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Introduction 

Municipal Waste generation in developing countries has increased enormously with rapid 

urbanization and economic development due to exponential population growth and migration to 

Abstract 

Treatment of simulated leachate waste water using laboratory scale constructed wetland 

technology was investigated for removal of different nutrients like phosphates, nitrates, 

chlorides and organic matter (COD). Two types of substrates gravel (G) and soil + gravel 

(SG) were used in the reactors planted with Canna and efficacy for treatment of various 

strengths of the leachate waste was studied in the vertical flow reactors. SG used as substrate 

in the reactor was found to be better for the growth of plants as well as for leachate treatment, 

when there was about 95% removal of the nutrients studied in a period of just 8 days.  

Keywords: Simulated Leachate; Canna; Soil and Gravel as substrate; Constructed Wetland. 
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urban areas.  The quantum of municipal solid waste generated in India is very high 0.15 million 

tonnes per day (50 million tonnes annually) and on an average, 94% of this is dumped on land 

while 5% is composted. The average rate of per capita MSW generation in India (0.35 to 0.60 

kg/ person/day) is rather low as compared to developed countries [1]. Open dumping is the most 

common practice of solid waste disposal in most the developing countries which is one of the 

cheapest and easiest methods. In the absence of proper solid waste management systems and low 

technical standards of both collection and disposal of solid waste have led to several 

environmental and human health problems. Moreover, landfill facilities have become a 

prominent source of pollution that contaminates surface as well as ground water due to lack of 

leachate treatment and proper management. Adverse impacts to groundwater, surface water, soil 

and air have increased due to open dumping of solid wastes [2] and these have become ideal 

places for breeding of disease vectors. Since there is lack of technical methods to treat the 

leachate from dumpsites, the decomposing solid waste leachate, percolates to the nearby surface 

water bodies and sub soil and affects life in these ecosystems.  Therefore, it is very important to 

treat the leachate in such a manner that its toxicity is minimized. 

Various conventional and advanced technologies are available including physical, chemical and 

biological methods to treat waste waters. However, in recent years there is growing emphasis for 

sustainable wastewater treatment technologies that are environmental friendly, easy to operate, 

less energy-intensive and cost-effective. Constructed Wetlands (CWs) provide such a cost 

effective technique that can be used to attain wastewater treatment goals by using natural 

components and processes significantly reducing the use of energy intensive mechanical devices 

and technical complexity. The first report on the possibility of wastewater treatment with 

wetland plants came as early as 50 years back at the Max Planck Institute in Germany Seidel, 

1965. The use of constructed wetlands for water purification is becoming more and more 

accepted and effective in many parts of the world including developing as well as developed 

countries [3].  In 1970s and 1980s, constructed wetlands (CWs) were built to treat domestic or 

municipal sewage [4]. But, increase in the number of CWs took place in the 1990s as the 

technique was used to treat different kinds of wastewater including agricultural wastewaters 

(cattle, swine, poultry) Dairy wastewater [5, 6, 7] Landfill leachate [8, 9, 10] Herbicides [11] 

Refinery wastewater [12] Distillery wastewater [13] Food processing [14] Textile [15] Tannery 

[16] Paper & Pulp [17] Pharmaceutical wastewater [18] . 

CWs are complex ecosystems that include physical, chemical and biological processes to treat 

wastewater. Most essential structural component in these ecosystems is the plant vegetation 

which performs a number of important functions in wetlands. Treatment of wastewater in 

constructed wetland systems includes biological and biochemical processes [19]. They have been 

proved to be efficient in reducing different undesired constituents, such as BOD, COD, NH3–N, 

PO4–P and heavy metals from wastewaters. The previous studies explored Constructed wetlands 

for treatment of dumpsite leachate but to the best of the authors’ knowledge no one has 

optimized the concentration of dumpsite leachate added and substrates used for the treatment of 

simulated dumpsite leachate. Therefore, the main objective of this study was to compare the 

efficiency of leachate treatment in different types of substrates (Gravel and Soil + Gravel) in a 

vertical flow constructed wetland system planted with Canna species. This study also examined 

the effect of different leachate concentrations on the removal rate of various parameters.   
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Methodology 

Leachate Preparation 

Municipal Solid Waste (MSW) was collected from MSW Dump-site located at Hisar-Sirsa Road, 

Hisar, Haryana. The waste was first thoroughly mixed and a fixed amount was added in a 

bioreactor tank, which was filled with tap water until the waste became fully saturated with water. 

The bioreactor was closed and left undisturbed for 15 days.  

Table1.  Characterization of simulated leachate. 

Parameters  Parameter value 

pH 6.6 

EC (mS) 9.68 

TDS (ppt) 4.82 

Chloride (mg/L) 1230.6 

COD (mg/L) 10600 

Phosphate (mg/L) 44.14 

Nitrate (mg/L) 97.33 

    ppt=parts per thousand 

After 15 days, the prepared leachate was analyzed for various physico-chemical parameters [20] 

as summarized in Table 1. The leachate was later diluted with tap water to prepare different 

strengths (L1, L2, L3 and L4 corresponding to 25, 50, 75 and 100% leachate concentrations). 

Experimental Setup and Design 

In this study 16 laboratory scale constructed wetland reactors of vertical flow type ( 250 ml 

capacity) were used, out of which 8 reactors were filled with gravel(G) alone as substrate while 

the rest were filled with soil + gravel (SG) as substrate. Canna was taken as the wetland plant 

species for all the CW reactors. This plant was selected because of its aesthetic value, its ability 

to thrive in water, and being noninvasive. After transplantation, the wetland reactors were filled 

with tap water for establishment or acclimatization of plants under water logged conditions. It 

took 5-7 days for acclimatization process. Readiness of the plants for further experimentation 

was indicated by growth of new healthy leaves and appearance of inflorescence.  

Simulated dumpsite leachate with different concentrations (25, 50, 75 & 100 %) was treated in 

the vertical flow CW reactors using two different substrates gravel (G) and soil+ gravel (SG). 

Simulated leachate of varying strength was loaded at the surface of the CW reactor with down-

flow type and the water after treatment was collected at fixed time intervals through an outlet 

fixed at a height of about 2” from the base of the reactor. Sampling was done on every 4
th

 day 

and the treated water sample was analyzed for pH, EC, TDS, COD, nitrates (NO3
-
), phosphates 

(PO4
3-

) and chlorides (Cl
-
) using standard methods. pH, EC and TDS were analyzed using combo 
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pH-EC meter from Hanna instruments, COD by COD digester/Digestion  method, NO3
-
 using 

brucine sulphanilic acid (colourimitry), PO4
3-

 by molybdenum-blue complex method 

(colourimitry) and Cl
-
 by argentometric titration method [20]. 

Results & Discussion 

The CW system consisting of the Canna plants with the rhizosphere and the substrates (G, SG) 

was found to be quite effective in treating various strengths of the leachate as indicated by 

changes in the parameter values. 

Removal of COD from different leachate strengths in the vertical flow constructed wetland with 

different substrates is shown in Fig. 1. The initial concentration of COD was 3100, 5500, 7200, 

10,600 mg/L in different simulated Leachate strengths L1, L2, L3, L4 respectively. The highest 

removal of COD (96.2 %) was observed at full leachate (L4) strength with soil + gravel (SG) as a 

supporting media. Fig. 1 shows that reduction of COD was faster with SG substrate than 

substrate G.  

 

Fig 1: Changes in COD concentration of leachate (L1 to L4) in CW reactor with substrates SG 

             (Soil + Gravel) and G (Gravel). 

 

During the first 4 days significant decrease in COD was observed in the SG substrate at all 

studied leachate strengths. A stable concentration of COD was achieved in 8 days period with 

substrate SG and 12 days with substrate G with a removal efficiency of 75- 96% as shown in 

Table.2. The removal of COD can be attributed to microbial degradation of substrate to the 

plants roots [21, 22, 23 ]. 

Phosphate removal efficiency was more when SG was used as substrate (91.3 % & 93.2 %) and 

when leachate concentrations were high (L3 & L4). At lower concentrations of simulated leachate 

(L1 & L2) better removal of phosphate (88.9 % & 96.7 %) was achieved with substrate G 

(Table.2).  It was observed that SG substrate maximum removal of phosphate was achieved 

during initial 4 days of the experiment followed by stabilization of the phosphate levels in the 

effluent with substrate G, removal of phosphate was less. 
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Fig 2: Decline in phosphate of leachate with varying strengths (L1, L2, L3, L4: 25, 50, 75, 100%) 

            and different substrates (SG: Soil + Gravel, G: Gravel) in the CW reactors. 

 

Greater phosphate removal with SG substrate may be due to presence of oxides Fe, Al, Si, and 

Ca in soil which contributes to phosphorus removal by adsorption mechanism [24, 25]. 

Phosphate removal in CWs is closely linked with processes like sedimentation, adsorption and 

biological transformations [26]. 

  

 

 

 

 

 

 

 

 

Fig 3: Changes in nitrate concentration of leachate (L1 to L4) in CW reactor with substrates SG 

             (Soil + Gravel) and G (Gravel). 

 

Nitrate removal was very high (95%) when 50 % diluted simulated leachate (L2) was treated 

with Substrate G, in the CW reactor, whereas higher removal of 97% was achieved when full 

strength leachate (L4) was treated in the CW with SG substrate in 8 days. Volatilization of 

ammonia, uptake by plants and bacterial nitrification/denitrification seem to be the possible 
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mechanisms, which enhanced the nitrate removal. Among these mechanisms bacterial process 

has maximum effect on the overall nitrogen removal [27, 28]. For example denitrifying bacteria 

convert nitrate into gaseous nitrogen, which gets volatilized [29]. Existing  research states  that  

sulfur-driven  autotrophic  denitrification  or  carbon-driven  heterotrophic denitrification can 

reduce nitrate to nitrogen gas  if  anaerobic  conditions  were  achieved [30]. Fig. 3 shows that 

there was sharp decline in nitrate concentration in first 4 days at 100% simulated leachate (L4) 

strength was treated with SG substrate while, at other strengths gradual decrease in nitrate was 

observed. 

Maximum removal of chlorides (79-80%) was observed at higher (L3, L4) strengths of simulated 

leachate with SG as substrate (Table.2). Sharp decrease in chloride content from 1230 mg/L to 

17.75 mg/L was observed when full strength simulated leachate strength was used with SG 

substrate, whereas at same leachate strength decrease was upto 383.4 mg/L of chloride after 12 

days when substrate G was used. 

 

Fig 4: Changes in chloride concentration of leachate (L1 to L4) in CW reactor with substrates SG 

           (Soil + Gravel) and G (Gravel). 

 

During the experiment pH of simulated leachate changed from acidic to basic in all the studied 

leachate concentrations. Sharp increase in pH with soil + gravel as substrate was achieved in first 

4 days at all the studied leachate strengths followed by a gradual change while in gravel as 

substrate gradual change in pH was observed for the whole period at all the said simulated 

leachate strengths. 

At all the leachate strengths, there was a decline in EC and TDS on treatment in the CW reactors 

irrespective of the type of substrate used. Change in electrical conductivity was very distinct 

when 100% leachate strength was used, EC showing a decline from 9.68 mS to 0.18 mS in a 

time period of 12 days with SG as the substrate whereas at same leachate concentration EC 

changed from 9.68 mS to 7.67 mS, only when substrate G was used. The decrease in 

conductivity despite significant water losses resulting from evapotranspiration by Canna leaves 
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can be explained by uptake of micro and macro elements and ions by the plants and microbes 

present in the rhizosphere, and their removal through adsorption to plant roots, litter and 

settleable suspended particles [31, 32]. 

Similarly at 100% leachate concentration, TDS decreased from 4.82 to 0.1 ppt with substrate SG 

and to 3.64 ppt with substrate G. A decrease in TDS has also been related sometimes to the 

conversion of NO3 into diatomic molecular nitrogen N2 by microbes [33]. 

 

Fig 5: Decline in TDS of leachate with varying strengths (L1, L2, L3, L4: 25, 50, 75, 100%) and 

            different substrates (SG: Soil + Gravel, G: Gravel) in the CW reactors. 
 

Table 2. Percentage removal of COD and nutrients in the constructed wetland reactor after 8 days 

of treatment (G- Gravel; SG- Soil + Gravel; L1, L2, L3, L4 are 25, 50, 75, 100% leachate 

strength). 

Parameter 

                     

                  

            Leachate Conc. 

substrate 

                                                  % Removal  

  

G L1  G L2  G L3  G L4 SG L1 SG L2 SG L3 SG L4 

COD  91.48  80.25 75.56  82.79  96.13  95.64  94.33  96.23 

Phosphate  88.94  96.72 75.65  60.19  86.50  95.12  91.36  93.23 

Nitrate  76.56  95.03 69.64  91.37  49.37  73.19  53.57  97.28 

Chloride  20.00  28.41 58.35  58.17  50.00  38.64  79.17  79.81 
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Conclusion 

In both the substrates experimented with, simulated leachate concentrations, all the studied 

parameters reduced with number of days. SG was found to be better substrate than G for the 

growth of plants as well as treatment of leachate. Optimized concentration for treatment of 

simulated leachate was L2 in Gravel and L4 in Soil + Gravel as a substrate. With SG as a 

substrate about 95% removal of all the studied parameters were observed over a period of 8 days 

with full strength (L4) simulated leachate in comparison to other strengths and gravel as 

substrate.  
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