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Abstract 

Crucial state of total available fresh water resources makes non-traditional water resources useful to meet incomparable global water 

demand. In this case, treated municipal waste water can serve as a valuable resource to reduce the demand of fresh water in number of 

countries. Over the years, several technologies, e.g., constructed wetlands, waste stabilisation pond, vermi-filtration, membrane bio-

reactor, up-flow anaerobic sludge blanket reactor have been developed to treat different types of waste water. The present study focussed 

on the performance of constructed wetland (CW) for removal of different physical, chemical and biological contaminants to make the 

wastewater suitable for irrigation purpose. The investigation revealed that both surface and sub-surface flow wetlands were used for 

municipal wastewaters. Within sub-surface flow, both vertical and horizontal flow systems were designed. In addition, the applications 

of hybrid CWs for municipal wastewaters were also documented in this review article. The worldwide application of CWs suggested 

that CWs alone performed better for removal of physical (turbidity, total suspended solids) and some chemical impurities than biological 

impurities from municipal wastewater. 

 

Keywords: constructed wetland, horizontal flow systems, municipal wastewater, sub-surface flow wetland, total suspended solids, 

turbidity

 

1. Introduction 

The total volume of available water on the earth is about 1.39 × 

109 km³ with 97.50% salty and 2.50% fresh ones. Out of the total 

freshwater volume, about 30% is groundwater and about 70% is 

in the form of ice and permanent snow cover in the mountainous, 

Antarctic and Arctic regions, water in lakes and rivers, 

atmospheric water, soil moisture and biological water. Out of the 

total freshwater resources withdrawn (3,906.70 km³/yr.), about 

11% is used for municipal purposes, respectively (FAO-

AQUASTAT 2015) [12]. According to the 2011 census report the 

world population is about 7 billion and is projected to be about 

9.50 billion by the year 2050. Therefore, the rapid population 

growth in the world is obvious in the future. Such kind of 

population growth, rapid urbanization, industrialisation and 

advanced lifestyles will lead to an unprecedented increase in 

freshwater demand in the future. Therefore, alternative water 

resources will be very much essential to satisfy the unparalleled 

freshwater demand. Agriculture is the largest water user 

worldwide and it is expected that its share would decrease in 

future to meet the water demands of other sectors. On the other 

hand, rapid urbanization, indiscriminate use of freshwater will 

lead to a hasty increase in municipal wastewater. In such a critical 

situation, treated municipal wastewater can play an important 

role as an alternative source of water particularly for irrigation. 

The use of properly treated water may be economically feasible 

for the poor farmers also.  

Municipal wastewater can be defined as the combination of 

wastewater coming from household connections, institutions and 

small enterprises. Sometimes, surface water and storm-water are 

also considered under municipal wastewater category (Al-

Sarawy et al. 2001; Ismail et al. 2012) [4, 16]. Globally, the total 

volume of generated municipal waste-water is about 85.85% of 

the volume of total waste-water produced per year (FAO-

AQUASTAT 2015) [12]. According to FAO-AQUASTAT (2015) 

[12], the worldwide treated municipal wastewater is about 155.41 

km³/yr (about 51.94% of globally produced). About 2%, 1%, 

0.0%, 0.0%, 6% and 0.08% of the total volume of produced 

municipal wastewater is used for irrigation under non-treated 

condition in Asia, Africa, Europe, Oceania, North America and 

South America respectively whereas, about 4%, 7%, 1%, 14%, 

2% and 6% of the total treated water is used for irrigation in these 

continents respectively (FAO-AQUASTAT 2015) [12]. The use of 

untreated waste water for irrigation may results in serious health 

consequences and its proper treatment is necessary to protect both 

health and environment. Thus, proper treatment and management 

of municipal wastewater are required to meet the exceptional 

freshwater demand of 9830 km³/yr by 2025 in the world.  

For the treatment of municipal wastewater, different technologies 

are practiced in the different parts of the world. These different 

technologies are activated sludge process (Tandukar et al. 2007) 

[38], coagulation & flocculation process (Ukiwel et al. 2014), 

waste stabilisation pond (Naddafi et al. 2009) [30], vermi-filtration 

(Manyuchi et al. 2013) [25], membrane bio-reactor (Zhang et al. 

2010), up-flow anaerobic sludge blanket reactor (Kasaudhan et 

al. 2013) [19], constructed wetlands (Merlin et al. 2002; Vymazal 

2005; Abou-Elela et al. 2012) [27, 8, 2] etc. The performances and 

intricacies of these technologies in removing different 

contaminants vary from one to another. Among these different 

technologies, constructed wetlands (CWs) are well structured 

engineered systems that use the natural processes involving soils, 

different wetland vegetations and their associated microbes to aid 

in reclamation of wastewater. This method can take the benefit of 
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many of the same processes that take place in natural wetlands, 

but do so within a more controlled atmosphere. 

With this background, the present study aims to review the 

performance of CWs for making municipal wastewater suitable 

for irrigation purpose based on the removal of different physical, 

chemical and biological impurities from municipal wastewater. 

 

2. Materials and Methods  

2.1 Physical parameters  

The principal physical properties are turbidity, colour, total 

suspended solids (TSS) and odour. Turbidity is an expression of 

the optical property that causes scattering and absorption of light 

by molecules and particles rather than transmission in straight 

lines through a water sample. It is caused by suspended mineral 

matter, finely divided organic and inorganic matter, soluble 

coloured organic compounds, phytoplankton, and zooplankton. It 

is generally measured by an optical instrument called a turbid 

meter and expressed by Nephelometric Turbidity Units (NTU). 

Colour of municipal wastewater generally differs from the true 

colour of the water due to presence of turbidity. True colour is 

obtained after removal of turbidity. The TSS includes all 

suspended particles which cannot pass through a filter. The TSS 

is measured by spectrophotometer (AbdEL-rahman et al. 2015) 

[1]. It is generally expressed by mg/l. Another common problem 

with municipal wastewater treatment and application is odour. It 

is generally characterized by its intensity and hedonic tone (the 

pleasantness or nastiness). Offensiveness of odour combines 

intensity and hedonic tone as well as duration and frequency.  

 

2.2 Chemical and Biological parameters  

The vital chemical constituents are: hydrogen ion activity (pH), 

total dissolved solids (TDS), biological oxygen demand (BOD), 

chemical oxygen demand (COD), ammonium nitrogen (NH4-N), 

nitrate (NO3-N), total nitrogen (TN), ortho-phosphate, total 

phosphorus (TP), calcium (Ca), sodium (Na), magnesium (Mg), 

iron (Fe), heavy metals like cadmium (Cd), chromium (Cr), 

nickel (Ni), copper (Cu), lead (Pb), zinc (Zn), arsenic (As), 

mercury (Hg) etc., chloride, sulphate, carbonate, bi-carbonate, 

sodium adsorption ratio (SAR), electrical conductivity (EC) etc. 

(Fountoulakis et al., 2009; Alobaidy et al., 2010) [13, 3]. The 

principal biological impurities of wastewater include fecal 

coliform (FC), total coliform (TC), fecal streptococci (FS), 

helminth egg (HE) etc. (Nasr et al., 2008; Kadam et al., 2009) [31, 

18]. 

 

2.3 Irrigation Standard Quality for physical, chemical and 

biological parameters  

The allowable limits of physical, chemical and biological 

properties of wastewater for irrigation purpose are discussed in 

this section. The country-wide variations of standard limit for 

TSS and turbidity are shown in Fig. 1 and 2 respectively along 

with the guidelines provided by United States Environmental 

Protection Agency (USEPA) and Alberta Environment (AE). The 

standard level of different chemical and biological impurities 

provided by United States Environmental Protection Agency 

(USEPA) and Food and Agricultural Organisation (FAO) are 

presented in Table 1.  

 

 
 

Fig 1: Standard limits of TSS (mg/l) in water for Irrigation purpose 

 

 
 

Fig 2: Standard limits of Turbidity (NTU) in water for Irrigation 

purpose 

 
Table 1: Water quality standard according to USEPA and FAO guidelines 

 

Serial No. Chemical and Biological Parameters Unit 
Guidelines 

USEPA FAO 

1. pH * 6.50-8.40 6.50-8.50 

2. TDS mg/l <450 2000 

3. BOD mg/l 10 * 

4. COD mg/l * * 

5. NH₄-N mg/l * 0-5 

6. Nitrite mg/l * * 

7. Nitrate (NO3-N) mg/l <5 0-10 

8. Total Nitrogen (TN) mg/l * 30 

9. Phosphate-P mg/l * 0-2 

10. Total Phosphorus (TP) mg/l * * 

11. Potassium (K) mg/l * 0-2 

12. Calcium (Ca) mg/l * 400 

13. Magnesium (Mg) mg/l * 60 

14. Sodium (Na) meq/l <3 900 
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15. Manganese (Mn) mg/l 0.20 0.20 

16. Iron (Fe) mg/l 5.00 5.00 

17. Cadmium (Cd) mg/l 0.01 0.01 

18. Cromium (Cr) mg/l 0.10 0.10 

19. Zinc (Zn) mg/l 2.00 * 

20. Lead (Pb) mg/l 5.00 2.00 

21. Nickel (Ni) mg/l 0.20 5.00 

22. Boron (B) mg/l 0.75 0-2 

23. Chloride mg/l <70 1100 

24. Sulphate (SO₄) mg/l * 1000 

25 Carbonate (CO₃) mg/l * 0-100 

26. Bicarbonate (HCO₃) mg/l <150 600 

27. SAR * <3 15 

28. Electrical Conductivity dS/m <0.70 3.00 

29. Copper (Cu) mg/l 0.20 0.10 

30. Aluminium (Al) mg/l 5.00 * 

31. Cobalt mg/l 0.05 0.05 

32. Fluoride mg/l 1.00 * 

33. Arsenic mg/l 0.10 * 

34. Beryllium mg/l 0.10 * 

35. Molybdenum mg/l 0.01 * 

36. Vanadium mg/l 0.10 * 

37. Selenium mg/l 0.02 * 

38. Lithium mg/l 2.50 * 

39. Fecal Coliform - 23/100 ml < 200/100 ml 

* indicates data unavailability 
 

2.4 Constructed Wetlands (CWs)  

General Information: 

Wetlands are ‘innate filters of water’ (Hammer and Bastian 

1989). Wetland treatment process diminishes impurities like 

TSS, turbidity, organic matter, inorganic matter, trace organics 

and pathogens from the water. The capability of wetland to 

renovate and accumulate organic matters and nutrients makes this 

technology “the natural kidneys of the land” (Mitsch and 

Gosselink 1993) [28]. 

The CWs were primarily used for secondary treatment of 

municipal wastewaters and these systems were capable of 

eliminating organics and suspended solids significantly. The 

CWs can be categorized according to different criteria such as 

flow path in sub-surface wetlands (such as vertical and 

horizontal), hydrology (like open surface and sub-surface flow) 

and macrophytic growth (such as free floating, emergent, 

submerged) etc. (Vymazal 2014) [8]. Sometimes hybrid CWs 

(combination of different types of CWs) were also utilized 

instead of a particular type for successful treatment of 

wastewater. 

 

Working Principle 

Treatment of wastewater by this method is generally 

accomplished through biological processes (like microbial 

metabolic activity and plant uptake) and physicochemical 

processes (like precipitation, adsorption and sedimentation at the 

root-sediment, water sediment and plant-water interfaces) 

(Watson et al. 1989) [47]. The treatment process through this 

technology is shown by flow diagram in Fig 3.  

 

 
 

Fig 3: Flow diagram of CW treatment processes 

3. Results and Discussions  

3.1 Removal of physical impurities from municipal 

wastewater through CWs 

Gersberg et al. (1986) investigated the performance of artificial 

wetland for treatment of primary municipal wastewaters 

considering three types of aquatic plants (bulrush, common reed 

and cattail). The results indicated that the performance of all 

vegetated beds was satisfactory as the mean TSS concentration in 

raw wastewater reduced from 58.10 mg/l to 3.70, 7.90 and 5.50 

mg/l for those plants respectively. The best TSS removal 

efficiency (about 93.63%) was obtained through bulrushes at the 

hydraulic application rate of 4.70 cm/d. at this application rate, 

the area requirement of CWs for daily treatment of one million 

gallons was reported as about 20 acres. The performance of non-

vegetated bed was also very good as it reduced the TSS value 

upto 5.60 mg/l. There was no significant difference between the 

performances of vegetated and non-vegetated bed. This 

phenomenon suggested that TSS elimination took place almost 

completely because of only physical techniques (like 

sedimentation, filtration) instead of any biological process 

associated with the microbes. Schierup et al. (1990) [35] reviewed 

the treatment performances of Danish CWs. Most of those were 

of horizontal subsurface flow type. Some beds were planted with 

Phragmites australis and some utilized the both Phragmites 

australis and Typha latifolia. Generally, local soil was used in 

those beds. But, some systems used soil mixtures to improve the 

hydraulic conductivity of the media. For dealing with low 

hydraulic conductivity, the cross-sectional area required for water 

infiltration was changed to as large as possible (for a given 

surface area). The overall performance of those systems is shown 

in Fig 4. The removal efficiency was more than 75% for most of 

the systems and the performance level usually enhanced with 

inlet concentrations. The research work suggested the necessity 

of mechanical pre-treatment of raw wastewater prior to the 
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application to the reed bed. Cooper (1999) [7] used vertical flow 

(VF)-horizontal flow (HF) system which was comprised of six 

and three vertical beds at 1st and 2nd stage respectively and one 

horizontal bed for each of 3rd and 4th stage respectively. Vertical 

beds (8 m2 for each) at 1st stage were planted with Phragmites 

australis whereas at 2nd stage these (5 m2 for each) were planted 

with Phragmites australis, Schoenoplectus lacustris and Iris 

pseudacorus. Horizontal bed (8 m2) at 3rd stage was with Iris 

pseudacorus while at the last stage it (20 m2) contained 

Schoenoplectus lacustris, Sparganium erectum and Acoru 

calamus. TSS concentration was achieved as 53, 17, 11 and 9 

mg/l at 1st, 2nd, 3rd and last stages respectively. Ultimately, 

about 95.27% TSS removal efficiency (Fig. 4) was obtained 

though this experiment. O’Hogain (2003) [32] also used VF-HF 

combined system which was comprised of four VF beds (total 64 

m2), two VF beds (total 60 m2) and one HF (60 m2) bed at 1st, 

2nd and 3rd stage respectively. These filtration beds were shown 

highly effective in this study in term of TSS removal efficiency 

(98.11%) (Fig 4). The study recommended the system’s working 

capability under the overloaded inflow situations. Water 

distribution procedure to the primary vertical beds was observed 

as reasonable while that on the secondary beds was not. In the 

study of Solano et al. (2004), cattail and reed were utilized with 

two different hydraulic application rates (150 and 75 mm/d) for 

two different HRTs (1.50 and 3 d). The performance of sub-

surface flow CW was found excellent (93.48% TSS removal 

efficiency as shown in Fig. 4) for those beds having 

comparatively low hydraulic application rate (75 mm/d) and long 

HRT (3 d). The experiment showed the improvement of the 

system performance with the increasing of HRT. But, more tests 

with variable HRTs were suggested to ensure the overall 

performance of the system. No seasonal variation was observed 

in case of TSS removal, except in winter. During winter, 

relatively lower TSS removal performance was noticed. No 

significant difference between the TSS removal efficiencies 

obtained for same season of two years indicated that the 

elimination was entirely because of physical procedures (like 

filtration, sedimentation) instead of microbial processes. The 

incorporation of a pre-treatment step in the system was suggested 

to remove different floatable materials, grit etc. from raw 

wastewater and avoid unnecessary blockage of the system. 

Tayade et al. (2005) [39] also worked with sub-surface flow CWs 

(with two beds). Each of two beds was constructed as 2 m long, 

1 m wide and 0.30 m deep. Bed 1 was planted with Pennisetum 

purpureum and Typha latifolia whereas bed 2 used Canna indica 

and Cyperus spp. In this research work, CW was constructed with 

one inlet chamber (with crushed bricks and sand), one treatment 

zone (with crushed bricks for upper layer, sand for middle layer 

and stones for lower layer) and one outlet zone (with three 

apertures). Hydraulic loading rate (HLR) and hydraulic retention 

time (HRT) for both the beds was 0.2614 m3/(m2/d) and 1.14 d 

respectively. Mean TSS removal efficiency was obtained as 83% 

(Influent: 144 mg/l, Effluent: 25 mg/l) and 75% (Influent: 152 

mg/l, Effluent: 38 mg/l) from bed 1 and bed 2 respectively. The 

overall TSS removal efficiency is presented in Fig 4. This method 

was appreciated for wastewater treatment in rural areas where 

lands were easily available. Jozwiakowski (2007) evaluated the 

performance of single stage vertical-flow reed bed treatment 

system. The twelve years’ research experience showed that TSS 

removal efficiency varied from 47% to 84% with mean removal 

efficiency of 59.25% (Fig 4). The study concluded that the 

performance of the system could be improved through yearly 

cutting and removal of reeds from vegetated bed. Morari et al. 

(2009) [29] used vertical flow CWs (VF CWs) with Typha latifolia 

and Phragmites australis for treatment of municipal wastewater. 

The seasonal variation of VF CWs was observed in this research 

work. Highest efficiency was obtained in summer month because 

of higher ET value. The study concluded that the treated water 

could not be used effectively for irrigation purpose because of 

poor performance of TSS removal (59.25% mean efficiency over 

2 years) (Fig 4). They suggested the requirement of efficient pre-

cleaning systems or innovative integrated systems for improving 

the performance of wetlands. Sharma et al. (2011) [36] studied on 

the horizontal sub-surface flow (HSSF) CWs for municipal 

wastewater treatment. According to the study, TSS of raw 

wastewater was reported as 257 mg/l and turbidity varied from 

54.50 to 64.30 NTU. The highest turbidity level in the raw 

wastewater was achieved during the monsoon period (June-

October) because of more volume of water flow and the presence 

of suspended matters, colloidal substances in the run-off. The 

treated effluent contained 82 mg/l TSS (68.09% removal 

efficiency as shown in Fig 4). This research work suggested that 

the proper treatment of raw wastewater could make it an 

invaluable alternative source for irrigation water. Hayder et al. 

(2015) investigated the performance of CW to treat wastewater 

of Lahore city. In this study, local plant (Phragmites spp.) was 

utilized in CW. The highest TSS removal efficiency through this 

method was achieved as 90% (Fig 4). The contaminant removal 

efficiency was enhanced with the increase in detention period and 

the best effluent quality was obtained at 5-days detention period. 

If raw wastewater was pre-settled, 4 days detention period was 

found as sufficient for significant TSS removal (82%). Rahi and 

Faisal (2019) studied the performance of horizontal sub-surface 

flow CW with coarse gravel (40-60 mm) to treat wastewater. In 

this study, local plant (Phragmites Australia) was utilized in CW. 

The highest TSS removal efficiency through this method was 

achieved as 73% (Fig 4). The best effluent quality was obtained 

at 2-days detention period. 

 

 
 

Fig 4: TSS concentration in raw and treated water along with TSS 

removal efficiency for CWs 

 

3.2 Removal of chemical and biological impurities from 

municipal wastewater through CWs 

Impurities like organic matters, inorganic compounds, heavy 

metals etc. are removed by this CW method through different 

treatment phases like sedimentation, filtration, vegetation uptake, 

adsorption, chemical precipitation and the collaboration of 

microbes (Watson et al. 1989) [47]. This method can effectively 
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treat municipal wastewater having wide range of variations of 

inflow concentrations (Dipak et al., 2011) [11]. The principal 

advantages of this technology are: achievement of tertiary 

treatment standard with low cost, low maintenance cost, no 

electricity, no sludge handling problem, no odour and mosquito 

problem and provision as natural habitat for birds (Raval et al., 

2015) [34]. But, the utilization of natural wetlands for treating 

wastewater is an old concept. Its large space requirement made 

its use critical. Therefore, the concept of artificial wetlands came 

for the treatment of wastewater. The first operation of such 

artificial wetland system was carried out in Germany in 1950. The 

use of horizontal sub-surface flow constructed wetlands (HSSF 

CWs) was started in 1960. After few years HSSF CW was 

modified as Root Zone treatment technology (Vymazal 2005) [8]. 

The root zone acts as biological filter. The root zone brings about 

the interactions of the Sun, air, water, soil, the roots of reed plants 

and microbes. CWs can efficiently remove chemical impurities 

like organic matters, heavy metals etc. as well as biological 

contaminants like bacteria, parasites, viruses from municipal 

wastewater (Kivaisi, 2001; Morari et al., 2009) [21, 29]. The most 

common artificial or constructed wetlands are horizontal 

subsurface flow type. Horizontal flow constructed wetlands (HF 

CWs) have capability to treat wastewater having low organic 

concentrations (Dipak et al., 2011) [11]. But vertical type is also 

getting admired recently (Vymazal 2005) [8]. Laouali et al. (1996) 

[23] used three-stage wetland for wastewater treatment and 

obtained very good result. But, the review on the provision of 

FWS stage at the end of the treatment process showed that it was 

good for better removal of nutrients whereas the removal 

efficiency of organics was slightly decreased because of algal 

growth. Laber et al. (2003) [22] worked on hybrid system 

consisting of HF (Horizontal Flow, 140 m2) and VF (Vertical 

Flow, 120 m2). The performance of such hybrid system was 

found to be excellent from the both chemical and biological 

parametric point of view (Fig 5-6, Table 2-3). Morari et al. (2009) 

[29] used two pilot-scale vertical flow constructed wetlands for 

municipal wastewater treatment. Typha latifolia was used in one 

wetland and the other was planted with Phragmites australis. 

Both wetlands performed well for removal of BOD, COD, N and 

K; whereas lower efficiencies were obtained for Na, Mg and TP. 

The results of the study indicated that the efficient pre-cleaning 

system was necessary for better performance of the wetlands. The 

worldwide review of the treatment performance of HF CWs 

revealed the satisfactory performance for removal of BOD5 and 

COD; whereas for TN, TP, NH4
+-N and NO3

—N performance 

was not up to the expected level (Vymazal, 2001). According to 

Vymazal (2005), the depth of filtration bed of HF CWs should be 

generally 0.60-0.80 m to ensure the complete penetration of root 

of plants namely Phragmites and oxygenation of the entire bed. 

The roots and rhizomes of reeds and any type of wetland plants 

release sufficient amount of oxygen for aerobic degradation of 

oxygen consuming substance in the wastewater and for 

nitrification of the ammonia (Vymazal 2005). However, many 

other studies did not support this statement (Brix, 1990; Brix and 

Schierup, 1990) [35]. Those studies revealed the significant role of 

anoxic and anaerobic disintegration in HSF CWs. The results of 

such aerobic and anaerobic degradation in HSF CWs showed 

high organic removal efficiency (Vymazal 2005). But HF 

systems cannot produce fully nitrified effluents because of 

limited oxygen transfer capacity. On the other hand, VF systems 

are good for nitrification but cannot support de-nitrification. 

Therefore, VF and HF systems are combined sometimes to obtain 

better performance in terms of TN removal (Cooper, 1999, 2001; 

Vymazal, 2005) [9]. According to the study of O’Hogain (2003) [], 

VF-HF systems were effective for BOD5, COD and TN removal 

except for phosphorus. Masi et al. (2002) [26] used hybrid 

wetlands and observed excellent performance for removal of 

BOD, COD, TN and TP. The satisfactory performances of HF-

VF systems were also obtained from the study of Brix et al. 

(2003) for Denmark. The study of Mander et al. (2003) [24] was 

on a hybrid system which consisted of VF, HF and FWS stages. 

The combination of these three stages showed removal efficiency 

88%, 65% and 72% for BOD7, TN and TP respectively. 

According to Kipasika et al. (2014), fecal cloliform removal 

efficiency of CW was satisfactory while its treated effluent 

contained more salmonella spp. compared to maturation pond. 

Rahi and Faisal (2019) [33] studied the performance of horizontal 

sub-surface flow CW with coarse gravel (40-60 mm) to treat 

wastewater. In this study, local plant (Phragmites Australia) was 

utilized in CW. The highest BOD and phosphate removal 

efficiency through this method was achieved as 84 and 55% 

respectively (Fig 5). The best effluent quality was obtained at 2-

days detention period.  

According to Cueto (1993) [10], the average capital cost was $1.60 

per gallon for wetland system; whereas for traditional method it 

was $5.59 per gallon. The significant difference between the 

operational and maintenance costs of those treatment techniques 

was observed. Vymazal (2002) [8] also studied on the associated 

economics of CWs and concluded that the operational and 

maintenance costs were significantly lower than advanced 

technologies. Therefore, CWs can be considered as feasible 

alternative to the traditional wastewater treatment techniques.  

The performance of the CW for deduction of both chemical and 

biological impurities from municipal wastewater was evaluated 

and shown in Fig 5-6, and Table 2-3. 

 

 
 

Fig 5: BOD concentration in raw and treated water along with removal 

efficiency for CWs 

 

 
Fig 6: COD concentration in raw and treated water along with removal 

efficiency for CWs
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Table 2: Performance of CW treatment method for removal of TDS, EC, E. Coli and FC 
 

Parameters References Year Treatment Methods Country Raw Value Treated Value 
Removal 

Performance 

Total 

dissolved 

solids (TDS) 

Kadam et al. 2009 India CSF 
226.40-270.60 

mg l-1 

213.70-264.50 

mg l-1 
2.25-5.61% 

Rahi & Faisal 2019 Iraq 
Horizontal sub-

surface flow CW 

1565 

mg l-1 

1551 

mg l-1 
< 1% 

Electrical 

conductivity 

(EC) 

Kadam et al. 2009 India CSF 
335.80-404.20 

dS m-1 

319.10-395.10 

dS m-1 
< 1% 

Rahi & Faisal 2019 Iraq 
Horizontal sub-

surface flow CW 

3.12 

dS m-1 

3.10 

dS m-1 
< 1% 

E. Coli 
Laouali et al. 1996 Hybrid System Montreal 

4.80*10^5 CFU/ 100 

ml 
190 CFU/ 100 ml 3.40 log 

Laber et al. 2003 HF-VF Hybrid System Nepal 7.20 log CFU/ 100 ml 1.30 log CFU/ 100 ml 5.90 log 

Fecal 

Coliform 

(FC) 

Vymazal 2005 Horizontal flow CWs USA 
1.27*10^7 CFU/ 100 

ml 
9.96*10^5 92% 

Fountoulakis et al. 2009 

CW 

Greece 
56.30*10^5 CFU/ 100 

ml 

5.80*10^5 CFU/ 100 ml 1.0 log 

Horizontal surface flow 

CW 
0.30*10^5 CFU/ 100 ml 2.30 log 

Kadam et al. 2009 CSF India 2.0*10^7 CFU/ 100 ml 3.10*10^4 CFU/ 100 ml - 

Kipasika et al. 2014 CW Tanzania 
7400.14-8000.64 CFU/ 

100 ml 

3800.21-4100.07 CFU/ 

100 ml 
48.46-49.07% 

CFU indicates colony-forming unit  
 

Table 3: Performance of CW treatment method for removal of TC and FS 
 

Parameters References Year Treatment Methods Country Raw Value Treated Value 
Removal 

Performance 

Total 

Coliform 

(TC) 

Vymazal 2005 Horizontalflow CWs Czech Republic 6.14 log 5.01 log 1.10 log 

Fountoulakis et 

al. 
2009 

CW 

Greece 
411.50*10^5 CFU/ 

100 ml 

20.40*10^5 CFU/ 100 ml 1.30 log 

Horizontalsurface flow 

CWs 
2.60*10^5CFU/ 100 ml 2.20 log 

Kadam et al. 2009 CSF India 
3.50*10^8 CFU/ 100 

ml 
2.40*10^5 CFU/ 100 ml - 

Fecal 

Streptococci 

(FS) 

Laouali et al. 1996 Hybrid System Montreal 2.60*10^4 70 2.60 log 

Vymazal 2005 Horizontalflow CWs Czech Republic 4.47 log 3.62 log 0.90 log 

Fountoulakis et 

al. 
2009 

CW 

Greece 
47.90*10^5 CFU/ 

100 ml 

6.00*10^5 CFU/ 100 ml 0.90 log 

Horizontalsurface flow 

CWs 
0.40*10^5 CFU/ 100 ml 2.10 log 

CFU indicates colony-forming unit  

 

4. Conclusions  

This literature survey was conducted with constructed wetland 

treatment technology for removal of several physical, chemical 

and biological impurities from municipal wastewater. Based on 

the review of this wastewater reclamation method, the following 

conclusions can be drawn.  

 TSS removal efficiency was found to vary from 59 to 98%.  

 BOD removal efficiency was found to vary from 40 to 99%.  

 COD removal efficiency was found to vary from 46 to 98%.  

 Average worldwide performance of CW for removal of 

biological contaminants was found as questionable.  

 

Therefore, this survey revealed the worldwide satisfactory 

performance of constructed wetland for removal of physical and 

some chemical impurities. But, this study suggested some 

modern advanced technique (like ultraviolet radiation, 

chlorination) to be practiced with this economically viable 

constructed wetland system to meet biological standard for 

irrigation purpose.  
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