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Abstract
Today, there is a wide range of wastewater treatment procedures, but most of them have major problems, such as high con-
struction costs, high energy consumption, complex operation, and the need for sludge treatment and disposal, and require-
ment to use high technology for treatment. The main objective of this study was to evaluate the effectiveness of horizontal 
subsurface flow constructed wetlands (H-SSF CWs) by Gambusia fish and Phragmites australis (plant) for municipal 
wastewater treatment. This study focused on the removal of  BOD5, COD, and ammonium. The wastewater was used as the 
raw input effluent to the Shahid Mahallati Wastewater Treatment Plant in Tehran, Iran. The pilot used included five 120-
liter tanks. In tank 1, coded 2-A, the plant of P. australis was planted and from tank 4 used as a control sample (without P. 
australis). In the remaining two tanks, tank 2-B and 3, Gambusia fish were placed. At the beginning of the study, the dilution 
of the input effluent was done for the adaptation. The removal efficiency of  BOD5 in the tanks of 1, 2, 3, and 4 was 91.83%, 
91.97%, 4.12%, and 71.16%, respectively. The removal efficiency has increased in all tanks in the summer compared to 
spring. The results of the study showed that the maximum removal efficiency was observed in tank 2 due to the presence of 
P. australis–Gambusia fish. The mean concentration of ammonium in the spring and summer was 14.37 mg/l and 19.7 mg/l, 
respectively. The removal efficiency of  NH4

+ in the tanks of 1, 2, 3, and 4 was 36%, 11.38%, and 4.56%, respectively. So, the 
 NH4

+ removal efficiency has increased in all constructed wetlands in the summer compared to spring. Based on the results, 
H-SSF CWs can be considered as a good alternative for wastewater treatment in small communities.
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Introduction

Water is necessary for all living organisms on earth. But 
recently water has been considerably polluted by rapid 
urbanization and industrialization (Ali 2010; Burakova et al. 
2018; Dehghani et al. 2013; Godini et al. 2010). One of the 
main sources of environmental pollution is the industries, 
and the textile industry is one of the most important ones 
(Ali et al. 2012a; Ali and Jain 2004). These industries have 
different pollutants, such as heavy metals (like Cr), colors, 
very high COD, low biodegradability, suspended solids, 
various nitrogen and phosphorus compounds, surfactants, 
thickeners, carboxylic acids (mainly acetic), aromatic 
amines, and oils (Ali et al. 2016c; Dehghani et al. 2016; 
Sharma and Imran 2011; Ali et al. 2016a). Today, there is 
a wide range of wastewater treatment systems, but most of 
them have major problems, such as high construction costs, 
high energy consumption, complex operation, and the need 
for sludge treatment and disposal, and they usually use high 
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technology for treatment (Ali et al. 2016b, 2017a, b, 2018). 
Natural wastewater treatment systems are divided into three 
categories of aquatic, terrestrial, and wetland, which all of 
these categories are based on physical, chemical, and bio-
logical mechanisms (Ali et al. 2016a; Mahmood et al. 2013). 
The literature review shows that wetlands have been used 
for a long time for pollution control by human (Fan et al. 
2009; Janbazi and Gorijiyanarabi 2012). Wetlands have been 
applied for many years to enhance the quality effluent and 
urban runoff (Fan et al. 2009). The wetland is a land where 
the water level is so large that it provides the soil with satu-
rated water and conditions for plant growth. The wetlands 
are divided into two categories of natural and artificial. Con-
structed wetlands (CWs) are also engineered systems that 
have been designed as a suitable alternative to conventional 
wastewater treatment (CWT) technologies that have high 
energy consumption (Kadlec 2009; Mantovi et al. 2003). 
Compared to CWT systems, the CWs are low cost, easily 
operated and maintained, and have a strong perspective for 
application in developing countries. Also, the CWs have a 
higher rate of biological activity, which enables conversion 
of many of the contaminants that are contained in the efflu-
ent into non-toxic byproducts or essential nutrients that can 
be reused for additional biological activity (Ali et al. 2012b; 
Mustafa 2013). In CWs, the treatment processes are carried 
out under more controlled conditions than a natural wetland. 
Because of the simple operation, maintenance, and manage-
ment, CWs are an economical and cost-effective method for 
wastewater treatment which can be used in developing coun-
tries (Odinga et al. 2013). Contaminants uptake in the CWs 
is a complex process and depends on a variety of removal 
mechanisms, such as filtration, sedimentation, plant uptake, 
precipitation, adsorption, volatilization, and various micro-
bial processes (Basheer 2018; Wu et al. 2014, 2015). Gener-
ally, the processes are generally directly or indirectly influ-
enced by the temperatures, operation strategies, the different 
loading rates, soil types, and redox conditions in the wetland 
bed (Wu et al. 2014; Yang et al. 2011). The CWs are divided 
into two categories of horizontal subsurface flow (H-SSF) 
and free water surface (F-WS). According to the design prin-
ciples, there also are three groups of the CWs that include 
surface flow (SF), subsurface flow (SSF), and hybrid sys-
tem (HS) (Odinga et al. 2013; Werker et al. 2002; Wu et al. 
2015). Between F-WS-CWs and H-SSF-CWs, F-WS-CWs 
are more efficient in the removal of organic materials and 
suspended solids, compared with the removal of nitrogen 
and phosphorus compounds. As compared to F-WS-CWs, 
H-SSF-CWs are very effective in the removal of nitrogen 
and phosphorus compounds, microbial pollution, and heavy 
metals, and they are less cold sensitive and easier to insulate 
for winter operation (Babatunde et al. 2010; Wu et al. 2015). 
While in the H-SSF CWs, the treatment target is the removal 
of BOD and total suspended solids (TSS), H-SSF-CWs 

are an appropriate option for the treatment (Yousefi et al. 
2013). So far, these systems have been used to remove vari-
ous pollutants in the environment. The CWs have been used 
to remove urban wastewater and remove heavy metals and 
bacteria (Fan et al. 2009). Since the first full-scale CWs were 
built during the late 1960s, there are now more than 50,000 
units of the CWs in Europe and more than 10,000 units of 
the CWs in North America (Wu et al. 2015). In 2005, Green-
way used the CWs in secondary effluent treatment and water 
reuse in subtropical and arid Australia (Greenway 2005). 
Rozema et al. (2016) used the CWs to treat wastewater. The 
average reduction of  BOD5, TSS, TKN, and TP were 81%, 
83%, 75%, and 64%, respectively. They also were man-
aged to remove pathogenic bacteria (Rozema et al. 2016). 
In 2018, Sgroi et al. reported H-SSF-CWs had the highest 
efficiency for total nitrogen removal (60–69%). The high-
est removal of TOC, COD,  BOD5, and fluorescing organic 
matter of 72%, 67%, 81%, respectively, was observed in the 
unsaturated vertical subsurface flow (UVF) wetland (Sgroi 
et al. 2018). The CWs have been used successfully as a 
green technology to treat various effluents such as domestic 
sewage, agricultural and industrial effluent, mine drainage, 
landfill leachate, storm water, and urban runoff for decades 
(Wu et al. 2015). Innovations of this study were: (I) applica-
tion of this system in different phases (five steps), which is 
observed in less previous studies, (II) simultaneous use of 
the Phragmites Australis plant and the Gambusia fish in a 
tank, (III) use of real effluent to do the study; on the other 
hand, the use of this hybrid system to treat a textile indus-
try wastewater, and (IV) study in different seasons. So, the 
main goal of this study was to evaluate the effectiveness 
of H-SSF-CWs by Gambusia fish and P. australis plant in 
municipal wastewater treatment. This study focused on the 
removal of  BOD5, COD, and ammonium.

Materials and methods

Influent wastewater

The wastewater used in this study was the raw wastewater 
entering the Shahid Mahallati Wastewater Treatment Plant 
(SM-WTP) in Tehran, Iran. The area of the SM-WTP plant 
was 13,328 m3. The plant became operational in 2000. The 
treatment plant treats a wastewater of 30,000 people. The 
secondary treatment method in this plant is an activated 
sludge process (extended aeration system). The average 
flow rate for the treatment plant was 200 m3/h. Also, the 
average value of  BOD5, COD, and TSS was 240 mg/l, 
352 mg/l, and 2.5 mg/l, respectively (Gholikandi et al. 
2018).
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Construction and operation of H‑SSF‑CWs

The studied H-SSF CWs were located in the northern part of 
the plant and near the exit channel of grit chamber. The pilot 
used included five 120-l tanks. In tank 1, 2-A, the plant of 
P. australis was planted and tank 4 used as a control sample 
(without P. australis). In the remaining two tanks, tank 2-B and 
3, Gambusia fish were placed. Tank 4 was used as a controlled 
wetland without P. australis plant and Gambusia fish. A view 
of the pilot used is shown in Fig. 1. Tank 2 contained tanks A 
and B that were connected in series. In tank A and B, P. aus-
tralis plant and Gambusia fish were placed, respectively. Tank 
1, 2-A, was filled up to 35 cm from the grain (in height). The 
gravel bed used in each of the three tank units varied between 
5 and 25 mm diameters. All tanks had an output at a height of 
30 cm. In the first 45 days of the study, the influent wastewater 
to the treatment plant was diluted into 9-l tanks connected and 
diluted through a dosing pump, or metering pump, with a flow 
rate of 15 l/day for each tank. Sampling was performed in the 
outlet of the tanks. Before the start of the study as well as every 
2 weeks, the pump calibration was carried out to ensure the 
correct operation of the pump in supplying the desired flow. 
The calibration of the pump was carried out by chronometry 
and volumetric measurements. At the beginning of the study, 
the dilution of the influent wastewater was done for the adap-
tation of P. australis and Gambusia fish. So this was done as 

follows: In the first week 80%, the second week 70%, the third 
week 60%, the fourth week 50%, the fifth week 40%, the sixth 
week 30%, the seventh week 20%, the eighth week 10%, and 
at the ninth week, dilution of wastewater with urban water 
was carried out. The amount of dilution of input effluent to 
the CWs in the first 2 months of the study is given in Table 1. 
Equation (1) is used to calculate the input flow into the tanks:

(1)Q =
V ∗ n

t
,

Fig. 1  A view of the pilot used in this study

Table 1  Percentage of dilution of influent wastewater to the CWs in 
the first 2 months of the study

Time Dilution rate

The first week 20% wastewater + 80% urban water
The second week 30% wastewater + 70% urban water
The third week 40% wastewater + 60% urban water
The fourth week 50% wastewater + 50% urban water
The fifth week 60% wastewater + 40% urban water
The sixth week 70% wastewater + 30% urban water
The seventh week 80% wastewater + 20% urban water
The eighth week 90% wastewater + 10% urban water
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where Q is the influent flow in l/day. V and n are tank volume 
in a liter and porosity (%), respectively. T is hydraulic reten-
tion time in the day (Ali et al. 2018).  

Wetland of the plant and fish in series

In this study, tank 2 (A and B) was used separately as a 
series CW (Fig. 1). The two tanks were connected in serial 
mode. In the tanks of A and B, there were P. australis 
and Gambusia fish, respectively. At first, raw wastewater 
entered the CWs of the P. australis and after leaving the 
tank through into the Gambusia fish CWs by a pipe. From 
the outlet effluent of the tank B, the Gambusia fish CWs, 
sampling was done.

Phragmites Australis and Gambusia fish

Phragmites Australis is a plant which has been widely used 
in H-SSF-CWs and F-WS-CWs. This plant is a perennial 
plant and flood resistant. The roots of these plants penetrate 
up to a depth of 0.6–1 m in the soil. The stems of these 
plants are rigid and hollow with a height of 0.5–4.5 m. These 
plant species are commonly found in saline water, and it is 
found abundantly in Iran and Tehran, so these species were 
selected for the purpose of the current study (Vymazal 2013; 
Wu et al. 2015). In this study, the P. australis plant with a 
density of 12 was planted in each CW. Gambusia fish has 
a maximum size of 5.5 cm, which is a small and usually 
in grayish color (Wen et al. 2013). This is a native fish of 
the USA and is omnivorous. Gambusia fish is a category of 
freshwater fish and is known as mosquito fish. This fish is 
resistant to chemicals and organic waste from wastewater 
(Kengne et al. 2003; Willems et al. 2005). In this study, we 
investigated the role of this fish in the removal of organic 
waste from wastewater. The Gambusia fish in this study were 
transferred to a tank in which the water was previously chlo-
rinated. To adapt the fish for the new environment, aeration 
was carried out into the tank. Then, 50 fish were transferred 
to any fish tanks. The fish’s behavior in the tank was con-
trolled by eye. Due to the beginning of the study by diluting 
the input wastewater, the mortality rate of the fish was neg-
ligible. Furthermore, as mentioned before, Gambusia fish is 
a resistant fish in adverse environmental conditions.

Sampling

After system stability, when the range of output fluctuations 
reached less than 10%, samples were taken for analysis. 
Samples were taken once in every 3–2 days. The sample 
volume was estimated to be 236. For sampling, a 1-l poly-
ethylene was used. Samples were taken twice a week from 

the influent wastewater and effluent of the CWs. The first 
stage of the sampling was conducted from April 15 to June 
31, 2017. This time was the first months of planting and 
the stems and leaves; this plant did not grow significantly 
(Ali et al. 2009; Basheer 2018). The second phase of the 
sampling was conducted from July 3 to September 29, 2017. 
At this time, the growth of the straw had increased. Sam-
ples were stored under standard conditions. The sampling 
of the algal mass was done in glass containers 8 times per 
season for constructed wetland containing Gambusia fish. 
Finally, the samples were analyzed for  BOD5 (5231B), COD 
(5221B), ammonium (4511), and analysis of algal mass 
(31211H) was made (Ali et al. 2009; Eaton et al. 2012). In 
this study, UV–visible spectrum spectrophotometer was used 
to measure chlorophyll-a (Ali and Aboul-Enein 2006; Gupta 
and Ali 2013; Peck and Walton 2008).

Results and discussion

The removal efficiency of  BOD5, COD, 
and ammonium in the H‑SSF‑CWs

Performance of H-SSF-CWs in the removal of  BOD5, COD, 
and ammonium from the five tanks 1, 2, 3, and 4 was inves-
tigated on the basis of removal efficiency (%).Table 2 pre-
sents the mean value of influent and effluent of  BOD5, COD, 
and  NH4

+ of the CWs and the removal efficiency of pollut-
ants in the various CWs. The mean concentration of value 
of  BOD5 in the spring and summer was 111.42 mg/l and 
154.8 mg/l, respectively. In spring, the removal efficiency of 
 BOD5 in the tanks containing P. australis, P. australis–Gam-
busia fish, Gambusia fish, and control was 86.26%, 87.45%, 
3.89%, and 64.64%, respectively. In summer, the removal 
efficiency of  BOD5 in the tanks of 1, 2, 3, and 4 was 91.83%, 
91.97%, 4.12%, and 71.16%, respectively. So, the  BOD5 
removal efficiency has increased in all CWs in the summer 
compared to spring. By passing wastewater from the bed, 
the same as a trickling filter, active microorganisms are 
formed on the surface of the bed. Thus, a biofilm layer was 
gradually formed on the surface of the substrate that can 
mechanically and biologically remove existing organic mat-
ter. So initially, the treatment is mechanical and continues to 
be biological. Figure 2 shows removal efficiency of  BOD5 
in the H-SSF-CWs. The results of the study showed that the 
maximum removal efficiency was observed in tank 2 con-
taining P. australis–Gambusia fish. Also, the minimum 
removal efficiency was observed in tank 3 containing Gam-
busia fish only. Kaseva (2004) reported that the presence of 
plants in the CWs leads to an increase in the removal effi-
ciency of organic matter (Kaseva 2004). Mechanisms in the 
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removal of biodegradable materials in the wetland system 
are the biological transformation of  BOD5 by bacteria (aero-
bic, optional, and anaerobic), adsorption, filtration, and floc-
culation and settling of suspended BOD (Ehrampoush et al. 
2013). In fact, the microbial layer adhering to the roots 

(biofilm) provides good conditions for biological oxidation, 
which also causes organic matters, suspended solids, and 
other contaminants to decrease in the CWs (Yousefi et al. 
2013). Of course, the role of this plant is also important due 
to the adsorption of these materials in the growing and 

Table 2  Mean concentration of influent and effluent of COD,  BOD5, and  NH4
+ to the CWs and the removal efficiency of pollutants in the 

H-SSF-CWs

Season Type of CWs Average input concentra-
tion (mg/l)

Average outlet concentra-
tion (mg/l)

Removal efficiency (%)

COD BOD5 NH4+ COD BOD5 NH4+ COD BOD5 NH4+

Spring Phragmites Australis 1 156.43 111.42 14.37 35.54 14.7 10.53 74.43 86.26 33.16
Phragmites Australis + Gambusia fish 2 (2–3) 32.92 13.73 12.91 76.82 87.45 21.07
Gambusia fish 3 150.57 107.03 16.61 3.77 3.89 − 8.8
Control (only sand) 4 65.57 39.48 13.66 54.7 64.64 3.83

Summer Phragmites Australis 1 202.95 154.8 19.7 31.25 14.3 13.16 84.63 91.83 26
Phragmites Australis + Gambusia fish 28.55 12.54 15.54 85.97 91.97 11.38
Gambusia fish 3 193.13 148.32 21.42 4.83 4.12 − 14.35
Control (only sand) 4 63.31 44.78 18.93 66.38 71.16 4.56

Fig. 2  Removal efficiency of 
 BOD5 in the H-SSF-CWs
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Fig. 3  Removal efficiency of COD in the H-SSF-CWs
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surviving seasons that are suitable for the plant. According 
to the previous experiments, gravel size in the range of 5 mm 
to 25 mm was suitable for the CWs. The previous studies 
showed that there was no significant difference between 
gravel sizes in this range (Fig. 3). The removal of organic 
matters in wetlands occurs through anaerobic degradation 
and as an anaerobic degradation. Oxygen required for aero-
bic decomposition is supplied through atmospheric oxygen 
penetration, air transfer through the wind or oxygen in the 
root of the plants. An anaerobic degradation is also per-
formed on parts of a bed that does not have oxygen. Accord-
ing to discharge effluent standards, the effluent  BOD5 for 
agricultural and irrigation purposes and for discharge to 
surface water is 100 mg/l and 30 mg/l, respectively (Salari 
et al. 2012). Based on the results of Table 2, the effluent 
 BOD5 from the tanks of P. australis and P. australis–Gam-
busia fish was less than 30 mg/l, so it can be discharged to 
surface waters. It is also possible in both spring and summer. 
Trang et al. (2010) reported that  BOD5 removal by using a 
tropical H-SSF-CWs was in the range of 65–83% (Trang 
et al. 2010). Upadhyay et al. (2016) used two plants of Pota-
mogeton Crispus and Hydrilla Verticillata for treatment of 
urban wastewater. The results of this study showed that the 
average removal of conductivity, TDS, TSS, BOD,  NO3

−, 
and  PO4

− was 60.42%, 67.27%, 86.1%, 87.81%, 81.28%, and 
83.54%, respectively, at 72 h of retention time (Upadhyay 
et al. 2016). The mean concentration of COD in spring and 
summer was 156.43 mg/l and 202.95 mg/l, respectively. In 
the spring, the removal efficiency of COD in the tanks con-
taining P. australis (1), P. australis–Gambusia fish (2), Gam-
busia fish (3), and control (4) was 74.84%, 82.87%, 77.3%, 
and 54.7% respectively. In summer, the removal efficiency 
of COD removal in the tanks of 1, 2, 3, and 4 was 84.63%, 
85.97%, 77.3%, and 54.7%, respectively. So, the COD 
removal efficiency has increased in all CWs in the summer 
compared to spring, like  BOD5. Most effective removal of 
COD was observed in the P. australis–Gambusia fish CW. 
In P. australis CW, the removal efficiency of COD in the 

summer was more than that of spring. This increase in the 
efficiency was due to rising temperatures during the spring 
and an increase in the rate of chemical reactions. The mini-
mum removal efficiency of COD was related to Gambusia 
fish CWs. Because Gambusia fish is omnivorous and feeds 
on plankton and organic particles, it is expected that organic 
matter removal by Gambusia fish will be higher. However, 
the waste of fish that enters the CWs increased the amount 
of organic matter, which finally reduced the removal effi-
ciency of the CWs in removing COD and  BOD5 (Kaseva 
2004). According to the discharge effluent standards, the 
effluent  BOD5 for agricultural and irrigation purposes and 
for discharge to surface water is 200 mg/l and 60 mg/l, 
respectively (Salari et al. 2012). Based on the results of 
Table 2, the effluent COD from the tanks of P. australis and 
P. australis–Gambusia fish was less than 60 mg/l, so it can 
be discharged to surface waters. It is also possible in both 
spring and summer, like  BOD5. These results were consist-
ent with other studies (Salari et al. 2012). Trang et al. (2010) 
reported that COD removal by using a tropical H-SSF-CWs 
was in the range of 57–84% (Trang et al. 2010). The mean 
concentration of ammonium in the spring and summer was 
14.37 mg/l and 19.7 mg/l, respectively. In the spring, the 
removal efficiency of  NH4

+ in the tanks of P. australis, P. 
australis–Gambusia fish, and control was 33.16%, 21.07%, 
and 3.83%, respectively. In summer, the removal efficiency 
of  NH4

+ in the tanks of 1, 2, 3, and 4 was 36%, 11.38%, and 
4.56%, respectively. So, the  NH4

+ removal efficiency, like 
 BOD5 and COD, has increased in all CWs in the summer 
than in spring. Figure 4 shows removal efficiency of ammo-
nium in the H-SSF-CWs. The CWs are known to act as bio-
logical filters through a combination of physical, chemical, 
and biological ways which may participate to decrease pol-
lutants in wastewater. Hiley (1995) reported which roots, 
shoots, and litter from the plants, like P. australis, can sup-
port the biofilm (aerobic bacteria and associated animals and 
plants), which treats wastewater in the H-SSF-CWs (Hiley 
1995). By comparing the results, it can be observed that 

Fig. 4  Removal efficiency of ammonium in the H-SSF-CWs
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ammonium removal was less than  BOD5 and COD. The find-
ings of this study are consistent with the study of Kaseva 
(2004). Kaseva (2004) reported nutrients resulted in the least 
removal efficiency in all units compared to coliforms and 
COD (Kaseva 2004). Caselles-Osorio et al. (2017) reported 
ammonium removal was significantly improved in a planted 
wetland, averaging 85% vs. 40% for unplanted wetlands 
(Caselles-Osorio et al. 2017). As shown in Fig. 4, the con-
centration of ammonium in the fish tank has increased. In 
the tank of Gambusia fish, the ammonium concentration 
increased about 8.8 mg/l and 14.35 mg/l in spring and sum-
mer, respectively. Therefore, this fish is not suitable for the 
removal of effluents containing ammonium. Unlike  BOD5 
and COD removal, the most efficient process was observed 
in the tank containing P. australis, because the Gambusia 
fish have a negative effect on the removal of ammonium and 
increased its concentration in the effluent. Afrous et al. 
(2010) reported which plant of P. australis and Typha lati-
folia have a high efficiency in removing the nutrients from 
sewage in aerobic and anaerobic conditions (Afrous et al. 
2010). Nitrogenous compounds in the H-SSF-CWs are 
decreased by nitrification and denitrification. However, nitri-
fication is limited due to lack of dissolved oxygen. Also, 
anoxic/anaerobic conditions are suitable for denitrification. 
Therefore, H-SSF-CWs are not suitable for ammonia 
removal (Reinhardt et al. 2006; Zhang et al. 2014). Tan et al. 
(2017) reported the removal efficiencies of  NH4

+ and dis-
solved inorganic nitrogen were both highest in summer, and 
then decreased significantly in autumn and winter (Tan et al. 
2017). The previous studies reported that H-SSF-CWs play 
an active role in reducing BOD, COD, and TSS from waste-
water, and this issue was confirmed by P. australis for the 
weather conditions in Tehran in this study (Yousefi et al. 
2013). Sewage temperature has a great impact on the 

wetland performance. Temperature variations also affect the 
metabolism of the plant, and changes in the population of 
organisms affect the amount of dissolved oxygen, pH, and 
electrical conductivity (Shahi et al. 2012). In all samples, the 
removal efficiency of COD was temperature dependent and 
was directly related to it.

The role of algae in the H‑SSF‑CWs

After fungi and bacteria, alga is the third most dominant 
microorganism in CWs. Algae are often the first consum-
ers in a wetland and may be multicellular or single-cell 
photosynthetic organisms (Klinepeter 2017). Table 3 lists 
the concentration of chlorophyll-a and algae biomass in 
P. australis–Gambusia fish and Gambusia fish in differ-
ent seasons. Chlorophyll-a is a major component of algae 
and is a good indicator of algae biomass (Jalilzadeh et al. 
2014). There are five chlorophylls a, b, c, d, and e in algae. 
Chlorophyll-a is present in all algae, so its concentration 
was measured (Lally et al. 2012). In this study, only the 
mass of algae in CWs simultaneous P. australis–Gambusia 
fish and Gambusia fish was analyzed. The results showed 
that the algal mass in simultaneous P. australis–Gam-
busia fish CW in spring and summer was 0.84 mg/l and 
2.96 mg/l, respectively. Also, the algal mass in Gambu-
sia fish CW in spring and summer was 0.67 mg/l and 
1.76 mg/l, respectively. As it is clear from the results, the 
growth rate of algae was higher in P. australis–Gambusia 
fish constructed wetland. This increase in algal mass may 
be due to the growth of algae around the roots of plants 
in the CWs, which is likely to be that part of the algae 
in the plant’s wetland through the outlet from the wet-
land, which immediately enters the Gambusia fish CW. 
Reports indicate that plant tissues have physical effects 

Table 3  Concentration 
of chlorophyll-a 
(mg/l) in Phragmites 
Australis + Gambusia fish and 
Gambusia fish

Constructed wetlands Season

Spring Summer

Chlorophyll-a Algae biomass Chlorophyll-a Algae biomass

Phragmites Australis + Gambusia fish
 Sample-1 0.06 3.12 0.1 6.9
 Sample-2 0.04 2.7 0.11 7.44
 Sample-3 0.03 1.6 0.17 11.06
 Sample-4 0.02 1.37 0.2 13.1

Gambusia fish
 Sample 1 0.12 8.24 0.22 14.3
 Sample-2 0.12 8.26 0.23 15.12
 Sample-3 0.13 8.92 0.26 17.22
 Sample-4 0.14 9.67 0.3 18.08
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such as filtering, increasing sedimentation, and reducing 
the risk of rebounding. The plants also increase the time 
of contact between the sewage and the bed (Leto et al. 
2013). Many studies have shown that macrophytes in the 
upper and lower parts of the bed provide a large surface for 
the development of biofilms that are responsible for most 
microbial processes in wetlands (Bosak et al. 2016). Kant 
and Conservation (2016) have argued that plants help in 
the removal of nitrogenous compounds, especially in low 
loads, but plant adsorption is less important compared to 
nitrogen removal by microbial processes. Peck and Walton 
(2008) reported phytoplankton biomass was significantly 
different depending on location and sampling time. 

Conclusion

In general, the proper performance of a constructed wetland 
depends on the good interaction between plants, the type of 
bed, and microorganisms in relation to the type of wetland 
and the type of wastewater treatment. The findings of this 
study showed that the simultaneous use of P. australis and 
Gambusia fish has the most effective role in removing COD 
and  BOD5. Also, the highest removal of ammonium has 
occurred in the wetland containing P. australis. The highest 
removal of studied pollutants was observed in summer. The 
studied results showed that removal efficiency of organic 
matter was very low by Gambusia fish, but this fish has high 
resistance to high ammonium concentration. It is found in 
the present study that plants can play an important role in 
removing organic matter and ammonium. The concentra-
tion of COD and  BOD5 in the output effluent from wetland 
containing P. australis and combined wetland, P. australis 
and Gambusia fish, has reached to less than standards. So 
H-SSF wetlands can be considered as a good alternative for 
wastewater treatment of small communities. In addition, the 
CWs are a promising alternative for wastewater treatment in 
developing countries, and especially in Iran.
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