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Abstract 

This paper reports the pollutant removal efficiencies of three lab-scale constructed wetland systems treating synthetic grey water. 

The three systems had identical configurations, each consisting of a vertical flow (VF) constructed wetlands that were filled with 

organic sugarcane bagasse and brick bats as the main media planted with reed plant typhalatifolia and one controlled system. The 

primary objective of this study was to remove organics and nutrients present in the greywater. This work is carried out in both 

batch mode and continuous mode. In batch study, three systems were operated under various HRT of 4,6 and 8 days. In continuous 

study, wastewater was fed into all systems at flow rate of 15ml/min. The organic carbon (C) content of sugarcane bagasse facilitated 

denitrification in the bagassewetland and brick bats remove phosphate by adsorption. Overall the better removal efficiency for 

batch study obtained at HRT 8 days were 70%, 50% and 80% for COD, nitrogen and phosphates in brick reactor. In Continuous 

study, bagasse reactor removes nitrogen by75% while brick reactor removes both COD and phosphates by 70% and 75% 

respectively.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The world is experiencing significant growth in human population, and fresh water is becoming a scarce resource.  It is therefore 

essential to reduce surface and groundwater use in all sectors of consumption, to substitute fresh water with alternative water 

resources and to optimize water use efficiency through reuse options (Zuritaletal.2006). Greywater is all wastewater that is 

discharged from a house, excluding black water (toilet water). This includes water from bathrooms, laundry and kitchen. Typically, 

50-80% of the household wastewater is grey water. Greywater is a reflection of the household activities and its characteristics are 

strongly dependent on living standards. Dishwashing and laundry detergents are the main sources of phosphorous in greywater. In 

countries where phosphorous-free detergents are used, these loads are minimal. Kitchen greywater is the main source of nitrogen 

in domestic greywater, while the lowest levels are generally observed in bathroom and laundry grey water (S.Saumya et al., 

2014).The main purpose of greywater recycling is to substitute the precious drinking water in applications which do not require 

drinking water quality. Non-potable reuse applications include industrial, irrigation, toilet flushing and laundry washing dependent 

on the technologies utilized in the treatment process. Constructed wetlands technology (Maloszewski et al., 2006) is an 

environmentally friendly method used to treat waste water of different origins they are natural waste water systems. A variety of 

treatment process takes place in constructed wetland such as filtration, sedimentation, and biological degradation which together 

effectively remove the contaminants in waste water. Transformation and removal of pollutants from wastewater occur via 

numerous interrelated physical, chemical and biological process including biodegradation of organic by bacteria, ammonification-

nitrification-denitrification of organic  nitrogen by bacteria , uptake of nitrogen and phosphorous by plants, adsorption of 

phosphorous and release of gaseous products of organic matter into the atmosphere.(Vymazal.,2010). The soluble pollutants are 

transformed and removed mainly through the process that occurs at the plant surface, plant debris, or filtering media. Constructed 

wetlands may be categorized according to the various design parameters, but the three most important criteria are hydrology (open 

water-surface flow and subsurface flow), type of macrophyte growth (emergent, submerged, free-floating) and flow path (horizontal 

and vertical) 

II. MATERIALS AND METHODS 

Sugarcane bagasse is obtained from local sugar juice shop around the Chennai city. The bagasse is allowed to dry slightly in 

sunlight and was chopped into small bits. 90 L water drums are used for reactor setup. To maintain the constant nutrients, synthetic 

waste water is prepared. In three reactor, two were planted with reed plant Typha latifolia ad one is controlled. The composition 

of synthetic grey water is shown in table1. 
Table – 1 

Composition of Synthetic grey water 

CHEMICALS QUANTITY(mg/L) 

Comfort conditioner 0.5 ml 
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Colgate toothpaste 30 mg 

Sabeena powder 50 mg 

Tide washing powder 50 mg 

Fair and lovely cream 50 mg 

Parachute hair oil 0.3 ml 

Sunsilk black shampoo 0.5 ml 

Lifeboy soap 50 mg 

Rim bar 100 mg 

Rice 1 g 

This work was carried out in two phases. The first phase involves studies in batch mode, while the second phase involves studies 

in continuous mode. 

 Batch Study 

The study was carried out in three plastic reactors of height 70cm and diameter 40cm in which two reactors were filled with sand, 

gravel and additional substrate at a depth of 25cm, 25cm and 15cm respectively. Two of the reactors were planted with Typha  l 

atifolia as a reed plant while the other was kept unplanted (control). An influent tank was provided to hold the waste water to be 

passed into the system and influent was passed through a 1 cm diameter pipe. A flow control valve was used to regulate the flow 

of water entering the reactor 

 Continuous Study 

 For the study of vertical subsurface flow constructed wetlands in continuous mode, three reactors, each of height 70cm and 

diameter 40cm were set up. Two of the reactors were kept planted while; one was kept as control (unplanted). Two of the reactors 

planted with typhalatifolia were filled with different media of gravel, sand, and bagasse/bricks while the other was filled with only 

gravel, sand and soil. An influent tank was provided to hold the wastewater to be passed into the system and the influent was 

passed through a 1cm diameter pipe. A flow control valve was used to control the flow of water entering the reactor. The setup 

used for the continuous study is shown in Fig 1 

 
Fig.1 Experimental Setup for Continuous study 

III. EXPERIMENTAL SETUP 

The prepared synthetic grey water was fed into the wetlands that were setup for batch and continuous study. Waste water was fed 

into the units and was let to flow vertically through the system. The wastewater was maintained 5cm below the filter bed. The 

effluent was collected at the end of the required retention period, from the outlet provided at the bottom of the reactor. Effluent 

characteristics for COD, Ammoniacal nitrogen and \Phosphate were determined. The batch study was carried out at three different 

retention time of 4 days, 6 days, 8 days. While, for continuous study waste water was fed into all units at a rate of 15ml/min. The 

percentage removal of the parameters of concern was determined and thus the performance of both planted and unplanted systems 

were evaluated. The role of plants was estimated on comparison of planted and controlled system. Thus the feasibility of vertical 

of vertical flow subsurface wetlands was determined. The specification for the reactor used in the continuous study is shown in 

Table 2. 
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Table – 2 

Reactor Details of Continuous Study 

Details Specification 

Reactor Area 0.13 

Reactor Volume 0.09 

Sand Layer 35cm (R1), 25cm (R2 and R3) 

Bagasse Layer 15cm(R2) 

Brickbat Layer 15cm(R3) 

Gravel Layer 35cm (R1), 25cm (R2 and R3) 

Plant TyphaLatifolia 

Number Of Reactors 3 

 

 
Fig. 2: Reactor set up for Continuous Study 

 
Fig. 3: Reactor setup at seedling time 
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Fig. 4: Reactor set up for Batch Study 

IV. RESULTS AND DISCUSSIONS 

The performance of constructed wetlands was studied using household grey water. To maintain the steady influent concentration 

of constituent synthetic grey water was prepared carry out the study. Parameters such as BOD, COD Phosphates and Ammonia 

nitrogen were all analyzed according to Standard Methods for Estimation of Water and Wastewater, APHA (1998) to determine 

the initial characteristics of the waste water. The influent constituents and their respective concentration are given in table 3 
Table – 3 

Characteristics of synthetic grey water 

S.NO Parameters (mg/L) 

1 BOD 160 

2 COD 447 

3 AMMONIACAL NITROGEN 2.7 

4 PHOSPHATE 13.7 

 Removal Efficiency in Batch Mode: 

Studies at three different hydraulic retention times of 4 days, 6 day and 8 days were carried out. This study was carried out to 

determine the performance of the constructed wetland in the removal of COD, Ammonia nitrogen and phosphate and the effect of 

varying HRT. Wastewater was fed into the three systems in which one was controlled and other two were planted. The study was 

carried out for each HRT in all three systems till stable values were obtained and the performance of planted and unplanted system 

was compared. The results obtained in the performance of the systems for the removal of concern parameters COD, ammonia 

nitrogen and phosphate at HRT 4 days, 6days and 8days were shown Fig 5 to Fig 7 respectively. 

The average removal efficiency of COD was 60%, 35%, 60% at HRT 4 days and 65%, 20%, 70% at HRT 6 days and 62%, 15%, 

75% at HRT 8 daysin the controlled, bagasse and brick bats reactor respectively (Fig.4.1-4.3).  The percentage COD removal 

values are in close proximity to each other in both unplanted and brick bats reactor. The removal efficiency of COD in bagasse 

reactor is low compared to other reactors because of external carbon source in it. The wastewater was fed into the systems 

intermittently during the study in single dosing. As reported in other studies, feeding the wastewater intermittently allows air to 

refill the substrate pores within the bed and helps to improve the oxygen transfer from the atmosphere to all the systems. Hence, 

the COD removal is high. The high removal efficiency maybe also due to the degradation by microorganism that attach themselves 
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in the soil or the media bed (Hoffmann et al.,2011).  The similar COD treatment trends in the two systems may be due to the 

aerobic degradation of organic matter.  

 
Fig. 5: Removal efficiency at HRT 4 days (batch study) 

 
Fig. 6: Removal efficiency at HRT 6 days (batch study) 

 
Fig. 7: Removal efficiency at HRT 8 days (batch study) 
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Phosphate removal is governed by sedimentation and adsorption processes. Phosphorous can be removed directly by the uptake 

of plants or via chemical storage in the sediments. From Fig 5-7, it can be observed that the percentage removal efficiency of 

phosphate were 22%, 30%, 60% at HRT 4 days and 33%, 38%, 70% at HRT 6 days and 30%, 45%, 80% at HRT 8 days in 

controlled, bagasse and brick bats reactor respectively. Sakadevan and Bavor (1998) suggested that the principal long term 

phosphate removal mechanism in constructed wetland system is via the substratum, litter and Aluminium/Iron component. Since 

sand and gravel layers in subsurface wetlands used in the study do not contain high concentration of these elements, it may be the 

reason for the phosphate removal being low in controlled and bagasse reactor. Vegetation was not found to be very effective in 

phosphate removal in the study. 

From Fig 5-7, it can be observed that an average removal efficiency of ammonical nitrogen were 22%, 30%, 60% at HRT 4days 

and 35%, 40%, 70% at HRT 6 days and 30%, 45% and 80% at HRT 8 days in controlled, bagasse reactor and brickbats reactor. It 

can be observed that the removal nitrogen is mainly due to the plant uptake in the planted system as compared to denitrification 

that occurs in the unplanted system which occurs under anoxic conditions (Vymazal, 2007). Bagasse reactor removes nitrogen 

more than brickbats reactor because of external carbon source which enhances the denitrification process in vertical --wetland.  

 Removal Efficiency in Continuous Mode: 

Waste water was fed into the reactors containing different media and plants. This study was carried out to determine the 

performance of the constructed wetland in the removal of COD, Ammoniacal nitrogen and Phosphate removal and the effect of 

different media.  

Three reactors were used to determine the effect of media on the performance of the wetland. One of the three reactors was filled 

with gravel and sand while the other two were filled with gravel, soil and bagasse/brickbats. Both the reactors were planted with 

common plant (typhalatifolia). These reactors were used for determining the effect of media in the treatment process.  

The average removal efficiency of COD in the system containing sand, bagasse and brick bats as the media was 50%, 20% and 

60% respectively. It can be observed that system containing bricks and unplanted were more efficient when compared to that of 

bagasse. The COD removal is mainly due to the degradation by microorganism that attaches themselves in the soil or the media 

bed. It can also be observed that the planted system were more efficient than that of the unplanted systems, which may be due to 

the oxygen leakage from the plant roots which in the aerobic degradation. The removal of COD, Phosphate and Ammoniacal 

nitrogen for different media were shown in Fig 4.4 -4.6 respectively. 

 
Fig. 8: COD removal efficiency in Continuous mode 
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Fig. 9: Phosphate removal efficiency in continuous mode 

 
Fig. 10: Ammoniacal nitrogen removal efficiency in Continuous mode 

Phosphate removal is mainly governed by sedimentation and adsorption processes. The principal long term phosphate removal 

mechanism in CW is via substratum, litter and Al/Fe component. Since sand and bagasse layer do not contain high concentration 

of these elements, the efficiency of sand system (25%) and bagasse system (35%) is lower than brick system (65%). Plant biomass 

uptakes certain amount of phosphate, hence the removal of phosphate is greater in planted system than unplanted. 

Nitrogen removal is mainly governed by nitrification, denitrification and ammonification. The average ammonia nitrogen removal 

in bagasse system (70%) is greater than unplanted (15%) and brick system (40%). 

V. CONCLUSIONS 

 The vertical subsurface flow constructed wetland that was employed in the batch study was efficient for the removal of COD, 

phosphate and Ammoniacal nitrogen at HRT 8 days. 

 A COD removal efficiency of 60%, 15%, and 70% was achieved in the controlled, bagasse and brick system at HRT 8 days 

respectively, which indicates that removal efficiency increases with increase in HRT. 

 COD removal was low in bagasse reactor when compared to others. This is mainly due to external release of organics from 

carbon source to reactor. 
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 Ammonia removal efficiency of 70% was achieved in bagasse reactor at HRT 8 days while in controlled and brick system 

removal efficiency were 20% and 40% which indicates that the addition of external carbon sources increases the nitrogen 

removal. 

 The wetland system was less efficient in removing phosphates mainly due to absence of aluminium and iron component which 

aid in precipitation of phosphates. Hence materials with higher adsorption capacities such as bricks or zeolite were used. 

 In continuous study with HRT 5 days, max COD removal efficiency of 70 % was obtained for brickbats reactor. 

 Phosphate removal efficiency of maximum 75% was obtained for brickbats reactor. 

 Nitrogen removal efficiency of maximum 72% was obtained for bagasse reactor. 

 Low removal efficiency was due to less time period. This study is for about 50 days. If we increase the time duration to 

minimum of 3 months, COD and nitrogen removal efficiency would be better. 
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