSF-CWs), and (4) Hybrid 

Flow Wetlands [14, 15]. Furthermore, subsurface flow-type CWs are commonly utilized 

for treating domestic wastewater [16]. While Horizontal Subsurface Flow (HSF-CWs) sys-

tems are the most prevalent, Vertical Subsurface Flow (VSF-CWs) systems are gaining 

popularity at present [17]. The presence of macrophytes is a defining characteristic of wet-

lands, setting CWs apart from unplanted soil filters or lagoons [18, 19]. These plants serve 

several crucial functions that enhance purification efficiency and extend the operational 

lifespan of CWs. They significantly contribute to the direct uptake of pollutants from 

wastewater, while the transformation and mineralization of nutrient and organic pollu-

tants largely rely on the microbial communities associated with their root systems [20]. 

Choosing plant species for CWs necessitates careful consideration, as the vegetation must 

be resilient enough to withstand the potential toxic effects of wastewater and its variability 

[21]. Among the plants frequently used in CWs, common reed (Phragmites australis) and 

cattail (Typha latifolia) are classified as emergent aquatic species with a high growth rate 

[22]. These macrophytes are part of the helophyte group and are distinguished by their 

highly active root systems, which can withstand harsh conditions even when the above-

ground parts of the plants are dry [23]. These two plant species can be valuable assets for 

restoring eutrophic systems, as they possess a strong ability to degrade nitrogen, phos-

phorus, and organic matter in wetland environments [2]. They may potentially be utilized 

for treating saline wastewaters or in CWs located in areas with high evapotranspiration, 

which raises the salinity of the wastewater [24]. This study aims to compare the purifica-

tion capabilities of P. australis and T. latifolia in removing organic matter and nutrient pol-

lutants from wastewater in horizontal flow constructed wetlands (HF-CWs) and vertical 

flow constructed wetlands (VF-CWs) under identical operational conditions. Addition-

ally, it seeks to identify the most suitable types of CWs for pollutant removal in domestic 

wastewater in arid climates. 
 

2. Materials and Methods 

2.1. Experimental setup 

The pilot constructed wetland systems were carried out at the Scientific and Tech-

nical Research Center for Arid Regions in Touggourt, located in Southeast Algeria 

(33°04'37.94"N, 6°02'29.34"E), for the treatment of domestic wastewater. This region expe-

riences an arid climate with summer temperatures exceeding 40°C (in July and August) 

and an annual rainfall of just 80 mm. For this study, two horizontal flow constructed wet-

lands (HF-CWs), and two vertical flow constructed wetlands (VF-CWs) were installed 

(Figure 1). The experiments were monitored for four months (April to July). The HF-CWs 

were circular, measuring 0.25 m in height and covering an area of 0.28 m². They were filled 

with coarse gravel (Ø=20 mm) at the inlet and outlet, while the rest consisted of two over-

lapping layers: fine gravel (Ø=10 mm) and fine sand (Ø=0.2 mm). The VF-CWs were cre-

ated using cylindrical plastic tanks that were 0.8 m high with a diameter of 0.4 m and a 

volume of 0.10 m³ each. Each tank featured a valve at the base for bottom water sampling 

and piezometer tubing (10 mm diameter) to monitor the water level. The substrates for 

the VF-CWs consisted of two overlapping layers: the lower layer, composed of coarse 

gravel (Ø=20 mm) and 0.15 m deep for drainage, and the upper layer, consisting of fine 

sand (Ø=0.2 mm) at a depth of 0.6 m, placed in both systems. The HF-CWs and VF-CWs 

were planted with reed (Phragmites australis) in the first CW and cattail (Typha latifolia) in 

the second CW, at a density of 30 rhizomes per square meter [25]. These plant species are 

well-suited to the climatic conditions of the region. 
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Figure 1. Pilot-scale of wastewater treatment systems using HF-CWs and VF-CWs. 

 

2.2. Samples collection and analytical methods 

During the experimental period, one liter of wastewater samples were collected from 

all inlet and outlet points of the constructed wetlands (CWs) at 9:00 AM after a hydraulic 

retention time (HRT) of 3 days. Sampling occurred once a week for the horizontal flow 

constructed wetlands (HF-CWs) and twice a week for the vertical flow constructed wet-

lands (VF-CWs), using opaque glass bottles. The collected samples were promptly trans-

ported to the CRSTRA (Scientific and Technical Research Center for Arid Areas) labora-

tory for immediate analysis of the following parameters: Total suspended solids (TSS), 

Biological oxygen demand (BOD5), Chemical oxygen demand (COD), Nitrate nitrogen 

(NO3-N), Ammonium nitrogen (NH4-N), Total Kjeldahl nitrogen (TKN), Orthophosphate 

phosphorus (PO4-P), and Total phosphorus (TP). In situ measurements were taken for pH, 

Electrical conductivity (EC), and Temperature. A total of 17 samples were analyzed for 

HF-CWs, while 35 samples were analyzed for VF-CWs, following approved standard 

methods [26]. Treatment efficiency was assessed using the average influent and effluent 

concentrations of the key water quality parameters. The pollutant removal efficiencies 

were calculated using the following equation: 

 

                                                                                     

𝑅 % =
(𝐶0−𝐶1)

𝐶0
× 100   ………………… (1) 

 

 

Where, C0 was inflow pollutant concentration (mg/l). C1 was Outflow pollutant con-

centration (mg/ l) and R was pollutant removal efficiency. 

 

2.3. Statistical analysis 

In this study, the effectiveness of wastewater treatment in vertical flow constructed 

wetlands (VF-CWs) and horizontal flow constructed wetlands (HF-CWs) planted with P. 

australis and T. latifolia was statistically assessed by comparing the mean values of various 

physicochemical parameters under identical operating conditions using SPSS statistical 

software (version 15). One-way analysis of variance (ANOVA) was employed to identify 

significant statistical differences (p < 0.05) in the wastewater treatment performance of 
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each system between P. australis and T. latifolia. A post hoc LSD test was conducted to pin-

point the differences among the means. 

 

3. Results 

3.1. Performance and removal efficiencies 

The treatment performance of the influents and effluents from two configurations of 

vertical and horizontal flow constructed wetlands, both planted with the same species (P. 

australis and T. latifolia), was evaluated, focusing specifically on the physicochemical pa-

rameters. Tables 1 and 2 display the results of the physicochemical characterization of the 

wastewater influent and effluent over the four-month experimental period (with a total of 

17 samples for HF-CWs and 35 samples for VF-CWs). 

 

Table 1: Characteristics of wastewater influents used in the horizontal (n=17) and vertical flow (n=35) constructed wetlands 

during four months of the experimental period. 

Parameters Units HF-CWs   VF-CWs  

Temperature °C 29.74 ± 4.28 (a) 

(20.80-37.00) (b) 

 28.61 ± 4.78 

(21.20-37.60) 

pH - 7.73 ± 0.19 

(7.39-8.10) 

 7.60 ± 0.16 

(7.60-8.24) 

Electrical Conductivity (EC) ms/cm 7.96 ± 1.45 

(6.93-12.12) 

 9.84 ± 2.90 

(5.00-17.88) 

Total Suspended Solid (TSS) mg/l 398.53 ± 284.57 

(20.00-1261.25) 

 49.83 ± 67.88 

(1.25-325.00) 

Biochemical Oxygen Demand (BOD5) mg/l 334.70 ± 90.29 

(170.00-490.00) 

 71.41 ± 26.00 

(50.00-140.00) 

Chemical Oxygen Demand (COD) mg/l 1024.94 ± 227.29 

(660.00-1365.00) 

 324.43 ± 201.55 

(76.00-864.00) 

Nitrate Nitrogen (NO3-N) mg/l 1.097 ± 0.368 

(0.298-1.794) 

 0.492 ± 0.405 

(0.028-1.637) 

Ammonia Nitrogen (NH4-N) mg/l 126.264 ± 29.859 

(70.000-162.400) 

 50.852 ± 12.219 

(39.200- 89.600) 

Total Kjeldahl Nitrogen (TKN) mg/l 174.412 ± 48.293 

(96.60-295.40) 

 57.462 ± 17.824 

(32.20-110.60) 

Phosphate Phosphorous (PO4-P) mg/l 5.785 ± 1.726 

(2.181-7.991) 

 2.244 ± 1.249 

(0.879-7.320) 

Total Phosphorus(TP) mg/l 7.015 ± 2.395 

(3.022-12.880) 

 2.464 ± 1.231 

(1.256-7.426) 

(a) Mean ± Standard deviation; (b) Min-Max; n: number of samples 

 

Table 2: Average concentration of the effluents water quality parameters along HF-CWs (n=17) and VF-CWs (n=35). 

Parameters 
HF-CWs  VF-CWs  

Ph Ty Ph Ty 

T (°C) 27.38±3.73(a) 

(19.9-34)(b) 

26.95±3.57 

(20.6-32.3) 

27.68 ±4.34 

(19.3-36.5) 

28.03±4.17 

(19.8-36.8) 

pH 7.30±0.09 

(7.13-7.46) 

7.13±0.11 

(6.9-7.31) 

7.66±0.28 

(7.28-8.57) 

7.56±2.24 

 (7.32-8.72) 

CE  (ms/cm) 29.34±8.26 

(17.96-40.2) 

22.46±4.37 

(16.18-27.7) 

14.38±4.21 

(7.76-24.1) 

16.67±6.38 

 (8.82-28.3) 

TSS  (mg/l) 125.44±45.12 

(58.75-222.5) 

71.83±28.53 

(11.25-123.75) 

38.30±13.94 

(16.25-71) 

38.70±29.85 

 (1.25-118.75) 

BOD5  (mg/l) 46.47±49.24 

(10-230) 

41.33±20.99 

(20-90) 

11.39±3.75 

(7-20) 

13.64±5.84 

 (6-30) 
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COD  (mg/l) 69.70±41.83 

(20-133) 

91.41±33.97 

(19-130) 

38.46±25.63 

(6-102) 

53.70±28.16 

 (8-132) 

NO3-N  (mg/l) 1.633±0.830 

(0.198-2.716) 

1.960±0.660 

(0.638-2.773) 

0.627±0.880 

(0.072-5.38) 

0.854±0.574 

 (0.06-2778) 

NH4-N  (mg/l) 72.305±48.849 

(1.4-162.4) 

38.705±23.300 

(1.4-85.4) 

2.008±0.742 

(0.7-3) 

1.100±0.914 

 (0-3) 

TKN  (mg/l) 89.317±51.821 

(2.8-168) 

57.800±43.597 

(4.2-169.4) 

3.352±1.144 

(1.4-7) 

3.964±4563 

(0.47-25.20) 

PO4-P (mg/l) 0.287±0.315  

(0.011-0.917) 

0.125±0.130  

(0-0.464) 

0.250±0.252 

(0.105-1.55) 

0.166±0.102  

(0.03-0.56) 

TP  (mg/l) 1.002±1.856  

(0.054-7.967) 

1.806±2.892  

(0.01-7.804) 

0.250±0.121 

(0.143-0.658) 

0.301±0.209  

(0.039-0.704) 

(a) Mean ± Standard deviation; (b) Min-Max; n: number of samples; Ph: P. australis CWs; Ty: T. latifolia CW 

 

Table 3: Performance of P. australis and T. latifolia in wastewater treatment by horizontal and vertical flow CW systems from litera-

ture. 

Plant  Type of 

CWs 

Location Removal efficiency (%) Reference 

TSS BOD5 COD NO3-N NH4-N TKN PO4-P TP  

P. australis VF-CW Egypt 75 84 75 - 32 - -  22 [33] 

P. australis VF-CW Ecouador 63 75 65 -90 71 - - 49 [42] 

P. australis HF-CW Italy   - - 82 58 74 - - 61 [46] 

P. australis HF-CW Canada 94 - 90 79 92 - - 92 [47] 

P. australis HF-CW Iran 49-

71 

- 68-72 40-70 - - - - [48] 

T. latifolia HF-CW Italy 64 72 76 - 50 52 - 48 [13] 

T. angustifolia HF-CW Spain - - - - - 10 - 78 [29] 

T. latifolia HF-CW Turkey - - 85-88 53 95-97 - - 95-97 [30] 

T. latifolia HF-CW Spain 92 97 81 73 40 - - - [39] 

T. latifolia VF-CW Turkey 74 - 81 -73 60 - 48 - [45] 

T. latifolia HF-CW Brazil - - 76 -316 25 25 - 69 [49] 

 

3.1.1. Variation of pH and electrical conductivity 

pH: 

The pH of the influent during the monitoring period ranged from 7.39 to 8.10 and 

from 7.60 to 8.24 with an average of 7.73 ± 0.19 and 7.60 ± 0.16 for HF-CWs and VF-CWs 

respectively. The average pH values shown in (Table 2) indicate a slight decrease of the 

pH in the effluent of HF-CWs, whereas in the VF-CWs, the average pH was at almost 

steady for inlets and outlets of both species. These values are found in the standard inter-

val (6.5 to 8.5), where the optimum pH for plant development is considered to be from 3.0 

to 8.5 for T. latifolia and from 3.7 to 8.0 for P. australis [27]. According to the one-way 

ANOVA test, a statistically significant difference in pH values between species of macro-

phytes for HF-CWs were observed (p˂0.05), indicating that pH levels were significantly 

affected by vegetation type used in this type of experiment. These results are consistent 

with the results found by [28], which show that the presence of plants in constructed wet-

lands is responsible for slightly modifying the pH conditions in the rhizosphere. 

 

Electrical conductivity (EC) 

During the study period, the electrical conductivity (EC) of the influent was between 

6.93 and 12.12 ms/cm for the HF-CWs and between 5.00 and 17.88 ms/cm for the VF-CWs 
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(Table 1). Electrical conductivity of the effluent samples obtained from both wetland con-

figurations was higher than that of the influent during the experiment period (Table 2). 

This can be partly attributed to the mineralization of the organics, dissolution of the bed 

granules and to the high evaporation values [29]. For the outlet of the 1st experiment (HF-

CWs), a considerably increase in EC values was observed at both sampling points (HF -

Ph, HF -Ty), where the average EC value was higher in CW-Ph than in CW-Ty. Concern-

ing the 2nd experiment (VF-CWs), EC showed also a considerably increase but at a lower 

value than the first experience, where the average EC value was higher in VF -Ty than in 

VF -Ph. There are no significant statistical differences determined between VF-Ph and VF-

Ty (p > 0.05). This result suggests that the effect of vegetation type on the EC purification 

process may not be important in VF-CWs. The increase of EC value determined at the 

effluents of both experiments; probably due to evapotranspiration process associated with 

significant water loss [30]. The EC values of the inflow and outflow of both experiments 

were greater than the threshold of 3.0 ms/cm, which can led to a negative impact on soil 

structure and the adsorption capability of macrophytes concerning required water and 

nutrients [31]. 

 

3.1.2. Organic matters and TSS removal 

Total suspended solid (TSS) 

In this study, The HF-CWs has received a large amount of suspended solids at the 

entrance (Figure 2a), and the TSS inflow concentrations were generally low in VF-CWs as 

shown in the Figure 2b. The mean TSS value in the influent wastewater was 398.53 and 

49.83 mg/l for HF-CWs and VF-CWs respectively (Table 1). The average outlet concentra-

tions were 125.44 mg/l for HF-Ph, 71.83 mg/l for HF-Ty, 38 mg/l for VF-Ph and VF-Ty 

(Table 2). In the elimination of TSS, according to the statistical analysis, there is no signif-

icant difference between the primary treatment and wastewater treatment by VF-CWs (p 

>0.05), while in the HF-CWs, One-way ANOVA showed a significant different between 

influent and both effluents (p˂0.05). Regarding the signification between effluent TSS con-

centrations in the same experiment, not significant was detected in both experiments. 

These results clearly show that the TSS removal performance is not affected by plants 

type. As shown in Figure 5, HF-CWs provided the highest removal of TSS (Ph: 68%, Ty: 

82%) compared to VF-CWs (Ph: 23%, Ty: 22%), which exhibited low removal efficiency 

due to the decrease of the concentration in the influent throughout the experiment. The 

HF-CW planted with T. latifolia showed the best behavior with respect to TSS removal 

when compared to HF-CW planted with P. australis. Several studies [13, 27] indicated that 

the decrease in TSS in CWs is mainly due to physical processes (sedimentation, filtration 

and adsorption). [32] reported that filtration occurs by particle impact in the roots and 

stems of macrophytes or in gravel particles in subsurface flow systems. [33] and [34] re-

ported also that the voids and media grain structure in gravel has remarkable impact on 

suspended solids and trapping during the flow path. 

 

Chemical oxygen demand (COD) 

As shown in the Table 1, the average COD influent concentration was extremely high 

(1024.94 mg/l) in HF-CWs compared to VF-CWs (324.43 mg/l), whereas, effluent mean 

concentrations for different tested wetlands were 68.64 mg/l for HF-Ph, 91.41 mg/l for HF-

Ty, 38.46 mg/l for VF-Ph and 53.70 mg/l for VF-Ty (Table 2). Therefore, the average COD 

removal efficiencies were 93.20%, 91.08%, 88.16% and 83.66% for HF-Ph, HF-Ty, VF-Ph 

and VF-Ty respectively. According to the analysis of variance (ANOVA), significant dif-

ferences (p<0.05) appeared between the influent and effluents water concentrations, but 

no significant differences between species were observed in both experiments (p > 0.05). 

The monthly removal efficiencies of COD for both effluents of HF-CWs and VF-CWs were 

over 80% and 70% respectively. The highest average COD removal rate was measured at 

HF-Ph (95.65%) in June (Figure 2b), and at VF-Ph (94.33%) in April (Figure 2b). This indi-

cate that the wetlands were able to substantially decrease the level of wastewater effluent 

COD. As a result, the HF-CW system exhibited higher COD removals than the VF-CW 

systems, which may be caused by the low influent organic loading rate in the VF-CWs. 

Furthermore, CWs planted with P. australis were significantly more effective in removing 
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COD compared to the CWs beds planted with T. latifolia (Figure 5a). According to previ-

ous studies, the main mechanisms of removal of COD in CWs are mainly due to physical 

processes (sedimentation and filtration) [35], and biological decomposition processes by 

various microorganisms under aerobic, facultative and anaerobic conditions [29, 36]. [37] 

report that the substrate usually could influence contaminants removal performance by 

affecting both physicochemical and microbial processes.  
 

Biochemical oxygen demand (BOD5) 
Throughout the study period, the BOD5 concentration variations of both CWs in each 

experiment are shown in Table 1 and 2. The mean influent water concentrations were 

around 335 and 71mg/l for HF-CWs and VF-CWs respectively. Whereas, effluent mean 

concentrations for each tested wetlands were 46.47mg/l for HF-Ph, 41.33 mg/l for HF-Ty, 

11.39 mg/l for VF-Ph and 13.64mg/l for VF-Ty (Table 2). Consequently, the mean BOD5 

removal efficiencies were almost similar in all CWs and over 80%, as follows:  88.91%, 

87.7%, 88.43% and 86.15% for HF-Ph, HF-Ty, VF-Ph and VF-Ty respectively (Figure 5a). 

According to the statistical analysis, it was significantly different (p <0.05) between influ-

ent and effluents water concentrations. In contrast, no significant differences between spe-

cies were observed in both experiments (p˃0.05). The monthly BOD5 removal efficiency 

in the present study was observed to be 72 to 92% for HF-Ph, 84 to 91% for HF-Ty, 73 to 

95% for VF-Ph and 71 to 95% for VF-Ty. Therefore, both experiments indicate that CWs 

can have good ability to reduce BOD5 concentration during the treatment process. Accord-

ing to previous studies, the reduction of BOD5 concentration in wetlands could be due to 

physical processes (sedimentation and filtration of colloid organics) [29, 38] and to aerobic 

and anaerobic microbial biodegradation processes supported by macrophytes transfer-

ring oxygen to the water within the rhizosphere [09, 39, 40]. Furthermore, the abatement 

of BOD5 in VF-CWs might be due to the low strength of domestic wastewater used [41].  

 

Figure 2. Monthly variation of pollutant concentrations in HF-CWs and VF-CWs for SS, COD and 

BOD5. 
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Figure 2. Monthly variation of pollutant concentrations in HF-CWs and VF-CWs for SS, COD and 

BOD5. 

3.1.3. Nutrients removal 

Nitrate Nitrogen (NO3-N)  
As shown in the Table 1, the averages nitrate concentration (NO3-N) obtained at sam-

pling influents were low (1.097 ± 0.368 mg/l for HF-CWs and 0.492 ± 0.405 mg/l for VF-

CWS). Whereas, the effluent concentrations were mildly higher than the influent concen-

tration for both experiments (Table 2, Figure 3. a, b). A slight increase in NO3-N values 

observed in the effluent of HF-CWs and VF-CWs produced negative removal efficiencies 

(Figure. 5b). These results could be due mainly to conversion of ammonium to nitrate via 

nitrification process [42], with absence of denitrification reaction [43]. It has been shown 

that an important limiting factor in this conversion (nitrification) in CWs is the presence 

of oxygen produced from plant roots to wetland inhibiting microbial denitrification [30] 

which is the most dominant process in nitrogen removal only under anaerobic and anoxic 

conditions with presence of an organic matter [33]. According to results obtained from 

this study, both experiments did not remove nitrates, probably due also to the predomi-

nance of anaerobic conditions in CWs. The negative elimination of nitrate was also found 

by some authors in literature ([44] for HF-Ty); ([42], [34] for VF-Ph) and ([45] for VF-Ty) 

(Table 3). 

 

Ammonia Nitrogen (NH4+-N) 

As presented in Table 1, high ammonium (NH4-N) influent concentrations were de-

tected in HF-CWs (126.26 ± 29.86 mg/l) compared to the VF-CWs (50.85 ± 12.22 mg/l). Data 

effluents (Table 2) showed that ammonia concentrations decreased to be 72.30 mg/l for 

HF-Ph, 38.70 mg/l for HF-Ty, 2.01 mg/l for VF-Ph and 1.10 mg/l for VF-Ty. These values 

respectively represent a reduction to 42.73%, 69.35%, 96.05% and 97.84% (Figure 5). In this 

case, it was significantly different (p <0.05) between the primary treatment and the water 

treatment with wetlands, whereas no significant differences in the NH4-N concentrations 

were found between the two plant species in VF-CWs (p ˃0.05).  In the present study, the 

removal rate of NH4+-N was higher in VF-CWs than in the HF-CWs. However, the CW-

Ty systems performed better on NH4–N removal than the CW-Ph system in both experi-

ments. The low rate of NH4-N removal in HF-CWs could be explained by a low ni-

trification rate caused by an incomplete transformation of ammoniacal nitrogen into ni-

trites and nitrates. Whereas, the high removal efficiency of NH4-N observed in VF-CWs 

could be due mainly to higher rate of nitrification which happened in the presence of ox-

ygen provided by vegetation during photosynthesis. These results confirm that the VF-

CWs have been used mainly for the treatment of domestic wastewater, due to their greater 

capacity of nitrification [09]. In addition, several studies indicated that plant species could 

influence the NH4-N removal [49, 50]. Furthermore, [40] have pointed out plant uptake 

and nitrification process are the main responsible factors for Ammonia-N removal.  
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Total Kjeldahl nitrogen (TKN) 

Total Kjeldahl nitrogen (TKN) is the sum of organic nitrogen and ammoniacal nitro-

gen in the chemical analysis of wastewater. As shown in Table 1, means TKN concentra-

tions were respectively around 174 mg/l and 57 mg/l at the inlet of HF-CWs and VF-CWs. 

Whereas the Table 2 showed a reduction of TKN concentrations to be around 89 mg/l for 

HF-Ph, 57 mg/l for HF-Ty and 3 mg/l for VF-Ph and VF-Ph. According to the statistical 

analysis, there was significant difference (p <0.05) between the influent and wastewater 

effluents, and between two plant species in HF-CWs, while no significant differences (p 

˃0.05) were reported between TKN concentration in VF-Ph and VF-Ty. Consequently, the 

average TKN removal efficiencies were 66.86%, 48.79%, 93.10% and 94.17% for HF-Ty, 

HF-Ph, VF-Ty and VF-Ph respectively. The TKN removal rates obtained in the HF-CWs 

were lower than those in the VF-CWs. In addition, the behavior of P. australis and T. lati-

folia followed a similar pattern in removing of TKN and reached close values in VF-CWs. 

Whereas, T. latifolia performed better than P. australis in HF-CWs. Depending on Figure 

5b, the TKN removal efficiency in the effluents was approximately similar to the removal 

of NH4+-N in both experiments, indicating that the removal of TKN followed the same 

NH4+-N removal process. The high TKN removal efficiencies during this study can be due 

mainly to high reduction of organic nitrogen and ammonia nitrogen which are the main 

component of TKN [51].  

 

 

Figure 3. Monthly variation of pollutant concentrations in HF-CWs and VF-CWs for NO3-N, NH4-N and TKN. 
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Phosphate Phosphorous (PO43-P) 
The mean PO43-P content in the influents for the whole period was 5.785 ± 1.726 mg/l 

for HF-CWs and 2.244 ± 1.249 mg/l for VF-CWs (Table 1), whereas the average PO43-P 

concentrations in the effluents decreased to a low concentration close to zero in both ex-

periments (Table 2), which means a removal efficiency of over 97%, 95%, 92% and 88% for 

HF-Ty, HF-Ph, VF-Ty and VF-Ph respectively. According to the statistical analysis, there 

was a significant difference (p<0.05) between the influents and effluents water concentra-

tions, On the contrary, no significant differences between plants were marked in effluents 

(p˃0.05). In this study, the HF-CWs were more efficient in PO43-P removal compared to 

the VF-CWs which is possibly, due to the low concentration of influent in VF-CWs com-

paring with HF-CWs. In contrast, Typha beds performed better than Phragmite beds in 

both experiments. The high removal efficiency in these two experiments may be explained 

by physical (sedimentation) and chemical (adsorption) process and plant and microor-

ganism uptake at high pH of 9 -11 [52]. [53] pointed out plant uptake has minimum role 

in phosphate removal, and as the pH values were not high enough to trigger precipitation, 

therefore, the main phosphate removal process in these systems may be via bacterial ac-

tivity.  

 

Total phosphorus 

The average influent concentrations of total phosphorus in HF-CWs and VF-CWs 

were 7.015 ± 2.395 mg/l and 2.464 ± 1.231 mg/l respectively (Table 1). Through the study 

period, all effluents showed a reduction of TP concentration in both experiments, where 

the average removal efficiencies were 74% for HF-Ty, 86% for HF-Ph, 88% for VF-Ty and 

90% for VF-Ph. According to one-way ANOVA statistical analysis, there was significant 

difference between influent and effluents concentrations in both experiments (p<0.05). In 

contrast, no significant differences were found between Phragmite and Typha CWs in each 

experiment (p>0.05).  These findings showed that VF-CWs were more efficient than HF-

CWs in removing TP. Moreover, the CWs planted with P. australis performed better than 

CWs planted with T. latifolia. [30] pointed out that phosphorus removal performance of 

CWs could vary with plant species which is used for vegetation purpose, and thus selec-

tion of plant could be crucial for phosphorus removal efficiency. According to previous 

studies, phosphorus removal in constructed wetlands occurs through a combination of 

several processes such as substrate adsorption, precipitation, uptake by the aquatic plant 

[54]. [55] and [56] reported that adsorption and precipitation within substrates play the 

largest role in the phosphorus removal process. In addition, [57] reported that the use of 

gravel as substrates in CWs systems increased the removal of phosphorus. However, 

some research studies pointed out plant assimilation and absorption contribute in a small 

portion to phosphorus removal in CWs [58].  
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Figure 4. Monthly variation of pollutant concentrations in HF-CWs and VF-CWs for PO4-P and TP. 

 

 

 

Figure 5. Removal efficiency of P. australis and T. latifolia in HF-CWs and VF-CWs for 

(a): TSS, BOD5 and COD. (b): NO3-N, NH4-N and TKN. (c): PO4-P and TP 

4. Conclusions 

The primary objective of this research was to conduct a comparative analysis of the 

effectiveness of Phragmites australis and Typha latifolia in the treatment of wastewater 

HF-CWs  VF-CWs  
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within horizontal and vertical flow constructed wetlands in arid area. Below is a summary 

of the key conclusions derived from this study: 

- HF-CWs exhibited superior removal of TSS compared to VF-CWs. Specifi-

cally, the HF-CW containing T. latifolia demonstrated the most effective TSS 

removal, outpacing the HF-CW planted with P. australis. 

- HF-CW system demonstrated greater COD removal compared to the VF-CW 

systems. Additionally, CWs with P. australis showed significantly better 

COD removal efficiency than those planted with T. latifolia. 

- BOD5 removal efficiencies were largely comparable across all CWs. Both ex-

periments demonstrated that CWs are effective at reducing BOD5 concentra-

tions during treatment. However, T. latifolia proved slightly more effective 

than P. australis in the HF-CW system, while the opposite was true in the VF-

CW system. 

- Neither species was effective at removing nitrates in either the HF-CW or 

VF-CW systems. 

- Removal rate of NH4+-N was greater in VF-CWs compared to HF-CWs. How-

ever, the CW-Ty systems outperformed the CW-Ph systems in NH4+-N re-

moval in both experiments. 

- TKN removal rates were lower in HF-CWs than in VF-CWs. P. australis and 

T. latifolia exhibited similar TKN removal patterns and achieved comparable 

values in VF-CWs, while T. latifolia was more effective than P. australis in HF-

CWs. 

- HF-CWs were more effective at removing PO43-P than VF-CWs, whereas 

Typha beds outperformed Phragmites beds in both experiments. 

- VF-CWs showed greater efficiency than HF-CWs in removing total phospho-

rus (TP), and CWs planted with P. australis were more effective than those 

with T. latifolia. 

Overall, when comparing the performance of P. australis and T. latifolia, the removal 

efficiencies indicated that T. latifolia was more effective in removing TSS, BOD5, NH4-N, 

TKN, and PO4-P, while P. australis excelled only in the removal of COD and TP in HF-

CWs. In VF-CWs, P. australis was found to be more efficient than T. latifolia for removing 

TSS, BOD5, COD, TKN, and TP from wastewater. Conversely, T. latifolia was less effective 

in all other water quality parameters, except for NH4-N and PO4-P. These findings suggest 

that both P. australis and T. latifolia could be suitable macrophyte species for large-scale 

constructed wetlands. 
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